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PREFACE 

THE first edition of this work, published in 1889, was written 
for the special use of medical officers of health and others 
engaged in public health and social work, who have to handle 
statistical data. It has evidently proved useful, for although 
the last revision was made in 1899, it is still called for both 
in this country and in America. The present re-written 
volume is intended for the same class of workers. It embodies 
much of the author's public health experience during the 
last forty years, and it must be regarded as showing the 
important purposes of administration and of administrative 
research to which statistics can be put, rather than as a. 
guide to statistical technique. 

I have endeavoured to utilize American as well as English 
vital statistics throughout the volume, in view of the great 
advance of America in the compilation of accurate figures 
and in their scientific 11se, and for the further reason that 
the most urgent requests for a new edition of this work have 
come from Americans. 

The general plan of the book has not been altered greatly. 
I have not written a textbook of statistical method, though 
this aspect of the subject cannot be entirely avoided. But 
access to and study of the textbooks of statistics is assumed ; 
and for the rest, with the exception of Chapters in Part II, 
methods are dealt with in their application to each subject 
as it arises. · 

It has been a. chief aim to summarize available in­
formation on each subject dealt with, so that the volume 
may maintain its value as a. ready source of trustworthy 
statistics, and may give reference,s which will enable the 
student to pursue further inquiry into any subject on which 
fuller details are reqnired. Methods of investigation and 
results on each subject are stated in the same or in 
contiguous chapters, and thus the student can at once 
apprecis.te the utility of the technical processes employed. 

I 



6 THE ELEMENTS OF VITAL STATISTICS 

illustrations of practical problems are appended to many 
chapters. Some of these are only elementary in character, 
but experience has shoWn. that they are needed for public 
health and other students. 

Vital Statistics as ·a subject has developed greatly since 
1889, and the introduction of the more elaborate mathematical 
processes into the study of biological problems-although 
representing an important advance in science-has repelled 
many hygienists from that fruitful study of their local or 
of other statistics which is practicable apart from advanced 
biometrical methods. The present volume is intended for 
those not equipped for higher mathematical investigations, 
which must remain the important function of a limited few. 
A few of these methods have been briefly indicated in order 
to make certain paragraphs comprehensible ; but the special 
textbooks must be studied by those wishing to pursue this 
branch of statistics. 

Apart from such mathematical complications, much 
valuable. statistical investigation is practicable, for which no 
larger outfit is needed than accurate medical knowledge, 
a willingness to undertake laborious calculations, and sound 
judgment in the collection of facts and the interpretation 
of results. No better example of such possibilities exists than 
in the long and invaluable series of medical letters in the annual 
reports of the Registrar-General of England and Wales, each 
one of which contains information and deductions invaluable 
for every medical officer of health. These reports necessarily 
cannot exhaust the subjects of discussion, either nationally 
or still less locally ; but they can J:>e made the starting-point 
of important and extensive investigations into the distri­
bution and the causation of special diseases. It is hoped· 
that this volume may in<lic!J-~ lines for such investigations 
and encourage their pursuit. , 

The subjects embraced in the present volume are numerous, 
and it is almost certain that en'Ors have crept in. The 
author will be grateful if the reader will communicate with 
him on any such points. 

It will be noted that most of the statistical illustrations 
are taken from . the official and other reports for England 
and for the United States. Only occasional reference is 
made to Scottish and Irish reports, or to the valuable 
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Australasian and Canadian reports. This limitation was 
necessary to avoid excessive detail; but the student will 
have no difficulty in referring to the last report of each of 
these and of other series relating to foreign countries. 

Owing to delay in issue of some of the English census 
returns for 1921, as for instance in dealing with migration, 
it has been necessary to utilise the 1911 census data. I wish 
to express my obligation to Mr. Vivian, the English Registrar­
General, for allowing me to see and use advanced sheets of 
official reports on Occupational Mortality and on Fertility ; 
also for permission from him and from H.M. Stationery 
Office to use a considerable ·number of official diagrams. 
The source of :other diagrams is acknowledged throughout 
the text. I am also indebted to members of the staff of 
the General Register Office for assistance ; and my special 
obligation to Dr. T. H. C. Stevenson, C.B.E., is of a character 
and on a scale which is evident throughout the volume, 
and for which formal thanks are entirely inadequate. 

To Dr. William H. Davis, Chief Statistician for Vital 
Statistics of the Bureau of the Census of Washington, I wish 
to express my obligation for permitting the use of certain 
diagrams and for sending me advanced copies of official 
reports. 

1\l"r. F. A. A. Menzlcr, F.I.A., B.Sc., of the Government 
Actuary's Department, has read many of the chapters, and 
has made many suggE>stions of great value. Dr. H. P. 
Newsholme and other friends have co-operated ; but I am 
solely responsible for any errors in the volume and for the 
value or the reverse of any criticisms made within its 
covers. 

Jn this respect I may compare my labours to those of 
the immortal Captain Graunt (p. 21), who suggested that, 
having completed his statistical analysis of the London Bills 
of Mortality, he was like a schoolboy who, coming to say his 
lesson to the world ("that peevish and techie master"), 
brought a. bundle of rods wherewith to be whipped for every 
mistake he ha.d committed. 

ARTHUR NEWSHOLME. 

AsHLEY HousE, SuAt.P'ORD, SUlUlEY. 
MartA, 1923. 
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CHAPTER I 

INTRODUCTORY 

VITAL statistics forms perhaps the most important branch 
of Statistics, as it deals with mankind in the aggregate. It 
is the science of numbers applied to the life-history of com­
munities and nations ; and in the following pages the more 
important statistical facts concerning the various phases 
and stages Qf life will be in turn presented. The subject 
naturally divides itself into three parts: the data to be con­
sidered, the methods of their compilation, and their inter­
pretation. Thus we have to study-

1. The organization needed for the collection of facts. 
including the arrangement of schedules of inquiry or 
"questionnaires " and methods of registration. 

2. The methods for examining, tabulating and analyffing 
returns and registered facts. 

3. The possible inferences from the facts when tabulated 
and analysed, including the principles governing com­
parison with other data, and the estimation· of future 
probabilities. · 

There may be some difierence of opinion as to the scope 
of vital statistics. In the broadest sense, it includes the oJ 

whole study of man, as affected either by heredity or by 
environment, so far as the results of this study can be 
arithmetically stated. It deals with the conditions deter­
mining death, but there is no justification for the use of 
the redundant term " Mortal Statistics," relating to the last 
act of life ; and it may be hoped that this ugly phrase will 
disappear from official reports. Vital statistics is concerned 
with marriages, births and deaths, with sickness in its many 
varieties, v.i.th accidents, drunkenness and crime, and with 
prosperity and poverty. It has its biological and its 
sociological side, both of supreme value to the community. 

18 



20 THE ELEMENTS OF VITAL STATISTICS 

In this volume the subjects discussed will be chiefly those 
of interest to public health and ,social workers, in the hope 
that assistance may be given in their important work. 

The name Demography is used in approximately the 
same sense as the widest interpretation of vital statistics, 
and the name indicates the contrast between collective 
experience numerically expressed and a monograph, which 
literally means a more complete study of a single item, 
though commonly employed also to describe a demographic 
study of a particular subj!)ct. Some of the circumstances 
in which monographic rather than demographic investiga­
tion is more fruitful of result are discussed later (p. 532), 
M. Block defined Demography as " the science of man living 
in society, in so far as it can be expressed in numbers," 
which would serve also as a definition of vital statistics. 
As Professor Bowley has put it, the proper function of statistics 
is to enlarge individual experience. It is the science of 
averages. 

The purpose of vital statistics, like, that, of statistics 
generally, is both scientific and utilitarian ; under the first 
heading ascertaining and classifying facts and preparing 
the way for the investigation of causes, and under the second 
obtaining knowledge of, evil conditions and their sources 
with a view to their amelioration or removal. 

Much ink ' has been spilt in discussing , whether there is 
a science of statistics as well as a statistical method. More 
correctly statistics must be regarded as an instrument of 
research, of great value, but having severe inherent limitations. 
It is the only method by which ~gregates of units, as. dis­
tinguished from units; can be measured. Thus in investi­
gating height and weight in man, resort must be had to· 
averages; and generally in investigating social, economic 
and biological phenomena, when scientific experimentation is 
impracticable, and when causation is complex and often largely 
unknown, the statistical is the only method of examination 
which can be pursued. 

Statistics have a more limited range of application in the 
study of natural science, in which by means of experiment 
the number of variables can be limited, and accurate inference 
from a few facta is practicable. Facta in natural science · 
are accurately measurable, and one can argue from single · 
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case to single case. In socia.l phenomena, on the other 
hand, similar isolation of causes is commonly unattainable. 
Mr. G. Udny Ynle has stated this point as follows:-

The statistician cannot, like the physicist, narrow down the issue 
to the effect of one variation at a time. The problems of statistics 
are in this sense far more complex than the problems of Physics.­
Jouri'IOl of the RoyaJ. Slatilllical Society, V<•l. LX., Part IV. 

Tlie object of statistics is to obtain a quantitative expres­
sion of facts. But in sociology differences of quality are even 
more important than of quantity, and thus heterogeneous 
items are liable to be treated in statistics as homogenous. 
A further point is that statistical inferences hold good for 
aggregates or . averages, but not for individuals. Social 
phenomena when applied to the individual are subject to 
accidental and disturbing causes, but show a high degree 
of uniformity for large groups. 

The limitations of application of statistics suggested above 
need to be borne in mind. Within these limits statistics 
can throw great light on various social and medical, including 
epidemiological problems ; and they have the further value 
that they suggest lines of biological research, and test the 
errors of observation or experiment in such researches. 

Statistics.-Statistics originally denoted inquiry into the 
condition of a State. The word is stated to have been first 
used by Achenwall ( 1719-92) of Gottingen in the middle 
of the eighteenth century. His disciple Schloezer defined 
statistics as history in repose, history being statistics iri 
movement, and Moreau de J annes defined statistics as 
the science of socia.l facts expressed · in numerical terms. 
Earlier statistics were merely descriptive, assembling the 
numerical facts of a given subject. Mathematica.l statistics 
order and compare these facts, introducing the process of 
induction. 

The latter process was embodied in Natural anti Political 
Observation& . • . upon the Bills of Mortality, by Captain 
John Graunt, F.R.S. (Fourtll. Impression, 1665), and in Sir 
William Petty's Fi11e Essays in Political .Arithmetic, published 
iri 1683.1 In the dedication of his small volume to Lord 

1 John Graunt (16:.'0-1674), William Petty (1623-1687). Petty appeara 
to ha.ve CO·Operated \l-ith Oraunt in the preparation of his Obi~, 
etc.," and the lith edition appeared in 1676 after Graunt'a death, with many 
adrlitiuna by Pet-ty. 
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Roberts (Lord Privy SeaJ.), Graunt claimed to have succeeded 
in reducing large confused volumes of statistics of London 
into a few perspicuous tables, and to have abridged his 
observations thereon into a few succinqt paragraphs, 
"without any Ion~ series of multiloquious deductions," an: 
evident warning to later. statisticians. Having noticed that 
most people who took in the" Weekly Bills" merely scanned 
the totals, Graunt proposed to himself the task of comparing 
one year, one S)lason and one parish or other division with 
another in respect of burials, christenings, and of diseases 
and casuaJ.ties in each of them. 

Chapter I of Graunt's work informs us that the first 
continued weekly Bills extant beg.a.n in 1603 in the first 
year of James I. There had been earlier Bills for 1592, 
1593, and 1594 and some earlier years, but these were not 
continued. 1625 was the first year of complete returns for 
the City of ;London, the records of the. City of Westminster 
being added next year. The information was obtained by 
searchers, usually " ancient matrons," sworn to their office, 
which included viewing the body and iriquiry as to what 
disease or casuaJ.ty had caused death. The return was made 
w;eekly and distributed to each family paying 4s. a year. 

In Chapter II of Graunt's book the main object of the 
Bills in acquainting the public with the presence and the 
amount of Plague is reveaJ.ed, and he empha,sizes that for this 
purpose all deaths from aJ.l causes must be returned. (The· 
wisdom of this is further illustrated in the case of Influenza, 
p. 401). Of the accuracy. of returns under other headings 
he is relatively indifierent. Thus he says :- .. 

As for consw:nptions, if the searchers ·do but truly report whether 
the dead Corps were very lean and wom away, it matters not to many. 
of our purposes whether the disease were exaotly the same as physicians 
define it in their books, • • . . • 

I say it is enough if we know from the searchers but the most 
predominant symptome; .. ·, if one died suddenly, the matter is 
not grest, whether it is reported in tlje Bills, Suddenly, Apople:l:y, 
or Planet Slr'ucken, eto. • 

Graunt laid stress upon the proportion between acute and 
chronic fatal diseases, as on this would " seem to hang the 
judgment of the fitness of the country for long life." But 
he adds, we must come to the ~· more absolute standard " 
of longevity, and he states that the proportion of aged to the 
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total deaths was about 7 per cent. There was difficulty in 
defining " aged," owing to . imperfect returns. Epidemic 
diseases in some were ten times as fatal as in other years, 
but chronic diseases were fairly steady causes of death. 

In Chapter III is an interesting remark on syphilis :-

We find one casualty in our Bills, of which, though there be daily 
talk, there is little effect ••• and this casualty is the French pox. 

He adds, however, that many deaths are returned as from 
ulcers and sores, and that 

only hated persons and such whose noses were eaten off were reported 
by the searchers to have died of this too frequent melady. 

We are informed that 3 in 200 died in childbirth. 
The remaining chapters of this pioneer work are concerned 
with Plague, with the balance between burials and christenings, 
with the excess of male over female births (stated to be' 
14 to 13), with the influence of season on mortality and with 
child mortality. " Of 100 quick conceptions, 36 die before 
they are six years old." 

The first London Bills of Mortality were compiled in the 
reign of Henry VIII, about 1538. Their weekly resumption 
in 1603, mentioned above, was caused by the desire for 
information as to Plague, which was then prevalent. Thus 
Plague gave an impetus to vital statistics, just as the first 
invasion of cholera in 1831 hastened the establishment of 
national registration of deaths (p. 156). 

John Howard's investigation (1774) into the conditions 
of prisons was statistical, the evidence being obtained by 
personal inspection. He was the first systematically to 
employ tl:tis double instrument of sanitary research in ascer­
taining the character and gravity of an evil ; and he was 
phenomenally successful in securing early reform. 

Achenwall's contemporary, Siissmilch (1707-67), hailed 
Graunt as a scientific Columbus; 'lmd the science of "Political 
Arithmetic " or statistics may be said to have been born 
in England, earlier statistics -having been merely descriptive, 
while the English school subordinated description to 
explanation or an attempt at explanation. Siissmilch was 
both a descriptive statistician and a political arithmetician, 
and perceived the advantage of studying what Quetelet 
subsequently termed the law of large numbers. 
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Other points in the history of statistics are given ·in the 
first volume of the Statistical J ournaZ (London) and elsewhere 
ill this volume.· ·In 1832 the Statistical Department of the 
Board of Trade was established. In 1838 national regis­
tration of deaths began ill England ; ill 1865 it included 
Great Britain .and Ireland. In 1833 a statistical section 
was added to the British Association, and ill 1834 the London 
Statistical Society was formed. At the London International 
Exhibition of 1851, the first International Statistical CongresE 
was suggested. It met ill Brussels ill 1853, the opening 
address being made by Quetelet, who welcomed a. new era 
of unity and combination ill research. At the St. Petersburg 
meeting in 1872, a Permanent Commission of the International 
Statistical Congress was established (see a.lso p. 177). 



CHAPTER II 

POPULATION. CENSUS 

VITAL statistics are concerned with the members of a given 
community, and accurate information as to their number 
and their grouping in various respects is indispensable. 
Among the items with which vital statistics are chiefly V 
concerned are: (a) Number, age, sex, mental condition, 
occupation; and (b) 1\larriages, births, deaths, migration, 
sickness. 

For information as to these vital facts we depend on a 
census, or complete enumeration of the population ; and 
on information furnished by complete and continuous regis­
tration of births and deaths, and of other important events 
in the life-history· of individuals, as marriages and sickness, 
classified on the same basis as the statistics of population. 

The first desideratum is a statement of population, as 
accurate as possible ; for population forms the natural basis 
of all vital statistics. In comparing different communities 

·it is necessary to state the deaths and other statistical data 
in terms of the population, otherwise no true comparison 
can be instituted. 

The actual population is known only by census enumer­
ations: For the years intervening between two census enumer­
atimis estimates of the population are made. 

EnJ1llsh Census Enumerations.-The first complete 
census of modern times was taken in the year 1751 in Sweden. 
In England the first census was in 1801, and then decennially, 
the twelfth being taken on June 19, 1921. The first census, 
in 1801, showed the number of males and females of each 
house and family, and the occupation, classified roughly 
as agricultural, trading, and others not comprised under 
these two heads. In 1821 information was first sought as 
to ages, but it was left optional whether this information 
should be furnished or not. The first census which could .. 
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be described as fairly complete was that of 1851, which was 
organized under Dr. Farr's supervlSlon. It · obtained 
information as to occupation, birthplace, relationship (hus­
band, wife, etc.), marital cqndition (married, widow, bachelor, 
etc.), and the number of persons deaf and dumb or blind. 
At this census, under the powers given by the Census Act, 
the precise age at last birthday of each person in the country 
was first demanded. 

In the census report of 1881 the age and sex distribution 
of the population of each urban and rural sanitary authority, 
as COJlstituted that year, was given for the first time. 

At the census of 1891 the schedule contained such new 
topics of inquiry as the number of rooms and of their 
occupants in all tenements with less than five rooms, and 
the important occupational distinction between employers, 

· employees, and those working on their own account. 
,In 1901 no further additions were made to the subjects 

of inquiry; but in 1911 a number of additional items were 
included in the census schedule. The difficulty in defining 
what constitutes a " house " was avoided by the enumeration 
for each urban and rural district, of the number of various 
classes of buildings used as dwellings-{)rdinary dwelling-

' house/!, blocks of flats and the sepa.rate flats or dwellings com­
posing them, shops, institutions, etc., with the corresponding 

·populations. The inquiry as to the number of room~ in· 
.tenements (dwellings), which in 19.01 dealt only with tene­
ments of less than five rooms, was extended to tenements of 

• all sizes. The question as to duration of existing m&rriages, 
the number of children born· of such marriages, and the 
number still· living, which ·was entirely new, has· enabled 
valuable information as to fertility to be tabulated (see 
p. 96). 

The census enumeration of 1921 showed further changes. 
The Census Act, 1920, was passed authorizing each successive 
decennial census. It is thus applicable to all future censuses 
in Great Britain ; it enables quinquennial censuses to be 
taken, if . the Government decide on this course ; and it 
provides for the taking of local censuses at the request and 
charges of the looal authority for the area concerned. 

Clause 5 of the Census Act, 1920, gives the following general 
powers and duties to the Registrar-General. 
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It shall be the duty of the Registrar·General from time to time 
to collect and publish any available statistical information with respect 
to the number and condition of the population in the interval between 
one census and another, and otherwise to further the supply and pro­
vide for the better co-ordination of such information, and the 
Registrar-General may make arrangements with any Government 
department or local authority for the purpose of acquiring any 
materials or information necessary for the purpose aforesaid. 

The useful comparison as shown in the table on page 28 
is taken from "The Census of 1921. Some Remarks on 
Tabulation," by F. A. A. Menzler, B.Sc., F.I.A. (J ournaZ 
of the Institute of Actuaries, April, 1921). 

The schedule for the 1921 census added a question as to 
the number and ages of children under 16, including an 
inquiry as to orphans, and a question as to place of work. 
The inquiry as to "infirmities," included in previous censuses, 
was omitted, it being generally recognized that information 
made by or on behalf of the individuals affiicted could not 
be expected to be reliable. The conclusion that the fertility 
inquiry of the 1911 census, and above all the question as to 
duration of marriage, could, notwithstanding its importance, 
be omitted " with less disadvantage than either of the new 
.inquiries proposed," will be regretted by all who desire that 
this fundamental problem should continue to be studied 
with the aid of the completest possible information, though 
the Great War has profoundly modified fertility problems 
for some years i and the 9;nswer to the new dependency 
question gives the number of living children, information 
which is of value to the actuary in relation to pension and 
other cognate problems. 

The substitution of " age in years and months " for "age 
lMt birthday and of age in months for children under one 
year of age," may conduce to accuracy for most ages ; but 
its effect on the statement of age of infants is dubious. 

The a-ddition of the heading "divorced" is of doubtful 
value, though it give~ logical completeness to the statement 
of matrimonial conditions. In tht> Scottish census vOlumes 
alre11dy issued divorced &re included with widowed. 

The Order in Council made under the Census Act, 1920, 
gives t.he schedule of particulars required to be stated in 
the Returns made in England and wales, :which is printed 
in Appendix A. 
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ENGLAND AND WALES. 

Comparioon of QueslionB on Householdor'o SclwJ.ulu of 1911 and 1921. 

19U. 1921. 
' 

Name. Name. -
Relation to head of fa.mily. Relation to head of fa.mily. 

Sex:. Sex. 

Age last birthday : age in monthe 
for children under one year of age. 

Age in yeara and monthe. 

Whether unmarried, married. or Whether unma.rried, m8l'l'ied, 
widowed. widowed or divorced. 

For each married woma.n :- For each married man, widower or 
(a) Completed number of years widow, the number and ages of all 

marriage has lasted. living ohildren and step-ohildren 
(b) Of ohildren born alive to under 16 years of age . 

. present marriage :- In respect of persona under 15 years 
(I) Total ohildren born alive. of age, whether both parents alive, 
(2) No. of children still living. mother dead, father dead, or both 
(3)· No.of children who have died. pa.rente dead. 

Particulars as to profession or Particulars as to profession or 
occupation. . occupation . 

Whether employer, employee 
working on OWll account. 

or Whether employer, employee 
working on own account. 

or 

-
Whether emplOyed or unemployed ; 

present Qr last. employer, and 
employer's business.l 

Whether working at home. Plaoe· of work, giving· eddreee. 

Whether occupied in full.time or 
- . part-time attendance at an eduoa .. 

tional institution. 

Birthplace. Birthplace. 

Nationality of persons not bom in 
United Kingdom. 

Nationalitk! persons not bom in 
United · dom. 

Infirmity._ -
Number of rooms. Number of rooms. 

Language spoken (W&!ee and Mon· Language spoken (W alee and Mon· 
mouth onlY). mouth only). 

1 The employer's business waa obtained in 1911 by the inquiry as to 
u Industry or service with which worker is connected, n the direction given 
to the householder being that " this question should generally be answered 
by stating the business carried on by the employee." 
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Further remarks bearing on various items of the census 
schedule will occur in the chapters on fertility, housing, occu­
pational mortality, and life-tables (pp. 96, 234, 302, and 311). 

The 1921 census was postponed from April 24th to 
June 19th. A date in the third or fourth month of the year 
had at previous censuses being chosen, presumably because 
at this time of the year the effect of holidays, etc., in causing 
migration of the normal population of a place would be at 
its minimum. This is important, as the figures of local 
population, in the absence of any express inquiry as to each 
person's normal home, must be based on the residence at 
which he has been enumerated. Evidently, no one date 
'would equally secure a minimum absence of non-residents 
from every locality. 

American Census Enumerations.-The first general 
census of the United States was made in 1790, and the 
enumeration has been repeated at regular decennial intervals 
since that year. A permanent Census Bureau was created 
in 1902, which at present is in the Department .of Commerce. 
The decennial census is made in virtue of Art. I, Sec. 3, of 
the Federal Constitution, which states:-

The actual enumeration shall be made within three years after 
the first meeting of the Congress of the United Statee, and within 
every subsequent term of ten years, in such manner as they shall 
by law direct. 

The results of the first census of 1790 were comprised in 
a volume of 56 pages; for the census of 1910 the Census 
Bureau published twelve quarto volumes containing 11,456 
pages. 

De facto and De jure Populations.-ln Great Britain 
the de facto population alone is enumerated, i.e. the 
population where and when the census is taken, while 
a de jure method of enumeration of births and deaths 
has recently (-1911) replaced the simpler de facto enumera­
tion previously accepted (p. 80). But to adopt a similar 
plan in CElnsus enumerations presents formidable difficulties 
of detail. Theoretically, it would be preferable to obtain 
the de jure population by referring to his own area the 
schedule of each person who was enumerated elsewhere 
than at his ... usual place of residence"; but an attempt 
to do this might and probably would involve more numerous 
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inaccuracies than those occurring with the de facto method. 
It would be particularly difficult to define <:learly and com­
prehensively what constitutes temporary and habitual 
residence respectively. Instances· in which a family lived 
consistently in one home in the summer and in another in 
winter present difficulties which can only be overcome by a 
special local census. The de facto method is least satisfactory 
for health resorts and other districts in which transient waves 
of migration periodically occur. This method is probably 
the only practicable method when, as is the case in Great 
Britain, the responsibility for filling up the schedule is placed 
on the householder. In most areas, inasmuch as the census 
enumeration takes place everywhere on a single night, it is 
probable that the two populations do not differ greatly. 

In the United States and Canada the enumerator is 
responsible for filling up each schedule, and the population 
is enumerated on the de jure principle. 

Workplace-Population.-The English census, 1921, will 
enable the workplace or day population of each area to be 
tabulated, so far as workers are concerned. 

The Limitations of Schedules.-Merely to ask an addi­
tional question ip the census schedule does not ensure a 
correct answer ; and undue elaboration of the schedule may 
be associated with diminished accuracy in the :most important 
items. A conservative attitude in. adding items ·on which 
information is required from the householder is justified, 
though if the local and central machinery of censllli taking ' 
were duly organized and 14lk!Jd, it would be practicable 
from year to year to obtain special information, which would 
form a valuable supplement to the results of the decennial 
or quinquennial census. · 

The remarks as to limitation of inquirY by schedule apply 
with special force to this country, where each householder 
is requiJ;ed to fill up the schedule for his family. In the 
United States one enumerator at the census of 1910 was 
appointed on an average for about. every 1,600 persons, 
and his duty, was to fill up the schedules, the task to be 
completed within two weeks in cities and within 30 days 
elsewhere.1 

i On this point and many others, """ Profeasor G. C. Whipple's Vital 
Seahlliu (J. ,Wiley & Sons). . ' ' 
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It seems clear, as the Registrar-General says in his General 
Report on the 1911 Census, that we have practically reached 
the limit of the questions that can usefully be asked unless, 
as in the United States, the duty of completing the schedule 
is thrown upon a more or less skilled enumerator. 

Errors in Census Data.-Among the most common errors 
is that resulting from ignorance of adults as to their precise 
age. Many adults are ignorant of their exact age. Thus 
Dr. Ogle stated that "not improbably the greater number 
of adults do not know their precise age, and can only state 
it approximately."• Although this is less true now than in 
1891, this difficulty probably explains the tendency to return 
ages as some exact multiple of ten, when really a year or 
two on one side or other of the precise figure (30, 40, 50, 
etc.). For this reason decennial age-periods have been 
preferred by the Registrar-General in calculating death­
rates, and 25--35, 35-45, etc., in preference to 30-40, 40-50, 
etc. This tendency does not appear until adult life, and 
quinquennia can therefore be safely used up to the age of 
25 years. The ignorance of many adults as to their exact 
ages is illu~trated by the following figure • (p. 32) which shows 
. the consequent concentration on multiples of ten. The same 
diagram shows also some concentration on even numbers 
of age. 

Among children under 5 years of age the vagneness with 
which parents use the terms "one year old," "two years 
old," etc., when the children are only in their first or second 
year respectively, is a cause of considerable error. The 
confusion between the age next birthday and the complete 
year of age is not uncommon ; and from this has arisen 
some confusion in stating accurate statistics of mortality 
in early life. There appears to be also some failure to 
enumerate infants in the census. Mr. George King, F.I.A., 
in constructing the English Life-Table No. 6 (p. 235), began 
by assuming that the returns of children aged 0-5 at the 
two censuses of 1891 and 1901 were in the aggregate 
correct, but that they were wrongly distributed. On 
t<>sting this point, further, in the construction of Life-Table 
No. 7, ba..-ed on the results of 1901 and 1911 11ensuses, he 

• G~nenol c.n.ua Re-port, 1891, vol. iv, p. 27. 
• J.o'rom tho General C..W.ua Report. 1911, p. 87 (Cd. 11491). 
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·Si ENGLAND a WALES. 
1! &:NUMERATED POPULATION AT EAC::H YEAR OF AGE: 1911 • ... .r 

••• 

... 
UD 

.. 
FIG. 1,--Ji:ogland and W aleo : Enumerated Population at Eaoh Year of 

Age, 1911. (From the Census Report.) 
' 
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found that the mean populations at ages 2, 3 and 4, 
calculated from the two censuses, were very nearly the 
same as those calculated from excess of births over deaths 
for the same years ; but that for ages 0 and 1, the 
populations given by the births and deaths alone largely 
exceeded the populations calculated from these two cen­
suses. As there was no excess in the children aged from 
2 to 4 last birthday-and as emigration is not likely 
to have affected greatly the infantile figures-" the con­
clusion seems inevitable that a large number of infants under 
2 years of age escaped enumeration at both the censuses 
of 1901 and 1911, more especially so in 1911." For this 
reason, Mr. King, in constructing the English Life-Table 
No. 8, depended on statistics derived from births and deaths 
in calculating the death-rates for the first five years of life 
(see p. 342).1 • 

Some wilful mis-statement of age occurs ; thus at each 
census the young women of 20 to 25 years of age are stated 
to have been more numerous than were the girls aged 10 
to 15 at the immediately preceding census. 

There is also stated to have been some mis-statement 
. of age in connection with the administration of old age 
pensions ; and apart from monetary considerations, old 
persons appear to tend to overstate their ages. Reference 
to Fig. 1 shows that at the census of 1911 the number 
of females aged 21}-25 and 25-30 was disproportionately 
high: After making allowance for the probable effect of 
migration of population into England, it is probable that 
there has been some transfer to these ages from the higher 
ages. 

In the volume of the Census Report for 1911 dealing with 
Ages, it is concluded (p. xxxii) that the general effect of 
mis-statement appears, to be inconsiderable, except among 
females in early adult life. Some doubt is thrown on the 
conclusion as to supposed mis-statement of age, especially in 
Ireland, to secure the old age pension at age 70, by a com­
parative examination of the figures of the Irish census in 
1901, before old age pensions were available, with the figures 
of 1911 in the pension period. 

1 Supplemen• to the Seventy.Fif\h Annual Repon of the RegiaVv 
Gtmeral, l'an I, Lifo.Tableo (Cd. 75U). 

8 
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Males. Femi:ttle1. 
Agea. 

1901. 1911. 1901. 1911. 

55 70,887 72,675 76,750 73,915 
60 98,305 65,035 105,265 70,836 
65 50,028 70,100 47,163 75,771 
70 46,273 73,889 47,474 94,448 
75 21,021 37,185 20,147 40,252 

-

The figures in black type for 1911 show 8. marked increase 
of population, both male and female, a~ ages over 70 ; but 
in 1901 there was a corresponding anomaly at ages 10 years 
·younger. 

Occupational errors are perhaps the most serious in a. 
census enumeration. The addition in 1891 of an inquiry, 
in respect of persons engaged in trade or industry, whether 
they were employers, employees, or were working on their 
own account, has reduced these errors. In 1911 further 
inquiry was made as to the service or industry in connection 
with which a given occupation was carried on. Thus a. 
bricklayer employed by a. brewer was required to enter both 
items ; so also a. carman would. enter his· particular work 
and the industry in which he ~as employed. The ~nsus 
schedule for 1921 gives further illustrations of this dual entry 
for clerks, engineers, railwaymen, textile workers, miners, 
labourers, etc. (p. 607). 

. . 



CHAPTER III 

POPULATION (Continued) 

TRm growth of the population of a community is determined \ 
by excess of births over deaths (natura! increase) and by the 
balance between immigration and emigration. The rate of 
natural increase for a given period is the difference between 
the birth-rate and the death-rate for that period. 

The percentage decennial increlll!e of population in England 
and Wales as the result of natural increlll!e and the Mtual 
percentage decennial increMe are shown in the following 
table:-

ENGL&ND AND W A.LB9. 

Gain E:. cent. bll ...... Actual Deeennlal 
Inter-oenaal Increase per Decrease per of trtha over Increaser' 

Period. ooot.. by Blrtbs. cent. by Deaths. Deathl or cent. o 
Natural Population. 
In.,...., 

1861-71 87·66 23·98 13·58 13·21 
1871-81 37·89 22·80 15·09 14·36 
1881-91 34·24 20·27 13·97 11·65 
1891-1901 31•57 19·18 12·39 12·17 
1901-11 28·66 16•13 12·43 10·89 
1911-21 23·03 14·65 8·38 4·93 

The Board of Trade's returns do not determine completely 
the number of emigrants from or immigrants into England 
and W &!es, but when the natur&! and the B.Ctual decenni&! 
increase of its population are compared, at each of the four 
censuses 1881 to 1911, England and Wales was found to 
have lost by excess of emigration over immigration part of 
its natural increase during the previous 10 years. In 1911 
the enumerated population of 36,070,492 was 501,998 less 
than it would have been had its natur&! increase during 
1901-11 of 4,044,647 persons been entirely retained in the 
country. In 1891-1901 the corresponding deficiency was 
68,330, in 1881-91 it was 601,389, and in 1871-81 it was 
164,307 (Census Report, 1911, p. 22). 

In the inter~n..<al period 1911-21, in England and W&!es, 
• 
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the gain by births was 8,275,400 ; the loss by deaths regis­
tered in England and Wales was of (a) civilians, 5,198,900, (b) 
non-civilians, 68,000; the loss due to excess of outward over 
inward migration was 1,193,750. The actual inter-censal 
increase was 1,814,750, or 4·9 per cent. The 1,193,750 
includes 560,000 estimated to represent the deaths of non­
civilians belonging to England and Wales which occurred 
outside the United Kingdom. 

The actual, 8.!1 distinguished from the natural,· increase 
per cent. of the population of England and Wales in each 
successive inter-censal period 1801-11 to 1911-21 was as 
follows: 

14·0,' 18·1, 15·8, 14·3, 12·7, 11·9, 13·2, 14·4, 11·7, 12·2, 10·9, 4·9' 

In the interval 1911 to 1921 the rate of actual increase per 
cent. was less than half that in 1901 to 1911, and lower than 
in any period since censuses were taken. This was due to 
the loss of births during the Great War, and to the deaths 
of non-civilians during the same period. 

During the inter-censal period 1911-21 the loss by 
migration was 37 • 6 per cent. of the total natural increase. 
This large loss is explained by the fact that war losses, except 
deaths occurring in England and Wales, not having been 
registered in this country, are counted as migration. Of the 
total natural increase in each decennial period, .4 · 8 per cent. 
was lost in 1871-81, and 16·6, 1·9, 12.4 and 37·6 per cent. 
of this natural increase in the succeeding inter-censal periods. 

Local Rates of Increase of Population.-Considerable 
light is thrown on the distri~ution of increases in the last 
20 years by the information gi.ven in the following table 
(from Preliminary Census Report, 1921, p. xi, Cd. 1485:-

ENoLA.ND AND w..:r.ms. 

Walea •• 
Contra! Oeunties •• 
Northern Counties •• 
London· and Surrounding Counties 
Southern Counties 
Eastern Counties . . 

. \ 
':1801-\ 

Inoreaae per Cant. in Decenuial Period, 

1901-11. lDll-21. 

18·1 9·0 
11·2 5·9 
10·3 4·9 
11·0 4·4 
9·5 3•9 
7·6 3·0 

• 19ll-21. 
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Internal Mi~ration.-During 1901-11 the greatest gains 
by migration were experienced by the juxta-metropolitan 
counties of Middlesex (22·7 per cent.), Surrey (15·5 per cent.), 
Essex (8·5 per cent.), and Hertfordshire (8·9 per cent.) The 
South Wales mining counties also gained-Monmouthshire 
10· 9 per cent. and Glamorganshire 10· 6 per cent. On the 
other hand, the predominantly agricultural counties lost by 
migration. 

During 1911-21, the increase of population equalled or 
exceeded 10 per cent. in six counties, viz. Flintshire (14·8), 
Monmouthshire (13 · 9), Glamorganshire (11· 8), Warwickshire 
(11·4), and the two juxta-metropolitan counties of Middlesex 
(11·2) and Surrey (10·0); Kent increased by 9·2 per cent. 
and Essex by 8 · 7 per cent. 

Increase of Population of United States.-Excluding 
outlying possessions, in 1790, the population (Continental) 
was 3,929,214, in 1910 it was 91,972,266, and in 1920 it 
was 105,710,620. The rate of natural increase cannot ·be 
given, owing to defective birth registration in many States 
(see p. 7 4) and to a less degree of defective registration 
of deaths in a smaller number of States. The percentage 

· increase of population over the preceding census in each 
decennium since 1800 (with corrections) was as follows:-

35·1,1 36·4, 33·1, 33·5, 32·7, 35·9, 35·6, 26·6, 26·0, 25·5, 20·7, 21·0,14·9.' 

The Indian population was included in the census for the 
first· time in 1890. Approximately, it appears that while in 
successive decades 1801-1910 the population of England 
and Wales increased by one-seventh to one-eighth, that of 
the United States showed approximately an increase of one­
third in each of the seven decades 1790-1860, of one-fourth 
during each of the three decades from 1860-90, of one-fifth 
during 1890-1910, and of a little over one-seventh in the 
last decade. 

In the three decennial periods 1880-90, 1890-1900, 
and 1900-10, the white population increased 26·7, 21·2, 
and !!2·3 per cent., the eoloured population 13·5, 18·0, and 
11· 2 per cent. 

At the three enumerations of 1900, 1910, and 1920 suc­
cessively the nt>gro population formed ll·6, 10·7, and 9·9 

1 Increuo, 1910-1920. 
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per cent. of the total, and the Indian population 0 · 3, 0 · 3, 
and 0 · 2 per cent. of the total population of the States. At 
the census of 1860 negroes' formed 14·1 per- cent. of the total 
population. 

The high birth-rate of negroes is partially counter-balanced 
by their excessive mortaJity, especially in infancy ; but the 
greater increase of whites is largely due to immigration from 
other countries. The percentage of increase for the white 

1 population has exceeded that for the negro population in 
every decade since 1790, except 1800--1810. In the fifty 
years 1860--1910 the white population increased 203·6 per 
cent. and the negro population 121· 3 per cent. (Thirteenth 
Census Report, Abstract, p. 79). The share of excess of 
births over deaths in this result cannot be determined. If 
the recent restrictions on immigration into ~he United States 
continue to be enforced, the balance may change; and> the 
proportion of negro to white population may even increase. 

· En~land and Wales. Urban and Rural Populations.­
The rate of increase of population in 1911-21 varied greatly 
in towns. Thus among the large towns Blackpool's popula­
tion increased 64·0 per cent., that of Hendon 44·3 per cent., 
and of Coventry 20 · 6 per cent., while in Blackburn a decrease 
of 4· 8 per cent., in Bury. of 4·4; ·per cent., Norwich of 1·1 
per cent., and in London of 0 · 9 per cent. occurred. The 
decrease in the population of some large towns is accounted 
for largely, if not entirely, by the process of decentralization 
of the resident population, which has ."swarmed " over into 
suburban and rural "dormitories" outside the municipal (or, 
in the case of London, the colinty) borders. The decrease 
in London was, however, probably not greater than could be 
accounted for by seaside visitors, the l921 census having been 
taken in June instead of April, and by war losses. Of the 29 
divisions of London in the period 1911-21, 14 showed some 
decrease. of population, the increase in the other divisions 
being relatively small. 

One of the most characteristic and persistent features of 
population during the last hundred years is its stea.dily 
increasing aggregation in towns. This feature is not confined 
to any one country. It is seen, for instance, in AustraJia 
as well as in Great Britain, and is marked in the United 
States. ' 
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For England and Wales it is difficult to express numerically 
the trend of the population to towns. Frequent changes 
occur in the administrative areas known as urban and rural 
districts. The large towns (especially the county boroughs) 
obtain Parliamentary powers to absorb within their areas 
surrounding rural districts, thus diluting their urbanization. 
Similarly, large villages and larger aggregations of rural 
population are granted the additional powers of urban dis­
tricts and are transferred from the rural to the urban 
group ; while, on the contrary, there are many so-called rural 
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Fto. I.-Relative Proportio1111 of Urban and Rural PopalatioDII at Each 
Oenoua, 1861 to 1921. 

districts- which, in parts, show denser aggregation of popu­
lation than some of the urban districts. The above diagram 
shows, subject to the above precautionary remarks, the 
increasing proportion of urban population during the last 
70 years. (See also page 302.) In the Census Report for 1911 
it is stated that if small towns with populations not exceeding 
6,000 are included among the rural areas, the proportion of 
"rural" population is increased from 21·9 to 25·3 per cent.; 
while if 10,000 be taken as the limiting population, the rural 
proportion becomes 30 · 3 per cent. 

A further indication of the extent of urbanization of 
England and Wales is given in the following table, which 
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·relates to 28,162,936 persons out of 30,034,385 living in 
urban districts, and out of a total population of 37,885,242 
in 1921. The second column gives corresponding data. for 
the United States_ The proportion per cent. of the total 
population living in towns of various sizes was as follows :-

PlmoENTAGB OJ' To'l'Ar..L PoPUx..a.TioN IN ToWNS. 

Living In Towns with • Population E~1andand 
W es, 1921. 

United Statel, 
1920. • 

Over 1,000,000 . . .. .. . . 11·8 9·6 
Under 1,000,000 and over 500,000 .. .. 6·5 5·9 
Und.._ 500,000 and over 250,000 . . .. 7·3 4·3 
Under 250,000 and over 100,000 . . .. 13·6 6·2 
Under 100,000 and over 50,000 . . .. 10·2 &·0 
Under 50,000 and over 10,000 .• . . .. 22·& 11·4 
10,000 and loss .. .. . . .. . . .?·8 9•0 

' 
79·7 &1·1. 

In other Urban Districts .. .. . . 20·3 1.8·6 
. 

The degree of parallelism between the degree of urbani­
zation in England and in the United States shown in the 
above table is striking. 

Urbanization in the United States.-The Census Bureau 
classifies as urban a population which resides in cities and 

· other incorporated places of 2,500 inhabitants or more. In 
New England towns it has been fqund neces~ary to include 
With the urban population the population of all towns having 

• 2,500 inhabitants or more. Thus classified, the population 
of the United States was div.idjld as follows at each of the 
s·censuses 1880-1920:-

PoPtJLA.TION o::r THB UNn?ID S'l'ATBS. 

Proporrion per Ow. 

1880. 1890. 1900. 1910. 1020. 

' Urban .. 28·6 36·4 40·0 45·8 61·1. 
Rural .. 71·4 64·6 60·0 64·2 48·6 

100·0 100·0 100·0 100·0 100·0 

Estimates of Population.-Comparison between different 
" countries and parts of countries, in respect of their healthi­

ness and social conditiOns, are only practicable when the 
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facts concerning these are stated in terms of the respective 
populations. Hence estimates of population are necessary in 
inter-cen~al years. Such estimates, especially for localities 
within a country, involve a large element of uncertainty, 
owing to the varying local growth of population. When 
only a decennial census is taken, the doubtfulness of death­
rates, etc., for the later portion of an inter-censal period is 
correspondingly great. In France and Germany, in some 
divisions of the Australian Commonwealth and of Canada, 
and in the Union of South Africa a quinquennial census is 
required ; while in this country and still more in the United 
States the possibility of accurate statement of rates of vital 
interest is seriously handicapped by permitting the continu­
ance of decennial intervals between censuses. The Census 
Act, 1920, makes a more frequent census practicable in 
Great Britain ; and it may be hoped that erroneous regard 
for economy will not prevent an intermediate census in 
1926. An intermediate modified census was taken in 
London in 1896, on the initiative of the London County 
Council, though its value was lowered by absence of infor­
mation as to the age and sex of the population. Local 
·censuses will, it is hoped, become common in the next few 
years under the powers conferred by the above-named Act. 

Several methods of t>.~>timating inter-censal populations 
have hl'l'n proposed. None of these is satisfactory under all 
circu!llBtanCI's, and the best method to be adopted for any 
given area and at any given interval after the last census 
must be determined after careful consideration of all available 
data. 

(1) The natural increase, that is, the exCI'ss of births 
over deaths since the last census, being known, it becomes 
possiblt>, if one knows the amount of emigration and immi­
gration, to state the population in any given year. This 
method of estimating the population of England and Wales as 
a whole has bl't>n employed from 1914 onwards (p. ix, 
Annual Report of the Registrar-General, 1914}, and in 1921 
it yielded a result within 33,000 of the Cl'nsus tot&l, whl'reas 
the Dlt'thod of e•timation by geometrical increase would 
have gravely over-estimatt>d the 1921 population, as it 
\\'ould have made no allowanre for the war or for the 
decrea.ing birth-rate_ The accuracy of method {l) depends 
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on the completeness of migration statistics. Given this, the 
method has the great. merit that its results are based on 
recent events, and that it does not involve the supposition 
that the rate of increase of the last is continuing in the 
present decennium. 

The method obviously is unsuitable for local estimates of 
population, as in their case migration statistics do not exi~t. 
But the balance of births and deaths for every area is known, 
and from this and the auxiliary information indicated on 
page 44, fairly good local estimates of population are possible. 

(2) The population ' at the two most · recent census 
enumerations being known, it is frequently assumed that the 
rate of increase is in arithmetical progre-ssion ; i.e. that the aame 
annual increaae cont.inues during each year. Thus, given '8. 

population in April, 1911, of 32,000, in April, 1921, of 36,000, 
to find the mean population in 1925. 

36,000 - 32,000 400 al . 
10 . = . = annu mcrease. 

400 
· fr A ·u Mids 4 = 100 = mcrease om pr to . ~er. 

Therefore mean population in ·1925 = 36,000 + (400 X 4) 
+ 100 = 37,700. 

This method gives populations for all the areas· in 
England and Wales which when added together equal the 
population of · the entire country estimated by the same 
method. · · · 

. The method is theoretically unsound, as it makes no 
allowance for the increased number .of parents year by year, 
owing to steadily increasing numbers who year by year 
attain marriageable age. It assumes, in other words, simple 
interest when compound interest is in action. 

This method is used in American statistics, and appears 
to be the most satisfactory available in the circumstances of 
that country. ' 

(3) The theoretical source of error indicated above is 
avoided by the· next method, in which it is assumed that . 
the aame rate of increaae .holds good in one as in the 
preceding inter-censal period, that is, that the population 
increases in geometrical progreaaiqn. 
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Thus, if the census population of a town is 32,000 in 1911, 
and 36,000 in 1921, what is the mean population in 1925 ¥ 

(a) Find the rate of increase in 1911-21. 

P1911 =population at census 1911, 
P 1921 =population at census 1921, 

R = annual rate of increase of the population, then 

P1o21 = Pton X R
10 

log P 1921 = log P 1911 + 10 log R 

log R = n (log P1o21 -log P1onl 

= 4·556303- 4·505150 = ·0051153 
10 

(b) Apply this to the increase in the next 41 years. 

Here P1925 = P1021R\' 
17 

log P1925 = 4·556303 + 4" (·0051153) 

= 4·578043. 

By consult.ing the table of logs, the population corre~ 
sponding to this number ~ill be found to be 37,848 = popu­
lation at the middle of 1925. 

The mean population of the year is taken as the basis 
of 'mortality and other rates, which until 1921 has involved 
an estimate, even in the census year, for the quarter between 
the census and midsummer. (In the above example, it has 
been' assumed, contrary to fact, t.hat the census of 1921 was 
taken at the end of the first quarter of the year.) 

Estimates made by this method may be very erroneous, 
even for the entire country, and still more when applied to 
specia.l districts. Thus the decennia.! rate of increase of the 
population of England and Wales in 100 years has varied 
from 18•1 per cent. in 1811-21 to 4·9 per cent. in 1911-21. 
Serious anomalii.'ll occur when this method is applied to all 
great towns. In one decennium such a town may, owing 
to brisk trade, have a rapid increase of working population 
with many children, a.nd in the next decennium, in conse­
quence of emigration or transmigration, there may be little 
or no increase. The declining birth-rate, which is having a 
greater effect on the number of population than the declining 
dt>ath-rate, is another cause of disturbance which increases 

-
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the difficulty in forming a. correct estimate of the population 
in inter-censal periods by this method. 

Estimates of local population based on geometrical pro­
gression appear to have been used in official reports up to 
1900. From 1901-10 the method of estimation given on 
pages ix-x of the Annual Report of the Registrar-General, 
1909, was employed. From 1911-14 Mr. Waters' later method 
was adopted, as described by him in the Annual Report, 1901, 
and in the Annual Report for 1913 (p. xii). In the report for 
1911 factors of correction were publiShed for each of the years 
1911-20, by the application of which to the 1901-11 increase 
in population of any community in England and Wales its 
estimated population for the year in question could be obtained. 
But active emigration in the years 1911-13 and then the war 
made the underlying assumption of these corrections inapplic­
able. Hence the assumption of geometrical progression was 
abandoned, and estimates were made based on births, dea.tlis 
and migration. The Waters' method had assumed continuous 
change in a.rithmetrical progression in the proportion borne 
by each local to the total population, and this assumption also 
became untenable with the abandonment of the assumption 
of increase in geometrical progression of the entire population. 

(4) The Great War and the uncertainty as to the local source 
of emigrants having rendered estimates of population based 
on accepted methods useless, it beQame necessary to substi­
tute estimates based on local information. For this purpose 
there became available first the National Register of 1915 
for recruiting purposes, theQ. ~he Food Cards in England 
(1917), and for the future there will be a.va.ila.ble the list of 

lia.mentary electors which the law requires to be prepared 
:~ually. It appears inevitable tlia.t in future local esti­

ma.t · of population will be based more extensively on local 
inform ation, of which the li&t of parliamentary electors will 
form an important part. Thus the number of electors being 
ascerta.ine , it may be assumed that theii proportion to the 
entire pop tion remains approximately the same from one 
census to a. ther. This assumption may be checked by 
ascertaining fro local records for rating purposes the number 
of in~ited hous 1 as ascertained from the assessment books, 

·~~ber in a~~ year is not identical with the nwnber asoer .. 
t;med at \e census. \.eed not ca~e serious difficulty if it be assumed 
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this number being multiplied by the average number of 
inhabitants in each house, a.s a.scertained at the last census. 

In Table 7 of the Census Report for London (Tables, 
Part I) is given a table of the population of each Parliamentary 
Borough in London, and the number of electors a.s a.scertained 
when the Register of autumn 1921 wa.s made. The proportion 
of the total male and total female population who are electors 
is shown in the following table. Male electors at present 
become such at the age of 21, female at the age of 30. 

Blecton ptr 1.000 of Po!ulatloQ of Both 
Be.~:ea at all gea. 

Males. Femalel. 

Parliamentary County of London .. 26·1 .20·8 

B tte {N. Division .. .. 27·6 19·8 
a raea S. Division . . .. 29·4 22·4 

Betbnal Green{:.~: .. . . . . 25·7 19·3 . . .. 21·4 15·7 
Hampotead . • .. . . .. 23·6 21·2 

{ Brixton Division . . .. 28·1 23·6 
Lambeth North Division . . .. 24•1 19·3 
W tminote {St. George'• .. .. 24•1 19·8 

00 r Abbey •. . . .. 32·6 23·0 
W I . h{E. Diviolon .. .. 29·1 21·3 

00 WIC W. Divialon .. .. 26·9 19·4 

Only sample constituencies have been taken. Tbe contra.sts 
in proportion of electors to total population, as between the 
different divisions of the above-named boroughs, illustrate 
t.he fact that in the less well-to-do divisions the population 
is to a greater extent below the age of parliamentary repre­
sentation than in other divisions of London. 

(5) Until the marked and steady decline in the birth-rate 
began, it wa.s possible when the number of registered births 
in a district was known for a given year, to calculate approxi­
mately the population among which these births had occurred. 
The birth-rate still gives a useful clue to errors in the esti­
Dlated populations of large towns. If the deviation from the 
birth-rate of the preoeding 5 or 10 years is greater in any 
given year than in the inlmediately preceding years, there 
is reason to suspect that the estimate of population is incor-

"'•' "'• proportion be- "'" oenaua enumon1otion of inhabited ho.._ 
and the nun:lbN- in the Nn8U8 year in the aaaeasm.en.t boob holds gOod iD. 
intol"oenaal yean. 
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rect, unless great changes in thl! industrial condition of a 
community can be adduced in explanation of the anomaly. 

(6) A useful discussion of the different methods of esti­
mating populations is given in a paper on " The Application 
of the Method of Multiple Correlation to the Estimation of 
Post-Censal Populations," by E. C. Snow, M.A. (Journal of the 
Royal Statistical Society, May 1911). 

Following experiment on local statistics, Mr. Snow cla.iins 
that the use of multiple correlations gives better results than 
other methods of estimation. The method has the advantage 
shared with method (1), but not to the same extent, of 
taking into account the current events in changing popula­
tions, as to births, deaths, marriages, and the number of 
houses. It is desirable that a method for national purposes 
should, when applied to local areas, give for the aggregate 
of local areas .the same grand· total as is obtained when the 
method is applied to the whole country, which is impractic­
able for a method based on local sources of. information, but 
this defect of locally based estimates is met by multiplying 
the sum of estimates for the individual districts by the 
factor:- • 

Estimate for whole country 
Sum of estimates for individual districts. 

(7) An estimate is required not.only of the total popula­
tion but also of persons of each seX at different age-periods. 
This in the past has been effected upon the basis of the age · 
and se:r; distribution of the pl"Jlvious census, the number in 
each age-group being increased to the same percentage extent 
as it is estimated that · the population at all ages has 
increased. With the acceleration iii the decline of the birth­
rate this involves some error in age distribution of the esti­
.mated population ; but no alternative method of estimation 
appeai"' to be practicable. For this reason death-rates 
according to age and sex based on the census populations 
1911 and 1921 and dealing with deaths in each age period 
in 1910-11-12 and in 1920-21-22 are more trustworthy than 
are rates for intermediate years . 

. · In .the Registrar-General's Annual Report for 1916 a 
t'~QUP survivorship " method of estimating the numbers 

, . living at various ages was adopted. It is only applicable to 
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England and Wales as a whole, inasmuch as it requires 
tabulation of deaths by single years of age, and because the 
necessary migration retUrns are not available for different 
localities. It is based on correction of the census figures at each 
age-period for migrants and deceased at corresponding ages, 
allowing for the interval between the census year and the 
year for which the estimate is made. 



CHAPTER IV 

NATIONALITY AND RACE 

SoME indication of the extent of emigration from . Great 
Britain is given on page 35, but the available information is 
incomplete, and fails to show the influence of migration on 
the age constitution of the population. No complete data. 
appears to be available showing the amount and sources of 
the immigration into Great Britain, apart from that portion 
which is en route to the Western Hemisphere. A register of 
aliens was kept during the war, and may be continued. 
Valuable clues a.s to migration are obtainable from the 
censuS returns of birthplaces. The figures .for 1911 are 
quoted, those for 1921 being not yet published. As stated 
in the census report, the birthplace columns of the census 
schedule were designed to show for eve~ person :-

(a) If born in the United Kingdom, the name of the oounty, and 
town or plll'ish. 

(b) If born in any other.part of the British Empire, the name of the 
dependency, colony, etc., and of the province or state, 

(c) If born in a. foreign country, the,no.me of the country. 
(d) Whether born a.t sea.. 

Persons born elsewhere than in England and Wales were 
asked to state whether they were residents or visitors in this 
country, and persons born in foreign countries whether:-

(1) British subjects by pi.rentage. 
(2) Naturalized British subjects ; or 
( 3) Of foreign na.tiona.lity, 

Naturalized British subjects were also asked to state the 
year of nat'liraliza.tion, and foreigners the nationality to 
which they belonged. 

( " Of the total popula.tioJ:I. of England and Wales in 1911 
\early 96! per cent. were born within its borders, a further 
2! 'p~ent. were born in Scotland or Ireland, or in some 
other part. of the British Empire, leaving only 1 per cent. 
born abroad. 

' 48 
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Forei~n Population.-Tested by birthplace, it was found 
at the census of I911 that in 11 of the 62 total administrative 
counties of England and Wales, more than 75 per cent. of the 
population was born within the county in which they were 
enumerated ; and in II counties this proportion was less 
than 60 per cent., the remaining counties occupying an inter­
mediate position, as regards birthplace of their i.n}jabitants. 
In only 6 of the large towns was the proportion of natives 
as high as 70 per cent., while in 35 it was less than 50 per 
cent. The circumstances of London are special. Only 68 per 
cent. of its population in I911 was native, its population 
being replenished from all parts of the British Isles and 
abroad. It is noteworthy, however, that only 3·4 per cent. 
of its population consisted of foreigners. There were I·1 per 
cent. of Scots and 1·1 per cent. of Irish, most of the 
remaining non-natives being derived from English counties, 
and especially from counties around London. 

At the census of 1921, of every 1,000 of the population 
of London, 921 were born in England, 17 in Scotland or Wales, 
12 in Ireland, and 10 in other parts of the British Empire, the 
remaining 40 having been born in foreign countries. Of this 
number 27 were foreigners. 
' On page 217 of the Census (General) Report, 1911, is given 

a table which is summarized below:-

ENG~D AND WA.LES, 1911. 

P.,-.. ,.. at lile c ....... Relum<d tu1 Bom Abroad per 1,000 oJ Tolal 
Population. 

c.u ... Brltlsh Subtetta Ponlpen, Bora Abroad.. 

1851 0·8 1·8 
1861 0·9 ,.z 
1871 1·7 ,., 
1881 !·I ,.5 
1891 1•1 6·8 
1901 !·8 7·6 
1911 lHi 7·9 

In 1911 the number of foreign residents and visitors in 
England and Wales at the date of the census waa 285,060, 
of whom 33 · 5 per cent. were born in Russia (including Russian 
Poland), 18·7 per cent. in Germany, 10·1 per cent. in France, 

' 
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7·2 per cent. in Italy, 4·8 per cent. in the United States, 
a.nd the remainder were o:f various nationalities. ' 

Nativity and Parentage,-The American cenims returns 
give valuable information as to the hativity and parentage 
of the total white population, which enables the investigator 
to trace the course and the geographical distribution of the 
greatest a.nd most rapid commingling of nationalities in the 
world's history. · 

At ea.ch successive census, 1850 to 1910, the percentage 
of foreign born to the tota.l population of the United States 
wa.s :-

1850. 1920. 
9·7, 13·2, 14·4, 13·3, 14·7, 13·4~ 14·5, 13·0. 

Evidently there ha.s been no great. change in this percentage 
since 1860. The proportion of foreign-born population is 
higher in urban than in rura.l districts. ' At the three la.st 
censuses, including 1920, the proportion of foreign born to 
tota.I population in urban districts wa.s 22 · 2, 22 · 6, and .19 · 1 
per cent. respectively. In the following table is shown the 
increase in successive decennia.! periods respectively of foreign 
born white persons, of white persons of QOmpletely foreign 
parentage, and with one parent foreign born :-

1871)..80 
188Q-90 
189Q-1900 
190Q-1910 

.. 

UNn'JID STATES. 
lncrea.JO per Oenl. of 

Foreign-Born Penonsoof 
Whltoe. Foreign 

Parentage. 
(1) (8) . 

19·4, 52·.7 
39·1 27·0 
12·0 31·5 
30·7 21·5 

Pel'!IODS of N11.tlve 
llllxed White 

Parentage. Population. • 
(8) (t) 

65·2 -
78·9 -
~6·7 23·1 
19·3 20·8 

It may be surmised that in their desire to be regarded a.s 
" 100 per cent. Americans " many fail accurately to fill up 
the census information from which columns (2) a.nd (3) are 
derived. 

The proportion of ma.Ies to females is much higher in 
tbe foreign born than in the native American population. 
Tlfs is shown in the following table, which &!so gives· the 
·proportion of ma.Ies to female negroes. . 
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UNITJID STATES. 

Proponioro of Malu to Fem.alu (= 100) at Succulti .. c .......... 

1900 • 1910. 1920. 

• 
Total white •• .. .. 102·8 102·7 101·7 
Foreign born .. .. .. 117·4 129·2 121·7 
Negroes .. .. .. 104·9 106·6 104·4 

In 1910 whites constituted 98 per cent. of the total popu­
lation in the North, 95·9 per cent. in the West, and 69·9 
per cent. in the South of the United States. In the West 
the non-white population consists chiefly of Indians, Chinese, 
and Japanese. Native whites of foreign or !nixed parentage 
formed 28 · 6 per cent. of the total population in the North, 
24·5 per cent. in the West, and ouly 4·3 per cent. in the 
South. Foreign born white formed 20·3 per cent. of the 
total population in the North, 19 per cent. in the West, and 
only 2 · 5 per cent. in the South. 

The chief sources of the foreign born white population 
as enumerated at the 1920 United States census were as 
fpllows, the figures giving the percentage of total imlnigration 
coming from each country named (post-bellum boundaries):-

Gennany .. .. .. .. 12·3 
Rllllllia, Lithuania, and Finland • • 12·3 
Italy .. .. .. .. .. 11·7 
Norway. Sweden, and Denmark . . 8 · 7 
}loland.. 8·3 
!roland 7·6 
Efl!lland . . • . 6 • 9 
Austria and Hungary . . . . 5·5 

and smaller proport.iona from oth8l' European countries. 

A marked change has taken place in the chief sources of 
:he foreign-born population of the States. In 1900 southern 
md easwrn Europeans formed only 17 · 7 per cent. of the 
:otal foreign-born, in 1910 they formed 37·4 per cent.; and 
:he above table •hows which countrit-s have led in immigration 
in 1911-20. The coun;e of American immigration has been 
~hanged and it.s volume diminished by the Great War. 

International Aspects of Population.-The population 
lf the diff<•rent parts of the British Isles is shown in the 
following table :-
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1821. 1921 • 
. 

England . . ... .. . . 11,281,957 35,678,630 
Wales . . . . .. .. 718,279 2,206,712 
Scotland . . .. . . . . 2,091,521 4,882,288 
Ireland . . .. . . 6,801,827 4,390,210 (1911) 
Other British Islande .. . . 89,508 149,852 

20,983,092 47,307,601 

In England the decennial percentage increase of popula­
tion varied from 16·0 per cent. in 1821-31 to 4·8 per cent. 
in 1911-21; in Wales from 13·3 per cent. in 1891-1901 to 
9·0 per cent. in 1911-21; in Scotland from 13·0 per cent. 
in 1821-31 to 2 · 5 per cent. in 1921. In Ireland the course 
of population is indicated by the following percentage 
figures, the first relating to the period 1821-31 and the last 
to 190~-11, no census having been taken in 1921. · 

1821-81. 1901-11. 
+14·2, +6·6, -19·8, -ll·S,- 6·7, -4·4, -9·1, -5·2, -1·6. 

The course of the population of Ireland has been deter­
mined chiefly by the amount of emigration in successive 
periods to America. · 

The following data are taken from the English Census 
Report, 1911 (Vol. of Summary Tables, Cd. 7929) :-

BlU'l'ISH EHPIBB. 

Populonon Enumet'Oied or Eah!Daletl o.t or· aboW lha l"e<Jf' 1911. 

NumOOr who were 
Natives of Great Britain 

or lreland.. 

British Empire .. .. . . 420,582,635 46,209,660 

India . . . . . . .. 316,166,396 122,860 
Other parte •of Asia . . .. 8,176,474 13,176 
Union of South Africa .. . . 6,973,394 182,006 
Other part.• of Africa .. .. 29,715,237 9,441 
Dominion of Canada .. .. 7,206,643 781,666 
Other part& af America .. _ .. 2,296,084 6,961 
Commonwealth of Australia .. 4,472,282 1590,722 

New Zeal~~ .. .. 
.. 1,058,445 228,684 

Other parts f Australasia and 
Ooeania 4. . • •• .. 630,041 1,437 , . 

• ' 
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In 1921 the enumerated population of Great Britain was 
42,767,530, an increase of 4·7 per cent. in 10 years; that 
of the Australian Commonwealth 1 5,426,008, an increase of 
21·8 per cent. in 10 years; that of New Zealand 1 1,218,270 
(increase 20·8 per cent.); of the Indian Empire 319,075,132 
(increase 1· 2 per cent.); of the Union of South Africa. 
1,521,635 (Europeans only": increase 19·2 per cent.). 

Further International Data.-In 1789 the populations of 
the Great European Powers were as follows :-

France.. . . 
Great Britain and Ireland .. 
Russia 
German Empire .. 

Of which Austria .. 
Prussia .. 

MU.Uons. 
26 
12 
25 
28 

18 
6 

In 1815 the relative pcpulations were a., follows:-

France , . · . . . . 
Great Britain and Ireland 
Austria 
Pnt88ia 
Russia . . . . . . 
Gennan Confederation (in which were included 

parte of Austria and Prussia) 

M1111ona .. 
29·5 
19 
30 
10 
46 

30 

In 1890 the relative populations were stated by 
M. Jacques Bertillon to be as follows :-

France ... 
Great Britain and Ireland 
Austro-HunRVY .. 
Oonnan Empire .. 
Russia in E\UOpe 
Italy 

Mllllom. 
38·3 
38·1 
43·2 
49·4 

100·2 
30·G 

The most remarkable contrast shown in the preceding 
tables is between Great Britain and Ireland, with a pcpula.­
tion of 12 millions in 1789 and of 38 millions in 1890, and 
Franco with a. population of 26 millions in 1789 and of only 
38 millions in 1890, not reckoning external colonies in either 
instancP. 

The relative populations of the chiP£ European countries 
in 1 SSO and in 1910 or thereabouts are shown in the 

• Excluding Maoriee, etc. 
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following table published by the International Statistical 
Institute. :-

01' TBB \TO'l'AL POPlJ'LATION OJ' EUROPE (= 100) .'l'HIC PBOPOBTION IN E..iox 
CoUN'TRY IN TBlll YEAR. ' . 

1880. 1910. 

England and Wales .. .. . 7·77 . 8·06 
Scotland . . .. . . .. 1·12 1·06 
Ireland .. . . . . .. 1·55 0·98 
France . . . . .. .. 11·20 8·76 
Germany . . . . .. .. 13·54 - 14·52 
Austria . . . . . . .. 6·63 6·38 
Belgium . . . . .. .. 1·65 1·66 
Hungary .. . . . . . . 4·71 4·67 
Italy . . . . . . .. 8·52 7·75 
Russia .. .. . . 25·82 29·13 
All other countries . . . . 17·49• ' • 17·03 

100·00 'lOO·OO 



CHAPTER V 

SEX AND AGE DISTRIBUTION OF POPULATION 
I 

1 CORRECT vital statistics for any community necessitate an 
' adequate analysis of the age and sex distribution of its popu-
lation. This is important whether marriage-rates,. birth­
rates, sickness-rates, or death-rates are studied; 'hence the 
following paragraphs are a· necessary preface to subsequent 
chapters. 

Proportion of Sexes-(a) England and Wales.-The 
census reports give the num her of males and females, and 
of each of these in different age groups for counties and for 
the larger administrative areas ; and in inter-censal years the 
estimated numbers in these groups are usually given in each 
Annual Report of the Registrar-General. For individual 
towns and counties they may be estimated as explained on 
page 46. The number living at any year of age under five 
may be considered to be the excess of births over deaths at 
lower ages. If the population at ages 0--5 in the year 1922 
is required, . this is the balance of local births over deaths 
during the five years ending in the middle of 1922. 

As the corresponding English census data for 1921 are 
not yet completely publi•lJCd, the valuable study of the age 
and ~ex distribution of the population in the 1911 Census 
Report is utilized here. 

In successive census years the number of females in the 
populntion to 1,000 males has varied from 1,057 in 1801 to 
1,068 in 1911 and 1,095 in 192l,the lowest proportion offemales 
having been 1,036 in 1821. In some counties at the. Census of 
1911 there was a great exce.s of females; in Sussex 1,256, in 
Surrey 1,166, in London 1,127 to 1,000 males; while in othrr 
count.it•s there were fewer females than males, as for instance 
in the mining counti<"s of Wales, in Durham, and in Derby­
shire. Large excess of ft•males in the population implies a 
higher social status with an excess of unoccupied females 

1$ 
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and . many domestic servants. Internationally it may be 
noted· that for every 1,000 males there were in censuses at 
or near the year 1911, in Norway 1,099, in Italy 1,037, in 
France 1,034, in the German Empire 1,026, in the Australian 
CommonweaJ.th 926, and in Canada 886 femaJ.es. 

The excess of femaJ.es is found in nearly every age period. 
In England and WaJ.es during 1838-1918, on the average 
1,040 maJ.e births occurred to every 1,000 female births. The 
proportion has varied at different times, and is not the same 
in different countries ; but in all countries for which records 
exist more maJ.e than female infan'ts are born. The greater 
mortality among male children may be inferred from the 
fact that at the time of the English Census of 1911, there 
were living at ages 0--5, 502 maJ.es to 498 femaJ.es. At ages 
5-10 the two sexes were equaJ. in numbers,· and at subsequent 
ages the excess of femaJ.es markedly increased. At ages 65-70 
there were only 454 maJ.es to every 546 femaJ.es. At ages 20--25 
and ·25-30 there were 473 males to 527 females, and at 
30--35 the proportion had become 478 to 522, and at ages 
35-40, 483 to 517, the male proportion then steadily decreas­
ing: There may be some understatement of ages by females, 
but two factors are probably chiefly concerned in the sudden 
drop in the proportion of maJ.es ai.t ages 20-25, viz. emigration 
and foreign service of young maJ.es. 

(b) United States.-In 1820 there were 1,033 males to 
every 1,000 femaJ.es in the population; in 1910 the propor­
tion was 1,060 to 1,000, thus showing an increased pre-· 
ponderancie of maJ.es over femaJ.es. As might be anticipated, 
the excess of maJ.es was greatest . among foreign born, being 
1,292 in 1910, as compared with 1,027 for the native popula­
tion. These figures, it will be noted, are not exactly com­
parable with the English ratios, in which the male element 
in the proportion is stated as 1,000. Thus in 1910 in 
England and Wales the propoft!.on of females to males was 
1,068 to 1,000 ; in the United States the proportion of females 

r 1,000 males was 974 for natives and .774 for the foreign 
..,.....,_~T~he largest excess of maJ.es, as shown by a map on 

· · page 98 o e Abstract of the TJ:Urteenth Census of the United 
States, is in e Western States. 

The negro ' opulation, which is but little affected by 
migra~ion, in 1910 consisted of 989 males to 1,000 females; 
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or to make the ratio comparable with the rlj.tio for England, 
of I ,012 females to I ,000 males. 

Alte-Proportions-(a) Enltland and Wales.-In the 
phrase of the Census Report for 1911, the age-constitution 
of the population is the key which alone can furnish an 
explanation of many of the phenomena associated with 
different populations. · It is by utilization of this information 

t~ i ~ 1871 •nd 1911. 
• ~ Ag1u 
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······················~·····-~-·-·! 
F1o. 3.-England and Walea: Proportion per 1,000 Porsollll al all Ageo 

Living at Each Age-Period, 1871 and 1911 ... ,.,., ..... . 

. ·--· 1871 ........ 1911 

that death-rates truly comparable with corresponding rates 
for other areas can be stated. 

Statements of ages are needed also, because of legislative 
enactments applicable only to prescribed age-limits, for 
ellucational purposes, and for many economic reasons. 

Of the total population of England and Wales in 1911, 
More thlU\ one-tenth waa under 5 yean of age. 
More tJuu.1 one-fifth was undt'lr 10 yean of age. 
N(t&rly two-tifiJta \\'1\8 undt"Or :!0 )"8&1'8 of age. 
At. "lo!'l'S 20-M llE~&rly one-haU wu oompriaed. 
At 1\gN o\-or 65 a lit.tlo o\-er one-tent.h ,..... comprieed. 
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There are marked divergencies from the average age­
distribution of population in town and country, in mining 
districts, in areas .of textile industry, in " dormitory " or 
suburban residential areas, and in other sections of the 
country. These are made the subject of an elaborate and 
valuable study in pages 66 to 85 of .the General Census 
Report, 1911 (Cd. 8491.) 

Changes. in Age-Proportions.-Striking changes have 
occurred in the age-distribution of the population, as may 
be seen at a glance in Fig. 3. 

These changes have been br0ught about chiefly by the 
fall in the national birth-rate since 1877 (p. 115). In 1881, 
for every 1,000 persons at a.ll ages there were 136 clill.dren 
under 5, and about the same number at previous censuses. 
In 1891 this proportion had become 123; it was 114 in 
1901, and 107 in 1911. As the generation born since 1876 
has grown up, the proportion of older children has also been 
lessened, though more slowly. It follows that, with the 
diminished proportion of children, there is an increased pro­
portion of persons at higher ages. · If this process continues 
the future age-distribution of the population of England 
and Wales_ will approximate to that of France, which has a 
practica.lly stationary population. ·In 1911 as shown in Fig. 4, 
the population. of France on the average was much older 
than that of England. · 

A comparison of Fig. 4 and Fig.· 5 brings out the resem­
blances and the differences between Ireland and France. 
In both there is a sma.ll propor-tion of children and adolescents, 
in both an excess of old people ; put in Ireland there is a 
gap in early adult life which does J!Ot appear in the experi­
ence of France. In one instance, that of Ireland,· we see 
the combined result of a low crude birth-rate and of a high 
rate of· emigration ; in the curve for France is seen the 
almost unmixed result of a persistently low birth-rate. 

Although it anticipates what will be discussed more fujly in 
Chapters XV!II and XIX, it may be stated here that, inas­
much as the death-rate (i.e. the number of deaths at a given 
age-period per 1,000 living at that age-period) at the two 
extremes of life is the heaviest, ·the presen~ distribution of 
population 'in England and Wales is favourable to a low 
crude d(lath-rate for all ages in the aggregate; but the course 
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of events shows that aa time goes on this effect will be 
reversed. 

The change in the age-distribution of the population 
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•---• England and Waleo, 1911. 

(The figures o""rlying each roetangle show the number living at each 
"'."'·poriod out of 1,000 at all 11p1. Tho age-pariod is indicated horizontally.) 

d~cribed above has been brought about chiefly by the 
decline in the birth-rote ; the greater fall in the death-rate 
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in. childhood and adolescence than at older ages and fluctua­
tions in. immigration has also borne some share in producing 
the result. 
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Age-Period• 
/ 

(b) Differences in Age-Proportions in Other 
Countries.~A table 01i page. 63 of the English General 
Report JCensus) 1911 gives t,)J.e proportion of persons at 
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quinquennial age-periods for a number of countries ; and 
from the data in this table Fig. 4 comparing England and 
France, and Fig. 5 comparing Ireland (1911) and the United 
States (1910), have been prepared. 

The following table, · extracted from the same source, 
shows the proportion of the total population of a number of 
countries at ages under 5, 5-15, 15-25, 25-45, and 45 and 
over, and indicates which countries have relatively young 
and which relatively old populations:-

PROPORTION 01' PERSONS AT DIFJ'ERENT AGES IN OB ABOUT TJ1B 
YEAR 1911. 

Under 5. 5-15. 15-25. 25-45. 45 and All Ages. over. 

England and Wales .. 107 199 i82 299 213 1,000 
Scotla.nd . . .. 112 210 185 282 211 1,000 
Ireland .• . . .. 99 197 182 267 255 1,000 
Australia . . .. 119 199 202 288 192 1,000 
New Zealand .. . . 117 196 183 323 181 1,000 
Canada .. .. 124 207 193 289 187 1,000 
Union of South Africa !50 247 195 277 131 1,000 
United States .. .. 116 205 197 292 190 1,000 
FrMco .. . ' . . 89 169 160 291 291 1,000 
Germany . . .. 120 220 183 273 204 1,000 

It will be noted that at ages 15-25, when promise is 
becoming fulfilment in life, South Africa, Australia, the 
Uuited States and Canada have the fullest life, partly. owing 
to immigration from older countries ; while England, Scot­
land; Ireland, New Zealand and Germany have .about an 
equal standing, and France is the poorest. At the chief 
working years of life (25-45) France is rather richer than 
Germany; other countries occupy a fairly equal position, 
excepting New Zealand. As old age approaches Ireland 
and France show a large excess of population, in the first 
of these tho result of emigration, in the second due to a low 
birth-rate protracted over many years. A disproportionate 
number of aged persons is one of the penalties of a persist­
ently ·}ow birth-rate. 

The preceding proportions must have been markedly 
modifi.,d by the war ; but no recent international figures 
can yet be givl'n. 

It is unlikely that increase of population in civilized 
countries will continue at the rate effective during the nine-
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teenth century ; and it is not unlikely that white populations, 
especially in Western Europe, in continental America, in 
Australasia and South Africa, will tend to the French position 
of stationariness. 

So far the total age-distribution for the two sexes has 
been discussed; When. standardized death-rates (see p. 216) 
are calculated, it is necessary to know the proportion at 

FIG. G.-England and Waloo, 1911 Proportion per 1,000 Persons of Both Soxoo 
of Males and Females Living at Each Quinquennial Age-Period up to 
7~. (The number &Iter this age is too small to be steted in tho diagram.) 

e&<lh age-period of the two sexes separately. For England 
an Wales this is shown in Fig. 6 for the :year 1911.1 

or the United States it is necessary to divide the popu· 
latio · to four groups to bring into relief the differences in 
age and ex distribution of the white and the coloured popu­
ation, an ~specially of the foreign-born population. Dia-

l The proVisional figures of estimated age~distribution- of the population 
of Englan~ and Waloa in Juno 1921 ars given in tho Registrar.Genora.l'a 
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grams showing these proportions are given in the ·American 
Census Report. 

Annual SratiBtical Review, 1921 (Text, page 91), and from these the following 
proportional figures have been calculated:-

Ages, Males. Females, Ages. Malee. Females. 

0- 454 442 60- 157 166 
D- 489 482 6D- 114 129 

10- 494 491 70- 77 97 
ID-

}'~ { 
468 7D- 41 59 

20- 447 80- 17 26 
2D- 445 85and } 7 12 30- 426 upwards 
35- 400 

I 40- 356 Total .• 4,777 5,223 
4D- 263 307 
50- 235 260 Total } 10,000 6D- . 199 210 both se~es 

I 



CHAPTER VI 

MARRIAGES 

VARIOUS methods may be employed in stating marriage· 
rates. 

(1} A common method is to state the proportion of 
marriages to 1,000 of the total populatio~, and such crude 
marriage-rates are usually employed for comparing condi· 
tions as to marriage in different countries. Evidently this 
method cannot give comparable results, on account of the 
varying age-constitution of different populations, causing 
corresponding variations in the number of marriageable 
persons. Particularly it cannot be trusted ·for international 
comparisons. 

(2} The number of marriages can be stated in 'terms of 
the marriageable,persons, which may approximately be taken 
as the number 15 years old and .over, who are bacheJors, 
spin~ters, widowers, widows, or divorced. These numbers 
can be ascertained for the whole country and for each chief 
division of it from census reports, and ·can be estimated 
for inter-censal years by th~ method indicated on .page 46. 
For England and Wales the marriage-rates thus calculated 
are . given for both males and for females on page 5, Annual 
Report, Registrar-General, 1920. In the table at the top of 
page 65 they are given for males and females over 15 years 
of age in groups o~ years for the last 65 yeaN, the corre­
sponding cr~de marriage-rates also being given. 

The di~ce between these figures and the proportion 
of each sE!i "!'hich is married, given on page 68, will be noted. 
This last-named proportion represent9 the aggregate number 
of married persons, not the number married in a given year. 
It furthe~more gives the proportion to the population at all 
ages. 
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1861~60. 1861-70. 1871-80. 1881-90. 1891- 1901-10. 1911-15. 1900. 

---------- --
England and Wales-

No, of males married 
per annum per 1,000 
single and widowed 
males aged 15 and 

59·3 59·7 53·7 53·6 51·6 54·4. over .. 00 60·9 
No. of females married 

per annum per 1,000 
single and widowed 
females aged 15 and 

51·7 50·7 45·3 44·9 43·2 45·5 over .. 00 00 51·8 

Number of persons 
married per 1,000 

16·9 16·6 16·2 14·9 15·6 15·5 16·6 1 living at all ages .• 

' 1911-20. In 1921 thiS rate w&o 16·9. 

Proportion of Population Married.-The proportions in 
England and Wales, Census 1911, and in the United States, 
Census 1910, were as follows :- ' 

PROPORTION PR.R 1,000 01' EACH SEX AGED 16 AND UPWA.BDS. 

Unm&rrled. Married. Widowed. Divorced. 

Male. Fem. Male. Fom. Male. Fem. Male. Fem. 
------- -- -- --

Eughmd and Walee 00 403 390 545 506 52 104 not given 

United States 00 00 387 297 558 589 45 106 5 6 

On page 146 el seq. of Abstract of the American Census, 
1910, will be found elaborate statistics of marital conditions 
in the United States. 

For an elaborate study of marriages the reader may be 
'f~rred to the volun~e by 1\Ir. G. H. Knibbs, the statistician 
f the Commonwealth of Australia, on The Mathematical 
heory of Population (Appl'nd.ix A, vol. i, of the Census of 

he Commonwl'alth), which givl's an exhaustive investigation 
· f all aspl'cts of the population problem. 
A~e at 1\larria~e.-Thls is an important consideration, 
f<lrtility is a function of age and of duration of marriage 

see p. 100 ). Of the total marriages in England and Wales. 
bout 90 per cent. of male marriages are of bachelors and 
8 to 00 per cent. of female marriages are of spinsters. The 

5 
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distribution of marriage-ages of bachelors and spinsters, 
therefore, has special importance. These are stated for 
1920 on pages 72-86 Annual Report of the Regist~ar­
General, 1920. In the following ·diagram this distribution 
is displayed:-
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Fla. 7.-England and' Wales r Marriages of Bochelors with Spinsters, and 
of Spinsters with Baohe!o..., 1920, at Various Ages. 

' The mean age at marriage in 1920 was 27· 51 years for 
bachelor bridegrooms, and for spinster brides 25 ·54 years, 
representing an average postponement of marriage since 
1896 of 0•88 year for bachelors and of 0•40 year for spinsters. 
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The most usual ages of marriage are 24 for men and 21 for 
women. 

The ma"iages of minora have steadily decreased. In 
1876--80 they numbered 7 · 8 per cent. of total marriages for 
husbands and 21· 7 per cent. for wives ; the proportion for 
husband~ reached its minimum in 1915, when it was 3·5 per 
cent. for husbands, and in 1918 for wives, when it was 12·9 
per cent. In 1920, 4 · 7 per cent. of the total mamages at 
all ages were of minors for· husbands and 14 · 3 per cent. for 
wives; 

Marriage and National Prosperity.-Farr described the 
marriage-rate as the barometer of prosperity (present in 
part, but future anticipated prosperity in still greater part), 
just as the Funds are the barometer of credit. So the 
marriages of England increased as " the result of peace after 
war, abundance after dearth, high wages after want of employ­
ment, speculation after languid enterprise, confidence after 
distrust, national triumphs after national disaste~." 

The same conclusion is borne out by the fact, frequently 
alluded to in the earlier reports . of the Registrar-General, 
that the marriage-rate for many years varied in the s·ame 
direction o.s the value of Britbh exports, the average price 
of wheat, and the amount per hea.d of population cleared 
out at the Bankers' Clearing House. The coincidence wo.s 
one in direction, but not in degree. The subject is discussed 
in a paper by Dr. W. Ogle (Journal of the Royal Statistical 
Society, vol. \iii, part ii, 1890). 

I 

The general course of the male and female marriage-rates 
(per 1,000 of each sex aged 15 and upwards, can be seen in 
Table 3 of the Registrar-General's Annual Report, 1920. The 
marriage-rate in successive decennia. stated per 1,000 persons 
'ving at all ages has been as follows :-

l&n-60. ton-20. 
16·1, 16·9, 16·6, 16·3, 1··9, 15·6, 15·6, 16·6. 

statement in this form conceals the oscillations from 
ar to year. 
The special influence of the Great War on the marriage­

ate can be seen in the following table, in which the 
marriage-rate is given for the years 1914-19 : A, the crude 
ate for persons per 1,000 living at all agee ; B, the rate for 
all'6 per 1,000 single and widowed, and C. the Bte for 
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females per 1,000 single and widowed, aged 15 years and 
upwards. 

ENGLA..ND AND WALES. 

MtJo>"riage-ratu. 

Year. A. B. o. 
-

1914 15·9 53·0 • 44·4 
1915 19·4 64·4 63·6 
1916 14.•9 49·5 41·0 
1917 13•8 46·2 38·3 
1918 15·3 51·6 39·2 
1919 . 19·7 85·1 50·6 
1920 20·2 - -

Some rush into matrimony occurred during the second 
year of the war unc;l.er ·the inlluence of the uncertainty of 
life in war and of the pensions for war widows. · 

Influence of Age at Marriage ~nd- Duration of 
Marl:iage on Fertility ~This subject is important a.s bearing 
on the standardization of birth-rates discussed in Chapter VIII. 
The English law unfortunately does not require a statement 
of age of father and mother of the infant, and registration 
data in this country do not, therefore, throw light on these 
points. But the birth-statistics for Scotland for the single 
year 1855 gave the data needed for the study of this problem ; . 
and, supplementing Matthews Duncan's work, Dr .. C. J. 
Lewis•and Mr. J. N. Lewis (Natality and Fecundity, 1906) 
have made an exhaustive analysis of the Scottish figures; 

A.ges. 

11>-19 
2()-24 
21>-29 
3()..34 
31>-39 
40-44 
45-49 
6()..54 
51>-69 

Number of Wlvea­
Mothel& to 100 Wlvee. 

61·12 
<12•70 
36·60 
30·24 
24·20 
ll·33 
1·81 
0·09 
0·03 

Total Wi...., year 1855 = 398,307. . 
Total Wives-Mothers. year 1855 = 84,971. 
Number of Wives-Mothers to 100 Wivee, year 1856 = 21· 3. 
Number of Wives, aged 11>-44 = 293,887. 
Number of Wivee-Mothera to 100 Wivee aged 15-44 ~ 28· 6. 
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During that year there were 84,971 wives-mothers in Scot­
land. The ages of 1· 2 per cent. of these were unstated. Of. 
~he rest 1· 9 per cent. were under 20, 18· 9 per cent. between 
20 and 24, 28 ·1 per cent. aged 25-29, 24 · 2 per cent. aged 
30-34, 17 · 4 per cent. aged 35-39, 7 · 3 per cent. aged 40-44, 
and 1· 0 per cent. over 45 years old. 

The fertility of wives at different ages was as shown in 
~he table at foot of page 68. It is concluded from this table 
~hat the fertility of wives is greatest in the early years of 
~he child-bearing period of life, that this fertility steadily 
:liminishes, and very rapidly diminishes towards the end of 
~his period of life. 

From the same volume is taken the following table, the 
Eemale fertility at different ages in which may be compared 
with the above figures for Scotland in 1855 :-

I 

! 

' I 

' 

' 

NUKsn:a Ol' WIVEB·MOTHEBS TO 100 Wzvn:s AT QUINQUJCNNIA.'1. G:aouPs 
07 AGES. 

B8rlln Buda-Peath Sweden New South Wales 

A«t~ of 
Mot.ber. 

(Doookb), (Kor&l). (Sldenbladh). (Royal Comm.lasiou). 

1887-90. 1889-92. 1891. 1871. 1901. 

111-10 50·34 42·80 51·81 50·10 56·28 
20-24 45·55 35·80 45·14 44·15 39·70 
211-20 33·60 20·20 37·53 40·75 29·87 
30-34 22·50 20·60 31·18 33·67 22·68 
30-30 14·50 14·70 25·04 27·04 17·25 
40-4.t. 6·03 5·00 14·23 13·41 8·81 
411-49 0·74 0·70 2·00 0·71 0·43 

The Swedish fertility-rates were utilized in calculating 
.he standardized birth-rates as described on page 86, 
illustrations of which are given on page 102. Two possible 
ources of error may conceivably arise in using these rates 
o standardize birth-rates :-

(a) Later marriages in more recent years would, it may 
be sahi, disturb the factor. The " weighting " of different 
proportions of wives at higher age-periods would be corrected 
by the application of the Swedish rate of fertility at these 
"igher agt-s, and no error would arise assuming that the 
Swedish rates accurately represent comparative fertility at 
flitT,,rent a~s. . (b) But if more recent marrl&ges at any gtven age are 
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females per 1,000 single and widowed, aged 15 years and 
upwards. 

Year. A. B. c. 

1914 15•9 53·0 44·4 
1916 19·4 64·4 

. 
53·6 

1916 14·9 49·6 41•0 
1917 13·8 46·2 36·3 
1918 15·3 51·5 39·2 
1919 19·7 65·1 60·6 
1920 20·2 - -

Some rush into matrimony occurred during the second 
year of the war unger ·the influence ol the uncertainty of 
life in war and of the pensions for war widows. · 

~nfluence of Age at Marriage 1\nd - Duration of 
Marriage on Fertility .-This subject is important as bearing 
on the standardization of birth-rates discussed in Chapter VITI. 
The English law unfortunately does not require a statement 
of age of father and mother of the infant, and registration 
data in this country do not, ~herefore, throw light on these 
points. But the birth-statistics for Scotland for the single 
year 1855 gave the data needed for the study of this problem; 
and, supplementing Matthews Duncan's work, Dr .. C. J. 
Lewis•and Mr. J. N. Lewis (Natality and Fecundity, 1906) 
have made an exhaustive analysis of the Scottish figures. 

Asee. 

11>-19 
20-24 
21>-29 
30-34 
31>-39 
40-44 
41>-49 
60-64 
51>-59 

. . 
:,umber of Wives& 

Mothen to 100 Wives. 

61·12 
·42·70 
36·60 
30·24 
24·20 
11·33 
1·81 
0·09 
0·03 

. Total Wives, year 1856 = 398,307. 
Total Wives·Mothera, year 1855 = 84,971. 

"Number of Wives-Mothers to 100 Wives, year 1856 = 21·3. 
Number of Wivee, aged 11>-44 = 293,687. 
Nwnber of Wivee·Mothera to 100. Wiveo aged 11>-44- 28•6. 
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uring that year there were 84,971 wives-mothers in Scot­
and. The ages of 1· 2 per cent. of these were unstated. Of. 
he rest 1• 9 per cent. were under 20, 18 · 9 per cent. between 
0 and 24, 28 ·1 per cent. aged 25-29, 24· 2 per cent. aged 
0-34, 17 · 4 per cent. aged 35-39, 7 · 3 per cent. aged 40-44, 
nd 1· 0 per cent. over 45 years old. 

The fertility of wives at different ages was as shown in 
he table at foot of page 68. It is concluded from this table 
hat the fertility of wives is greatest in the early years of 
he child-bearing period of life, that this fertility steadily 
'minishes, and very rapidly diminishes towards the end of 
his period of life. 

From the same volume is taken the following table, the 
emale fertility at different ages in which may be compared 

with the above figures for Scotland in 1855 :-
' 
i NtTKDEB 01' WIVES-MOTHERS TO 100 WIVES AT QUINQUBNNIA'L 0BOUPS 
I OJ' AGES. 

Be rUn Buda-'Pcsth Sweden New South Walee 
A ~fit of (Boockh). (Kor&l). (Sldenbladh). (Royal Commiaaion). 

J:lot.IICir. 
1887-90. 1889-92. 1891. 1871. 1901. 

15-19 50·34 42·80 51·81 50·10 56·28 
20-24 45·55 35·80 45·14 44·15 39·70 
25-29 33·60 29·20 37·53 40·75 29·87 
30-34 22·50 20·60 31·18 33·67 22·68 
35-39 14·50 14·70 25·04 27·04 17·25 
40-44 6·03 5·90 14·23 13·41 8·81 
45-49 0·" 0·70 2·00 0·71 0·43 

The Swedish fertility-rates were utilized in calculating 
the standardized birth-rates as described on page 86, 
illustrations oi which are given on page 102. Two possible 
sources of error may conceivably arise in using these rates 
to standardize birth-rates :-

(a) Lo.ter marriages in more recent years would, it may 
be said, disturb the factor. The "weighting " of different 
proportions of wives at higher age-periods would be corrected 
by the application of the Swedish rate of fertility at these 
higher ages, and no error would arise assuming that the 
Swedish rates accurately represent comparative fertility at 
difft>rent ages. 

(b) But if more recent marriages at any given age are 
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more fecund than marriages of longer duration at the same 
age, then an older would have an undue advantage as 
against & younger mli.rried population. Statistics on this 
point are not entirely satisfactory. The effect of, alteration 
in age at marriage on fertility in early married life is probably 
not g~eat, and it appears likely that the excess of fertility 
of the newly married over others does not represent a natural 
law, but is chiefly, if not entirely, the result of ante-nuptial 
conception. Thus in the Scottish . statistics for 1855, in 1• 6 
per cent. of \he 16,176 mothers of first-born children the_ 
birth preceded marriage ; further, in 21· 3 per cent. the birth 
occurred within 7 months of marriage, and in an additional 
13·5 per cent. the birth of first-born children occurred within 
7-9 months of marriage. Coghlan's investigations in New 
South ·Wales point to the conclusion that 30 per cent. of 
the legitimate first births are the product of ante-nuptial 
conceptions. · 



CHAPTER VII 

THE REGISTRATION OF BIRTHS 

REGISTRATION of baptisms, marriages and deaths dates 
back to 1538, in the reign of Henry VIII, when the clergy 
in every parish were required to keep a weekly record of these 
events, and were made responsible for the safe keeping of 
the register. From these records in various parishes, and 
especially from the recordS for London, much valuable 
information has been extracted from time to time. Pursuant 
to the Civil Registration Act, thEl office of Registrar-General 
was established in 1836, and registration of births and deaths 
was begun July 1, 1837. 

Births.-Under- the Act of 1836 the registration of births 
was optional, unless on being requested to register by the 
~gistrar ; and no penalty was authorized for refusal to 
register. Registration was made compulsory by the Births 
and Deaths Registration Act of 1874 (see also p. 156). 
At the present time the failure to register is almost negligible. 
During the 39 years ending with 1876, the deficiency ip. birth 
registration was estimated by Dr. Farr at 5 per cent. 

Under the Act of 1874 it is required that the father and 
mother of every child born alive, or in their default "the 
occupier of the house in which to his knowledge " a. child 
is born, " a.nd each person present at the birth, a.nd of the 
person having charge of the child, to give to the Registrar 
within 42 days next after such birth information of the 
particulars required to be registered." 

These are a.s follows :-

1. When and where born. 
2. Name, if any. 
3. Sex. 
4. Name and Surname of Father. 
G. Name and Maiden Surname of Mother. 
6. Rank or Prof,...;on of Fa~her. 
7. S4,"t>ature, Description, and Reaidenoe of Informant. 

n 
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8. When Registered. , 
9. Signature of Registrar. / 

72 

10. BaptismoJ. Na.me, if added after Registration of Birth. / 

I 
The putative father is not required to furnis~ such 

particulars concerning the birth of his illegitimate child, 
and his name is not to be entered in the Register! except 
at the joint request of himself and of the mother. The 
Registrar is required to keep himself informed of the occur­
rence of births, and may require the attendance of any of the 
persons_ mentioned above to give him the needed particulars 
for registration. The pfficial instructions to registrars, how­
ever, enjoin upon. them not to call upon medical practitioners 
or other persons present at the birth until they have failed 
to obtain the information both from ~he parents artd the 
occupiers. • 

Birth Registration in ·United States.-In the :United 
States there were many early local attempts at registration, 1 

Massachusetts having a very early system ; and in Dr. Trask's 
pamphlet will be found a copy of a model Bill for the regis­
tration of births and deaths, endorsed by various medical 
and Government authorities. The essentiaJ. features of this 
law have been adopted by a ¥umber of St&.tes, each State 
being autonomous in legislative enactments dealing with 
matters within its own area. The information asked for in . 
birth certificates is shown on page 79. 

The American form requires fuller information than the 
English. It does not, however, require a statement of tlie 
date and duration of marriage, the importance of which in 
the study of fertility problems .is recognized in Australian 
statistics. 

A permanent .census Act was passed by the Federal . 
Legislature in 1902, and this authorized the collection of 
birth an,d death statistics from such States and municipalities 

. as in the judgment of the Director of the census had sa tis­
. fa_ctory records. Since then the census Bureau of the Federal 
Goyernment has made annual collections of mortality 
sts tistios from a steadily increasing ~ea, which for 1920 

C- '>lprised 82 · 2 per cent. of the population of the United 

! tes. Until recently relatively few States have maintained 
For particulars see the publication of the United Statea Public Health 

Ser ·oo on Vital Sl<lti8tico, 1914, b:y Dr. J. W. Trask. 
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reliable birth registration systems. The first annual birth 
report of the Census Bureau 1 was for 1915, and included 
data for ten States and the District of Columbia. In 
1916-17 data for ten additional States were added. In 1920 
the birth registration area comprised 23 States, and was 
estimated to contain 59· 8 per cent. of the population of the 
United States. 

The question arises as to ·the degree of trustworthiness 

f'lll IURYIY FOR DBCEMBER 18. tpu 

---0..., •.....,. •1 --~a, ... II .... l'wMr H .................... ..._._.N,_ 

Fto. 8. 

i of the birth statistics of the " birth registration States." 
These statistics form an essential part of the data. on which 
infa.nt mortality rates a.re ca.lculated. Unlike death-ra.tes 
for other periods of life, the denominator in infa.nt dea.th­
ra.tes is obtained by registration, and not by enumera.tion 
a.t the census. That registra.tion is not completely enforced 
in some States is humorously indicated by the above 
illustration copied from The Sun-ey of December 18, 1920 
(Fig. 8). Similar educational propa.ga.nda in favour of more 
complt'te registration have been adopted in other States, and 

1 "Birth Statist.il'l!ll £01" the Birth Rt'gistration ArM of the United State.. 
1920. •• Sixth Annual R,e.port. Bureau uf the O,nsua. This ft'lport eontair.e 
atat.iatiat of infant mortality. et-parate from other mortality statistics. 
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the Children's Bureau of the Federal Government has taken 
an active part in similar work. It realizes-what is especially 
true in a. new country with many immigrants-that enfprce­
ment of the law must go ha•d in hand with appreciation 
by the public of the end aimed at by the law. It mf!.y be 
doubted, however, whether more systematic enforcement of 
registration by fines on default, with publication of cases in 
which this course has been adopted, should not be employed 
to supplement the educational propaganda.. 

In some States there is a.dequate legal provision for birth 
registration, but the law is not enforced. This is illustrated 
by facts given in a paper by .Dr. Louis Dublin,l who lays • down as a. first test of the accuracy and completeness ·of 
birth registration that in any community the number of 
births registered shall be greater in thq census year than 
the number of living ·children enumerated under one year· 
old. Replies from. 144 cities were analysed, and in 15 · 9 per 
cent. of these this criterion failed. Thus in Baltimore, 
Maryland, the enuinera.ted population under ' one year in 
1910 exceeded the births in that year by 3·7 per cent., in 
Jersey City, N.J., by 26·7 per cent., and in Chicago by 
50· 3 per cent. 'rhe second test is constituted by variations 
of the birth-rate year by year: Some gradual decrease in 
the birth-rate might be expected; but increases or violent 
oscillations in the crude birth-ratE! (p. 84), whether of .. in­
crease or decrease, suggest intermittent neglect or fulfilment 
of birth registration. It was found that in 142 of the 144· 
cities investigated, the birt4-r!l-te had apparently increased, 
while in Philadelphia and New York City, where birth 
registra.tion has been fairly relialile since 1910, the birth­
rate .had decreased. A third test is to ascertain whether 
the recorded birth-l'&te is below the likely mininlum of a 
city; say 20 per 1,000 inhabitants. 

Since the date of Dr. Dublin's paper, rapid improvement in 
birth registration has occurred ; but the three tests indicated 
above remain of value in checking the completeness of birth 
registration in any given community. 

Disadvanta~es of Defective Birth Re~istration.-The 
a.bsence of birth registration is liabl~ to be detrimental both 

, \ 1 11 The Present Status of Birth Registration," etc .• L. I. Dublin (Qut~t'tMly 
l'1Wiicatlcm ojlhe .4morica" Sl<lriolicol A880CtoRon, March 1917). 
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to the State and to the individual, for such registration is 
the primary means of personal identification, it dete~mincs 
when compulsory school attendance shall be enforced, and 
when industrial employment may be permitted. It is the 
best evid~nce of citizenship, and the only satisfactory evidence 
in cases of inheritance, etc. 

The failure to secure prompt notification or registration 
of births may lead to tbe neglect to treat cases of ophthalmia 
of the new born, or neglect to visit and give needed advice 
and aid for mothers and new-born infants. In England the 
notification within 36 hours of all births has been enforced, 
in order to enable early visits to be made to aid in child 
hygiene work. 

Not less important is the. fact that in the absence of 
complete records of births it is impracticable "to assess the 
position in respec~ of infant mortality of a given community 
and of its poorer and richer sections, or to compare the 
position of one community with that of others. The following 
illustration is taken from Dr. Dublin's paper. Baltimore 
now possesses good registration of births ; but in 1910 its 
registration was demonstrably defective, as seen below :-

Year. 

1910 

1915 

Re!Ntered Birth- Infant Mortallt:v 
rate per 1,000 per 1,000 

Fopula.tion. Regietored Bl.rthll. 

17·6 217·7 

23·3 119·8 

There was an apparent increase in births of 38 · 3 per 
cent. But the population of Baltimore increased only 
4 · 3 per cent. in the same period, which is not consistent 
with the great increase in births ; furthermore, a birth­
rate of 17 · 6 is improbable. If we assume, as is likely, that 
the birth-rate in 1910 was as high as in 1915, then the births 
in 1910 were 13,037, and not 9,858, the number actually 
registered, and the infant mortality rate in 1910 reqnires 

t b d d . h . 9,858 h . bee o e re uce In t e proportion 
13 

, w en 1t omes 
,037 

164·6 instead of 217·7. Under such circumstances as the 
nbovo, it is almost impracticable to say to what extent the 
infant death-rate is declining. The infant mort&lity rates 
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given above, based on official records, were a reason for 
enforcing better birth registration, not for relaxing · efforts 
to reduce infant' mortality. 

Notification of Births.-The registration of births has 
been long regarded by" medical officers of health as opening 
up valuable possibilities of hygienic work in the interest of 
mother and infant ; but the six weeks' delay in registration 
permitted in Great Britain, and the fact that registration 
is not in the hands of public health a-dministrators, have 
made it difficult to undertake prompt visiting of homes 
where births have occurred. Huddersfield obtained a local 
Act to secure early notification of births to the medical officer 
of health, and this was followed by " An Act to provide 
for the Early· Notification of Births, 1907." .The Act was 
"adoptive," only becoming operative on adoption by a 
local authority; but its adoption was rapid, and in 1915 

. a further Act was passed making early notification of births 
universally compulsory. The object of this Act is adminis­
trative a.nd hygienic, not the improvement of registration, 
though it may occasionally be a. useful check on the com­

.pleteness of registration of births. 
Under this Act it is-

the duty of the father of the child, if he is actually reeiding in the 
houee where the birth takee place at the time of its occurrence, and 
of any person in attendance upon the mother at the time' of, or within 
six hours aftar, the birth, to give notice ~ writing of the birth t<i the 
medical officer of health of the district in which the child is bom. 

Notice is required to be given by poeting a prepaid letter or poet­
card addreeeed to the medical officer of health, giving the neceesary 
information of the birth within thirty-six hours after the birth, or by 
delivering a written notice of the birth at the office or reeidence of 
the medical officer within the eame time ; and the local authority 
is required to eupply without charge sddreeeed and stamped poet· 
cards containing the form of notice to any medical practitioner or 
midwife reeiding or practising in their area, who appliee for the eame. 

The duty of notification falls equally on the father a.nd 
on the professional attendant at the birth ; but notification 
by the latter is not enforced if the parent disc\larges his duty. 
It is well, therefore, for the doctor or midwife to see that 
he does so. No fee is paid for notifications. 

The notification of births to the medical officer of health 
has led to the inauguration in all sanitary areas of important 
work in child hygiene. Evidently, however, there is over-
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lapping in requiring notification _and registration, and much 
to be said for a fusion of the two duties. This could 
only be done ·satisfactorily by insisting on registration 
within, say, four days of birth. In practice hygienic visits 
by public health nurses are only exceptionally made at an 
earlier date than this, and the compulsory notification of 
ophthalmia of the new born provides partial protection 
against a. chief risk of delayed notification of births. • 

Registration of births in Great Britain is substantially 
complete for live-births, and the notification of births has 
given some additional safeguard against omission of regis­
tration. Registration operates much more efficiently as a. 
check on the completeness of notification. 

Still-births.-In Great Britain there is no official registra­
tion of still-births, but under the Notification of Births Act 
the birth of any child " which has issued forth from its mother 
after the expiration of the twenty-eighth week of pregnancy, 
whether alive or dead," is required to be notified to the medical 
officer of health." 

The rule of the Central Midwives Board, England, prescribes 
that an infant 1s to be regarded as still-born if after complete 
'birth it "has not breathed or shown signs of life," and this 
is the definition generally adopted in this country and used 
.for registration purposes. The notification of still-births 
; under the Act of Parliament is limited as stated above ; but 
midwives are required by the Central :Midwives Board to 
notify' still-births without any defined limitation to ages 
over the twenty-eighth week. This introduces a source of lack 
of comparability in local statistics, when comparing, for 
instance, the still-birth rate in two districts in which 
confinements are attended to a. preponderant extent by 
doctors or by midwives respectively. 

Apart from the practical difficulty of determining the 
exact period of gestation, there are international differences 
f practice as to still-births. It is not clear for each country 

whether an e.rbitrary limit of footation is taken below which 
otification or registration is not required ; and there is much 
'screpancy in the definition of still-birth. In Prussia 

A111111aire lntwnaJwnale de S14tisliqtte, 11, Office of lhe 
nternatioool S14tl,-ticaJ lnslitule, 119li) "still-born" include 
nfants born at term and \\;thout life, and a footus born 
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.without life·a.nd ha.ving a. ·length of 0·32 metres, after 180 
da.ys of gesta.tion or more tha.n this. In Belgium " on entend 
pa.r enfa.nt presente sa.ns vie celui dont_ la. n&issa.nce n'a. 
piLS ete enregistree et qu'est presente s&ns vie a. l'officier 
de l'eta.t-civil" (Decret du 4 Juliet, 1806) ; a.nd still­
born include a.lso a.ny infa.nt born a.fter the 180th da.y of 
pregna.ncy without sign of life. In Denma.rk a.ny fcetus 
born without sign of life after the twenty-ninth week of 
pregna.ncy is rega.rded a.s a. still-born infa.nt ; 11-bortions in 
ea.rlier pregna.ncy a.re not registered. In Fra.nce a.ll infa.nts 
born without sign of life, a.nd those born &live which die 
before registra.tion, a.re rega.rded a.s still-born.. As registra.tion 
ma.y be ma.de a.t a.ny time within three .da.ys a.fter birth, 
evidently ma.ny infa.nts ha.ving ha.d extra.-uterine life a.re 
entered a.s still-born. ; 

In view of the a.bove quoted a.nd simila.r fa.cts, the grea.test 
possible ca.ution is· required in a.ccepting comp&risons of 
interna.tional sta.tistics of still-birth (see a.lso p. 83). Full 
pa.rticula.rs a.s to still-births a.re given in a. report of the Roy&! 
Sta.tistica.l Society, of which Dr. R. Dudfield WILS ch&irma.n. 

Re~istratlon of Births in United .States.-The Model 
Sta.te La.w recommended for a.doption in ea.ch Sta.te &s given 
on pa.ge 83 of Dr. Tr&Sk's pa.mphlet on Vital Statistics 
(W&Shington, Government Post Office) provides in Section 6 
tha.t-

a still-bam ohild sball be registered B1f a birth and al.so as a death, and. 
separate certificates of both the birth and the deeth shall be filed with 
the local registrar, in the usual, form and manner, the certificate of 
birth to contain in place of the niune of the child, the word "still-· 
birth " : ProtJided, That a certificate of birth and a certificate of death 
shall not be required for a child that has not advanced to the fifth 
month of utero·geetation. · 

In. Section 13 it is required tha.~ 

withili ten days after the date of each birth there shall be filed with 
the local registrar of the district in which the birth occurred a certifi­
cate of such birth, which certificate shall be upon the form adopted 
by the State Board of Health with a view to procuring a full and 
accurate report with reepect to each item of information enumerated 
in Section 14 of ithis Act.1 

In each case where a physician, midwife, or person acting as midwife 
wae in attendance upon the birth, it ehall beth~ duty of such physician, 

1 A prov'i.o mar be added that ehall requi'!' tho registration, or notifica­
tion, at, a aborter mterval than ton days of birthe that occur in citiea. 
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midwife, or person acting as midwife to file in accordance herewith 
the certificate herein contemplated. 

By Section 14 it is required that-

the certifies~ of birth shall contain the following items, which are 
hereby declared necessary for the legal, social, and sanitary purposes 
subserved by registration records 1 :-

(1) Place of birth, including State, county, township or tcwn, 
village, or city. If iri a city, the ward, street, and house number; 
if in a hospital or other institution, the name of the same to be given­
instead of the street and house number. 

(2) Full name of child. If the child dies without a name, before 
the certificate is filed, enter the words u Died unnamed., If the living 
child has not yet been named at the date of filing certificate of birth, 
the space for " Full name of child " is tc be left blank, tc be filled out 
subsequently by a supplemental report, as hereinafter provided. 

(3) 8Px of child. 
( 4) Whether a twin, triplet, or other plural birth. A separate 

certificate ehall be required for each child in case of plura.l births. 
(5) For plw·al births, number of each child in order of birth. 
(6) Whether legitimate or illegitimate.• 
(7) Date of birth, including the year, month, and day. 
(8) Full name of father. 
(9) Residence of father. 
(10) Colour or race of father. 
(II) Age of father at last birthday, in years. 
(12) Birthplace of father; at least State or foreign country, if 

I<nown. 
( 13) Occupation of father. The occupation to be reported if en· 

'gaged in any remunerative employment, with the statement of (a) 
·trade, profession, or particular kind of work; (b) genera.! nature of 
·industry, business, or establishment in which employed (or employer). 

(14) Maiden name of mother. 
(15) Residence of mother. 
(16) Colour or race of mother. 
(17) Age of mother at last birthday, in years. 
(18) llirthplace of mother; at least State or foreign country, if 

known. 
(I 9) Occupation of mother. The occupation tc be reported if 

engaged in any remunerative employment, with the statement of 
(a) trade, profession, or particular kind of work; {b) genera.! nature of 
industry, buainess, or establishment in which employed (or employer). 

It will be noted that among the other conditions of 
l"('gistration named above is one that still-births should be 
registered both as births and deaths. It is important to 
koop these statistics Sl'pamte from those of infant morta.lity 

1 The following items are those of the United States standard eerti6.oatfl 
ol birth, approved by the Buroau of the Census. 

1 This quMtion may be omit-ted. if desired. or provision may be made 
110 t.ba' tho identity of pareuta will nol bs diacloood. 
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among live-born children. This is done in the American 
"Birth Statistics,'' which give tables of still-births in difierent 
States, including tables showing the number of child in order 
of birth, _by colour and age of mother, and by country of 
birth of mother. 

The details of registration both of births and deaths. vary 
in different States, but a certain standard of birth registration 
is required before a given State is admitted into the " Birth 
Registration Area " (see p. ·72). 

Allotment. of Births in Institutions.-Rates. of infant 
mortality based on the number of births in a given district 
will only be trustworthy when infants live during the first 
year after the infant's birth in the district in question ; or 
when, as is usually the case, it may reasonably be assumed 
that on an average inward and outward migration will 
balance. Large maternity hospitals in the past have been 
a cause in some areas of misleading birth-rates. 

The English Registrar-General's rule now is identical with 
that for deaths. All births of infants in an area other than 
that of -the mother's residence are transferred to that area, 
whether they occur in an institution or at a private address. 



CHAPTER VIII 

BIRTHS 

MARRIAGE in civilized life is the institution by which the 
population is chiefly replenished, and the study of the birth­
rate and of the conditions which determine and modify the 
fertility of marriage forms an essential part of vital statistics. 
We may first consider the chief available facts as to the 
birth-rate in this and other countries. 

Births may be of living or of so-called still-born or dead­
born infants, which in Great Britain are defined as dead 
infants born after the end of the twenty-eighth week of 
pregnancy ; besides these there are numerous abortions at 
~n earlier stage of pregnancy. It is convenient to consider 
first these mishaps in reproduction. 

Still-births.-In Great Britain there is no civil registration 
of still-births, but they are required to be notified (p. 77). 
This requirement began to be enforced in various districts 
~t different times, and the following table relating to a 
period prior to general enforcement, taken from evidence 
~iven by me to the Royal Commission on Venereal Diseases, 
915, shows the range of variation of notification of still-
irths jn various areaa. 

The still-births are stated as a percentage to registered 
live) births, which is the nearest approximation possible to a. 
pasis rendering comparison between different areas practicable. 

1008 to ll&nge of 1912 or 1010. unt. 1012. Other Pt!rcent.&$rel for 
Pvto<l. 3 Yoan,llHQ-1~. 

In " Counly Bor· 
ouJ{lUI and Towna 
with over 50,000 
population 3·01 3•18 !·98 3·06 1•08-5•52 f- 67 l"OWWI with 
populatio1111 be. 
t...... ~o.ooo and 
60,000 .. 3·21 3·07 3·34 3·M 1·19-7·82 

o. the 29 MoR<>poli· 
tan Borougbo •• t·U 2·!1 2·46 !·18 0·31-6·83 

. 
ti .. 
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In the following table the range of variation of notifi­
cations in each group of towns is given separately for each 
year from 1909 onwards:-

AveragEi 
No. of Percentage of 
Areas. StiU-births to Range. 

ReJtistered 
Birtbo. -

1908. 
Metropolitan boroughs .. .. 7 1·43 0·36-2·64 
Large toWDS .. .. .. 17 3·04 0·72--0·06 
Smaller towns .. .. .. 12 4·02 1·17-7·31 

' 1909. 
Metropolitan boroughs .. .. 17 2·08 0·61-3·34 
L ... ge toWDS .. .. .. 46 3·10 0·63-9·65 
Sm..Uor toWDS .. .. .. 24 (61 1·58-3·07 

1910. 
MetrOpolitan boroughs .. .. 28 2·14 0·73-3·33 
Large toWDS .. .. ... 52 3·01 1·18-7·65 
SmaJ.ler towns .. .. .. 34 3·21 1·66-6·70 

1911. 
Metropolitan boroughs .. .. 27 2·21 0·69-3·44 
Large towns .. .. .. 58 3•18 1·24-5·96 
Smaller towns .. .. .. 40 3•07 0·96-7·01 

1912. 
Metropolitan boroughs .. .. '27 2·46 0·31-3·30 
Large towns . . .. .. 60 2·98 1·24-5·32 
Smaller towns .. .. .. 54 3·40 . 0·92-3·40 

It will be noted that the still-births are stated in terms 
of the number of register<:d. (i.e. live). births. Live-births 
are the subject of registra.tion which is practically complete, 
and these births form a much more satisfactory denomina.tor 
tha.n the population of each are&. It is, indeed, only by 
this method that the statistics of .different areas can be 

· fairlY' compared. It must not, however, be assumed that 
all still-births (defined as above) are notified. By oom­
pa.rison of notified live-births with registered births, it can 
be shown . that not aJl live-births are notified, a.nd the 
deficiency of notification is likely to be greater for still­
births.· 

The above table-shows great variation in the proportion 
ot ,till-births. Some pa.rt of this variation is caused by 
v~g degree of compliance with the obligation to notify 
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still-births, but it is unlikely that this completely explains 
the variations. The real proportion of still-births varies in 
different medical practices and in the practice of different 
midwives ; there are also local or social differences due among 
other causes to the varying prevalence of syphilis. 

For the year 1919 (Annual Report of the Chief Medical 
Officer, Ministry of Health, 1920, Cd. 1397) the number of 
still-births per 100 registered live-births showed variations 
of which the following are examples :-
Countita--

Northamptonshire .. .. 1· 3 
East Suffolk .. .. 6·0 

M elropo!itan BorougM-
Lomboth .. 3·7 
Deptford .. 1· 6 

County BorougM­
Oidhom 
Rochds.lo .. 
Wolverhampton 
Grimsby 

.. 7·2 

.. 6·8 

. . 1·6 

.. 1·1 

These variations on the minimum side are almost certainly 
too great to correspond to facta. · 

It has been suggested that in ~tating the maternal rate 
of mortality from child-bearing by the most accurate measure 
of exposure to risk, viz. confinements at term and prematurely, 
the number of still-births should be added to live-births, 
and the deaths of mothers stated in terms of these together. 
It would, however, be folly to do this in view of the imperfect 
and variable degree of certification of still-births at present 
obtairied, and of the differing definitibn of "still-birth" in 
various communities. 

Still-births have a. varying signification in different 
coun tJ;ies : (a) as regards the period of pregnancy covered 
by the returns; and (b) as regards the definition of live-birth. 
This subject is summarized in a. special report of a Committee 
of the Royal Stati~tical Society (1912), and this Committee 
reported-

( I) That it is desirable that an international definition of 
" still-birt-hs " should be adopted ; 

(2) That still-births should be registered; and 
(3) That where the definition of "still-birth" does not 

exclude from such category the births of children 
born alive but dying before registration, official 
inquiries should be instituted on the occasion of 
registration with a view to discriminating between 
suoh form of pseudo still-birth (Bertillon's dal morl-m} 
and the genuine (morl-m}. 
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Live-births.-In the discussion of natural increase of 
population, the terms fertility and fecundity have been 
employed in. varying senses by different authors. Matthews 
Duncan 1 defines fertility or productit,eness as . " the amount 
of births as distinguished from the capability to 'bear," a 
quaJity of chief interest to the statistician and the political 
economist. By fecundity he means " the demonstrated 
capability to bear children," a quality of interest especially 
to the physiologist and physician. Fertility implies fecundity, 
and introduces .also the idea of number of progeny ; fecundity' 
" indicates the quaJity without any superadded notion of 
quantity." 

Birth-rates are a measure of fertility, which may be stated 
in terms of the total population, or of the possible parents, 
'i.e. the number living in marital relationship at child-bearing 
ages. In the important Fertility Report, issued as part of 
the official English Census Report for 1911, "fertility" 
means the children born or surviving in proportion to married 
couples, both parents being returned on the same census 
schedule. lt represents the whole family born, and so 
difiers from fertility in the sense of annual. births per 1,000 
wome11 aged 15-45. Fertility being employed in these 
different senses, it is important· to d~fine precisely iri each 
statement the exact nl.easure of fertility in use. 

Birth-x;ates.-The various methods of stating the birth-
rate in common use may now be ~ta.ted :- · · 

(1) The birth-rate is reckoned as a rate per 1,000 of the. 
population living at a.ll ages in the middle of the year. This 

·is the crude birth-rate. It is 'fairly satisfactory when used 
for the same community· in a· short series of years, or in 
comparing the birth-rates of communities whose populations 
are known to be nearly, if not quite, equal in their age and 
sex-Co!Jlpositioll and in marital condition. If, however, the 
number of women, especia.lly of married women, living at 
child-bearing years difiers in two populations, the birth­
rate per 1,000 of the total population will vary from this 
cause, apart altogether from varying fertility of the two 

~opulations. ' · · 
\--. {2) The proportion which the births registered bear to 
tli~men living at child-bearing years-i.e. roughly between 

' ' Focumlity, Fertilily, ond .Allied Topics, 1866. 
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about 15 and 45 years of age--may be calculated. These are 
shown by the census returns for each urban and rural sanitary 
district; and as the age and sex-composition, except in 
abnormal cases, is not likely to vary greatly in an inter-censal 
period, the same proportion of women aged 15-45 to the 
total population may be regarded as holding good through­
out the intervening period between any two census enumera­
tions. 

This method is no more accurate than the first, as a 
measure of fertility, for it ignores the great differences in 
proportion of married women aged 15-45 which may exist 
between two populations. _ 

(3) A more accurate- method is to subdivide the births 
into legitimate and illegitimate, stating the former per 1,000 
of married women aged 15-45, and the latter per 1,000 of 
unmarried women aged 15--45. 

The following example shows the relative accuracy of the 
three methods, as a measu,re of fertility, wr the legitimate 
and illegitimate birth-rates in two areas of sharply different 
social status. In Kensington there is a high proportion of 
female unmarried domestics, who scarcely contribute to the 

1 birth-rate; in Stepney these are relatively few. It is likely 
also that in Stepney there is little, and in Kensington much, 
" birth -control." The legitimate birth-rate by the most 
accurate method of the three in 1921 was 27 per cent. higher 
in Stepney ; and it will be noted that the crude birth-rate 
approXimates more nearly to this than the birth-rate calculated 
by method B. On the other hand, the excess of illegitimacy 
in Stepney is greatly exaggerated by the crude method A, 
and to a less but .still great extent by method B. 

LBOITDUTB BmTB•IU.TBS IN KENSINGTON AND STKPNEY, 1921. 

hrnoD-- Ext'eSB of 

EODS!Dolm>. stepoer. Birtb-rate 

' lD St~ptu~y 
over tbat.lu 
K~a. 

~ Birth-raw per 1,000 inhabitant& 18·1 24·2 33 
Birth-rata per 1,000 women ogod. 

c. 16-46 )"""" . . . • • • 66·7 98·8 77 
Birth • .,.,. per 1,000 marriod 

women ogod. 16-46 yearo •• 163·0 207·4 27 



86 THE ELEMENTS OF VITAL STATISTICS 

Peroentage 
Excess of 

· Xellldngton • . Stepnq. Blrtb-ra.te ill 
Kenalngtou 
overthatiD 

Stepney. 

A, Birth-rate per 1,000 inhabitants 1·34 0·59 127 
B, Birth-rate par 1,000 women aged 

15-45 ... . . .. . . 4·12 2·40 72 
C, Birth-rate per 1,000 unmarried 

women aged 15-45 years .. 6•26 4·58 37 

At this point a distinction may be drawn between birth­
rate and fertility-rate. The figures given in line A show the 
relative rates of increase by births in the two communities, 
and from a national and economic sta*dpoint this is the 
information desired. Such crude birth-rates will always possess 
a special value of their own. But to ascertain to what 
extent. the difference between the two is caused by differences 
in fertility of the married women in the populations com­
pared, line C must be consulted, or the nearer approximation 
to an accurate determination of fertility described in the 
next paragraph may be used. 

( 4) A full description of this more accurate method is given 
in a paper on "An Improved Method of Calculating Birth­
rates," by A. Newsholme and T. H. C. Stevenson (Journal 
of Hygiene, vol. v, Nos. 2 and 3, i.905). ·' 

As this method of birth-rate standardization is seldom 
necessary in practice, the foll!Jwing brief summary of it, which 
has been extracted from p. xvill of Part III of the Decennial 
Supplement to the Seventy-fifth ·Report of the Registrar­
General, will suffice to show the principle of the method :-

BrieBy, the method is analog""" to 1M "lndireol" method of s!cmdm-cl 
oiing death-rate.t. Taking the oalculation of the standardized birth­
rate of England and W !!lee in 1911 as an example, the following 
d83Cription, .&liapted from the peper referred to, will sbow the method 
of oalculation\ Standard fertility ratee, those of Sweden in 1891 1 

being adopted, applied to the wivee of the community whose true 
birth-rate is t, be ascertained, and the births at each age period 
15-20, 20-25, · 30, 30-35, 35-40, and. 40-45, which according to 
this standard o ht to occur are thus ascertained. Tbus, in England 
and Wales .in 11, .according to the Swedish standard, 1,243,585 

J These "rates E : Per 1,000 wives aged 15-20, 518 ; 20-25, .451 ; 
25-30, ~74; 30-35, 312; 35-40, 250; and 40-45, 142. 
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births should have occurred in its (enumerated) population of 
36,070,492, and the birth-rate corresponding to this figure, which may 
be termed the "index " birth~rate, since ita use is to indicate the 
degree in which the constitution of the population favours fertility, 
is therefore 34·48 per 1,000. The index birth-rate of England and 
Wales in 1901, similarly calculated, is 34·91, and this is employed as 
the standard with which other index birth-rates are compared. As 
the index birth-rate in 1911 was lower than the standard, the recorded 
birth-rate in 1911 has to be increased in proportion to the difference 

between the two index birth-rates, or by 34"91 (= 1·0125), to compen-
34·48 

sate for the degree by which the population at the later date was leas 
favourably constituted for fertility. The legitimate birth-rate of 
England and Wales in 1911, calculated upon the estimated population 
in the middle of the year, being 23· 31, its standardized birth-rate 
becomes 23·31 x 1·0125 = 23·60. 

The method of obtaining the standardized illegitimate birth-rates 
is as follows : The proportion per 1,000 total population of women 
aged 15--45 who were not wives was ascertained, and the proportion 
132·7 per 1,000 in England and Wales in 1901 was taken as a standard. 
The crude illegitimate birth-rate per 1,000 of total population in each 
community was then reduced or increased in accordance with the 
excess or deficiency of the proportion of women not wives at child· 
bearing agt'S. The proportion in England and Wales in 1911 w&a 
130 · 3 per 1,000, and the standardization factor is therefore 

.g~:! =1·018. The illegitimate birth-rate in England and Wales in 

I 0 JJ being I· 04, its standardized illegitimate birth-rate be~omes 
1l·· 04 x I· 018 = I · 06. Finally, the addition of the standardized 
)egitimate and illegitimate birth-rates gives the standardized total 
birth-rate, viz. 24· 66. 

Proportion of Male to Female Births.-This proportion 
as sometimes been called its Masculinity. Its course since 
egistration began in England and Wales can be seen in 
able 3 on page 5 of the Annual Report of the Registrar­
ncral, 1920. The highest proportion of male to 1, 000 female 

"ve-births since 1870 was 1,060 in 1919. Prior to 1915, from 
870 it was never higher than 1,043 (in 1875), the lowest 
gun•s bt•ing 1,033 in 1888 and in 1890, and 1,032 in 1898. The 
roportion of ma.le to female births va.ries in different countries. 
n Scotland it is rather higher than in England. The pro-
ortion wa.s 1,056 in Germany in 1914, 1,059 in Austria. 
n 1913, and 1,040 in Belgium, in Denmark 1,052 in 1915, 
n France 1,041 in 1911, in Ireland 1,048 in 1912, in Italy 
,051 in 1914. 

There does not app<'a.r to be a consistent difference between 
he k'X proportion of nuptial and ex-nuptial births. Much 
urther informa.tion a.s to masculinity and on the general 
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question of "Natality and Fecundity," is given in a work 
by C. J. Lewis and J. N. Lewis.1 · / 

Dr. Stevenson (Annual Report of the Registrar-Geieral, 
1919) draws attention to the close parallelism during the last 
50 years of the movement in prices and of the sex ratio, as 
shown in the following diagram from the above report. It 
would appear that the association between the great pro­
portional increase of male births in 1916-19 and prices was not -­~·-·-----

-
"'' 

-----

Who1eso.le 'Pried ........ - .... 
5o,. Rolo.s ot Bt.th 

-
-
... 

---
Fla. 9.-8ex RatiOilat Birth and" E<>onomist" Index Numbers of Who!OBI>Ie 

Prices (Smoothed Curves). 

merely accidental, as it approximately holds good to a large 
extent during the whole period shown in Fig. 9. The 
method of smoothing Is to plot against each year the average 
figures for that year .and the nine preceding years. The 
explanation ·of this close coincidence. is obscure. It may 
or may not be significant that there was a marked increase 
of masculinity of legitimate, and not a consistent increase 

-· ' Nalofily and F"""""il!l· 1906. 
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of masculinity of illegitimate births in the recent years of 
war. 

Plural Births.-In the first year of civil registration in 
Scotland, 1855, much more comprehensive detail was asked 
[or in respect of each birth than has ever since been obtained 
in Great Britain, on the lines indicated as now desirable 
(p. 68 ). After the first year the schedule of inquiry was 
~urtailed, but the more complete records for one year remained, 
and these have been made the subject of valuable analysis, 
of which the results were published by Dr. Matthews Duncan 
in his book on Fertility, Fecundity and Sterility (1871), and 
more recently in Messrs. Lewis's work (seep. 68). According 
to these early Scottish returns, one mother out of 8,497 had 
triplets, and there was one twin birth to 87 ·I births. Nuptial 
multiple births are more frequent than ex-nuptial, which 
may be explicable by the fact that ·a higher proportion of 
twin births occurs in women of older years, Knibbg gives 
the ratio of twin to total births in Switzerland (1881-1900) as 
1 to 79·3, in Germany (1901-2) as 1 to 78·7, and in Belgium 
(1890-1900) as 1 to 90·0. 
. Ille11,itimacy .-illegitimacy has great social importance, 
!llong other reasons because of the excessive child-mortality 
sociated with it. Prim4 facie it may be regarded as a 
easure of the sacredness of family life, and possibly it has 

ome utility in this respect in comparison between countries. 
ural communities in England have more illegitimacy than 
rban ~ but it is likely that this is explicable as much by 
ss effective contraceptive precautions as by less chastity. 

The illegitimate birth-rate may be stated, 
(1) Like the total birth-rate, in terms of the general 

opulation, which gives but a poor index of its amount. 
(2) A more accurate method is to state it as a proportion 
the number of unmarried women at child-bearing ages. 
(3) For certain purposes a further subdivision may be 

quired, on the lines indicated for total birth-rate on 
age 86. 

( 4) The illegitimate birth-rate is often stated as a proportion 
the total births. This method is fallacious, especially 

hen it is employed to compare the experience of _one year or 
one community with that of other years or of other com­

unities; for the legitimate birth-rate is steadily declining, 
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of masculinity of illegitimate births in the recent years of 
war. 

Plural Births.-In the first year of civil registration in 
Scotland, 1855, much more comprehensive detail was asked 
for in respect of each birth than has ever since been obtained 
in Great Britain, on the lines indicated as now desirable 
(p. 68 ). After the first year the schedule of inquiry was 
curtailed, but the more complete records for one year remained, 
and these have been made the subject of valuable analysis, 
of which the results were published by Dr. Matthews Duncan 
in his book on Fertility, Fecundity and Sterility (1871), and 
more recently in Messrs. Lewis's work (seep. 68). According 
to these early Scottish returns, one mother out of 8,497 had 
triplets, and there was one twin birth to 87 ·1 births. Nuptial 
multiple births are more frequent than ex-nuptial, which 
may be explicable by the fact that ·a higher proportion of 
twin births occurs in women of older years. Knibbg gives 
the ratio of twin to total births in Switzerland (1881-1900) as 
1 to 79·3, in Germany (1901-2) as 1 to 78·7, and in Belgium 
(189<h1900) as 1 to 90·0. 

Illegitimacy .-Illegitimacy has great social importance, 
among other reasons because of the excessive child-mortality 
associated with it. Primd facie it may be regarded as a 
measure of the sacredness of family life, and possibly it has 
some utility in this respect in comparison between countries. 
Rural communities in England have more illegitimacy than 
urbe:n ; but it is likely that this is explicable as much by 
less effective contraceptive precautions as by less chastity. 

The illegitimate birth-rate may be stated, 
(1) Like the total birth-rate, in terms of the general 

population, which gives but a poor index of its amount. 
(2) A more accurate method is to state it as a proportion 

t~ the number of unmarried women at child-bearing ages. 
(3) For certain purposes a further subdivision may be 

required, on the lines indicated for total birth-rate on 
page 86. 

(4) The illegitimate birth-rate is often stated as a proportion 
t~ th(l total births. This method is fallacious, especially 
when it is employed to compare the experience of, one year or 
of one community with that of other years or o! other com­
munities ; for the legitimate birth-rate is steadily declining, 
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an_q therefore a stationary rate of illegitimacy would show an 
increase, if stated in proportion to total births, unless the ~tal 
birth-rate was decreasing exactly in the same proportion j and 
the interpretatio;t of a diminishing proportion of illegitiplacy 
would similarly be ambiguous. Thus in 1876-80 the ille­
gitimate births in England and Wales formed 4·8 per cent. of 
the total births; in 1896-1900 this proportion had fallen to 
4·0 per cent.; and it then rose. in 1911-15 to 4·3 per cent., 
and in 1918 under. war and post-bellum conditions to 6·3 
per cent. of the total births. But when the illegitimate 
births are stated as a rate per 1,000 unmarried and widowed 
females aged 15-45 years, the rate was 14·4 in 1876-80,. fell 
to 7·8 in 1911-15, and only rose to 8·2 in 1918 and 8·3 in 
1919. The fallaciousness of the statement of illegitimate 
in proportion to total births is still more clearly illustrated 
by the following table from p. xxxv of the Annual Report of 
the Registrar-General, 1919. · 

, 
1871H!O. 1911-15. 1916. 1917. 1918. •1919. 

----------
Proportion of illegitimate 

births to total births 
<= 100 m. 1876-so) .• 100·0 90·7 l01·l 117·1 131·8 127·4 

Pro:portrion of illegitimate 
births to unmarried 
females aged 15-45 I . <= 1oo m. 1876-80) •• 100·0 54·2 52·8 51·4 56·9 57·6 

If the preceding ratios between two variables shoWll, 
above were to be trusted, it would appear. that illegitimacy 
had increased'; whereas, as 'shown in the second line of the 
above table, and more oclearly in the fqllowing table, the 
IDegitimate has declined more than the legitimate birth-rate. 

Percentage 
\• • 1876-80. 1911-16. Decline of . Birtb~rate . 

Legitimate birth-rate per 1,000 mar-
189·7 36·0 rie~ women aged 15-45 . . . . 296·3 

Dlegi*ate birth-rate per 1,000 un-
14·4 7·8 45·9 ma · :td women aged 15--45 .. ,. 

.. Whether1thts decrease m illeg1t1maoy lB due to greater chast1ty 
or to ~he ~noreased use of contraceptive measures is doubt~. 
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In England the proportion of illegitimate births per 1,000 
births in 1918 was 63. It was 16· 7 in the same year for 
the entire birth registration area of the United States, varying 
from 6 · 3 in Kansas to 50· 7 in Virginia. The proportion 
is highest among the coloured population. According to 
the official report for 1918, "the ·very low rates of ille­
gitimacy . . . suggest that accurate information regarding 
illegitimacy ma,y not be given on birth certificates." 



'CHAPTER IX 

THE DECLINE IN THE BIRTH-RATE 

A MOST significant feature of the history of western civilization, 
European and American, is the decline in the birth-rate 
w~ch has occurred during recent dec&des. This began 
earlier or 'later in various countries, and its distribution 
among various sections of the population varies in difierent 
countries, though it is rapidly becoming general (p. 102). 
The history of this movement and of its consequence on 
the relative magnitudes of nationalities.( races, religions and 
social strata of society forms an essential study in sociology 
afid demography. 

The. effect of births on population is measured by the 
crude birtk-f.a(e, and a comparison of these birth-rates in 
difierent oountries is first necessary before the causes of changes 
in the birth -rate are discussed. 

Pen:ontage Decllne be.,._ 

1871-75. 1891-95. 1911-IS. . . 
1871-75 and 1891-95 and 

1911-13. 1911-13. ' 

England and Wales .• 35·5 30·5 24·1 32 21 
Scotland .. -. . . 35·1 '30·5 25·7 27 16 
Ireland .• .. .. 27·1 23·0 23·0 15 0 
France .. . . 25•5' 22·3 18·8 38 16 
Prussia .. .. .. 38·8 37·0 28·8 26 22 
ltaly .. .. .. 36·8 36·1 31·9 13' II' 
S\\-eden . . .. 30·7 27·5 23·6 23 14 
Auat;ralia . . .. 37·0 32·4 28•1 12 13 

.. •, 

\. See ahio table on page 102, 

Th~ comparison is confined to years prior to the Great War, 
.and it \will.be noted that there is a general decline of .birth· 

te, though' greater in some countries, than in others. 
- ;Reference to the table on page 5 of the Annual Report of 
Whe\.'.egistrar-General, 1920, shows that the highest crude birth­
or to t36· 3, was registered in 1876. It had risen slightly .. . 
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~p to that year, but little importance can be attached to 
;his, as, although the registration of births had nominally 
been compulsory since civil registration began, no penalty 
:ollowed discovered infraction of the Jaw prior to the Act 
,f 1874. From 1876 the English birth-rate has declined 
;teadily. 

In Scotland the decline in birth-rate began in 1878. In 
[reland the decline in the .crude rate has been small (on this 
;ee p. 94). In France the birth-rate was already as low 
~s 26· 2 per 1,000 in 1860. From 1877 onwards a further 
•low decline began, and in 1913 the birth-rate was 19·0 per 
1,000. In Prussia the birth-rate was 35 to 38 per 1,000 until 
1903. In 1912 it had become .28·9. Italy's birth-rate was 
~early always over 35·0 per 1,000 prior to 1895; in 1912 it 
was 32•4. The Swedish birth-rate was about 30 prior to 
1884. In 1913 it had fallen to 23·1. Australia had a birth­
rate usually over 35 until 1891 ; since then it has declined 
;omewhat irregularly, being 28·2 in 1913. 

These crude birth-rates when considered along with 
:orresponding crude death-rates show the extent to which 
~ach country is replenishing its population by natural increase. 

The next stage in the inquiry is to ascertain the factors 
producing the decline in birth-rate. The following table 
lltteth f ts'Eld 'd us ra. .s e course 0 even m ngan , as ascertame 
py several tests :-

ENOlllfD .lND wilES. 
M""" Annual Birth. rote•. 

Lc!ritlmate ntegltlmate 
Per 1.000 Per 1,000 Birth-rate Birth-rate rer 
Livinl at Women qed per 1,000 1.000 SJ.na e 
All ...... lft-.f6 Y~. Married WomeD and Widowed. 

-16-40. Women 
qed 16-46. 

1851-60 U·l 144·9 281·0 18·3 
1861-70 35·2 151·0 287·3 18·2 
1871--liO 35·4. 153·6 295·5 16·1 
1881-90 32·' 138·7 274·6 U·6 
1891-1900 29·9 122·7 250·3 9·S 
1901-10 27·2 109·0 221·6 8·2 
1911-15 23·6 g,., 189·7 7·8 

A B c D 

Be,,_. IS71-ll0 and 1901-10, if the birth . .,.te for the earli..,t period 
1-100, that for the last period - 66·7 (ool. A), a reduction of 33·3 per 
~~; -71·0 (ool. B), a reduction of 29·0 per oen\.; -75·0 (ool. C). a 

uction of 23·0 per oen\.; -M·O (ool. D). a reduction of •6·0 per oen\. 
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As already explained, correction for variation · in the 
proportion of married women a.t child-bearing ages, and for 
variation. in the number of women a.t · these ages who a.re 
married, can be carried further by the calculation of 
standardized birth·rates (p. 86); When the birth-rates for 
England and Wales a.re thus treated, the following are the 

. results. 
The standardized birth-rates 1 were a.s follows :-

Percentage inoreasa or de. 

1861. 1871. 1881. 1891. 1901. 1911,' 
34·80 35•40 34·65 32•62 28•41 24•70 

olin~in10years · +2·%-2%-6%-13%-13% 

In ~? Registrar-General's Decennial Supplement for 
,1901-10 ~e following standardized rates a.re given:-

., 1881-90. t 1891-1900'. 1901-10. 
33·45 30·46 27·37 

Percentage decrease in 10 years . . - 9% - 10% 

In the above comparison of decline of birth-rate in succes­
sive periods, the rat~;~ of actual addition to the population by 
births, which is the essential point from an eoonomjo and 
political standpoint, ha.s been abandoned, and birth-rates 
have been subst.itu"ted which compare the fertility of marriages 
a.t child'bea.ring ages. The results thus stated coincide fairly 
closely with those derived from crude birt_ h-ra.tes, which 
show a decline of 8 per cent. between 1881-90 and 1891-1900, 
and of 10 per C\)nt. in the next decennium. ·' 

A large number of comparisons' between standardized, 
birth-rates in 1881 and 1903 a.re given in the paper referred 
to b'elow.• As indicating that crude do not everywhere give 
the ·-same indication a.s 'standardized birth-rates, the special 

1
example of Ireland may be quoted. 
\ In that country the crude birth-rate wa.s 24·5 in 1881, 
aa·\!JOmpared with. 33·9 in England and Wales, and· wa.s 
23· ~ in 1901, a.s compared with 28·4. Standardized rates 
in !nlla.nd and England respectively were 35·2 and 34·7 
in 1881, 36·1 and 28·4 in 1901. Thus Ireland, whose crude 
birth-~a.te ~a.s approximately a.s low a.s that of France, had 
a. true t~e of fe-rtility a.s high in 1881 as, and ·much higher in 
1901 t , England. The reason for this remarkable change 

· \ ~ For partioulara, see::'paper re!arred to on page 88. 
. ) • Loo, oil., p. 86. 
. . 

'' 
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in the relative position of the two countries. produced by 
arithmetical corrections is that while in England in 1901 the 
number of females aged 15-45 per 1,000 of the total population 
was 250, and in Ireland 235, the wives at ages 15-45 in 
England formed 46·8 per cent., and in Ireland only 32·5 
per cent. of the females of the same age. The case of Con­
naught in 1901 is even more striking.1 Its crude birth-rate 
was 21·3 as compared with 28·4 in England; while its 
standardized birth-rate was 38·1 as compared with 28·4 for, 
England. 

The facts so far adduced and further facts contained in 
the paper referred to above show that the changes in the 
birth-rate in various countries are due only to a limited 
extent to causes other than decline in fertility, viz. post­
ponement of marriage and limitation in the number of 
marriages. The following table from the Annual Report of 
the Registrar-General for 1912 further brings out the greater 
importance of wliat the late Dr; Jacques Bertillon called 
"Natali ttl pathologique," true lowered fertility, of the 
marriage relationship. Line A shows that the increased 
proportion of wives and of spinsters, etc., in the population 

1

sj10uld have meant a higher birth-rate in 1912 than in 
1876-80 · while the extent of reduction ascribable to fewer • 
married women is stated in Line B, and the true effect of 
diminished fertility in line C. 

ENGLAND AND WALES. 

F-. 'l<lnding lo Inc,..,..• or Reduce the Birth-...U. 1'«' 1,000 LitJing b-
1876-80 and 1912. 

Blrth·rate. 

:rota!. Lcgttlmate. ruegltlmate. 

A. Potential effect of inoroosod pro· 
portion of women aged 16-46 

+ 2·86 Is• ln the population . . . . + 2·72 +0·14 
, Potontial etfl'ICt of decreased pro· 

~rtion of m&rriod. women aged 
6-46 .. .. .. .. - 1·10 - 1·16 +0·06 P, Effoot of diminished fortility •• -13·29 -12·43 -0·86 

~rdod fall 187~0 to lOIS .. -11·63 -10·87 -0·66 

(from 35·3 (from 33·6 (from 1·7 
to 23·8) to 22·8) to 1·0) 

• LoG ""'· p. 811. 
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Since the above data were published further official English 
information has become available, which is summarized in 
the next paragraph. 

En~lish Fertility Data, 1911.-At the census of 1911, 
questions as to the duration .of marriages and the number 
of children born and surviving were asked, thus enabling 
the changes in fertility to be analysed by social class, 
occupation, birthplace, locality •of residence, and according 
to the· duration of marriage. Some of• the results were 
published in 1917 (Census Report, 1911, England and Wales, 
val. xili, part i), and a second volume summarizing and 
commenting on these results is on the point of publication.' 
Preliminary results have been published· by Dr, T. H. C. 
Stevenson, C.B.E., of the General Register Office.• Tables 
were prepared dividing the total popuJation into sections 
of similar duration of marriage and wife's age at marriage, 
and standardized fertility rates per million families 
were obtained for. marriages similar as regards duration, 
but ·of all marriage ages, and for those similar as regards 
age but of all durations, and for all marriages of whatever 
duration -or marriage age. It was found .that some 50,000 
marriages from 1851 to 1860 were stiU in existence in 1911, and 
·comparisons of a long series of marriages were practicable. 
Groups were formed ·according to occupation, the population 
being divided into eight social classes. Of these classel!,I-V 
are in descending order of the social scale1 Class I including 
~he upper and middle classes and Class V unskilled labolll'.• 
Classes VI, VII and VIII are special groups, consisting of 
textile workers, miners and agricultural labourers respectively. 
Some of the results are shown in the following table, in which 
four groups have been selected from those detailed by Dr. 
Stevenson :- · 

' The published tablaa contain an analysis for the whole population 
bY. ages of th• husband and wife at census and at marriage. ·duration of 
marriage, and numbers born and dead. The "Fertility Report 11 will 
contain an analysis by marriage age of the wife, duration of marriage, and 
number of children horn and dead for eaationo of the population cla.ooilied 
by (l) oize of tenamant, (2) occupation (a) of husband, (b) of wife, (3) social 
olaoo ao deduced from occupation, (4) area of &numeration, and (6) birth· 
plaaa of huaband and of wife. • 

1 u The Fertility of Various Social Classes in England and Wales from 
the Middle of ihe Nineteenth Century to 1911," by, T. B. C. Stevenson, 
M.D., C.B.E. (Joumai oJ 1/&a Royal StaMiical SocMiy, wol. bcaiii, part iii). 
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CHILDBEN BoRN PEB 100 FAliiLIEs-ST.umARDIZED RATEs. 

Duration of UU"rand Textlle Unskllled Date of Mzurlage. Marriage lddle Workers. lW.nen. Labouren. in Years. Classes. 

190&-11 0-5 70 76 105 100 
1901-Q6 &-10 171 185 263 242 
189&-1901 10-15 242 275 399 362 
1891-96 1&-20 303 359 517 463 
1886-91 20-25 357 435 610 541 
1881-86 2&-30 413 501 671 596 
1871-81 30-40 497 567 717 652 
1861-71 40-50 \ 607 648 777 715 
1851-61 50-60 662 696 797 763 

over 60 682 732 870 781 

Total .• 277 319 433 392 

The table gives the total fertility, i.e. number of children, 
per 100 families in each group, classified according to duration 
of marriage. Each of the rates has been standardized in 
~ manner comparable to that for birth-rates and death-rates 
(pp. 86 and 221). The method is thus summarized by 
Dr. Stevenson :-

The standard used ia one million fa.milies divided as in the tote! 
Opula.tion into sections of similar duration of marriage and wife's 
ge at marriage. The rat"" of total and effective fertility 1 esteblished 
or the population under examination are multiplied into these sections 
f the s.tandard million, and the sums of the results form stendardized 
tal and effective fertility rates per million families. Standardized 
tea for all marriages of each duration whatever the age of wife at 
arriag6, and for all of each age at marriage whatever the duration, 

easily obtained at the I!BoDle time •••• 

By this method it is possible to measure and compare 
he fertility experience of any sections of the population 

m 1851-60 to 1911. Similarly standardized fertilities fot> 
riods of different duration can be compared with others 

f corresponding dates. In the preceding table, if a oom­
arison is made bet ween the standardized fertility rates of 
arriagt-a dating from 1871-81 and from 1901-6 respectively, 
e following comparative figures are obtained, the fertility 
te for upper and middle class for each period being stated 
100:-

' By "effective fertility" ia mean~ the aurviviug cbildreo per 100 
upl ... 

7 
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Duration Of Marriage, UJ'Jl:' and UnskWed Textile llineJjl. Ml Claos. Workers. Workel..-. 

30-40 ye8ol"9 . . .. 100 132 114 145 

5-10 ye8ol"9 . . .. 100 142 108 150 

It will be seen tb,at in recent marriages unskilled workers 
are relatively more and textile workers are relatively less 
prolific than the upper and middle class than they were in 
earlier marriages, and. that miners are also relatively more 
prolific in recent years. 

The following diagram constructed from Table II in Dr. 
Stevenson's paper compares the fertility of marriages in · · 
varioUs social classes, and according to duration of marriage. 
Classes I to V in the diagram run in descending order down 
the social scale, while the curves for CI,kses VI and VII give 
the separate experience of textile workers and miners 
respectively. Note that the figures given in the diagram 
are relative values, stated in proportion to the corresponding 
rates for occupied persons of all classes jointly, each of which 
is taken as 100. 

For marriages of longest duration (50-60 years) the 
variation of fertility was from ·11 per cent. below (Class I) to 
8 per cent. above the average (in miners). The relative course 
of fertility {or each class in s~ccessive decennial or quin-' ' 
quennial periods is shown in Fig_ 10. Agricultural laoourers .. 
(Class VIII) have been omitted from the diagram for the 
sake of clearness, but the curve for them is similar to that 

'• for Class V (unskilled labour). Miners, with a decline in·. 
average fertility, show increasing relative fertility, reaching " 
a .maximum in 1891-6, and then· declining somewhat. The 
class of unskilled labour (Class V). 50-60 years ago had little 
more than the average fertility for all classes, but it~ relative 
fertility then increased until 1896-1901. The intermediate 
classes, m and IV, have retained a fairly consistent position 

, throughout the entire period. Classes I and II have run 'n almos~ parallel course. Until 1886-91 they both showed 
a )greater relative decline in the birth-rate tl!an all other 
ol~Ul(les, except that of textile workers. Since then their 
relativ~ position has approached the mean line, and there 
ap~ars to be evidence of a process which perhaps is tending 
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towardg equality of decline of birth-rate in all classes. The 
textile workers' case is especially interesting. The decline 
in their birth-rate has not been followed by any appreciable 
rise in relative position in recent years. 

It would appear, in view of a consideration of the aggregate 
of the curves in Fig. 10, that the class divergence in fertility 
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ceased to continue after the end of the nineteenth century, 
except for the class of unskilled labourers. 

The differences continued more or less, but ceased to 
increase. This change in the course of events is, however, 
regarded by Dr. Stevenson as perhaps due to the fact that in· 
recent years we are conoorned only with the fertility of early 
married life, and it is known that the least fertile classes are 
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relatively more fertile in the early years of their marriage 
than later. 

Another method of comparison can be employed, as in 
the following examples.1 !rhus, if the comparative fertility 
of marriage~ of all durations in the general population be 
stated as 100, it is 126· 4 for coal-miners, only 64· 7 for 
doctors; it is 113· 4for agriculturalll!-bourers, 70· 3 for teachers ; 
100 • 5 for farmers, and 72 · 0 for clergymen (Church of England) ; 
91·9 for cotton spinners, 81·2 for cotton weavers, and 79·8 
for Nonconformist ministers. 

The important question as to the relation between. the 
number of children in a family and the prospect of survivorship 
will be discussed in Chapter X. 

Fertility-(a) Males.-The Registrar-General's report on 
"Fertility" (census of 19llt should be consulted for details. 
It summarizes the experience of 6,014,319 out of the 6,630,284 
married women enumerated at the 1911 census. ·In 13 per 
cent. of all couples the ages of husband and wife were equal, 
63 per cent. of the huSbands were returned as older, and 
24 per cent. as younger . than their wives. Early marriage, 
as is well known, increases in frequencY. down the social 
scale, 7 per cent. of the husbands in Class Ia (professional) 
beiD.g married at ages under 25, .against 57 per cent. for coal­
miners. . 

When the wife is of child-bearing age, the size of the family 
obviously depends on the duration of marriage as wetl as 
on the marriage ages of the parents, and safe comparislll!-. 
can only be made for marriages of equal duration in each 
case. The results in the smoothed curves in the' above-named 
r!lport show that the decline with, the wife's marriage age in 
the number of children born is yery similar whatever the 
husband's marriage ·age. Thus wives of each age have dis­
tinctly higher average fertility where the husband is under. 
25, and lower where he is over 45 at marriage, but between 
these ages there is comparatively little variation. A number 
of anomalies in the result just quoted are pointed out in the 
official report. Thus the younger husbands are apt to be 
drawn from· a more fertile class, or at least a class in which 
natural fertility is thwarted to the smallest extent. This 
gives rise to a sort of spurious excess of fertility for young 

1 From~ Dr. Stevenson-a evidence in TM DecliM of the Bit14--na~a, p. 15. 
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husbands. In coal-miners, in whom it appears most likely 
that nnfettered fertility is manifested, there is the smallest 
evidence of decline of fertility with advancing age of the father. 
The conclusion stated in the report is that "it appears that 
much of the apparent decline with increase of age in male 
fertility is certainly unreal, and that until middle life is passed 
it may all be so." · 

Fertility-(b) Females.-The official figures show a 
111aximum fertility at marriage age 17 or 18, with a pro­
gressive de9line in fertility with advancing age at marriage. 
The decline is especially great from marriage age 20 to 25, 
followed by a more gradual decline lasting till about 30-35, 
and afterwards again becoming more rapid. Professor Tait 
in his contribution to Matthews Duncan's work on Fertility 
(1866) summarized the relation between age at birth of 
progeny and fertility in the law that the fertility at different 
ages varies directly as the difference between these ages 
and 50, and Yule (reference p. 106) has shown. the general 
applicability of Tait's formula, even though it only gives 
a working approximation. in the standardization of the 
birth-rates of many populations. · 
. Fertility and Duration of Marria~e.-The facts bearing 
on this should be consulted in the " Fertility Report." The 
influence of duration of ma,rriage in decreasing fertility has 
been overstated. This effect is not of such a magnitude as 
to be likely to have much effect on the standardized birth­
rate (p. 86). 

Local Distribution of Decline of Birth-rate.-Examples 
of variations in this respect have already been given, and 
many more, in which so-called arithmetical factors of variation 
hav& been eliminated, are given in the joint paper quoted 
on page 86. A few of these may be adduced. They have 
bearing on the problem a.s to whether the decline may be 
regarded a.s chiefly or largely due to cyclical variations in 
fertility beyond the range of voluntary control. If in a 
given country examples of greater and less decrease, or of 
increase and decrease, or of decrease and no decrease, con­
'temporaneously occur, these coincidencies at least do not lend 
'support to such a hypothesis, although it may be -:onsidered 

!
remotely conceivable that different sections of a given 
population might be at different stagt"S of a cyclical develop-
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ment ! The standardized birth-rates to be quoted are for 
the years 1881 and 1901-3 respectively. 

Inereaee + or 
1881. 1901-3. . Decrease-, 

per Cent. 

lncrea&U of Standardiud Birth.f'Gie-
Connaught .. .. .. 33·81 38·08 +13 
Ulster .. .. .. .. 35·15 35·13 ± 0 
Dublin . . .. .. 32·24 35·39 +10 
Ireland .. .. .. .. 35·17 36·08 +2 

D.........,._ 
Belfast .. . . .. .. 34·69 33·97 -ll 
Liverpool .. .. .. .. - 32·47 30·83 - 5 
Scotland .. .. .. . . 39·29 33·38 -15 
London . . . . . . . . 32·21 26·83 -17 
England, selected rural oountiee 36·30 29·39 -19 
County of Durham . . .. 36·91 ''. 32·95 -11 
Bradford .. .. .. .. 30·63 21·95 -28 
Burnley . . . . . . . . 35·66 • 23·71 -34 

The earlier figures for Ireland, especially for Connaught, 
may be open to doubt, as registration of births might be 
imperfect in remote rural parts for some years after its 
establishment. But if not, then it would appear that during 
the same period, in neighbouring countries' in both of which 
economic conditions were improving, one showed a. stationary 
or even an increasing, another· a· declining birth-rate ; and 
that in England Liverpool showed a decline of birth-rate 
which was only about one-seventh of that experienced by 
Burnley, another tow:n in the same' county. 

International Distribution of Decline of Birth-rate.-'-' 
"ltill utilizing the same source of~pcurately ascertained standard­
zed birth-rates, the following, comparisons are significant :-

' 

~~ 
N.W South Wales 
New Zealand •• 
Victoria . . . . 

Uuropo­
Belgium •. 
~00 ••• 
Ge~.Empire •• 
Sweden, .. 

Berlin \ •• 
Hamburg •• 
Paris. 

1881. 

38·80 
36·68 
36·02 

40·76 
25·06 
40·37 
38·49 

33·11 
34·98 
23·27 

1901 (or near Deellne per 
Years). Cent. 

26·47 
29·63 
27·04 

31·01 
21·63 
35·34 
36·19 

21·89 
25·40 
16·65 

-32 
-19 
-25 

-24 
-14 
-IS 
- 6 

-34 
-27 
-28 
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It will be seen that in 1881 the birth-rates of London, 
Berlin and Hamburg were as high as or higher than that 
for Dublin ; in 1901 the contrast is marked. The Paris birth­
rate was lowest both in 1881 and in 1903, but that of·Berlin 
was rapidly approximating it, with Hamburg, and it may 
be added some other German towns following in the same 
track. 

The British illustrations already given do not show any 
marked preponderance of urban over rural decline of birth­
rate. Between 1881 and 1903 the standardized birth-rate 
of London declined 16 per cent., that of Berkshire 21 per 
cent. and of Sussex 26 per cent. 

Illustrations bearing on the possible influence of industrial 
conditions have been given. The marked. reduction shown 
in textile areas has followed-with what degree of causal 
connection is debatable~nforcement of a longer school 
life and the curtailment and now the abolition of half-time 
work in factories for school-children. The persistently high 
birth-rate in mining districts has not been associated with 
any special local change in the employment of children. 

Reli2ion and Race and Birth-rate.-There is no clear 
flVidence of differences of race-fertility in the figures already 
quoted, or in other available figures for civilized countries. 
France has areas in which a high birth-rate persists, especially 
in Brittany; but the evidence points to religion rather than 
race as the explanation. The same view is supported· by the 
high fertility of French Canadians, and of Irish in most 
parts of the world. The importance of religion in this 
connection consists in the fact that for Roman Catholics 
the use of contraceptives is banned. In the words of 
l\Ionsignor Canon W. F. Brown: 1 "the (Roman Catholic) 
Church forbids the destruction of the product of conception 
even when the life of the mother is at stake ; and also all 
anti-physiological methods of preventing conception." The 
low birth-rate now experienced in many countries is the 
resultant of two forces, viz. natural fertility and artificial 
measures against it. That contraceptives are increasingly 
used in most countries is an accepted fact ; but it is doubted 
by many whether these give the chief explanation of the 
reduced birth-rate in those countries, and whether there is not 

1 Report of Birth-rate Commiuion, p. 81. 
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also in operation some physiological or economic factor pro· 
ducing reduced .fertility. It is convenient here to summarize/ 
some of these explanations of lowered birth-rate. / 

Supposed Influence of Increased Nutrition.-The state,i. 
ment by Doubleday (True Law of Population, 1841), thak 
throughout both the animal and vegetable kingdoms " ovJ­
feeding checks increase, whilst, on the other hand, a limit~d 
or deficient nutriment stimulates and adds to it," m~y 
comprise an element in the problem ; but it is improb~ble 
that it .accounts for more than a fraction of the present 
difference between communities, or of the difference between 
the past and current experience of the same communities. 
It does not appear likely that the average nutrition of French 
wives is so much greater than that of Irish wives as to account 
'for a differel).Cil of standardized birth-rates of 21· 6 and 36 ·1, 
or that the difference between 35·7 (Prussia) and 28·4 
(England) is explicable by this "law." 

Nor is it at all likely that in the dietary of vast masses 
of population some element may be lacking affecting fertility, 
explaining the social and national differences illustrated in 
previous paragraphs. . 

Inverse Relation between Individuation and Genesis.­
Herbert Spencer 1 criticized Doubleday's hypothesis and 
advanced another~ which is eq. ually dubious. . According to 
him, as a necessity\ of evolution, fertility diminishes with that 
intellectual and moral developme:p.t of the race which is 
comprised within the meaning of the word civilization •. 
Darwin similarly concluded that changed conditions of life 
have a remarkable and specifia power of acting repressively 
on thll reproductive system. It- is, however, doubtful if, 
on a general scale, any inverse relationship wha~ever exists 
between cerebral development and the capacity of men and 
women to procreate. 

In sam pie experiences derived from Peerage and Baronetage 
lists, a reduction of families is shown in recent periods. 
Whetham 1 gives the results of a hundred fertile marriages 
for each decade from 1831 to 1890, taken consecutively from 

• A Th•"'ll .of Population deduced from U•• General Law of Animal 
Fertility, by Herbert Spencer, 1852. 

• The F,.mily and U.. Nation. by W. C. D. and G. D. Wbet.ham, 1909, 
p. 139. ' 
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those families who have held their title to nobility for at 
least two preceding generations :-

1831-40 
1841-60 
1871-80 
1881-90 

No. of Births 
Period. to Each FerWe 

Couple. 

.. about 

Thus during sixty years a stable upper class have 
reduced their fertility by more than one-half. It can 
scarcely be argued reasonably that the state of nutrition 
or the intellectual capacity of parents so circumstanced had 
so increased as to account for this result. 

Cyclical Variations in Fertility .-Brownlee, on the ba.sis 
largely of pre-registration statistics, has advanced the hypo­
thesis that there are true cyclical changes in fertility, the 
cycle being a long one, possibly round about 200 
years. The subject may be studied in the two papers 
mentioned below.1 He summarizes his conclusions as 
follows : ( 1) At two epochs centring about the years 1600 
and 1800 high birth-rates existed in England and Wales 
as a whole. (2) During the intervening period centring 
about 1700 the birth-rate was considerably lower, a. 

henomenon again observed at the present day. (3) "In 
y opinion a. considerable part of this· oscillation in the 

irth·rate is an expression of race physiology." 
The subject cannot be discussed with any confidence in 

~he figures involved ; but Dr. Brownlee's papers are an 
interesting adventure in speculative statistics. If such a. 
cycle exists, neither the longer series in Sweden nor English 
~ffioial statistics go back far enough to verify or disprove the 
lontention. 1\leo.nwhile the hypothesis does not fit in well 
1\·ith the simultaneous stationary character, small decline, or 
arge decline of the birth-rate in different countries, and in 

l "Gorminal Vitality : A Study of the Growth of Nations aa an Instance 
:d • hitherto \U\deeoribed Factor in Evolution."' by J. Brownlee, M.D .• 
p.&. ("""-iinpa qf lo\o PAilolopAieol Socioly, U/oogotD, 1908). 

"Tho Hio>ory of tho Birth· and Death·Ra""' in England and Waleo ••• 
lrom 1570 to tho Pre.n• Time," by Dr. Brownloo (Ptoblic Bealllt. JW\e 
"'d July, 1916). 
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different sections of the sa.me country, associated with 
differences of social position and religion. Such sta.tistics 1 
as are given for pre-registration periods necessa.rily fail toi 
distinguish a.ccurately as rega.rds growth of population1 

between .excessive death-rates due to pestilence, etc., a.nJ 
low birth-rates; and the analogy between cyclical changes i/t 
the incidence of microbic invasions of disease and perio<:¥o 
increases of racial energy is not strongly supported. lt(is 
not denied, and is not unlikely, that there may be variations 
in fertility from time to time, and at the same time in different 
sections' of a. ·community ; nor is it improbable that these 
may have dietetic associations. But that volitional limitation 
of families is practised la.rgely in most civilized communities, 
and that · the reduction in the birth-rate is greatest where 
this practice is most in vogue, is, I believe, genera.lly admitted, 
though this does not, of -course, exclude the possibility of 
the existence of unknown factors at work~not necessa.rily, 
and not probably, periodic. 

Economics and the Birth-rate.-Mr. Udny Yule t has 
advanced reasons for not resting contented with the view 
that the reduction in the birth-rate is dna in the main to 
prudential control of conception ; and it is obvious to a.ll 
that strong parental motives .lie behind the adoption of 
such methods. " Contraceptive measures are a. means not 
a cause" (Yule). Even as a means their complete influence 
is cha.llenged, and Mr. Yule advp.nces the illustration' of 
Conna.ught, in which fertility was 3~ to 39 per cent. grea.te~: 
in '1911 than in 1881, and some 6 per cent. greater in 1871 
than in 1881, as calculated' 'lly Tait's coefficient (p. 101). 
Other instances of increasing fertility where registration is 

·known to be approximately accurate appea.r to be unkriown. 
Mr. Yule gives curves of prices (Sauerbeck's index numbers) 
showi,ng for each year the average of this index number for 
the current and several preceding years, and of percentage 
increase of population in each decade. The result is shown 
in the following figure copied from Mr. Yule's brochure by 
courtesy of the Cambridge University Press. The coefficient 
of correlation bet~en the inter-oensal increase-rate and the 

1 " On tho Change& in tho Marriage· and Birth-rates in England and 
Walee during tho Laet Half-century, with an Inquiry aa to their Probable 
Cauoeo," by G. U. Yule (Joumol qf lha Royal .SI<Jii81ioa! .Socitly, vol. lxix,-
1916, p. 34). 
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index number of prices of the eleven years preceding the decade 
is 0 · 91, and Mr. Yule, with some reason, regards the two curves 
as being too similar for the similarity to be accidental. His 
view is that migration, marriage-rate and fertility are only 
three forms of response to demand for population. The demand 

!aaiiiii .............. ,,..,....... ............. 
'.ta. 11.-Chart showing the inter-oensal inci'8&B8 of population in England 

and Will .. for onch decade from I SOI-II to 1901-11 (full line and soalo 
on left), IUld the averagft price-l~vel in the 11 yean p~eding that 
inter-oonael date (dotted line and eoale on right). 

1 for adults ; and, as he says, "if there is any truth in this 
oonomio theory of population, this lag in response must 
end to give rise to a swing in population of a very long 
~Priod.n 

, The method by which the suggested influence of prices 
n the marriage-rate and on fertility is exercised iR unknown. 
~ Yule says: "I am at a loss to suggest the precise nature 
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of the nexus. That the nexus is economic, and that. it 
probably operates vid psychology rather than directly through 
physiology is my view ; and I doubt-in fact I disbelieve­
its being wholly conscious, or as. the phrase now goes 
' volitional.' " 

Eyents in more recent years do not conform to the view 
that the marriage-rate (p. 67), and through it the birth­
rate, varies with the activity of trade. The birth-rate has 
steadily decreased since 1880,. whereas trade fluctuates. · If 
there be an obscure relation between economic conditions 
and birth-rate, this view does not compete or conflict with 
the generally adopted view as to the causation of reduced 
birth-rate ; it only suggests a possible communal and un­
conscious motive for inhibition of conception, in addition to 
the more active immediate family motive. Nor is there 
excluded the possibility of cyclical chinges in the birth­
rate, for which a primd facie case_ has not, in my view, 
been established. Furthermore, the possibility that a portion 
of the reduced birth-rate is caused 'by obscure nutritional 
differences between families and communities is not excluded. 

Fertility in Relation to Social Statqs.-Some of the 
most important facts bearing on the distribution of births 
in social strata in England have -been already quoted (p. 99). 
Many studies of this aspect of the problem have been 
published. Thus Dr. · D. Heron, in a paper published in 
1906,1 found positive correlatiori$. (see p. 517) between 
the birth-rate and the proportion of males in different. 
parts of London engaged in the lowest type of labour 
( + · 517 ± · 095), and for over6rowding ( + · 697 ± · 067), and 
a similar relationship in other respects between adverse 
social circumstances and the largest families. These corre­
lations were consistent with the conclusion previously stated 
by P':arson and Powys, that 25 per cent. of • the married 
population produces 50 per cent. of the next generation. 
Heron concluded that this higher fertility bf a section of the 
population is very markedly correlated with the most 
undesirable social factors. 

In the "Fertility Report," the most fertile part of the 
total population having been graded by occupations, it was 

1 u On t;he RelatiOn of Fertility in Man to Social Status. eta. n by D. Heron. 
M.A. (Lit'"!'or'• Oompany ReB81Jrch M""""'•• 1906). ' . 
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found that the most fertile 25 per cent. of the population 
produce not 50 per cent. but 31· 4 per cent. of children born, 
and 30 · 5 per cent. of children surviving to marriages where 
the wife was under 45 years old at the census. For older 
wives the proportion of children born was 29 · 6 per cent. 
The most fertile 25 per cent. included unskilled and agricultural 
labourers, miners, and a number of skilled trades, especially 
in metals. 

In mitigation of the somewhat gloomy conclusions which 
may appear to be suggested by the above quoted inquiries 
and others which resemble them, we may suggest that(!) the 
increasing proportion of the replenishment of the population 
coming from families living under relatively unfavourable 
circumstances may continue for a limited period only. If 
the present rate of decline in the birth-rate continues, in 
two or three generations every married couple. will have 
become familiar with contraceptive methods. In at least 
one European country official stations have been established 
for instructing married women on these ; and in other 
countries, whether wisely or unwisely, voluntary agencies 
for the same purpose are rapidly increasing. Whether the 
very poor, for whom the incentive to avoid impoverishment 
by increase of family is greatest, will all learn these practices 
remains to be seen. They are already widely adopted in the 
textile and in some other wage-earning communities, and it is, I 
think, likely that they will become general, unless the economic 
or the moral outlook is unexpectedly changed. The only 
exception may be in populations on which the Roman Catholic 
Chnrch retains its hold. This may carry with it strange 
changes in the racial constitution of the western world ; 
Irish and Italian, for instance, predominating over Anglo­
Saxon, with a vast increase in the Slavonic races, in which 
a high birth-rate appears likely to continue for several 
generations. 

Meanwhile it is clear that in families least able to support 
a large number of dependents these are most numerous, and 
that this may imply for some of the childreJJ (see p. 346) 
stunted growth and defective mental and physical adult 
life. It may be urged, however, that the remedy does not 
necessarily consist in limited families, but in a. more equitable 
distribution of the rewards of labour, in more satisfactory 
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of the nexus. That the nexus is economic, and that. it 
probably operates vid. psychology rather than directly through 
physiology is my view; and I doubt-in fact I disbelieve­
its being wholly conscious, or as. the phrase now goes 
' volitional.' " 

Eyents in more recent years do not conform to the view 
that the marriage-rate (p. 67), and through it the birth­
rate, varies with the activity of trade. The birth-rate has 
steadily decreased since 1880,. whereas trade fluctuates. · If 
there be an obscure relation between economic conditions 
and birth-rate, this view does not compete or conflict with 
the generally adopted view as to the causation of reduced 
birth-rate ; it only suggests a possible communal and un­
conscious motive for inhibition of conception, in addition to 
the more active immediate family motive. Nor is there 
excluded the possibility of cyclical ch'anges in the birth­
rate, for which a prim8 fa.cie case has not, in my view, 
been established. Furthermore, the possibility that a portion 
of the reduced birth-rate is caused by obscure nutritional 
differences between families and communities is not excluded. 

Fertility in Relation to Social Status.-Some of the 
most important facts bearing on the distribution of births 
in. social strata in England have been already quoted (p. 99). 
Many studies of this aspect of the problem have been 
published. Thus Dr. · D. Heron, in a paper published in ·' 
1906,1 found positive correlatio~ (see p. 517) between 
the birth-rate and the proportion of males in differen~. 
parts of London engaged in the lowest type of labour 
(+·517±·095), and for overcrowding (+·697±·067), and .. 
a similar relationship in other . respects between adverse 
social circumstances and the largest families. These corre­
lations were consistent with the conclusion previously stated 
by I:earson and Powys, that 25 per cent. of • the married 
population produces 50 per cent. of the next generation. 
Heron conoluded that this higher fertility bf a section of the 
population is very markedly oorrelated with the most 
undesirable social factors. 

In the " Fertility Report," the most fertile part of the 
total population having been graded by occupations, it was 

t "On~the Relation of Fertility in Man to Sooia.J. Status, etc." by D. Beron. 
M.A. (Draper'• Oompon11 R...,.,..,. M.....W•, 1906). 
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found that the most fertile 25 per cent. of the population 
produce not 50 per cent. but 31· 4 per cent. of children born, 
and 30 · 5 per cent. of children surviving to marriages where 
the wife was under 45 years old at the census. For older 
wives the proportion of children born was 29 · 6 per cent. 
The most fertile 25 per cent. included unskilled and agricultural 
labourers, miners, and a number of skilled trades, especially 
in metals. 

In mitigation of the somewhat gloomy conclusions which 
may appear. to be suggested by tho above quoted. inquiries 
and others which resemble them, we may suggest that (1) the 
increasing proportion of the replenishment of the population 
coming from families living under relatively unfavourable 
circumstances may continue for a limited period only. If 
the present rate of decline in the birth-rate continues, in 
two or three generations every married couple . will have 
become familiar with contraceptive methods. In at least 
one European country official stations have been established 
for instructing married women on these ; and in other 
countries, whether wisely or unwisely, voluntary agencies 
for the same purpose are rapidly increasing. Whether the 
very poor, for whom the incentive to avoid impoverishment 
'by increase of family is greatest, will all learn these practices 
remains to be seen. They are already widely adopted in the 
textile and in some other wage-earning communities, and it is, I 
think, likely that they will become general, unless the economic 
or t~e moral outlook is unexpectedly changed. The only 
exception may be in populations on which the Roman Catholic 
Church retains its hold. This may carry with it strange 
changes in the racial constitution of the western world ; 
Irish and Italian, for instance, predominating over Anglo­
Saxon, with a. vast increase in the Slavonic races, in which 
a high birth-rate appears likely to continue for several 
generations. 

Meanwhile it is clear that in families least able to support 
a large number of dependents these are most numerous, and 
that this may imply for some of the children (see p. 346) 
stunted growth and defective mental and physical adult 
life. It may be urged, however, that the remedy does not 
necessarily consist in limited families, but in a more equitable 
tli•tribution of tht> rewards of labour, in more satisfactory 
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expenditure of present wages, and in greater extension of 
co-operative effort ·to secure for every child born the fulfil­
ment of its potentialities in life. The conditions of the 
poorest classes have greatly improved in the last two 
generations, and better environment has not exhausted its 
capacity to produce still more important improvements. 

But, it may be suggested, the differences between rich 
and poor a.re largely inherent, and a.re therefore .more or less 
irremovable. That there a.re essential differences in family 
qualities is undoubted ; the doubt is as to the social 
distribution of these superior mental and physi~al qualities. 
Neither mental nor physical superiorities a.re a class· 
characteristic•; statistics appearing to point to this con­
clusion are never free from the errors' due to varying 
environment, ante-natal and post-natal. The only state­
ment that is certa.inly true is that both initial intellectual 
superiority and physical superiority are a function of stock 
and not necessarily of class. It may, of course, be argued 
that the best stock naturally comes to the top, and so forms 
the upper class, a view which assumes that the impediments 
to " rising " for a large proportion of the total young are 
not sufficiently great to prevent the success of potential talent. 
This subject is further diScussed by me elsewhere,1 but I may 
quote here one statement from this fuller discussion : " The 
time spent on bemoaning the disproportionate contribution · 
to the population of the very poor were better spent in 
promoting the more efficient prevention of destitution (see 
p. 294), while preventing the multiplication of the sm&ll 
minority having definitely· heritable defects, and of those . 
who will not or cannot support themselves and their families." 

The international aspects of neo-Malthusianism, the advo­
cacy and practice of means for artificial prevention of 
conception, have not been adequately considered. Personal 
and· family comfort a.re increased by a· limited family ; 
but nationally this is no compensation, for instance to 
France, whose stationary population is replenished from 
outside natio~. As the international situation is at present 
developing, Germany is following the example of France and 
Eng.la.nd in con~of its birth-rate. There is little evidence 

l 2'11& D..z;,.;,.g 'rlh-rale: 114 N~ cmd lnlemalional Sigrrijlconoo, 
b:y A. Newaholme, 19 1. 
- . ' 
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so far of progress of this movement eas~ward, and the next 
few generations may see an increasing preponderance in 
Europe of Slavonic people, with a large admixture of 
Asiatic blood. In America similar and even more striking 
changes are occurring. The native-born Americans, chiefly 
of Anglo-Saxon origin, have a. birth-rate which commonly 
exceeds but little the dea.th-ra.te ; while immigra.nts a.nd 
Americans of Celtic origin or who a.re derived from eastern 
and southern Europe, a.nd a. large Hebra.ic contingent are 
populating the continent. 

Forecasts are notoriously untrustworthy ; but if the present 
policy of la.rge restriction of families becomes universa.l in 
western communities, our present civiliza.tion ma.y become 
ba.nkrupt and be repla.ced eventually by tha.t of the Chinese 
or other ea.stern ra.ces, who in their turn, possibly earlier than 
now appea.rs likely, may resort to "birth control," as an 
alterna.tive to war, pestilence, and fa.mine, if these checks to 
population are inhibited. The facts and trends of events 
indica.ted above show the funda.menta.l importa.nce of 
strengthening the rela.tionship between the orga.nized com­
munity and the fa.mily in regard to child-bearing and child­
rearing. Money is required to be spent on nurseries and 
·schools rather than on armies. 



CHAPTER X 

THE RELATION BETWEEN BIRTH-RATE AND 
INFANT MORTALITY 

Net· or Effective Fertility .~Hitherto it may have been 
assumed that additions by birth to a given population con­
sisting of different races or different. classes in society give -
an accurate index of their relative contribution to the increase 
of the population ; and generally it is true that populations 
with the highest and the lowest birth-rates make respectively 
the greatest and the least contribution to increase, though 
not usually in exact proportion to their birth-rates. It is 
conceivable, however, that a. high birth-rate might form, so 
to speak, a. desperate effort to make good the losses produced 
by a high genera.! death-rate, or might be associated with 
such a. hea.yy loss pf life (in the first two ·years after birth), 
that what may be called the net fertility would be greatest 

. in the population having a low birth-rate. 
The influence of high and low birth-rates on the age con- , , 

stitution of the population is discussed in Chapter V •. Here 
we are concerned with the relation, if any, between the 
magnitude of the birth-rate and that of the rate of loss of 
life in the early years after. bir,th. Of course, if more infants 
are born more infants w;ill die, th_ough it is equally true that 
more infants will survive. But -unless the rule that death­
rates should be stated in terms of' the population at risk is' 
observed, serious errors of statement may result (see p. 340). 

The most complete statement of effective or net fertility 
is contained in the "Fertility Report " and in Dr. Steven­
son's paper, from which the following quotation is made. 
The method . of standardizing to obtain total fertility for 
different durations of marriages is indicated on page 97, as 
stated._ by Dr. Stevenson's paper:-' 

' The stsndatdized child mortality rats is easily obtained from the 
stsndo>rdized re.tss of total and effective fertility. The difference 
- 110 
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between th<> number born and the number surviving to the standard 
million in any instance is evidently the number of d<>atM of -children 
which the standard population would have suffered under the operation 
of the total and effective fertility rates experienced by the population 
under examination ; and the ratio of these standardized rates to the 
standardized total birthe yields the standardized rate of child mortality. 

Information as to the number of children surviving out 
of a given number born per marriage was obtained from 
the census schedules in 1911, and for the social classes dis­
tinguished in the text and table on page 97 the net ferj;ility 
is given in the following table :-

STANDABDIZBD TOTAL AND NET FERTILITY OJ' MARmA.GEB 01' v AlUOUB 
DATES IN EA.cu: SociAL CLAss FER CENT. Oil' THlll CoRitEsPONDING 
R.a.TEB I'OB 000UPIED PEBSONB OJ' ALL CLAssES JOINTLY.1 

Social Claaa. 

I. n. m. IV. v. VI. VII. vm. 
- - ------ - ----r-·· Marrio.gea (children 

88 96 101 100 104 94 113 104 40-60 yeara born) .. 
ago (1861_71) Not .fo.-tility 

(children 
surviving) 91 99 100 100 100 88 lOS Ill 

Marrio.gea } T tal f Tt 76 89 99 101 114 86 125 114 . lO-lO o ert1 1 y 
ago (189~0~11) Net fertility so 92 99 101 109 83 119 119 

In the older marriages in Groups I-V the range of total 
relatiye fertility is between 88 and 104, and of net fertility 
between 91 and 100; in the more recent marriages the corre­
sponding ranges are between 7 4 and 113 and between 81 and 109. 
It will be seen that in both periods the miner (VII) loses by 
heavy child mortality more of his high fertility than the 
agricultural labourer (VIII) ; the textile worker's position 
(VI) is changed comparatively little. It may be inferred 
generally that the social and occupational differentiation of 
the birth-rate is greater than it was half a century ago, 
though, as suggested on page 109, it does not follow that this 
differentiation will continue. Greater survivorship in families 
with a low birth-rate doos not go fa.r to compensate for their 

1 It will be noted that in the more favourable clMSell ne\ fertility ia ..,_.,ted by higher fi¥weo than total fertility. This is becauao the 
~'\11"08 repreeoot. reNhw _,....., o"lN, and are not ratee of fe.rtility. 

8 
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lower fertility. The surplus of births over deaths decreases 
when the number of births decreases, although in such circum­
stances the deaths of infants, and so also usually the death­
rate . among infants, also decrease. The general result is 
that the influences producing a lowered birth-rate are 
gradually decreasi.Jlg the supply of increased life in the com­
munity. 

Relation between Birth-rate and Infant Mortality 
Rate,-Measures for the reduction of infant mortality some­
times have attributed to them the power to compensate 
for lowering of the birth-rate. Although this is obviously 
absurd, the error may be illustrated as showing the relative 
force of birth and death in determining the total volume 
of life. 

Let us assume· that in a town having a population of 
100,000 the annual birth-rate is 25 per ~.ooo, and the infant 
mortality (i.e. under one year) .equals 100 per 1,000 births. 
There will be 2,500 births and 250 infant deaths in a year, 
leaving a net increase in a year of 2,250. By reducing the 
rate of infant mortality to 50 per 1,000 births, the net increase 
becomes 2,375. But if we assume that the birth-rate becomes 
30 per 1,000, and that the reduced infant mortality of 50 
per 1,000 births continues, then the increase of population 
at· the end of a year will be· 2,850 instead of 2,375. The 
merits of .child welfare work cannot be fully expressed 
arithmetically as above ; for deaths are merely an. , end­
product, and if results are to be ·assessed, account must be 
taken of the improved health of survivors which is associatea 
with a lowered infant mortality. 

Correlation between Birth-rate and Infant Mortality 
Rate.-The course of events in England and Wales is shown 
in Fig. 12. . 

The illegitimate birth-rate is not included in the above 
curve; .but as such births during the above period have 
never formed more than 6·5 per cent. (in 1856-60), and in 
more recent years form only 4 per cent. of the total births, 
the. general course of the curve is not materially. affected by 
their omisliion. The apparent slight rise in ·the curve prior 
to .1876 may be ascribable to leakage . in birth regis­
tration. From 1876 onwards a steady fall in the birth-rate 
set in. , The quinquennial percentage decline in the hirth-
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rate, on the basis of the rates given in the above diagram, 
bas been:-

187~0 to 1881- 85 
1881-85 to 1886-90 
1886-90 to 1891-95 
1891-95 to 1896-1900 
1896-1900 to 1901..05 
1901..05 to 1906-10 
1906-10 to 1911-15 

l'ercenta .. Docllneln 
6 Years, 

I 5 
·6 

3 
4 
4 
7 

10 

I 
A comparison of the two curves is instructive; The 

birth-rate began to decline in 1877, and has continued to do 
so almost continuously. The rate of i.D.fant mortality has 
varied greatly from year to year, buli on the average it 
manifested no tendency to decline. until 1900. This is shown 
·by the average decennial infant death-rates 1851-60 to 1891-
1900 as follows:-

154, 154, 149, 142, 153. 

For the four first .quinquennia of this century the corre­
sponding rates were 

138, 117, 110, 90, 

and the more recent part of the curve shows no indication 
of return .to infant death-rates on the former scale. ·It is 
significant that in 1899 the birth-rate was 20 per cent,. 
lower than in 1876, but that in the intervening 23 years the 
infant death-rate showed no tendency to decline ; while the 
birth-rate in 1914 was 1'7 per cent. lower than in 1900, and 
the infant death-rate-had deolinecj. 31 per cent. in 14 years. 
It may be argued that in the last 14 years a much higher 
proportion of the total births than in the previous 23 years 
occu:f under the assumed more favourable circumstances of 
smaller families, rendering the effect visible in the reduced 
infant mortality in England ; but this leaves it still open to 
doubt whether nationally the reduced birth-rate has influenced 
greatly or 'Only to a minor degree the course of the infant 
death-rat.e. Further facts must be adduced on .tf.is problem. 
I have drawn attention to it in a, series of offi~-reports on 
child mortality, from which the fonQ.'!!-ng fact~ -ere t&ken :-
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In a report published in 1910 1 statistics were given show­
ing that in the twelve counties of England and Wales having 

e.n infant death-rate equeJ to or greater than that of England and 
WeJes, the birth-rate varied from 5 per cent. below to 21 per cent. 
above that of England and WeJes; while among the twelve counties 
having each of them an infant death-rate more than 20 per cent. 
below that of England and WeJes, the birth-rate varied from 12 per 
cent. below to 17 per cent. above that of England and WeJes. 

In single counties the contrast was even greater. Thus, 
in the chiefly urban county of Lancashire the birth-rate was 
1 per cent. below and its infant death-rate 22 per cent. 
above the average for the whole country. In the chiefly 
rural county of Shropshire the birth-rate was 17 per cent. 
above, its infant death-rate 25 per cent. below, the average. 
Perhaps the most striking exception to the relationship 
between high birth-rate and low rate of infant mortality is 
Ireland, which in 1901 had a standardized birth-rate of 36·1 
as compared with 28 · 4 for England; its infant death-rate 
being 101 per 1,000 births as compared with 151 in England. 
The coefficient of correlation between the standardized 
birth-rate for the 46 registration counties of England and 
Wales and the infant death-rate for 1901-5 in the same 
~ounties was represented by the fraction 0 · 36 (see p. 517). 

Results in that report were summed up as follows :-

Large families evidently do not necessarily imply a high infant 
mortality. The connection commonly observed between a high birth­
rate and a high rate of infant mortality probably is due in great part 
to the .fact that large families are common among the poorest classes, 
and these classeo are specieJJy exposed to tho degrading infiuencao 
producing excessive infant morteJity. 

In my seoond report, ~Titten in the light of experience 
up to the year 1913, a.fter quoting the above statement, I 
added:-

There should bs addod to this the further stetement that if a large 
family in>plieo such a degree of poverty as to produce deficient nutri· 
hon of mot.her or infant, it must tend to reduce tho infant's prospect 

' R•port by A. No..-.holmo to tho Lo<al Oovemmon~ Board on Infan~ 
and C'hild Mortalitv, 1910 (C'd. 5263). 

S..Ond Ropon by A. Ne..-.hohno on Infanl and Child Mortality, 1913 
(Cd. 6909). 

Thini Ropon on Infan~ Mortality, dealing with Infant Mortality in 
Lanoaahire. by Drs. Newsb.olme, Copeman. Mau.by, Fanar, and Laue­
CI•~-pon. 1916 (C'd. 7511). 

Report on l'hild Mortality a~ Agoa 0-6 in England and Waleo, b:y 
A. Nowahohne. 1916 (Cd. Si96~ 
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of health and life. Short of this extreme poYerty, it may a.lso be 
agreed that if a large family impliee maternal overwork and insufficient 
attention to domeetic ,cleanliness, eepecially in relation to the infant's 
food, it must favour the same result. 

There are very marked variations in birth:mte in the 241 urban 
areas dealt with in the present report, and a low birth-rate and a 
high infant mortality are not uncommonly found in association. 

It appears unlikely that the change in the birth-rate has played 
.more than a minor part in Biding the reduction· of infant mortality 
experienced in the last twelve years, and that such effect as it may 
have had has, as indicated above, been chiefly indirect. 

In a. third report (~ef. p. 117) the following comparative 
figures for towns in Lancashire appeared :-

Birth- Infant ' Birth· Infant 
Dea.t.b· Death· rate. rate. rate. ratA! • 

• Burnley .. .. 23·0 177 Stretford .. .. 17·1 95 
Farnworth .. 23·3 180 Wigan .. . . 27·9 165 
Colne •• ... 20·6 130 Widnea .. .. 31·4 140 
Nelson .. .. 17·6 87 

In wa.rda of the same town, Stratford, two warda with 
an approximately equal infant death-rate (108-111), had 
birth-rates of 17·8 and 31·0 respectively. The lessons of 
the experience of Lancashire were summwed a.s follows :-

A large family is not incompatible with a low rate of infant. mor­
tality, and infant mortality may be exoessive in communities having 
small familiee. The relationship betw""\' the two is complex. The 
chief influence appears to be more that ~f the circumstances leading 
to a higher standard of family life. than of the smaller number of chil­
dren. In so far as the low birth-rate is the expression of a higher 
standard of comfort it is likely to hav .. associated with it a low infant 
mortality. In ~Jommunities in which, '!" in Farnworth, Burnley, and 
Wigan, the standards of municipal sanitation and of domestic life 
are of the low type found in many homes of miners and in some homes 
of textile workers, a high birth-rate and an excessive infant mortality 
are usUally associated ; but the experience of Burnley shows that the 
birth-rate may decline, while the rate of infant mortality remains 
excessive. 

In a. later report (ref. p. 118) on child morta.lity Q-5, the 
relative rates shown in the figure on page 119 were given. 

It will be seen that there is a. fairly close pa.ra.llelism 
between the death~ra.te a.mong a.ll children under 5 and the 
birth~ra.te in successive periods ; but, a.s shown more in 
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detail in Fig. 12, the same relationship between birth-rate 
and infant death-rate only appears in the three most recent 
quinquennia. 

Furthermore, the three curves represent the resultant of 
multifarious experiences. They show the general trend of 
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Non.-In this figure, (a) 294• 6, the logitimate birth-rate per 1,000 
married women 111-43 in 1871-75 - 100, (b) tho d ... th-rate, same 
pt•riod, 64·11, undor 6 ytlal'8 of age per 1,000 of population aged 0-5 = 
100, and (c) the dN\Ihs of inftmt. under one yea.r old, 153 per 1,000 
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experit>noe ; but that this trend is not inevitable is indicat~d 
by tho following examplM from the srune report:-
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NoTE.-The death-ratee quoted in the next lines are deaths 0-5 

per 1,000 births. The birth-ratee are per 1,000 of total population. 

Blgh Birth-rat.. with High Child 
Death-rate. 

Low Birth-rat.. with High Child 
Death-rate. 

Death· Birth- Deo.th· Birth• 
rate. rat... rate. rat... 

Ince-in-Makerfiold 288 35·7 Bolton .. 200 21·8 
Bilstcn .. . . 237 34·5 Blackburn . . 202 21•8 
Tiptcn .• .. 222 34·2 Burnley .• . . 257 22·8 
Shoreditcb .. 241 31·5 Preston .. . . 226 23·9 

The towns named in the second column are textile towns, in 
which special causes of high child mortality prevail. 

In the report just quoted I remarked :-
1 
• Notwithstanding the general coincidence between declining birth-

rate and declining cbild mortelity in recent years, the numerous 
ell:ceptions to this association do not justify the conclusion that reetric­
tion of the birth-rate ebould play a part in the prevention of excessive 
child mortelity. There is no reason to doubt that in the residential 
towns and suburbs in whicb the association between low birth-rate 
and low child mortality is most obvious, lMger families would be 
associated with a oontinuance of fE'latively low cbild mortelity. 

The preceding statistics have . been quoted somewhat 
fully, because they illustrate facts which health officers and 
social workers will have to utilize in framing judgments. 
They carry us 'as far as this : MasA. statistics, like the aoove, 
dealing with the whole country, with a single town, or even. 
a. single ward of a. large town, a.re not finally conclusive in 
determining whether there is· intrinsic relationship between 
large families and a. high child dea.th-ra.te. They show, on 
the other hand, tha.t a.ny influence of latge fa.milies in causing 
an excessive child death-rate often is submerged in the greater 
effect of other influences causing reduced child mortality. 

Tlie nearest approach to trustworthy figures ,on this point 
is in Dr. Stevenson's statistics (ref. p. 96). His pre­
liminary results were published in the Annua.l Report 
of the Registrar-General, 1911, and ·are summarized in the 
table on page 121. In the first five of these groups 
fertility rates and infant death -rates · vary in the same 
direction. These are average results, to which, as already 
indicated, many exceptions occur. But as remarked by me 
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in the Annual Report of the Medical Officer of the Local 
GoverfliDent Board, 1913-14, p. xxix :-

In t~e textile industries, employing 3 · 4 per cent. of the tota.I male 
and 4·4'per cent. of the total female population of England and Wales, 
aged 10 ,and upwards, fertility and infant mortality vary widely in 
opposite directions ; and among agricultural labourers, who number 
4 · 6 per cent. of the tota.I male population aged I 0 and upwards, the 
infMt mortality is very low, with a nearly average rate of fertility. 
Minera, who compose 6 · 7 per cent. of the tota.l male population aged 
10 and upwards, have an excessive infant mortality, and a fertility 
exceeding to a still greater extent the average for the whole country. 
The figures quoted above appear to be consistent with the view that, 
outside the range of extreme poverty, there is no unavoidable relation .. 
ship between a high birth·rate and a high rate of infant mortality. 

FERTILITY RATES AND RATES Ol' lNJ'ANT MoRTALITY IN DIFFERENT SociAL 
8TRAT4.-{PERCENTAOJ!I DEVIATION ROM CORRESPONDING RATES I'OB 
ENOL.Uil) AND WALES,) 

Numbor. Fertility Rates of lnfllllt 
Ra .... Mortality. 

Per Cent. Per Cen11. 
I. Upper and middle class .. .. -27 -39 

II. Intermediate class .. .. -19 -15 
III. Skilled workmen .. .. - 6 -10 
IV. Intermediate cl888 .. .. - 2 - 3 v. Unskilled workmen . . .. +31 +22 
VI. Textile workers .. .. .. -23 +19 

VII. Miners .. .. .. .. +42 +28 
VllL Agricultural labourers .. .. - I -22 

All classoa .. .. 100 100 

-
Dr. Stevenson (ref. p. 96) considers the relationship of 

child mortality to fertility aa both close and complex, and 
regards it as in some measure reciprocal : " It seems probable 
that in many cases children die because many are born, and 
that many are born because comparatively few survive." 

Summary .-Although numerous facts have been adduced 
pointing to the conclu:;ion that the relation between large 
families and excessive infant mortality is not inevitable, the 
two in actual experience en ma8Se are associated. Thus the 
massed statistics of the Fertility Census Report show a 
mortality about five times aa high for the largest families as 

, for the sma!l ... st : and M. March has shown that in France 

1 

the rate of mortality of the first-born in families which sub­
' sequently become large families is much greater than that of 
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the first-born of relatively small famip.es (Journal of the Royal 
Statistical Society, May 1920, p. 402). •(But on this see p. 562.) 
The. contention in the preceding pages is that, given satis­
factory social and sanitary conditions, including arrangements 
for adequate care of young children, and assuming the higher 
standard of knowledge and conduct which is rapidly being 
secured; the difference in mortality experienced by smaller and 
larger families should cease. The ~actors involved are numerous 
and as in the analogous problem of poverty, it is possible, 
by removing some elements in the complex of factors, to 
reduce materially, if not to remove entirely, the relationship 
between a. high birth-rate and a high rate of child mortality. 



CHAPTER XI 

REGISTRATION OF SICKNESS 

THE registration of sickness as well as of deaths. is required 
in the interest of public health, and to determine the risks 
in sickness insurance schemes. 

A necessarily imperfect as well as a belated view of the 
prevalence of disease is obtained from the registration of 
deaths alone. The medical officer of health would have an 
increased power of protecting the public health if he could 
by early information · of every case of preventible disease 
track its development and progress, and adopt measures of 
prevention. Dr. Lyon Playfair in 1874 emphasized the 
importance of registration of sickness in these words : " The 
record of deaths only registers, as it were, the wrecks which 
~.trew the shore, but it gives no account of the vessels which 
were tossed in the billows of sickness, strained and maimed 
as they often are by the effects of recurrent storms. Regis­
tration of sickness would tell us of the coming storms, and 
enable us to trim our vessels to meet them." 

1\Iortality statistics necessarily " ignore all that precedes 
the close of life," and the medical officer of health, who only 

1 

knows of fatal cases of preventible diseases, is to a large 
,extent in the impotent position of a mere recorder of events. 
The prevalence of a given disease cannot be gauged with 
;absolute accuracy in the absence of registration of each case 
:of the di8case, except when, as in hydrophobia, the disease 

1

is always fatal. 
1 It is fallacious to assume any fixed ratio between sickness 
and mortality. The fatality of a given infeclWu.! di&ea&e 
mrie.s grea!ly in different outbreaks under varying circum­
tanees. The highl'st ratio of sickness is occa.sionally found 

a.'<Sodated with a favourable rate of mortality. Thus cholera 
may be ll'ss fatal towards the end of an epidemic than at 
its hl'ginning ; so a conclusion drawn simply from the death 

1il 
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returns might easily exaggerate the diminution in the pre­
valence of the disease. Scarlet fever, again, varies greatly 
in fatality in different places and at different periods in the 
same place. There are some diseases, again, the knowledge 
of which is desired (because they may simulate more serious 
conditions or for other l'e!loSOns), but which are seldom fatal 
(except_ in some cases, through secondary consequences), as 
quinsy, mumps, chicken-pox. 

, Mortality statistics necessarily ignore everything that 
precedes the close ·of life. They are silent about the large 
mass of common sickness, which, although it may disable a 
man, is not "unto death." From the standpoint of the 
commonwealth and the common health, sickness is more 
important than death ; for it is the amount and duration of 
sickness rather than the mortality from ,it which have most 
importance as influencing the prosperity of a community. 
Or as Charles Dickens has stated it : " It concerns a man 
more to know the risk of the fifty illnesses that may throw 
him on his back than the possible date of the one death 
that must come. We must have a list of killed and of the 
wounded too I " 1 , 

Local returns of disabling sickness of every description 
would not only enable us to deal promptly with epidemic 
disease, but would also throw light on the influence of season 
and climate, of social conditions, and of trades and manu­
factures on health. 

It is evident that even were it possible it is noj; requisite. 
to know of every case of sickness. The lines of demarcation 
between health and sickness' are ill-defined, and it would be 
necessary to limit returns to disabling sickness. 

The History of ·Attempts tn Establish Registration 
of Sickness.-The complete history of the various. stages of 
advocacy of a national system of registration of sickness, 
and the local attempts that have been made to carry it into 
effect, has never been written, though a brief outline will be 
found in a paper by me on "A National System of Notification 
and Registration of Sickness," and in a. more recent paper 
by Dr. Dud1ield (Journal of the Royal Stati8tical Society, vol. lix, 
part i, &lid val. lxxxvi, part ii). 

Proposals for the public registra.tion of disease were made 
1 All the YetH' ROUfld, vol. iv, pp'. 227-8. 
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~t the beginning of the eighteenth century, and were urged 
by Dr. Rumsey and others in later years. Sir B. W. 
Richardson appears to have been the first to initiate a system 
m voluntary lines in. 1855, and the Metropolitan Association 
>f Health Officers in 1857 organized returns of sickness 
Lttended at the public expense. In 1860 Dr. A. Ransome 
md others organized a similar system in Manchester and 
alford. Various other attempts followed, with some 

mrtial success ; and Dr. Farr, in the Supplement to the 
:tegistrar-General's Thirty-fifth Annual Report, made the 
'ollowing remarks which summarize the benefits then regarded 
cs likely to be derived from registration of sickness :-

The reports of the existing medical officers are of great practice. 
•alue, and will become more veJuable every day, What is wanted is 
~ staff officer in every county or great city, with clerks, to enable him 
o aneJyse and publish the results of weekly returns of sickness, to be 
•rocured from every district ; distinguishing, as the Army returns do, 
he new ca.ses, the recoveries, the deaths reported weekly, and the 
•o.tionta remaining in the several hospitaJs, dispensaries, and work­
lOUSes, These compiled on a uniform plan, when consolidated in the 
oetropolis, would be of nationeJ concern. It has been suggested that 
he returns of sicknoss should, to save time, be sent to London, and 
here analysed on a uniform system, as the causes of death are. That 
1ith the present posteJ arrangements is quite practicable. The thing 
b aim at ultimately is a return of the cases of sickness in the civil 
>opulation as complete as is now procured from the Army in England. 
t will be an invaluable contribution to therapeutics, as well as to 
.ygiene, for it will enable the therapeutists to determine the duration 
nd tho fatality of all forms of disease, under the several existing 
yaterns of treatment, in the various sanitary and social conditions of 
he peeple. Illusion will be dispelled, quackery, as completely as 
strology, suppressed, a science of therapeutics created, suffering 
iminished, life shielded from many dangers. The national returns of 
.... and of causes of death will be an arseneJ which the genius of 
:ngliah heeJers cannot fail to turn to account. 

The subject of a "National Syetem of Registration of 
lisea.se" appears to have gradually dropped into abeyance. 
twas blessed by medical men and sanitarians and Secretaries 
f State, but no practical steps were taken. 

The Compulsory Notification of Infectious Diseases. 
-The leaven of the protracted agitation in favour of such 
~gistration was, however, at work. l\Iedical officers of health 
1 various parts of the country complained that their pre­
entive measures were belated, owing to the fact that 
~idemio diseases had obtained a firm foothold before the 



126 THE ELEJiriENTS OF VITAL STATISTICS 

occurrence of fatal cases brought them under their cogni' 
zance. Gradua.lly the idea of . compulsory: notification of 
infectious diseases, as the most urgent branch of a national 
system of registration of diseases, came to the front. Such 
notification of infectious diseases became actual fact in a 
characteristica.lly British fashion. The experiment was 
allowed to be made by those towns desiring to make it. In 
September 1877 'the first local Act for enforcing· the com­
pulsory notification of the chief infectious diseases came 
into operation in Bolton, Lancashire. This example was 
followed by other towns, and the adoptive enactment of the 
Infectious Diseases (Notification) Act in 1889 was followed 
by a rapid adoption of the Act by urban and rural sanitary 
authorities throughout England: · 

Information now Available, or that could be made 
Available.-1. A complete statement of• notifiable infectious 
and other tliseases, more fully described in the next chapter, 
is now obtainable. 

2. It is desirable that art cases of sickness occurring among 
tke parochial poor in each district should be periodica.lly reported 
to the medical officer of health, and tabulated summaries of 
these statistics prepared for use according· to a . scheme, the 
scope of which might gradua.llY. be extended. 

At first it would probably be wise to ·limit the ret~ to 
total new cases treated in the period, whether at home or in 
one of the many Poor Law institutions ; but there are obvious 
advantages in obtaining by this means information respecting 
the amount and localization of special diseases like rheumatic 
fever or .pneumonia, to be. made the subject of special 
investigation. , . 

3. There is needed the imposi.tion of the duty to send 
periodioa.lly to the medical officer of health a statement of 
the number of new in-patients and out-patients treated at 
e'Very medical institution, with particulars limited as sug­
ges~d above for parochial patients. . This would necessitate 
making it obligatory on the managing bodies of all voluntary 
institutli,ons for the treatment of the sick to keep accurate 
records ~all cases treated at these institutions, in readiness 
for the urns to be made as above. . . 

. A use£ step in this direction has been taken in an interim 
report issue in July 1922 by the Voluntary H<JSpitals Com-
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mtsston on "Uniform Systems of Accounts," which recom­
mends that in future no hospital shall be recommended for 
a grant under King Edward VII Hospital Fund, unless the 
Committee of Management undertake to keep such form of 
account as the local Hospital Committee may require. They 
give the following form, in addition to a detailed form for 
expenses under various categories. The form gives a useful 
basis for more detailed medical statistics, which we may 
hope will gradually be supplied. 

STATEMENT AS TO BEDS AND PATIENTS. 

For the Year ended December 31, 19 • 

Prooodlna Year undet 
Year Review 
19 19 

(I) N\unber of beds available for use at 31st 
December 00 .. 00 0 0 

(2) Average number of Patients resident 
daily (oa countod and recorded daily, 
totalled, and divided by number of 
days in the year) 0 0 0 0 0 0 

(3) Number of In-Patients in the Hospital 
• at beginning of year . • • • • • 

(4) Number of In-Patients admitted during 
year 0 0 0 0 0 0 0 0 .. 

(5) Number of In· patients in tho Hospital 
at the end of the year . . . . 

(6) Total number of New Out-Patient.o dur· 
iug tho year 00 .. 0 0 0 0 

(7) Totnl number of Out-Patient attend· 
ancea during the year 0 0 0 0 

Tabulation of Information in Relation to Population 
at Risk.-Although the tabulation of hospital statistics is 
desirable, they cannot be regarded as useful in comparing 
~he vital conditions of one community with those of another, 
unless in oach instance the population from which the patients 
Dore drawn is known and unless the extent to which hospital 
provision is utilized and the methods of selecting patients 
Dore fairly equal in the two communities. The non-surgical 
part of a hospital experience gives a useful clue to the chief 



128 THE ELEMENTS OF VITAL STATISTICS 

acute disabling illnesses, while that of a Poor Law infirmary" 
shows the chronic disabling illnesses of a community. The 
Army and Navy Medical Statistics present the ideal from 
the standpoint of exact knowledge of lives at risk and com­

. plete knowledge of cases of illness. 
It does not follow that when the population served by a 

hospital cannot be ascertained these statistics have no epi­
demiological or social value. On this point see the refer­
ence to Dr. Guy (p. 314), In the Milroy lectures given 
by me (Lancet, March 1895) on "The Natural History of 
Rheumatic Fever," the annual statistics of this disease as 
treated in hospitals for a series of years in this and other 
countries were utilized on the assumption that the proportion 

Number of cases of rheumatic fever X 1,000 

Total medical cases admitted 
• 

would form a rough index year by year of the amount of this 
disease in a given district. The assumption was not strictly 
accurate, but it sufficed to enable important conclusions to be 
reached concerning special epidemic years, as to the inverse 
relation between the amount of rheumatic fever and the 
annual rainfall in a number of countrieS, and as to the 
parallelism of the curves of ·chorea and rheumatic fever, etc. 
One could distrust the ratio a.S an accurate index· of the 
sickness-rate, while having confidence in it for acute annual 
diiierences in the curve plotted from the rates, especially when 
the year of these differences coincid~d in a number of curves. 

National Insurance Statistics.-In 1921 the number· 
of insured persons in England.and Wales entitled to medical 
\!enefit was about 12,6SQ,OOO, or ~3 · 5 per cent. of the total 
population. These insured persons when sick are entitled to 
such . medical services requiring only ordinary competence 
and skill as the 12,079 doctors whose names are on the 
panel; i.e. nearly one-half of the medical practitioners in the 
country, can' supply. It appears that something like 60 per 
cent. of the insured patients receive medical treatment during 
a year, which implies that one-fifth of the population of the 
.country is seen by an insurance doctor at least once in the 
course of each year. · 

A record is expected to be kept of each patient, and the 
annual expenditure of some eight millions. of public money 
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in the provision of medical. treatment " requires accounting 
for in some permanent though simple form " (Ministry of 
Health, Chief Medical Officer's Annual Report, 1921, p. 43). 
Friendly Societies or branches of these are seldom confined 
to one industry, and apart from this members not infre­
quently change occupation. Unless an almost impracticable 
amount of bureaucratic supervision is maintained, statistical 
returns of sickness are almost certain to be classified occupa­
tionally according to the insured person's occupation at 
entry, while his illness will be entered in accordance with 
the doctor's preliminary diagnosis I As regards duration of 
sickness two attacks which happen to be separated by less 
than twelve months constitute one attack for purposes of 
benefit. It remains to be seen whether the unwieldy mass 
of medical material of very variable value under the National 
Insurance Act can be utilized in present circumstances (see 
also p. 149). 

To make such material useful, its severe limitations must 
be borne in mind. Like all vj.tal statistics, sickness returns 
must be stated in age-groups and separately for the two sexes, 
and the population among whom the sickness occurred must 
similarly be divided. If confined to one locality, sickness 
statistics fulfilling the above conditione are likely to be feeble 
because of smallness of numbers. If random samples of 
larger groups are taken, there is some risk that the samples 
may not be truly random. A still more serious difficulty is 
that. each case is apt to be classified according to the first 
and tentative diagnosis ; and we may therefore agree with 
Sir A, Watson (discussion on Mr. Rusher's paper, quoted 
p. 149) that this is " not the proper material on which to 
build a hugo statistical superstructure." 

In America a numb!lr of interesting attempts at sickness 
registration have been made.1 At the 1880 and 1890 censuses 
sickness and d<•ath data were collected by the enumerators. 
From the~e elaborate tables were compiled. A similar pro­
cedure was urged when preparations were 'being made for 
the 1861 ocnsw in England and Wales, and Miss Florence 
Nightingale supported the proposal, expressing the doullo.ful 
opinion that "where there i~ error, the error is uniform •.• 

' See .. Some Eooent.ials of Sickneos Stat.iat.ics," by Edw. W. Kopf 
(1'.-li>tgo 0/ l4a c-..lly, A.,_,;.,j<lltdSialimc:al SoatJyqJ A..W,l917). 

9 
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and corrects itself." At the American censu, of 1910 
statistics of sickness were abandoned. -' 

That a cem'UB of Biclcness is practicable has been demon­
strated by Drs. L. K. Frankel and L. I. Dublin, of the 
Metropolitan Life Insurance Company, New York. Through 
their numerous local agents they have successfully organized 
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• 
seven sickness surveyS in representative American communities. 
Th,i reports on two of these, for Rochester in New York State, 
and· to;: North Carolina., have been published in the reports 
of tlle;B'nited States Public Health Service. The survey of 
Bos¥n(Massachusetts, may be taken as a.n example of the 
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method of sampling adopted. Over 300 men were employed 
in the survey, which took place in two weeks in July 1916, 
20,497 families living in all parts of the city, comprising 97,259 
persons, being canvassed, or 13 per cent. of the estimated 
population of the greater city. The sickness-rate, 2 per 
cent., was fairly constant in the several districts. Ninety-two 
per cent. of the persons sick were disabled for work. The 
proportion of the total sick receiving hospital treatment was 
17 · 7 per cent. as against 2 · 4 per cent. in North Carolina 
and 10·7 per cent. in Rochester. The number of males and 
females sick at each age period are shown in Fig. 14. The 
consistent increase of sickness-rates with age is good evidence 
of the substantial character of the material. It is not neces­
sary to discuss the kinds of illness discovered, which are set 
out in tables. Up to the date of the inquiry over one-quarter 
had been ill less than a month and nearly half less than six 
months. Of the total cases 73 per cent. had medical attend­
ance, as compared. with 61 per cent. in Rochester and 
62 per cent. in North Carolina, nearly two-thirds being under 
the care of private physicians. _ 

To seoure the success of such a local census of sickness, 
a thorough publicity campaign is required, and the co-opera­
tion of local officials is important. 

The Frarnin!lham Experiment.-The Metropolitan Life 
Insurance Company gave $100,000 for a community health 
and tuberculosis demonstration to be conducted by the 
National Tuberculosis Association of America, under the super­
vision of a special national committee. Framingham, in 
Massachusetts, a town with a population of 17,000, of whom 
20 per cent. were foreign born, was selected for this experiment, 
and the work was begun in April 1917 by a sicknees census. 
Fourteen agents and 20 nurst>s were employed to obllain the 
house-to-house information asked for on a special census 
form, and at the visit by these agents a free and thorough 
medical enmination by special physicians at the Community 
Health Station was offered. 

Of the 1,455 families, comprising 6,582 people, enumerated 
at the census, 649 were later examined medically, entirely or 
in part. At the census 6· 2 per cent. of the persons enume­
rated '1\"tll'e reported as sick, which is nearly tluee times as 
high ae the number reported in the census inquiries named 
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in the preceding paragraphs. Probably the intensive publicity 
campaign and a more liberal interpretation of sickness account 
for the difference. 

At the census 38 cases were recorded aa being tuberculous 
or possibly so ; and it is convenient tO'. give here the statistical 
findings as to tuberculosis during the subsequent three years' 
working of the scheme, which comprised a most thorough 
medical and hygienic programme. Nearly 1 per cent. of. 
the persons examined as the result of " medical examina­
tion drives," ·offering free· medical exa.miners to all comers, 
were found to be suffering from active tuberculosis, and over 
l per cent. more were arrested cases. If this be assumed 
to hold good for the entire town, then there should be 9 or 
10 active ca.ses during the year to 1 registered death. It may 
be, however, that some degree of selection wa.s at work, 
persons doubtful of their health being\ most likely to seek 
examination. The demonstra?on showed that 2 hospital 
beds were required for each death from tuberculosis. The 
tuberculosis death-rate in Framingham was 93 per 100,000 
in 1917, 79 in 1918, and 76 in the first five months of 1919. 
The period is too short to draw valid conclusions as to the 
effect of the. complete .and continuous anti-tuberculosis 
campaign on the tuberculosis death'-rate, and it is satisfactory 
that the experiment is to be continued for a further series 
of years, and probably repeated in other centres. 

Hospital Stadstics.-As an examp1e of the use that can 
be made of hospital statistics, Dr. ·F. H. Hoffman's Stati&ticaZ 
Experience Data of the Jokna Hopki118 Ho8piW1, 1892-1911; 
should be consulted. It cont)l.ins an historical study of some 
endeavours to utilize medical experience. It ha.s been 
published a.s a· Public Health Reprint, No. 42 (Government 
Printing !)ffice, Washington, D.C.). 



CHAPTER XII 

THE COMPULSORY NOTIFICATION OF INFEC· 
TIOUS AND OF SOME OTHER DISEASES 

IN Great Britain the reporting of births or deaths to the 
Registrar of Births and Deaths is known as registration ; 
reporting of births or of ca.ses of sickne8s to the medical 
officer of health---{)r, in the ca.se of certain indUBtrial diseases, 
to His Majesty's Inspector of Fa.ctories-is called notification. 
In the first ca.se, a register is kept of each event recorded ; 
in the second, this is done a.lso, but it is not a. legal duty, 
and the chief function af notification is fulfilled when 
appropriate inquiries concerning the case in _question have 
been made and recorded. 

The notification of birth& is discUBsed on page 76. 
The notification of each case of the chief infectious diseaaea 

originated a.s indicated on page 125. The ma.chinery for securing 
it, for those towns which had not already applied compulsory 
notification by local Acts, wa.s provided, by the InfectioUB 
Disea.se (Notification) Act 1889, which enabled any sanitary 
authority to make notification compulsory. In 1891 similar 
powers were applied in London, and in 1899 a. general Act 
wa.s pa.ssed enforcing the terms of the previous Act in every 
administrative area.. 

The exact form of compulsion is as follows :-
Method of Notlfication.-Where an inmate of any build­

ing ll!led for human habitation within a district to which 
this Act extends is suffering from an infectious disease to 
which this Act applies, then, unless such building is a hospital 
in which persons suffering from an infectious disease are 
received, the following provil;ion~ shall have effect :-

(a) The head of the family to which the patient bel~ngs, 
and in his default the nearest relatives of the patient in the 
building or in attendance on the patient, and in default of 
such relatives every person in charge of, or in attendance on, .. 
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the patient, and in default of any such person the occupier 
of the building, shall, as soon as he becomes aware that the 
patient is BU11'ering from an infectious disease to which this 
Act applies, send notice thereof to the medical officer of 
health of the district. 

(b) Every· medical practitioner attending on, or ciilled in 
to visit the patient, shall forthwith, on becoming aware that 
the patient is suffering from an infectious disease to which 
this Act applies, send to the medical officer of health for 
the district a. certificate stating the name of the patient, the 
situation of the building, and the infectious disease froni 
which, in the opinion of such medical practitioner, the patient 
is suffering. ·. 

Every person not complying with the above requirements 
is liable, on conviction, to a. fine not !)Xceeding 40s. ; pro­
vided that if a person is required a.s above to notify only in 
default of some other person, he shall not be liable to any 
fine if he satisfies the Court that he had reasonable cause to 
supl'ose that the notice had been duly given. 

A fee is payable to the medical practitioner for every 
case thus notified. The form of certificate on which notifi­
cations are made is shown on the opposite page. 

For cases occurring in Lonqon, the doctor is required to 
state if the patient is an inmate of a. hospital, the place 
from which and the date on which he was brought to 
hospital ; he is also required to state whether the- •case 
occurred in his private practice or' 'not. 

· The form of certificate gives a. list of diseases which a.t' 
present are compulsorily netifia.ble. · . 

In most othqr coun,tl.'ies notification is required without 
payment of a. fee. . , . • 

History of Notifu:ation in U.S.A.-Much information 
is given in Dr. Trask's brochure on Vital Statistics (Govern­
ment Printing Office, Washington, 1914). The State Board 
of Health of Massachusetts in 1874 inaugurated a plan for 
the voluntary weekly notification of prevalent diseases, and 
over 100 physicians responded. Dr. Draper, who was in 
charge of ; the bureau collecting this information, said : 
" Sanitarians • . • know how much greater would be their 
power to protect the public health if data of the local develop­
ment. and progress of disease were promptly afforded to 
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them. . . . In a. still broa.der aense they see the grea.t a.dva.n­
ta.ge which would result from the opportunity to study the 
rise a.nd fall of epidemics, and the development of diseases 
whose ca.use lies in loca.l a.nd preventa.ble conditions." In 

SCHEDULE A. 

No. 

(NON·ME'l'BOPOLITAN.) 

NOTIFICATION OF INFECTIOUS DISEASE. 

To t.ho Medical Officer of Hooltb for t.ho ................ of ............. . 

I hereby Certify and Doclore thot, in my opinion 
' 0 ••••••••••••••••••••• 0 0 •••••••••• 0 ••••• 0 ••••••••••••••••••••••••• 0 

an inmate of • ........ , ............ , ............................... . 
ia auftering from • ................................................... . 

Age of Patient . . . . . . . . . . . . . . . . . . . . . . . . Sex ............... . 
Dote of onset of t.ho cliBeooe .. .. .. • .. .. .. .. .. • .. .. .. 19 .. .. 

The following ADDITIONAL PABTI01)'L.US to be given IN THE CASE 01'--

Ttm:z:ROOLOBIS :-

Localization of the diseaae • . , .................................... . 
Occupation ..................... , .............................. . 
Usual place of residence ... , ............ , ...................... . 

jif other thon obovo) ........................................ .. 

0PRTBA.LMIA NBONATORUM: :-
Dote of Birth .. .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. 19 ... . 

N~~: .. ~~~:-pe~~} ....................................... • .. 
aon (if ony) hoving ......................................... . 
ohorge of child. .. ....................................... . 

ldBASLBS OR GEIUIAN MBASLES :-
pate of firat oppooranoe of mob .. .. .. .. .. .. .. .. • .. .. • 19 ........ 

Signed ................................. . 
Medical Practitioner. 

Address ........................... . 

Doted thio .................... doy of................ 19 ..... , 

l Name in full of peraon auftering from di88&88. 
• Number or name of the house. and nama of the street or road. and pariah 

or place. whore ~raon ia resident.. In the oaae ol a. sbip. boat. tent. van. 
abed. or other Blmilar structure.. the nama or deeoription of the dwelling 
and the nam.6 of the pla.oe wbore it ie situate ahould be given. The part.iculara 
given should be aufticiont to enable the oddreoo to be promptly found. · 

• Nama of dieeasa. 
' Here otatAI orgon or part affected. 

1876 a similar system of obtaining postal-card informa.tion 
from physicians in the Sta.te of Michigan was organized by 
Dr. Henry B. Baker, who for many years did admira.ble 
pioneer work ; and in 1883 Michigan ma.de it obligatory on 
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householders, etc., to notify, to the health officer infeotioll8! 
diseases dangerous to· the public health. lil 1884 a similar 
law was passed in Massachusetts. This required physicia.JjS 
as well as householders to notify. · / 

Each of the 49 States. m.akes its own laws, and there' is 
therefore some divergence in requirements ; but as a tule 
the attending physician is required to .notify to the local 
health officer 1vho transmits the information to the State 
Health Department. Dr. Trask gives (1914) the following 
list of notifiable diseases and the number of States in which 
each is notifiable :-

Actinomycosis 
Aothru: 
Barber's itch 
Beriberi 
~cer . . 

.. 

Cerebrospinal meningitis 
Chagres fever 
Chicken-pox 
Cholera (Asiatic) 
Colibaoilosis 
Dengue 
Diphtheria 
Dysentery 
Echinococcus disease 
Epidemic dysentery 
Ammbic dysentery 
Erysipelas 
Favus •• · 
Filariasis 
Follicular qonjunctivitis . , 
German measles 
Glanders 

6 
15 
1 
3 
a 

29 
1 

21 
41 

1 
8 

46 
3 
1 
6 
2 
6 
2 
1 
1 
8 

1!1, 
5 Gonococcus infection 

Hookworm disease •. 
Impetigo contagiosa .. 
Leprosy 

· · I i 
Malaria 
Malta fever .. 
Measles .-. 
Mumps 
Ophthalmia neonatorum 
Paragonimiasis (lung fluke 

disease) · ; . 
Paratyphoid fever 
Pellagra .. 
Plague 
Pneumonia 
Poliomyelitis .. 
Puerperal fever 

28 
9 
1 

31 
7 

14 

2 
3 
8 

28 
11 
26 

' 

Rabies 
Relapsing fever 
Rocky Mountain spotted fever 
Scabies 1 •• 
Soa.rlet fewr . . ' 
Septic sore throat 

·Smallpox 
Syphilis 
Tetanus 
Tetanus infantum 
Trachoma 
Trichinosis .. 
Tuberculosis :' 

10 

' 3 
1 

<i5 
1 

49 
6 
8 
1 

11 
6 

All forms .. 
· Communicable forms 

Laryngeal •. 
Pulmonary 

Typhoid fever 
Typhus fever 
Whooping oough . 

29 
1 
6 

10 
.•. 35 

31 

Yellow fever •. 
Venereal diseases 
'Mental defioiency (including 

. epilepsy) 
Occupational diseases : 

Ai-senfo poisoning 
Brass poisoning · •. 
Carbon monoxide poisoning 
Lead poisoning 
Mercury poisoning 
Natural gas poisoning 
Phosphorus poisonfng 
Wood alcohol poisoning .. 
Naphtha poisoning ' 
Bisulphide of oa.rbon poison-

ing 
Dinitrobenzine poisoqing •• 
Caisson disease (oompressed 

air illn-> . 

~~--
2 

1 

12 
5 
1 

14 
12 
1 

12 
5 
1 

1 
1 

It 
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The conditions under which these and sometimes other 
diseases are notifiable in tht> various States are· set out 
in Reprint No. 510 from the Public Health Reports 
(Washington, 1919). . 

At a conference between State and Territorial Health 
Authorities and the United States Public Health Service 
held in June 1916, a "Model State Law for Morbidity 
Reports " was adopted, comprising the following summarized 
conditions :-

1. The following diseases and disabilities to be made 
notifiable :-

GROUP I.-INFECTIOUS DISEASES, 

Actinomycosis. 
Anthrax. 
Chicken-pox. 
Cholera, Asiatic (also cholera 

nostras when Asiatio cholera 
is present or its importation 
threatened). 

Continued fever lasting seven 
days. 

Dengue. 1 

Diphtheria. 
,Dysentery: 

(a) Am<l'bic. 
(b) Bacillary. 

Favus. 
Gennan measles. 
018llders. 
Hookworm disease. 
Leproioy, 
Malaria. 
llleaales. 
Meningitis t 

(a) Bpidemic cerebrospinal. 
(b) Tuberculous. 

Mwnpa. 

Ophtho.lmia neonatorum (con· 
junctivitis of new-l)om in· 
fants). 

Paragonimiasis (endemic h.,mop-
tysis). 

Paratyphoid fever. 
Plague 
Pneumonia (acute). 
Poliomyelitis (acute infectious), 
Rabies. 
Rocky Mountain spotted (or tick) 

fever. 
Scarlet fever. 
Septic sore throat. 
Smallpox. 
Tetanus. 
Trachoma. 
Trichinosis. 
Tuberculosis (all forms, the organ 

or part affected in each case 
to be specified). 

Typhoid fever. 
Typhus fever. 
Whooping cough. 
Yellow fever. 

GROUP II.-OoouPA.TIONAL DISUSES .um IN.JUBIES. 
Araooic poisoning. Bisulphide of carbon poisoning. 
Brass poisoning. Dinitrobenxine poisoning. 
larbou monoxide poisoning. Caisson disease (compressed-air 
Lead poisontng. illness). 
1\!.,..,w-y poisoning. ' Any other disease or disability 
Natural gas poisoning. contracted as a resul\ of the 
PhoophorWI poisoning. nature of the pereon'1 em· 
Wood aloohol poisoning. ployment. 
Naphtha poisoning. 
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GROUP m.-VBNEBBAL DzBEAS:&o. 
Gonococcus infection. ' I Syphilis. 

GBOtj1'' IV.-DIBBABICS OJ' UNXNOWN 0BIGIN. 

Pellagra. / I Canoer. 
' 

• 2. Each physician who treats or examines any person 
alllicted •'with or suspected to be suffering from any one of 
the n«:~tifiable diseases shall immediately report such case of 
noti£ .. ble disease iii. writing to the local health authority 
havmg jurisdiction. Sa.id report shall be forwarded either 
by mail or by special messenger and shall give the following 
information :-

(I) The date when the report is made. 
(2) The name of the disease or suspected disease. 
(3) The name, age, sex, colour, occupation, address, and 

school attended or place of employment of patient. 
(4) Number of adults and of children in the household. 
(5) Source or probable source of infection or the origin 

or probable origin of the disease. , 
(6) Name and address of the reporting physician. ' 

Further conditions as to promptitude of notification, 
etc., are imposed, for smallpox, diphtheria, cholera, yellow ' 
fever, etc. ; and it is required, ·~ the oase of diphtili.eria, 
typhoid fever, scarlet fever, or septic sore throat that the 
physician shall state whether the patient or any member of 
his household is engaged in the handling of milk. 

3. If there is no physician in attendance, the reporting 
of swollen eyes or an unnatural discharge within two weeks 
of birth is required from the midwife or attendant. 

4. Teachers of day or Sunday ·schools are required to 
notify suspected cases of notifiable diseases. 

Venereal Diseases.-In a large proportion of the States 
venereal diseases have been made notifiable, an experiment 
)Vhich is still on its trial. In England there is no notifica· 

, tion· of venereal diseases, except ophthalmia of the new-born, 
which is chiefly gonorrhc:eal in origin. A large proportion of 
the total cases of venereal diseases, however, are treated at 
public olinioa, and in respect of these some. of the practical 



NOTIFICATION OF INFECTIOUS DISEA~?ES 189 

advantages of notification are secured. It is likely that in 
present circumstances compulsory notification would lead to 
much concealment of cases, and thus defeat the object 
a.imedat. . 

Notification of Tuberculosis.-This in many areas is 
much delayed, and a considerable number of cases fail to be 
notified. The explanation of this belongs largely to the 
sphere of public health administration. 

Notification of Sickness in the Great Industries.­
The chief weakness in the sickness statistics of Friendly 
Societies, so far as they are available, is that th.ey give little 
or no information as to-

(1) The amount of sickness in defined industries, or, what 
is even more important, as to-

(2) The amount of sickness in particular branches of great 
industries. 

Friendly Societies and branches of Friendly Societies are 
rarely confined .to an industry. Changes in occupation cause 
a further difficulty. · The occupation of each person under 
the National Insurance Act must be stated by him at entry ; 
but motjves of administrative economy have . prevented a 
continuous record of occupation. It seems almost impractic­
able to evolve satisfactory statistics of sickness, and especially 
of causes of sickness, under the National Insurance Act with 
present centralized conditions. No such statistics would 
possess much value unless they clearly differentiated and 
statlld sickness in terms of the population at risk in different 
age-groups. Certain diseases are made notifiable by Section 73 
of the Factory and Workshop Act, 1901, superseding an 
earlier Act. The duty to notify devolves on the medical 
practitioner attending the patient as soon as he believes 
that the patient is suffering from a notifiable disease which 
has been contracted in any workshop or factory. The noti­
fication is to be sent to the Chief Inspector of Factories, 
Home Office, London. The occupier of every factory or 
workshop is required at intervals of from one to three years, 
as prescribed, to send particulars of the age, sex and occupa­
tion of eJ.l persons in his employment. This makes it practic­
able to obtain exact statistics of the incidence of noti­
fiable diseases. The chief diseases thus rendered notifiable 
are:-
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Lead poisonilig, 
Phosphorus poisoning, 
Arsenic poisoning, 
M8l'CUI'Y poisonii,J.g. 
An thrall:, 
Toxic ja¢dice, 
Epitheli<lmatous ulceration, 

me ulceration, 

contracted in an:r 
factory or workshop. 

xic jaundice " is defined as jaundice due to tetra­
thane or nitro dr amido-derivatives of benzene or other 

p ' onous substances. " Epitheliomatous ulceration " is such 
11 ceration due to tar, pitch, bitumen, mineral oil or para.ffin, 
or any compound, product or resi~ue of any of these sub­
stances. 

" Chrome ulceration " is such ulceration due to chromic 
acid or bichromate of potassium, sodium or ammonium, or 
any preparation -of these substances. 1 

The industrial diseases notifiable in parts of the United 
States are enumerated on page 136. 

Objects of Notification.-.!. Action for preventing the 
spread of an infectious disease, for &.§certaining its source, 
and so fa.r as practicable for inhibiting the action of the 
infecting cause, depends largely on complete and prompt 
knowledge of each case of tile dis~. This rule applies 
whether the source of infection is human, e.g. an undetected 
case of the same disease, or whether it is water or milk · • 
infected by discharges from an infectious disease, or whether 
some other source of infection is involved. 

The notification itself ha.s a limited. statistical value. ItS 
importance depends on the extent to which administrative 
control of the notified disease can be and is exercised. This 
applies equally whether smallpox 9r tuberculosis is concerned, 
though the work involved in the latter case has a wider social 
range than in the former. · 

2', In tracing 'the source of an epidemic disease, it is 
important to have all the links of evidence. The abt;ence of 
information as to a proportion of the , cases may lead to 
failure in the investigation. 

3. Muck value attaches to the educational influence upon 
parents, householders, teachers, etc., and the still greater 
educational eftect upon the members of local authorities, of 
the inspections resulting from notification. The constant 
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reiteration of the lessons taught by notifications half gradually 
and increMingly stimulated local authorities in the discharge 
of their duties. 

4. Even if compulsory notification of infectious diseases 
had not prevented radiation of disease from a. single focus of 
infection, and had not led to the discovery of a single evil 
condition competent to produce further disease, the con­
tinued operation of the Act would be desirable from a wider 
standpoint. A mW!s of information as to the seasonal, 
annual, epidemic, and cyclical prevalence of the chief infec­
tious diseMes is being accumulated such as has never pre­
viously been possessed by epidemiologists. As the first 
condition of success in the prevention of disease is knowledge 
of its natural history-its epidemicity, its relation to age and 
sex, to social and industrial conditions, to the complex 
meteorological conditions embodied in the words " season 
and climate "-such an accumulation of information may 
be expected to bear practical fruit. Medical officers of health 
are ceMing to be empiricists, concerned only with the enforce­
ment of general cleanliness, and of meMures of isolation and 
disinfection, when cases of infectious disease arise. They 
are concerned not solely with individual cases of disease, but 
also with the conditions producing and controlling entire 
epidemics. It is in this branch of their work that know­
ledge is W! yet imperfect, and our hope of arriving at a 
less empirical conception of the causation of each infectious 
disea.;e, and through that of its prevention, depends largely on 
the accumulation of accurate and complete information as 
to each epidemic and interoilpidemic period, and on the 
collateral study of the personal and environmental conditions 
associated with these periods. 

Effect of Notification of Infectious Diseases on Their 
Prevalence.-Attempts have frequently been made to assess 
t.he value of notification as a sanitary instrument. Evidently 
it can have no value per .se, unless by its means laws of 
epidemic prevalence are discovered, thus increasing means for 
control. Its direct utility depends on the extent to which 
the circumstances of every notified case are investigated, 
control over it exercised, and the notified case made the 
centre from which the search for overlooked or " missed " 
~- of t·he eame disease may be hE-gun. Even then there 
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is always risk of overlooked cases, though this does not justify 
neglect of such action aa is practicable. 

It is doubtful whether the conditions admit of appeal to 
figures in comparing areas with and without compulsory 
notification of a particular disease. 

It is hardly poiisible that the periods and places com­
pared should fulfil an indispensable condition when compari­
sons are instituted, viz. that oflleto things shall ~e equal. 
Notification is but a means to an end. In some towns the 
information furnished by it has been made the basis of active 
and persistent preventive work, while in others this haa not 
been so. The question is mixed up also with that of hospital 
accommodation and isolation. There may be- no immediate 
good results from notification if the patients notified cannot 
be properly isolated. ' . 

Furthermore, after such a disease 8s meaales or scarlet 
fever haa gone· unchecked through a toWn it exhausts the 
supply of persons prone to these diseases ; and apart alto­
gether from any administrative control some years may 
elapse before susceptible persons hl!ove accumulated. In 
addition, there are cyclical influences,- the nature of which is 
imperfectly known, but which have important bearings on 
the prevalence of a given disease. So that neither, on the 
one hand, the comparative absence of a given infectious 
disease since notification came into force, nor, on the other 
hand, its increased prevalence, neOessarily pro'Ves the utility 
or inutility of notification. · 

In attempting comparisons of death-rates from a par­
ticular infectious disease oet'iveen periods before and after 
oompulsory notification' was enforced, the following precau­
tions must be particularly regarded :-

(l) Avoid average statements for groups of years. In 
trea~ing of epidemic diseases no method is so likely to con­
ceal the truth as this. In connection with smallpox 
statistics it haa led. to numerous errors. In other infectious 
diseases it is frequently quite practicable to show an increase 
or a decrease of prevalence or mortality by adjusting the 
groups of .fears. The proper method is to compare year by 
year, if practicable in a long series, and the data necessary 
for this. oan be best displayed by making a curve of the 
annual death-rates for. the period under comparison. 
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(2) It must be noted that the death-rate from a disease 
may decline to a much greater extent than its prevalence. 
This is· especially true of scarlet fever, to a leas extent of 
diphtheria. 

(3) For whooping cough and measles, diseases chiefly 
fatal in childhood, death-rates should always be stated in 
terms of the population at the ageil at risk. The need for 
age-analysis runs through all vital statistics. In Table 12 
of the Registrar-General's Annual Report each year (p .. 35 
of the 1920 Report) the death-rates for a long series of years 
from measles, scarlet fever, diphtheria, and whooping cough 
are given per million persons living at all ages and per million 
living at ages under 15 years. For whooping cough and 
measles a statement of death-rate in terms of the population 
aged 1}-5 might be preferable (p. 388). Similarly the death­
rate from diarrhrea for children under 2 years old is stated 
per 1,000 births ; and on page xxxviii of the same report 
(1920) will be found the death-rate under 1 from diarrhreal 
diseases per 1,000 births for a series of years.1 

Further Uses of Notification.-Knowledge·of the preva­
lence of a communicable disease in any community is of more 
than local importance. In certain instances it has even 
'international value, and this is particularly so for cholera, 
plague, yellow fever, smallpox, and typhus fever. By the 
terms of an international sanitary convention each Govern­
ment conforming to the international regulations undertakes 
to inform other countries of any case of the three first above 
named diseases occurring within its area. This is the founda­
tion of international regulations for controlling these diseases. 

The British Government, the Federal ·Government of the 
United States and other Governments circulate to health 
officers within their o.rea weekly and other periodical state­
ments of cases of these diseases, and sometimes of other 
diseases, like smallpox and typhus, occurring in foreign 
countries, timely intimation of which is desirable. 

In a given oountry it is important that the hea.lth officer 
of any district within it should know what diseases prevail 
in other po.rts of the country, and especially within the S&nle 
oounty. A po.rtial o.rrangement to this effect was organized 

' In tha Rfll[iatrar-General'o Stotistioal Review for the :rear 1921"(Ncw 
Ann.,.! S.riee, 1\o. I, l'arl I) mool of the oho\~ dato are gh..., in Table 6. 
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by Dr. John Tatham in ~888, by which a weekly statement 
of the number of cases of each notifiai!le disease in 33 towns 
was distributed to the health officers of each contributing 
town. In 1889 the task of tabulation and distribution of these 
weekly statistics was undertaken by the Local Government 
Board of England and Wales, and from the beginning of 
1911 this return embraced the whole of the country. An 
order of :the Local Government Board in 1910 made it the 
duty of the medical officer of health of every administrative 
district in England and Wales-(1) To notify immediately 
to the Board any case of plague, cholera, or smallpox, or 
any serious. outbreak of epidemic . disease in the district ; 
and (2) to send to the Board each Monday a statement of 
the number of cases of each infectious disease notified to 
him during the week ended on the preceding Saturday night. 
Every medical officer of health received towards the end of 
the following week a printed statement of the number of 
infectious .cases under each disease for the entire country. 
The figures are summarized and published in the quarterly 
returns of the Registrar-General, and each year from 1911 
onwards the notifications of infectious disease and attack 
rates during the year have been published for every sanitary 
district, in a report. entitled " l.ncidence of Notifiable Diseases 
in Each Sanitary District in England and Wales during the 
Year 19--," The three most recent of these have been issued· 
by the. Ministry of Health, in succession to the Loea.l ~vern­
ment Board; the corresponding 'report for 1921 has been 
embodied in the Annual Report of the Registrar-General. 
In the first report, that for· 1911. is a historical statement 
by myself of the progress of this :work, and of its possibilities 
of usefulness. Their current valu,e is great, their possibilities 
of '!lBefulness for epidemiological investigations still greater. 

A similar interchange of information is arranged in the 
Uni~d States. Thus " Public Health Reports " issued weekly 
by the United States Public Health Service conta.iri infor­
mation of the current prevalence of disease, at home and 
abroad. The same reports give from time to time tables of 
the prevalence of notifiable diseases in various areas. Thus 
No. 23, Vol. 37, for June 9, 1922, gives the case-rate, death­
rate and fatality per .100 cases, in an cities of over 100,000 
population, of a. large ·.number of infectious diseases, and 
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the report for July 14, 1922; gives the same information for 
cities of 10,000 to 100,000; The median case-rate is given 
for each disease as well as the rate for the current year. 
These weekly reports, like the weekly returns of the Regis .. 
trar-General of England and Wales, in which a. similar system 
is adopted, have a. high value in public health administration. 

The Scientific Uses of the Notification of Disease.­
The value of registration and notification of disease has 
already been emphasized. In the elucidation of the influence 
of age and sex, of urban and rural life, of locality, of 
occupation, etc., on the incidence of disease, there are vast 
possibilities of fruitful research based on the knowledge of 
both infectious and non-infectious disease. 

The one defect of the annual report on the " Incidence 
of Notifiable Diseases" is that owing to the la.w for extra.­
metropolitan areas not having required the age of the patient 
to be stated prior to 1918, no tabulation of these cases 
according to age and sex has hitherto been made. For 
London tlus is not so, and special mention should be made 
of the statistics of infectious diseases in the Annual Reports 
of the County Medica.! Officer to the London County Council, 
.and the statistical reports of the Metropolitan Asylums 
Board. 

The late Dr. A. Ransome, F.R.S., in 1870 (British Medical 
Journal, 1870, vol. ii. p. 297) drew attention to the import­
ance of " medica.! statistics, from which conclusions nlight in 
future be drawn respecting such subjects as the causes of 
disease, the laws of epidemics, the relations of atmospheric 
changes to various disorders, the influence of times of plenty 
or scarcity of food, and many other questions of interest to 
medica.! science." Our present ignorance as to the causes of 
epidemicity of various diseases, notwithstanding the work of 
Ransome, Brownlee, Greenwood, and others, may mean that 
statisti.oa.l investigations have not been adequately pursued 
or have had to deal with inadequate data, or more probably 
that statistical investigations must be supplemented by 
colla.tera.l lines of research. Some of the earlier work of 
Dr. Henry Baker, e.g. as to the relation between temperature 
and pneumonia in :Miclriga.n, is adnlirable, in view of his 
imperfect data. 

Summary Statlstlca of Infectious Diseases.-In supple-
10 
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inent of the chapter on Registration of. Sickness, some 
statistics of genera.! sickness a.re given in -Chapter XIII. 
Many simill!d' statistics a.s to notifiable diseases will be found 
in the chapter dealing with the vita.! statistics of each of 
these disea.ses, and only a. few illustrations of such statistics 
need be given here. · 

In the following table a.re stated some average sickness 
and dea.th-ra.tes for England and Wales in 1921, and for a 
number of cities with a population over 100,000 in the United 
States whose ·statistics are summarized in " Public Hea.lth 
Reports," United States, for June 9, 1922. 

NUMBBB 01' CASES 01' .&ND 01' DBATBS I'BOH EACH DIS.BA.SJC :PB:& 

1,000 01" POPULATION "' 1921. 
t 

Case Rates. Death Ratee. 

Ent"d Ar,:.g•te of ~and 
.Aggregate of 

and ales. merican an ales. American • 
Cities. Cltiea . 

. . 
Diphtheria .. .. 1·76 2·91 (68) 0·13 0·18 (68) 
Measles .. . . .. - 2·53 (68) 0·06 0·03 (68) 
Scarlet fever .. .. 3·64 2·28 (68) 0·03 0·06 (68) 
Smallpo:s: .. .. 0·01 0·65 (56) 0·00 0·01 (56) 
Typhoid fever .• .. 0-10 0·26 (67) 0·02 0·04 (67) 
Tuberculosio .(a.ll forma) l-99 - 1·13 1·04 (66) • 

The figures in bra.ckets state the nuMber of cities on whose experience 
the average ratee are b&OOd. • 

••• ! 

It is .not suggestecl_ that. thE\ English and American rates 
are strictly comparable. In the American report it is pOinted . ' 
out that gra.dua.l improvement, unequa.l in different cities, 
is occurring in the reporting_ of cases of infectious disease. 

• From the English report we learn that the sma.llpox 
-~kness rate for England and W a.les a.s a whole ha.s varied 
between 1911 and 1920 but little, never exceeding 0·01 per 
1,00~ _that the scarlet fever rate ha.s varied from 4·47 to 
1 . 44, tl!a. diphtheria. rate from 1 . 24 to 1 . 86, and the entire 
fever rate (chiefly enteric) from 0·38 (in 1911) to 0·08 in 1920. 

The notification figares for tuberculosis for England and 
W a.les are interesting:-
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Primary Notlflcatlons of Tubereulosl!l and l>eaths trom Tuberculoals 
per 1,000 of population. 

Year. 

Pulmona.ry. Non-pulmonary. 

Cnse-rato. Death-rate. CD.BC·rate. Death-rRte. 
1915 1·94 1·15 0·63 0·38 
1010 1·98 1·18 0·66 0·38 
1917 2·04 1·26 0·62 0.40 
1918 2·14 11•35 0·57 0·38 
1919 1·66 0·98 0·45 0·28 
1020 1·54 0·87 0·41 0·26 
1921 1·49 0·88 0·40 0·24 

The figures suggest incomplete notification, perhaps to an 
increasing extent. 

There is no corresponding notification of venereal diseases, 
but the' following table, taken like the above from the 
Third Annual Report of the Minister of Health, shows the 
numbers coming to the knowledge of the medical officers of 
treatment centres, and therefore to some extent under 
supervision and control :--

Year 1920. Year 1921. 

~ •· ~£ ~i ~ i L • ~e ]~ ~ §~ o• 

:z~ •• ~" 
c. 0.0 c;.; .. O,o ~; o.ll .. c::• "'" a .. .. "' .. "' -- -- ------ -- - ---- --

(1) Numb('r dt'alt u1th 
2,918 318 2,257 599 8,120 2,431 278 1,92-& 510 6,173 t\l'i't Umo •• 

(2) Nun1lK>r who CCIUt'd 
t.o l!.tt('Ond : 

(d) lit-foro OOUl)IIO· 
t.lon., 1,188 121 81( 59 !,1'17 855 18 808 - !,SOD 

(.) Aft(\r ••• or 
mom ront~~.ea, 

but bt>forc com· 
pii"IIOD •• 127 u Ill 5 257 480 12 102 - ."' (r.) Art(1f oo.:re-
Utln bnt • of\1 
ftnal '"r• - - - - - - - - - -

(S) Nttnlbfor dl•ellll~f,d 
•Ht~~r oonwlo on 

155 ISO 430 S:!O at U..t.uu.•nt 
~·· 

123 599 408 l.S88 l,OU. 
Ul Num~r at- rnd ~ 

)"t!ar under ot.~r· 
3,!97 lOS 1,817 137 \·at.ion .. .. :!.ero 57 I,SU 4S •. 08f 5,3S. 



CHAPTER XIII 

STATISTICS OF GENERAL SICKNESS AND OF 
" ACCIDENTS 

THE most complete statistics of a. selected body .of men, 
kept under strict observation, are supplied in. the Army and 
Navy records. The first Annua.l Statistical Report on the 
Health of the British Army appeared in 1861, its author 
being Dr. Thos. Graham Ba.lfour, F.R.S.,· and subsequent 
yearly reports form a. va.lua.ble body of evidence of sickness 
and its causes among men, the majority hecessa.rily unmarried, 
·and therefore specia.lly liable to· suffer from venerea.l diseases. 

The following table gives comparative data. for the Army 
in the United Kingdom· and a.t the same time indicates the 
measures of sickness employed :-

Al!.MY IN GREAT BRITAIN AND !BELAND. 

Bono. ,.,. 1,000 of S~rmglh.' 

1889-98 • 18119-1008. 190~13. 1014.1 
. 

AclmiB&ions .. .. .. 712·5 560·1 . 354·9 403·0 
Deatho· .. .. ... .. 4·8 4·4 2·6 . ,2·8 
Invalids finally diooharged .. 17·0.' 27·4 10·0 9·0 
Number OODBtantly siok ' .. 41·1 31·8 20·2 '21·2 

" 
l TD, .j'¢y 31st. 

The distribution of. sickness .according to cause is given 
in the following table :-

MILrrABY IlmniOmNaY l'ltOlll SIOXNBSS (1913). 
A veroge Slronglll, 104,890. 

Infectious Diseaaea 
Venereal Di ...... 
Septio Diseases .. 
Parasitic Diseases 
Tuberoulosia .• 

90 
•• 483 
,, 160 

48 
30 
48 Average nuinber constantly Rheumatic Fever ... 

ill from Nervous and Mental Diaeasea .. 43 
Respiratory Diseases, including Pneu· 

110 
92 

. . 170 

. . 310 

monia .. 
Sore Throat and Tonsillitia • • . 
Digestive Disaaaes 
Injuries .. 

148 

.. 
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From the Statistical Report on the Health of the Navy 
for the year 1914 the following table relating to the Home 
Fleet is taken :-

HOUB FLEET, 

Average Strength, 88,240. 

Average number constantly sick daily .. 

Influenza .. 
Pneumonia 
Tuberculosis 

{
Chancroid 
Syphilis •• 
Gonorrhcea 
Rheumatic Fever .. 
Other Infectious Diseases 
Paroaitio Diseases 
:Mental and Nervous Diseases 
Eye Diseases 
Circulatory Diaeasea .. 
Respiratory Diseaaea .. 
Digestive Diseaeea .. 
Connective Tissue and Skin Disea.sea 
Injuries . . . . 
All other causes 

. . 1690·7 

19·6 
21·9 
34·3 
46·2 

129·5 
140·0 
31·0 
28•2 
28·8 
51·7 
20·1 
31·9 
96·9 

194.-9 
141·0 
405·6 
170·1 

1590·7 
Average nnnulllrates per 1,000 of strength of oaseo ol-

Illnaee .. .. .. .. .. .. 540 · 3 
Invalided n. 7 
Deed 44·7 
Biok daily 18·0 

Apart from the statistics of Poor Law sickness, the largest 
body of evidence as to general sickness, in the sense of 
disabling sickness, is supplied from the records of Friendly 
Societies in this country. Reference may usefully be made 
to the following volumes and speciaJ papers :-

1. Sick..- and Mortality Erp<Nnc. of lhs Independenl Or<kr of 
Oddf.UOVM, Manchuter Unity, during lhs Yearo 1893-97, by A. W. 
Wateon, F.I.A. 

I. TA. MetMtJ. of Analysing and l'reoenting lhs Mortality, Sicl..'f&Ull 
antl E~ of FritmdJy Socieliu, witlt. Examplu, etc., by A. W. 
Wateon (1900). 

3. Naw and Diagromo on lhs Siclrn&o and Mortality Experience 
of lhs MancAuler Unity, by W. G. Appleyard (1906). 

f.. M-..gor Priu Eooay on FritmdJy Societiu, by G. F. Hardy, 
F.I.A. 

5. "The Stat.isti<'8 of Industrilll Morbidity in Great Britain," by E. A. 
Rusher, F.I.A. (Joumal of lhs Royal Statiolical Society, December 20, 
1921). 

Only & few facts culled from these and other sources can 
he given here. Sts.tistics of sickness are of value as deter-
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mining financial claims on Friendly S~cieties ; they throw 
considerable light on the, public health, and they can be 
utilized to ascertain whether occupations are healthy or not. 
The pitfalls of such statistics are many for the uninitiated. 

Benefits under most schemes and under the National 
Insurance Act are only for those " incapable of work."-

It is stated in an officlal memorandum (Memo. 
2

1~~~) that 

an insured person "has been regarded a.s 'incapable of work,' 
when in such a condition, through some specific disease or 
bodily or mental disablement, that an attempt to work would 
be ·seriously prejudicial to his health." 'l'he entire memo­
randum shows how elastic must be the definition of incapacity, 
and goes far to· explain the increasing amount of sickness at 
each age-period shown in the experience of the .Manchester 
Unity oi Oddfellows in successive historical periods (Fig. 15). 

The •rate of sickness per member per annum is the ratio 
between the number of weeks of sickness in the total experience 
and the· " number exposed to risk." This number is the 
number of insured persons of given age or age-group, or in 
other words the number of years of life, passed through at 
any particular age or group of ages. 

The idea that the amount· of tabulated sickness and the 
death-rate a~ closely correlated is negatived by Fig. 1.5 ; . 
and there is little support for the statement a.s applicable 
to present conditions that two 'persons a.re constantiy sick 
for each person that dies. . 

The migratory character of labour makes it difficult to 
arrive at any sound conclusion a.s to relative sickness in . 
different industrial areas. It would appear, however, from 
various experiences that occupation is much more important 
than locality, and. that, of all factors, age has the greatest 
inftuence upon the rate of sickness. This is shown in Fig. 15 ; 
also: in Fig, 14 on p. 130. 

From the public health viewpoint, the most interesting 
feature of . the sickness statistics of the Manchester Unity, 
which are historically the most complete, is the increasing 
rate of sickness coincident with decreasing rate of 'mortality. 

It is significant that in centralized Friendly Societies, like 
the Hearts of Oak Benefit Society, the rate of sickness is 
far in _excess ·of that of the Foresters and Oddfellows 'who · 
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have local branches. Without attributing this excess entirely 
or chiefly to fraud and malingering, there can be no hesitation 
in regarding the excess sickness both in centralized societies 
and in the more recent experience of the Independent 
Order of Oddfellows as partly due to diminished supervision 
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Fto. 15.-E:s:perienoe of the lndependt~nt Order of Oddfellowa, Manchester 
Unity, in ft'lt'.pect of Sicknf'r88 and Mortality at Four Suceeeaive Periods, 
1846-48, 1866-60, 1866-70, and 1893-97, and a' Various Age·groupo, 
2Q-24 to 60-64. (The marginal IK'alea ehow Bickneea rates per member 
per annwn, and death-ratM ()f'r 100 members per annum.) 

1\lld to a slackened regard for the corporate society. This is 
associated with the life in large communities which ha• pro­
grt•"Bivt>ly di•plact>d the life of srnalll'r communi tiel' in which 
character and public opinion are more potent. It is subject 
to rlt•hate wht'lht'r two furtht'r consirlerations do not enter 
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considerably into the. result: (a) the greater appreciation of 
the desirability of treatment for minor complaints; and. (b) 
some would sa.y, surviva.l of a larger number of weakly adults 
than in the days before sanitation and curative medicine 
were genera.lly active. This last cause in my opinion is 
erroneously adduced, for -the same causes may reasonably 
be expected to hav~ led in at least a corresponding degree 
to a curta.ilment of disabling sickness and to a. diminution 
of its occurrence. 

The reports of the Chief Medical Officer of the Ministry 
of Health for 1920 and 1921 give certain statistics of the 
national insurance scheme from which the following par­
ticulars are taken : On the average, during the 8 years 
1913-21, 14,476,000 weeks' work were lo~t every year through 
sickness, or 278,000 years, or in other ,words the equivalent 
of the· annua.l work of 278,000 persollS\ There needs to be 
added to this the cost and trouble of attending these sick 
persons, and many other collateral expenses. 

These figures must be regarded as a. minimum estimate 
of illness, based on actual payments. The facts that 
benefits are reduced or disappear when contributions are 
in arrears, that there is no payment during the first three 
days of illness, and that there is no payment in workmen's 
compensation cases, illustrate this point. 

In January 1922 the records of 226 panel practices dis­
tributed in 116 towns were examined. From the lists of 
these practitioners, comprising over 400,000 insured persons, 
from 100 to .200 record cards were selected in uniform 
a.lphabetica.l order. Altogether 30,069 cards were selected 
as a random sample, the numbllr of cases of illnesses on 
these cards being 36,325. The c~ef causes of the sickness 
thus recorded are set out in the table on the opposite page 
taken from the 1921 report. 

The noteworthy point in the table is that serious diseases 
like tuberculosis a.re represented on only a small scale. For 
tuberculosis this is in part explicable by the special. sana­
torium benefit ; but there must be much failure to secure 
the early recognition of this ·disabling disease of the working 
years of life. Sir George Newman remarks : "The symptoms 
for which- insured persons seek the advice of their doctors 
are consistent with the existence of only minor maladies, 
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but in the aggregate they give rise to an enormous mass of 
suffering, incapacity and enforced idleness." 

As related to Friendly Society experience, reference may 
be made here to Dr. Louis Dublin's valuable work on 

INSURED PERSONS IN REPRESENTATIVE C!TIES-PBOPOBTION 01' CERTAIN 
DISEASES TO TOTAL CASES, 1916. 

Total. Mate. Female. 

Dlse.ae. 

No. Per 1,000 No. Per 1,000 No. Per 1.000 
of Total. of Total. ot Total. 

1. Infiuenza .. 3,097 85·3 2,004 90·2 1,093 77·5 
2. Tuberculosis, all 

forma .• .. 505 13·9 320 14·4 185 13·1 
3. Organio heart dis· ....... .. 520 14·3 355 16·0 165 11·7 
4-. Anmmia .. .. 1,157 31·9 " 3·3 1,083 76·8 
6, Bronchi tie, bran-

chial and naeal 
catar-rh, cold, 
eto. .. .. 7,739 

6. Pneumonia. and 213·0 4,988 224,4 2,751 195·2 

other diseases 
of the reapira-
tory ayatem •• 537 14·8 305 17·8 142 10·1 

1. Disenaea of digea· 
tive ayatem .. 4,766 131·2 2,797 125·8 1,969 139·6 

8. Diseases of genito-
urinary system 912 25·1 339 15·3 573 40·6 

9. Diaeaaea of ner-
voua ayatem 
and apeoial -- .. 1,775 ·8·9 1,088 49·0 687 48•7 

10. Skindi808888 .. 1,741 47·9 1,039 46·7 702 49·8 
11. Injuriea and aooi-

· denio •• .. 2,871 79·0 2,358 106·1 513 36·· 
12. Absoeaa, boils, and 

other aeptio 
oondit.iona 2,303 68·9 1,647 "·I 856 60·7 

13. Lumbago, rheu-
matiam, etc . .. 3,181 87·8 

U. Debility, neural. 
gia and head· 

2,201 99·0 980 69·6 

ache . . . . 1,999 55·0 855 38·5 1,144 81·1 
15. Malignant disoaao 66 I 8 45 2·0 21 1·5 
16 Otberdiee&808 .. !,950 81·4 1,720 77·4 1,236 87·7 

Total .. 36,325 1000·0 22,225 1000·0 14,100 1000·0 

Mortality Statistics of Insured Wage Earners and Their 
Families (New York, 1919), which gives an important review 
of the mortality experience of I 0 million policy holders in 
tho M.-.tropo!itan In~uranoe Cumpany in the 6 yonrs 1911-16. 
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Industrial Sickness from Notification Retums.­
Dr. T. M. Legge, Chief Medical Inspector of the Home Office, 
has published statistics in the Journal of IndUii!rial Hygiene 
(April and May, 1920), which may be referred to for 
details. The following attack-rates are taken from the 
Home Office Report for 1913 :-

LEAD PoiSONING IN EAJLTHENWABB AND CmN.A. WaRES. 
Atta<k-rato per 1,000 Empl<>yed.' 

1899-1902. 1903-QG. 1907-10. 1911. 1012. 1913. 

Males .. .. 19 9 10 10 9 8 

Females .·. .. 37 25 19 20 17 10 

Baaed on the fol-
lowing number \ of oases in men 
and women .. (160) (98) (89) (92) (80) -

1 Calculated on returns of emp~oyment for nearest. year. 

The total deaths from lead poisoning, as returned in the 
Registrar-General's reports, were as follows.:- • 

A VZRAGB ANNuAL DEATHS DOll LEAD POISONING RBGISTEB.BD 
IN ENGLAND Aim WALES. 

. 
5 Years, 4 Years1 4 Years, 

: '1919. 1920. 
1906-10. 1011-li. 1915-18. .. 

. ' 
90 94 52 48 61 

The attack-rate of leali poisoning in 1920 per 1,000 employed 
in various industrial processes, in whj.qh this disease is notifiable, 
was as follows : workers in white lead 26, electric accumulators 
27, tinning of metals 20, paints and colours 16, file-cutting 2, 
printing 0 · 4. 

Workmen's Compensation Act.-Under this Act the 
workmen can obtain compensation for injury from accident 
and from a certain number of diseases when due to the 
workmen's occupation. Under the Statutory Order, 1918, 
No. 281, the provisions of the Workmen's Compensation Act, 
1906, are made to appl,Y with certain reservations to arsenic 
and lead poisoning, to poiRoning hy benzE>ne and its derivative~, 
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to tar cancer, scrotal epithelioma, cataract in glass workers, 
miner's nystagmus, glanders, writer's cramp and a few other 
conditions. 

The statistics published in the Home Office official report 
(Cd. 1545) relate to seven groups of industries,' comprising 
8,348,150 workpeople. 

The total number of compensation cases in 1920 ·was 
385,517, of which 3,531 were fatal; and the amount paid 
in compensation was close on 6 millions sterling. The 
average payment in case of death was £214, for disablement 
£13 14s. To the above expenditure must be added a large 
proportion for costs of insurance, etc. These addition·s are 
estimated to increase the total charge for compensation in 
the seven great industries to at least S! millions sterling. 
The charge per person employed varied in 1920 from 37s. 3d. 
in mines to 9s. 3d. in factories. For mines this worked out 
at 2 · 44d. per ton of coal raised. Of the cases terminated in 
1920, in 9 per cent. the compensation payment had lasted less 
than two weeks, 2-3 weeks 30.9 per cent., 3-4 weeks 18.3 
per cent., 4 we~ks and less than 13, 35·6 per cent. Cases 
settled by the payment of a lump sum are not included in 
these percentages, which are therefore an understatement .. 
Since the war, the amount paid in compensation has greatly 
incrt>ased, while the amount of litigation has greatly 
diminished. For details as to the varieties of accidents and 
dise.a.se, the official report should be consulted. 

1 Shipping, f~torieB, docks, mines, quarries. constructional work, 
roil ways. 



CHAPTER XIV 

THE REGISTRATION OF DEATHS 

THE Act requiring death certification implies a dual duty : 
registration (a) of the act of dying, and (b) of the cause 
of death. The history . of complete death registration in 
England dates from the Act of 1836. 

Under Sections 10 and 11 of the{ Births and Deaths 
Registration Act, 1874, personal information of every death 
has to be given to the registrar of the distnct within five 
days of its occurrence by the nearest relatives of the deceased 
present at the death or in attendance during the last illness ; 
or fa.iling these, by every other relative of the deceased 
dwelling or being in the same district as: the deceased ; or 
such person present at ·the death ; ·or the occupier of the 
house, or each inmate of the house, or the person causing 
the body of the deceased to be buried. 

H the deceased did not die ~ a house, a similar ph&in 
of responsibility is enacted. 

Every medical practitioner attending the deceased in his 
last illness is required to fprpish a certificate " stating the 
cause of death to the best of his knowledge and belief." A 
fine of 40s. ma.y be inflicted for fa.ilure to give this certificate. 
The .certificate is to be given to the "qualified informant," 
i.e. the person whose duty it is to give information of the 
death and convey this certificate to the registrar, subject 
to a penalty of 40s. (see pp. 158 and 159. 

The Registrar of. Births anq Deaths in Great Britain is an 
official of the Poor Law authorities, by whom he is appointed 
with the ~!.§~Sent of the Registrar-General. He is controlled 
entirely by -the Registrar-General in the discharge of his 
duties ; . and the registration service is, in substance, 
centralized and without local control, except in the initial 
appointment. This is admirable from the point of view of 

' , .. 
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uniformity and completeness of service. It is the duty of 
the local registrar to supply information respecting deaths, 
including copies of certificates of causes of death, to the 
medical officer of health on payment of a small fee. 

Uncertified Deaths~The registrar may register a dea~h­
(a) On the statement of a "qualified informant" attending 

personally for the purpose, and producing a medical certificate 
of the cause of death, when the deceased has been attended 
in the last illness by a registered medical practitioner. When 
there has been no such medical attendance, the registrar 
must accept the " qualified informant's " statement as to 
the cause of death. 

(b) On the certificate of the finding of a coroner's jury, 
where an inquest has been held. 

The absence of a medical certificate of cause of death has 
involved since March 1914 8. report to the. coroner by the 
registrar. The registrar must also report the death to the 
coroner " where it appears that the death was .caused directly 
or indirectly by violence, or was attended by suspicious 
circumstances, and whenever the death is stated to have 
been sudden, or the cause of death is stated to be " unknown." 
This' applies to all cases, whether certified by a registered 
practitioner or not. In other cases the registrar may 
accept the statement of the informant as to the cause of the 
death, and the information thus accepted may include a 
certificate from an unregistered practitioner. 

The registrar must report to the coroner the death of 
every infant which dies in a house registered under the 
Infant Life Protection Act, 1872. It is the duty of the local 
authority to furnish soon after January 1st in each year 
a complete list of a.ll such registered houses, and to notify 
from time to time any alteration therein. If the local 
authority omits to furnish these lists, it is the registrar's 
duty to apply for them. 

A table on page xcvi of the Annual Report of the Registrar­
General of England and Wales, 1920, shows that in 1878, out 
of every 100 deaths, 90·18 were certified by registered 
medical practitioners, as compared with 92 ·14 in 1920. 
The proportion of inquest cases in the same interval increased 
from 5 · 00 to 6 · 65 por cent., and of uncertified deaths decreased 
from 4·!l:i to 1·21 Pf"l ('('nt. Only about 55 por cent. of 

(..,...,;,.w CM fl'tl9't IM_J 



Not 1o b• wed by any other tha,.. a Regi8ttred Medical Pract<tioner. 

BmTHS AND DEATHS REGISTRATION Af!r, 1874. 

MEDICAL CERTIFICATE OF THE CAUSE OF DEATH. 
To be given b,. the Medical Attend;ant to some Parson quaUfted to be an. Informant tor the realatmtlon of the Death (fU ootr). 

I BEBEBY CBBTin' 1hat 1 attend«f during h kJst illnuB ; that .ucJ, 

Person' I age was Btaled lo 6 i thai I lase saw h-<Jli1J6 on the day of 191--; 

thai ~ Di<d* the day of 19L-, at~-------

and tlUJt 1o the heal of my knowledge and belie/tho caUBe oJ "- death wae oa hereunder written. 

• Should the Medical At­
tendant not feel jUBtlfled ln 
taking upon hiDlBelf the re­
sponsibility of certifying the 
/de' of Death, be mar here 
Insert the word.e "a1 I sm 
in/ormlll." 

t i.e., the diBesae which 
lnltla.W the train of events 
leading to death, and not a 
mere secondary, contrlbu· 
tory, or Immediate cause, 
or a terminal oond.ltlon or 
mode of dooth. 

Duration of Dlaeaee from omet. . 
Ca01e of Death •• Calendar Years. Months. Days. Hours. 

------
t Primary 

. ------
: Secondary ~ ------

(Contributory) 
--- ---

Wimu• my hand, lhi8 day of 191_ 

g. 
~~ 
j a 

.... .... 
Ql) 

No.ol correspond- S. 0 
lng Entry Ia Regis- (i ~ 
ter Book of Deatlls p.. !:;Ill 
to be Inserted hare ~ 

D
bythoRoglatrar. ~ e: 

..., 
~ 
t;rl 

t;rl 

E "' n .... ~ -

. l~ ~ 
" t:l> • 0 

[Tho Iolormanl 
1hould read the 
IutruoUou on 
lho back of lhil 
l'orm.] 

p.. £l "l 
s· ;- < ........ !r.l ..., "' ..., > 
8 g- t"' 

[ 5' rn 
~ ~ ~ 
~·o ~ 

,til ..... ...... 
As to death from violence 

""par. (t), p. U. [J>. •uts 
o/lhitl A/tJntudj· · 

t: A termlna condition or 
mode of death. abonld not 
be entered u a secondary 
(or eontrlhutory) ca111e. 

8~··--------------~------------------- ~ " rn (I) ..., 

Qualijicalione as rogiBttretl by Metliwl Oounoi,._ ___ _ 

RuOd~----------------------------------
l'I.B.-Tbe Person to whom this dertlftcate Ia given liy the ReglsterPd Medlcol PractltlODIQ' JIJ BEQU1RBD '1'0 DELIVER I'l' '1'0 'l'BB RBOIB'l'RAB 

"":;!. .... 
@:: s; lA 
0 ~. 

~ lr OP DmTRB ou DBATDB, and 18 Hable to a Jlenalty of torty shillings for faUure to do so. · 
•.• The Bt>gillt.rar-General ttlVtiom aU JW«m~ agaln11t accepJing or Ullin(! this Certl.Ocate for any purpoae whatever except that of delivering It to ·~· 0 the Reglatrar. • """' 
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The corresponding standard American form is as follows :-

I 

United States Standard Certificate of Death. 

' PLACE OF DEATH. 

County ..... . 

Towmhip 

" 
Villn.l'(e ......................•.. 

DEP:I.RT~ENT OF CO!>BlERCR 
Bt'R£.\U OF THE CENSUS 

B'l'A~DAUD CERTIFICATE OF 
DEATH 

State of.. 
Registered :'\o .. 

" ('it.y .... (Xo ............. St. .Wnrd) 
[If <Ieath occurred in 

a hoopito.l or inBt\tution 
glve >ta :SA"ME instead 
o! street 1,1.Ud number.] 

2 FULL NM'lR ... 

PERSONAL AND STATISTICAL PARTICULARS 

• i:\EX: 1COLOR OP 
ft._I.C'rl 

"1:1UW1"E 
)L\.RRH1D 

MEDICAL CERTIFICATE OF DEATH. 

16 DATE o:r DEATH 

WIDOWED ... ··-·········· 
OR DIVORCED (31onth) 

.......... ' 191. .. , 
(D;\y) (Year) 

(ltntethe \\ord) 

0 DATD Ol•' BiRTH I attended deceased from ..... , 191.. 

1

17 I HEREBY CERTIFY, That 1 

'(\i~fitl~)- (Da~) o:'e,~r) to ., 1\ll ,thatlla>;tsawh .... 

lic,cAcGcE-,--'---'---'-',jc1c1CL-E-''-B-tch-,-nil alive on ............... , 1Dl. .. , and t-hat death 

l llay, .... hrs. ocrnrrcll, on the date stated .'tbove, at 
.. yr~ ...... mos ...... lls. or ... min.? 

..... m. 1"he CA"CSR or· DEATH* was as 
8 0CCUl'A'n0:<! 

(a) Trade, profes~ion or follows: 
parti<'ular kind of work ......... . 
(b) General nature of ··r 

I. 
induRtry, bu,;:iness, or 
estublblnnent in which 
employed (or employer) .................... 

1

J. .... (Dnration) ..... yrs ...... mo~ ...... ds. 

I ~ .BIR'l'HPL} .. CE Contributory 

I 
(btate or country) (secon..\larr) 

-'-Co::-:c--------------11··· ....... ·· ... (DtH;ltion) ...... yrs .. , ... mos ...... ds. 
10 

I\'A)\E OF ill (~igned) .. 
l'ATHEH. 

. .............. , )I.D, 

... , 1\)1 (Adrlrr-<~) ... . 

-

'_'CHCt_R_' __ "_'_"_A_'_" _ _c:_:_ ______ ]l' C-~::;t-a~~~~5-,.-s.,-c-.-u-~i-n-g-,-,,-,-,,-o-,-. ,-.-,-,,-<h-, OF 11.\'rHfm ::;?d'(l~-~-·~e,:~f~e~'",t'~~;"J:,~~!J. '~:f~i~~],0~/nj~~i: 
(:'>tate or country) ~L<hl. 

l2.:0.fAIDEN 1\A:UB li 18 I·.J:"[>o;(;l'H OF RESIDENCE (]'or Hospitalf'., 
OF .Mo·.rnE:R II In~tit.ntton.-:;, 'frart_~ients, or Jktcutn.esi-

--,----------------l tlenl'e). 
13BIRTHPI . .H"B I At place ol denth ...... yr~ ....... mos ....... rls. 

Of )10THEil. I tl St t l (8tate or conntry) 11 IC' u e.. .. ... yrs ...... mon ....... l s. 
-:-:-:c'--------'-'-------1~ Where w;t:-< di~ca.sc contracted, 
14 THE Al!OYE Ul TR"CE TO '1'IlF. REST OF if not at ]I lace of (\eat.h t ....... . 

lilY K!'!Owu:nGB "E'ormer or u~nal re,;[(len.cc .. . 

\ (Informant) .... 

(Address) 

... 191 
RECilSTRAR. 

19 PL.\('E OF TIBRL\.L 
OR RlnlOV..I.L 

20rNDERTAKER ADDRESS 
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the deaths upon which inquests were held in 1920 were of 
persons who were retiU'Iled as having died violent deaths. 

The proportion of medically jmcertified to total deaths 
at ages under 1 was 2 ·1 per cent. ; at higher ages it 
remained under 1 per cent. until the age of 45-55, reaching 
1· 4 per cent. at ages 65-75. The proportion was, as 
might be expected, much greater in rural districts than 
in towns .. It was highest in the counties of Durham, 
3·12 per cent., and Shropshire 2·75 per cent.; lowest in 
North London, 0 · 03 per cent., and Middlesex 0 ·13 per cent. 
To five causes 63 per cent. of the total uncertified deaths 
were attributed, viz. old age, heart fa.ilure, heart disease, 
convulsions and premature birth. 

Death Registration in U .S.A.-The model law for the registration 
of birthe a.nd deaths provides that no body ehall be interred or other· 
wise diepoeed of or removed or temporarily held pending further 
disposition "more than seventy-two hours after death unless a permit 
for burial, removal, or other disposition thereof ehall have been properly 
issued by the local registrar of the registration district in which the 
death occurred or the body wae found. And no such burial or removal 
permit shall be issued by any registrar until, wherever practicable, a 
complete and satisfactory certificate of death has bean filed with 
bim. • • • " This insures the making of a death certificate a.nd its 
registration in· each instence of death unlees the body is surreptitiously 
and illegally disposed of. In the . rural districts· of some localities 
bodies are frequently interred in privets burial grounds a.nd on farms 
in some chosen spot on the premises. Under these conditions bodies 
would occasionally be buried without registration, · due to ignorance 
of the law. To meat the nesds in such case the model!&"' sllggests 
a clause requiring every person or firm selling a casket or coffin (at 
retail) to keep a record showing the name aod address of the purchaser, 
the name of the deceased, aod date and place of death, and on the 
first of each month to report to the State Registrar the sales for the 
preceding month ; also to inclose in each casket sold a notice calling 
attention to the requirements of the 'law a.nd a black certificate of 
death. These provisions do not apply when the person selling the 
c&Sket is the undertaker in charge of the burial. 

The responsibility of seeing that a certificate of cause of 
death is properly made out and filed with the registrar rests 
primarily upon· the undertaker, according to the provisions 
of the model law, which specifies as follows:-

SEcTio!l'b.-Thattheunderteker,orperson&etinguunderteker,sball 
file the certificate of death with the local registrar of the district in 
which the death occurred and obtain a burial or removal •permit prior 
to any disposition of the body. He sball obtain the required peraonal 
and statistical particulars from the person best qualified. to supply 



THE REGISTRATION OF DEATHS 161 
them, over the signature and address of his informant. He shall then 
present the certificate to the attending physician, if any~ or to the 
health officer or coroner, as directed by the local registrar, for the 
medical certificate of the cause of death and other particulars necessary 
to completo the record, as specified in Sections 7 and 8. And he shall 
then state the facts required relative to the date and place of burial 
or removal, over his signature and with his address, and present the 
completed certificate to the local registrar in order to obtain a permit 
for burial, removal, or other disposition of the body. The undertaker 
shall deliver the burial permit to the person in charge of the place of 
burial, before interring or otherwise disposing of the body ; or shall 
attach the removal permit to the box containing the corpse, when 
shipped by any transportation eompany : said permit to accompany 
the corpse to its destination, where, if within the State of.--, it shall 
be delivered to the person in charge of the place of burial.. 

11 



CHAPTER XV 

· DEATII CERTIFICATION 

TaB revelations of the early returns of the Registrar-General 
as to the appalling mortality, especially from fever and from 
dia.rrhcsa., in most of the large .towns of England and Wales 
were a., main impetus to sanitary work, and it is scarcely ,an 
exaggeration to maintain that modem sanitary science owes 
its continuance and extension to the registration of deaths 

. I 

and of their causes, and to the localization of the main forces 
of disease thereby insured. By this means, combined with 
the census returns, it has been possible to submit to numerical 
a.n&lysis the facts relating to the laws of vitality, the influence 
of age and sex, of civilization, occupation, locality, season, 
and many other agencies ; and our knowledge of all the 

,facts bearing on health and disease has attained a. precision 
never before known. . 

The annual and weekly statistical returns of the Registrar­
General and of local medical officers of health have drawn 
forcible attention to the local incidence of deaths, and it 
has thus become impossible to· ·maintain complete inertia 
in respect of preventable sickness. AI! Benjamin Ward 
Richardson, writing of Fa.rr'e reports, eloquently said : it is 
now no longer true that. pestilence waJketh in the dark. It 
is measured and registered, wa.lk!)th at last in the open day. 

The form of certificate of death which the medical attendant 
on any deceased person, is required to give is printed on 
page 158. For comparison the corresponding American 
standard form of certificate is also given. 

· Ambiguous Certificates.-The accuracy of registration 
of causeS of death depends on the accuracy of the death 
certificate·of the medical attendant, an essential fact which 
emphasizes the importance of direct instruction of every 

"biedical student in the duty of certification. Death certifi-
catrbn · cannot be more accurate than medical knowledge, , .. 
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and in a. certain number of cases ambiguous certification 
is inevita.blc. The attempt to substitute for an ambiguous 
an unambiguous entry, which is not backed by corresponding 
medica.! knowledge, involves misleading pseudo-accuracy in 
statistics. 

There are several reasons for ambiguous and indefinite 
certifica.tion of causes of death. (1) As indicated above, 
the medica.! a.ttendant, even though possessed of average 
medical knowledge, is doubtful of the real nature of the 
decea.sed's illness, and is unable to obtain an autopsy to 
clear up the diagnosis (see illustration p. 169). In exceptional 
rases doubt may continue after the autopsy, either because 
the pathologist was not competent, or because of essential 
obscurity in the case. The certificate of death is required 
for burial and for insurance benefits ; the results of patho­
logical examination may not be available until later. 
Modem diagnosis is becoming more complex, and it is 
doubtful if this difficulty can be overcome in the absence 
of adequate local professional supervision of certification. 
(2) The medical attendant is unwilling under. present con­
ditions of certification to state the real cause of death. Thi~ 
is particularly so when alcoholism or venereal disease is 
concerned. It applies to a less degree in death from cancer 
or tubercle. In some cases insurance considerations militate 
against accurate certification. (3) The medical attendant, 
through carelessness or apathy or ignorance of methods of 
certijioation, has used indefinite terms which do not convey 
the information required for classification, and which fail to 
show as fully as should be the cause of death. 

Confusion between these reasons for ambiguity has led 
to much undeserved abuse of official methods of tabulation 
a.nd classification of deaths. 

The main cause of imperfect certification of deaths is the 
third enumerated above. Happily, it is steadily decreasing, 
as is shown by the proportion of deaths which the Registrar­
General is obliged to classify as from iU -defined and 
unspecified causes. 

The gn'&ter number of these occur in infancy and old age, 
i.e. at &gt'S when the first cause of indefiniteness enumerated 
above is most operative, and definiteness of certification 
would oft<"ln be in exce8S of knowledgt>. According to the 
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uiternational rules, "ill-defined disea.ses" occurring in 
infancy and· old age are omitted from this heading, and the 
adoption of this rule in 1911 in the English nationa.l returns 
mea.nt that in 1920 only 1,734 deaths came under this 
heading, a.s compared with 33,954 if the indefinite headings 
of old age and infancy ha.d been included. Fifteen yea.rs 
earlier the number in the wider sense wa.s 50,529. The 
decrease is .due almost entirely to· fall in the number of 
deaths ascribed to old ·age and to atrophy, debility and 
mara.smus of infants. 

Inquiries Addressed to Practitioners.-For m~y years 
the Registrar-Genera.! ha.s sent letters of inquiry relating 
to selected indefinite or obscure certificates. In 1920, 
inquiries were sent from the Genera.! Register Office to 
·medical practitioners and coroners a.s. to 6,402 indefinitely 
certified deaths, and 5,452 replies were received. The main 
causes of error in certification are set· out in the " Suggestions 
to Medica.! Practitioners respecting Certificates of Death," 
prepared by the Genera.! Register Office, which are sent out 
to practitioners with books of forms of certificates. The 
following· illustrations are given in the Registrar-General's 
Annual Report for 1920, ba.sed on answers to inquiries made 
a.s above.· 

" Basic meningitis " ·is a term wrongly used, not only for 
a. type of sporadic meningococca.l infection, but also for • 
tuberculous meningitis.· "Cerebro-spina.l meningitis" ·meant 
cerebro-spina.l fever in 142 out ·of '175 instances in 1920, but 
in the remaining 33 it did not. Of 128 ca.ses returned as 
"pemphigils" of infants,. 54. became syphilis after inquiry .. 
Of 48 ,ca.ses returned !IS "croup," 10 became diphtheria, 8 
laryngismus stridulus, and 25 laryngitis; Of 70 certified a.s 
genera.! para.lysis ·ou~de a.syluins; only 40 were general 
paralysis of the insane; of 127 returned a.s peritonitis, 14 were 
tuberculosis, 4 cancer; 14 ga.stric ulcer, 28 appendicitis, 12 
pu!!rperal fever, etc. 

Loss of Comparability due to Increasin!1 Accuracy 
of Certification.-Inorea.sing definitenE)SS of certificwon tends 
to diminish comparability of ·statistics in many directions. 
Thus many deaths formerly returned a.s Cerebral Hmmor­
rhage now appear a.s Arterio-sclerosis ; and deaths formerly 
ascribed to ·Old Age .appear under Circulatory Disea.ses, etc. 
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The difficulty as regards cerebral hmmorrhage is being met 
in the Registrar-General's reports for England by listing 
separately deaths ascribed to cerebral hremorrhage caused by 
arterio-sclerosis. 

The document named above gives a list of unauthorized and 
indefinite or otherwise undesirable terms occasionally -used in 
death certification, and adds the following remarks :-

In cases where an indefinite term has to be employed because more 
definite information is Jacking, it would be .well to indicate this fact 
in the certificate. The word "id,iopathic '1 will be understood as 
indicating that the probable cause of the condition stated is unknown, 
e.g. idiopathic atrophy, idiopathic convulsions, idiopathic peritonitis, 
etc. 

By "primary cause of death u is meant (in the case of deathS 
from disease) the disease, present at the time of death,' which initiated 
the train of events leading thereto, and not a mere secondary, contribu. 
tory, or immediate cause, or a terminal condition or mode of death. 

A terminal condition or mode of death should not be entered as 
a. secondary or contributory cause. In a very large proportion of 
instances the statement of the primary cause gives all the information 
required ; in these cases nothing is gained by adding as a secondary 
cause such a condit-ion as syncope, heart failure, coma, exhaustion, 
eta. ThUll a certificate of pulmonary tuberculosis is not improved 
by addition of " exhaustion " as a oecondary cause, though if a compJi. 
cation such as " pneumothorax 11 had supervened this should be noted 
a.a a contributory cause of death. 

The following additional rules from the same source are 
of importance :-

(a) Smallpox.-In certifying a death from smallpox, the 
patient's condition with respect to vaccination should be carefully 
stated.......,...y, in one or other of the following forms: (1) No evidence 
of Vl\CCination. (2) Vaccinated in infancy only-number of scare. 
(3) Vaccinated only after infection by smallpox. (4) Stated to have 
been vaccinated, but no scars. (If tbe patient has been re-vaccinated, 
the date ohould be giwn when possible.) 

(b) Cancer.-Attention is particularly directed to tbe request that 
the eeat of primary occurrence should be returned in all cases where 
known. 

(c) Dlarrbma.-\\'hen this is due to improper feeding, or to any 
kind of food infection, the fact should be mentioned in the certi6cate. 
The Royal College of Physicians having condemned the use of the 
tenus .. go.Mro-t1lleri1il," " muco-ententi.t:• and u gastric oalarrh.'' as 
alt.oruativea for the authorized tenn "infective enteritis,'' it is hoped 
that the u"" of these italicized terms will he entirely discontinued. 

(d) Childbirth.-Whenever parturition or miscarriage bas been in 

' Aoute apocifto diseases. i.f of recent OOOU1'1'6noe, are to be con.aidered the 
primary oa- of <loath, ewn though the actual diaeaao, u tested by power 
of inleetion, be no longer preoent at the time of deatb, e.g. meules (primary) 
5 weeki; bronaho·pneumonia (Sit'COild•ry) 10 daye. 
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any way a contributoey cause of death, the Iact should be mentioned 
on the oertificates. Always· quali£y all dieeases resulting from child· 
birth or miscarriage as puerperal, e.g. puerperal septiCIElllia., puerperal 
peritonitis, etc. 

(e) Violence.-The term violenoe is understood as including all 
deaths from unnatural causee (including anathetics and poisons of 
all forms), whether accidental, ouicidal, or homicidal. 

It io rarely the duty of medical practitioners to issue certificates 
in the case of deaths from recently oustained violence, but it must 
be borne in mind that if a coroner declines to hold an inquest upon 
ouch a death a medical practitioner who has attended the deoeased 
io bound by Section 20 of the Birtbo and Deaths Registration Act, 
187!1, to give a certificate of the cause of death. When certifying 
deaths from violence which have not already been reported to the 
coroner (e.g. from paraplegia due to violenoe sustained many years 
.before death), medical practitioners ohould advise the friendo of the 
deceased to inform that official forthwith. 

The following ouggestiono as to the form of oertification of violent 
deaths are extracted from the Registrar-General's Circular to Hio 
Majesty's Coroners ( 1911)- 1 • 

. ' "In eV8l'JI' case of death by violenoe or by suspected violence, 
whether the death reoulted from the violence itself or from a 
pathological ot'ate induoed by it, the verdict should otate the 
form and means of violence, Jts accidental, suicidal or homicidal 
nature. and the nature of the injuey, e.g. fracture of skull (naluro 
of injury) due to being accidentally run over (form of t>iolenoe) by a 
motor car (,..,.,... of violence)." 

(f) Operation.-In all cases whP.re an operation has bean per· 
formed for the disease or injuey causing death, the operation, .as well 
as the disease or injUI'JI' for which it· was performed, and any second"l'Ji' 
conditions contributoey to death and resultant from the operation, 
obould be mentioned on the certificate. The interval between operation 
and death obould also be recorded. · • ' 

Confidential Certification of Causes of Death.-The 
medical certificate in thiS country is required to be handed 
to the informant, usually the· nearest relative of the deceased, 
whose duty it is to register the death. The family thus are 
advised of the cause of death, ·which usually would also 
have been discussed before the patient's death. There is 
thu~ apt to be hesitation to state any cause which would be 
regarded unfavourably by surviving relatives .. This subject, 
among others, was investigated by a Committee of the 
House of . Commons on Death Certification, 1893, who 
recommended inter alia-

' · \(2) That in each oani~ district a registered medical practitioner 
ohould be appointed as public medical certifier of the cause of death 
in cases in which a oertificate from a medical P"¥'titioner in attendance 
ia not forthcoming. 1 
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(a) That a medical practitioner in attendance should be required, 
before giving a certificate of death, to personally inspect the body ; but 
if, on the ground of distance or for other sufficient reason, he is unable 
to make ibis inspection himself, he should obtain and attach to ths 
certificate 'of the cal186 of death a certificate signed by two persons, 
neighbours· of the deceased, verifying the fact of death. 

( 4) That medical practitioners should be required to eend oertifi. 
cates of death to the registrar, instead of handing them to the repre. 
sentatives of the deceased. 

The British Medical Association on various occasions 
have advocated the reform recommended in (4) above. 
This was endorsed by Dr. Stevenson, of the General 

· Register Office, who in giving evidence before the Royal 
Commission on Venereal Diseases (Cd. 8189, p. 21), proposed 
that a doctor should hand to the relatives of a deceased 
person a certificate stating only the fact of death, and 
should be required to send by post to the registrar a second 
certificate, on which he would set out the cause of death ; 
this certificate to be confidential, ·access to it being only 
possible on the order of a Court of Justice. There would 
doubtless be opposition to this proposal from insurance e.nd 
other societies, but it would appear to be practicable for 
them to obtain independently the information required for 
their work. 

In France and Germany apparently, and in Switzerland 
certainly, as well as in some other countries, there is con­
fidential certification of causes of dea.th. Thus in Paris 
the certificate furnished by the medica.l practitioner is 
numbered a.nd kept secret by the Registration Office. The 
Swiss system is described by the late Sir Victor Horsley 
(Briti&h Medical Jour'Ml, November 7, 1914) as follows:-

The practitioner is furnished by the civil authorities with a form 
the upper part of which is detachable, and contain& only the name of 
the deoeased and a aeries number. Thia part is tom off and placed 
i.n a distinctive envelope by the practitioner in attendance, and must 
be delh·ered to the local registrar within forty -eight hours. Ths rest 
of the aerially-numbered form oontains spacee for the details of the 
oauoe of death, with a space wherein tbe practitioner can note the 
oanit.ary and eooial oonditions of the dwelling of the deceesed. Thia 
part is plaoed in a BBparate coloured envelope and BBnt with tho other 
to the local registrar, who, however, forwards thia 8800nd one unopened 
to tho Central Health Statistical Bureau. Tho practitioner ie remuner­
ated for his certificetion. 

It appears that the open form of rertificate incorporated 
iu a l'l'gi~ter R<'<'I'AAihll' to lhl' puhlir i• the Rpt'l'ial system 
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of the British Empire and the United .States. , Dr. Dunlop, 
the Scottish Registrar-General, in his evidence before the 
above-named Commission, opposed the · confidential certifi· 
cation of cause of death, relying on the rapidly improving 
accuracy. of registration. The present Scottish method 
differs. from the English in that the registrar, when notified 
by the relatives of a death, sends to the medical attendant 
a form to be filled up, with a stamped envelope for its return. 
This certificate is open. to access on payment of a fee, put 
the doctor is not called on to hand it in the . first instance 
to the relatives. 

It must remain do)lbtful to what extent the application 
of the Scottish, or still better of the Swiss system, would 
increase the accuracy of . death certification. For .such 
conditions as alcoholism and syphilis it would help greatly ; 
-for most other . diseases the effect woull!. be less. The more 
4!erious causes of defective certification of cause of deatb. 
are lack of medical knowledge, especially in regard to infantile 
deaths and .deaths. in· old age,. and carelessness or ignorance 
of the. scientific basis of death certification. 

Official Nomenclatures.-The Registrar-General's " Sug· 
gestions " to medical practitioners as to ·the certification of 
deaths recommend the . use of those terms only which are 
recognized .in ,the_ Nomenclature of the Royal College of 
Physicians of London. This Nomencl.ature must not be 
confused with the " International List of Causes of Death," 
as now adopted. for use i' the .. official reports. The two 
types. of publication deal th entirely difl'erent problems. · 

The "Nomenclature" urnishes medical practitioners 
about to certify a death Wi. h a list of acceptable forms of 
return far the individual deat with which they are concerned. 
The . " Ma.nual of the Intemat onal List of Causes of Death " 
is addressed to those, whethe medical officers of health of 
offiqial State statisticians, who re concerned with the a~~sign­
menl to one or other of 206 ·!lf/8 the many thousands of 
different forms of certificate whicn ay be received by them. 

In the United States the ndard Nomenc!atu.re of . . . 
Dis8allea and Pathological ConditiOn&,\ Injuriea and Poi8on­
inga for ·the United States, First Edition, Washington, 
1920, corresponds to the Nomenclature of the Roy~ College 
of PhY)Iicians. lt has been prepared in the Bureal,l of the 
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Census under the ditect supervision of Dr. W. H. Davis 
and Mr. R. C. Lappin, who state that this Nomenclature 
is an · attempted consolidation of eight nomenclatures, 
including that of the Royal College of Physicians, London. 

They incidentally make useful remarks on the inadvis­
ability of deleting all functional names, e.g. anremia., from 
the Nomenclature, because often "these symptoms give the 
only picture of the disease that is obtainable." A clean line 
between symptoms and diseases sometimes cannot be drawn; 
thus splenic anremia. may be a. manifestation of syphilis, 
but should not be recorded under syphilis, unless the physician 
is confident. (On this see also p. 163.) 

In this Nomenclature terms are cross-referenced, so no 
index is needed. The Manual of tke International Oause8 of 
Death, 1912 (price 1s.), published by the General Register 
Office, London, fulfils both objects named above, for it gives 
;he Intema.tiona.J List of Causes of Death, with sub-headings, 
!Uidance in classification to statisticians, and guidance in 
lertifica.tion to medical practitioners. The very complete 
ndex, if utilized, removes doubt in any difficult case of 
lertification or allocation. For a more recent edition of this 
wst see page 1 7 3. 

Rules for Selection of Cause of Death.-The general 
~doption of the International List (on this see p. 177) does 
not ensure, by itself, more than · illusory comparability 
between local and national statistics, or between the statistics 
of different countries. This can only be secured by universal 
intelligent adoption liy official statisticians of identica.l rules 
for allotment of causes of death to their appropriate heading. 

A chief source of difficulty is that the medica.J certifi­
cate frequently gives more than one cause of death. On 
page xxx-ii et Beq. of the Manual are given the rules used 
in the General Register Office, and on page xxxvi those of 
the Interna.tiona.J Commission in 1903. The two differ 
from each other in certain pa.rticul&rB. The rules of the 
lntemational CommiBBion have not been universally accepted, 
a,nd they are not free from objection. For this reason 
English workers should preferably continue to use the English 
rules, thus preserving continuity with the past. For the 
iefinite headings for single diseases, the· divergence in de­
:aiiNl rult>R for mo•t disellNl'R is not great. Tht> ntlt'8 as set 
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out in Appendix F have long been in use in the Registrar­
General's office. They deal with principles of classifica­
tion, and give specific instances of difficulty. The terms 
" primary " and " secondary " in the death certificate are 
indicative of the relative importance of the causes certified 
(see form of certificate, p. 158). They are intended to be 
used rather in a causal than in a chronological sense, though 
frequently the two will coincide. In Rule 10 of the English 
Office a. chronic is preferred to a.n acute disease, while the 
corresponding French rule prefers a.n acute to a chronic 
disease. It would doubtless help in securing international 
uniformity in selecting the cause of death if the same form 
of certificate came into use in' each country, In Continental 
countries merely " cause of death " is asked for. American 
a.nd English certificates are now somewhat similar in the 
information required. ' 

Limitation to Disease "Present at the Time of Death." 
-This limitation, with the proviso stated in the footnote 
on page 165 (Manual, p. xxxviii) is only given in the English 
rules, though the international rules almost imply the same 
condition. 

It is based on practical considerations.· To act otherwise 
would involve complex considerations of causation. The 
further one goes back in the history of a patient, the more 
involved becomes the nature of causation. Thus every' 
physician would agree in certifying Ia death from valvular 
disease of the heart ; but there ·would be disagreement as 
to .whether it was caused by the rheumatic fever from which 
the deceased suffered 30 . years ago, or the syphilis which 
he acquired 10 or 15 years ago. (see also p. 486). 

Accuracy of Statistics of Causes of Death.-America.n 
experience is similar to that of England on this point. The 
Physician.&' Pocket Reference to the I nternation.al List. of 
Oamea of Death is sent on request to every physician in 
the United States, but the task of including nearly 900,000 
deaths within the 189 (now 206) titles of the International 
List, especially when many physici&ns fail to use this guide, 
is great. . The extent to which medical diagnoses may err 
is illustrated by the following extracts from fignres relating 
to 3,000 autopsies in hospital practice in Boston, Mass., 
compiled by Dr. R. C. Cabot. Th!' correct diasnoois pt>r 
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100 cases assigned during life to each disease were as follows : 
diabetes mellitus, 95 ; typhoid fever, 92 ; aqrtic regurgitation, 
84; cancer of colon, 74 ; lobar pneumonia, 74; chronic 
nephritis, 74; cerebral tumour, 73; gastric ulcer, 72; acute 
nephritis, 16 ; broncho-pneumonia, 33 ; acute endocarditis, 39 ; 
miliary tuberculosis, 52 ; active phthisis, 59. The results 
for phthisis are curious, and do not fit in with general 
experience. For both acute infectious diseases and tuber­
culosis, death certification may usually be accept~d as not 
very inaccurate ; a possible exception is measles, deaths from 
which are sometimes returned as broncho-pneumonia, the 
primary disease being omitted from the certificate. On the 
other hand, Bright's disease, apoplexy, and certain cardiac 
affections are liable to be erroneously stated. 

AB in England, circular letters have been sent, together 
with copies of the Physicians' Pocket Reference, eto., to 
physicians in various parts of the United States requesting 
more precise statements of causes of death in cases reported 
as due to u meningitis," "paralysis," "convulsions," 
" pneumonia," and "peritonitis." 

A paper by L. I. Dublin and E. W. Kopf (Quarterly Pub­
lication of the American Statistical Association, June, 1916) 

·gives valuable figures of special action to the same end taken by 
the Metropolitan Life Insurance Company, New York. After 
acting first on a smaller scale, at last some 8·5 per cent. of 
the certificates of deaths received in the office were made 
the ~object of inquiry from the certifying physicians. The 
following selection is taken from the printed table of 
results:-

PRoPORTION or DEATHS BUORB INQUIRY ( = 100) TO Nt1liBER 
AlTER INQUIBY. 

Simple peritonitia 
Paralysia without apeciRHI 

MU ... 

Simple me-ningitis 
Looomotor ataxia .. 
Otu1eral paralyUs of the inNne 
Al'ute Dflphritia 
C&nt"er of UUHJMtcoi6od aite .. 
Lung tuOOn"uloaia 
Appendiciti.a •. 

60 

63 
68 
78 
so 
81 
DO 

100 
IlK 

Cerebral hO!IIlorrhage and 
106 apoplexy 

Inftuenza . . 109 
114 
121 
124 

Tubflrculoua meningitis 
Alooholism. (acute or ehroni<") 
Traumatism by fall .. 
Syphilis • • . . 
Gonocoeeal infoet.iOD 
Cerebro-spinal fever .• 

17$ 
230 
388 

The figures opposite each disease represent the extent of 
presumably increased accuracy of certification produced by 
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tha inquiries. Although the answers to inqltiries were in 
most instances pro,bably not based on the results of autopsies, 
they give useful indications of relative degrees of accuracy 
in certification. The changes under alcoholism, syphilis, and 
gonorrhtea are significant. 

A further remark is desirable on the additions made to 
syphilis in this investigation. Of 1,031 additions to the 
original, 1,322. entries under this heading, 148 were from 
locomotor ataxia, 49 were from general paralysis of the insane, 
and 104 from a large number of conditions, spinal lesions 
predominating. The advisability of transfer of deaths from 
locomotor ataxia and general paralysis of. the insane to syphilis 
in classification is doubtful. The presence of syphilis was 
implied in the certificates as returned, and by their con· 
cealment under the general heading qf syphilis much is 
lost (p. 485). · · 



CHAPTER XVI 

THE TABULATION AND CLASSIFICATION OF 
CAUSES OF DEATH 

·THE Manual of the International List of Causes of Death, 
1912 (price ls.), issued by the General Register Office, London, 
contains an admirable study of this subject, which is freely 
used in this chapter. A new edition of this will be shortly 
issued (l!l20 revision, see Appendix). 

Some scheme is necessary in tabulating the causes of 
death for statistical presentation. The two chief sources of 
such statistics in this country are the reports of the RegiBt!ar­
General and of local medical officers of hea,]th. A mere 
alphabetical list of the number of deaths under each heading 
would be too unwieldy for practical use, and deaths thus 
arranged would not show any natural relations of one disease 
with another. 

Natural relations might be maintained by enumerating 
single diseases according to their anatomical site, or in 
accordance with their supposed causation. In tabulating 
English national statistics Farr recognized from the beginning 
the difficulties of classification according to cause, and adopted 
officially a regional arrangement according to anatomical 
sitt's involved. Such an arrangement is more stable than 
a classification by causation, which changes with increasing 
pathological knowledge ; and it is in fact the only possible 
classification for practical purposes. There are, however, 
some diseases which do not lend themselves to this method 
of classification, viz. { 1) infective diseases, due to infection 
ab extra, which may attack various parts of the body; {2) 
other general diseases, which may be the result of infection 
hitherto unrecognized, or of some dietetic error, or be of 
unknown souroe, e.g. cancer, rickets, etc. The main groups 
of the international rlassification are given below:-

ns 



174 THE ELEMENTS {)F VITAL STATISTICS 

I. Epidemic, Endemic and Infectious I>ise&les (1-41) 
II. General Diseases not included above (42-69). 

ill. Diseasee of the Nervous System and Sense Organs 
(7o-86). 

IV. Diseases of the Circulating System (87-96). 
V. Diseases of the Respiratory System (97-107). 

VI .. Diseases of tne Digestive System (108-127). 
VII. Non-Venereal Diseases of the Genito-Urinary 

System and its Annexa (128-142). 
VIII. The Puerperal State (143-150). 

IX. Diseases of the Skin and Cellular Tissue (151-154). 
X. Diseases of the Bones and Organs of Locomotion 

(155-158) • 
. XI. Malformations (159). 
XII. Diseases of Early Infancy (160-:-163). 

Xill. Old Age (164). ' 
XIV. External Causes (165-203). 
XV. ill-defined Diseases (204-206). 

Those groups of causes of death are given for convenience. 
They do not constitute a natural system of classification. 
A high proportion of the diseases comprised'in Groups II-XIII 
and in Group XV are rea.lly inf~ctive in character, and should 
logically come into Group I. The practica.l limitations of 
such transfer are considered below. Owing to changes of 
fashion in certification or advance- of medica.l knowledge, it is 
somewhat dangerous to draw inferences from changes in the 
historical incidence, say of circulatory diseases or diseases 
of the nervous system, and. still more so to compare one 
community with another in these respects. The use some­
times made of comparisons b~ on grouped classes of 
diseases is scarcely more scientific than Mark Twain's Christian 
Science method of division of the body into "Heart, Liver, 
Lights, Bones," etc. The groups in the official tables of 
causes of death should be regarded as a necessity for compact 
tabular statement, but their use for compamtive purpoau 
&hould, a8 a. rule, be ucht.weil. (But see also.p. 183.) 

Patholo~Ucal v. Anatomical Classification of Causes 
of Death.-Acourate knowledge of the pathology of each 
disease is indispensable for scientific certification of deaths ; 
and t.here have been occ&.Bional struggles among nosologists 
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as to the relative merits of causal and anatomical grouping 
of results. The causal grouping cannot be consistently 
adopted, because the medical profession would not at present 
certify in accordance with it ; and because, if they attempted 
to do so, the certificates, written on this basis, would possess 
less value than at present, owing to inherent pathological 
doubts in a large proportion of deaths, and to changing views 
in pathology. 

The anatomical classification of disease for statistical 
purposes evidently has its limitations, and in some instances 
it is difficult to decide on which side is the balance of practical 
advantage. Thus in the recen~ International Classification 
the heading gonococcal infection appears to imply that the 
rare deaths from systemic gonococcal infection, resulting in 
endocarditis, would require to be entered as gonococcal 
infection, while a similar rule would not apply to pneumococcal 
endocarditis. Stricture of the urethra due to gonorrhooa many 
years previously wo.uld, on the other hand, be classified under 
urethral diseases, in accordance with the rule that the cause 
selected for tabulation must be present at the time of death. 

Tuberculosis and Syphilis.-On the other hand, tuber­
culosis is a well recognized infectious disease, and is rightly 
returned as such, whatever part of the body is affected. To 
place tuberculosis under the anatomical part of the body 
involved would in practice lead to confusion which is avoided 
by the present practice . 

.t\ similar remark applies, though less completely, for 
syphilis. For most parts of the body the specific or syphilitic 
di~ease should be classed under syphilis, if desired with 
anatomical sub-headings. There is great practical con­
venience in retaining separate headings for general paralysis 
of the insane, locomotor ataxy, and aneurism, which might 
be concealed if classed with syphilis. Their syphilitic 
l'haracter is adequately implied in separate classification. 

Further grouped headings are considered on pages 180 to 
186. From the above remarks and from what follows it 
is clear that grouped headings can only give approximate 
indications, and their conglomerate character should minimize 
their use for statistical purposes. But there may arise also-

Fallades of Statistics for Separate Diseases or Condi­
tions.-Of these a common but d~reasing entry is " Old 
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Age," in necessary accordance with the medical practitioner's 
certificate. In 1901 this was the assigned cause of death 
of 101 deaths per 100,000 of the population of England and 
Wales, and of 96 in the year 1909, and of 67 in 1920. When 
such deaths are stated, as they should be, in terms of the 
population living at ages over 70, it is found still that· the 
proportion has decreased. When " old age " is given in 
the death certificate along with the proximate cause of 
death,. e.g. bronchitis or cardiac disease, the death is entered 
under the latter heading. The decrease under the heading 
" old age " has corresponded generally to the increase of 
the death-rate ascribed to diseases of the heart and blood­
vessels. 

The special cases of syphilis and gonorrhma are discussed 
on page 175. 

' Illustrations of ~ifficulty in AllotnJ.ent :-
1. A somnambulist while asleep falls and dies from a fractured 

skull. 
2. A ·drunken man dies as the result of a fall from a plank. 
In both these cases the death is classified as Accidental, under an. 

appropriste sub-heading as to the nature of the accident. A secondary 
classification (p. 186) is desirable ; and for alcohohc deaths is supplied in 
a special table of the Registrar-General's Annual Reports, and in the 
Reports of the Ame ican Bureau. 
· 3. A chronic alcoholic drayman 'falls from his van and dies from 

erysipelas. The death is returned as Erysipelas (Rule 4 (e) on 
p. 607). . 

4. A man aged fatty-five dies of eerehral hmmorrhage, stated to 
be probably due to syphilis. This would ba classed with Syphilis. 

6. An epileptic falling into the fire during a fit dies of his burns. 
The special rule 4 (d) (p. 607) allots this death to epilepsy. On 

the other hand, there being no special rule to meet the case, the death 
of a patient with heart disease who faints in his bath and is drowned 
is classified under Accidental Drownill.g. 

Many other instances arise in which allotment to a single heading 
is difficult, and may be arbitrary. Thus a death may occur from 
pelvic cellulitis or abscess, following parturition si.>: months earlier ; 
this Faises the doubtful point as to the interval after confioement 
which should be allowed within which such a deeth should be 
returned as u puerperal septicamlla. n 

The following not uncommon certificates are eepecially difficult, 
and the difficulty could culy he met completely by classification of 
seco11dary causes :- · 

\ Diabetes and PhthisiS, 
~easlee and Tuberculcsis, 

' Searlet Fever and Diphtheria, 
Rheumatic Fever and Infective Endocarditie, 

. ·Cerebral Hwmorrhage and Artt rio-Solei-oeis. · 
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In the first of these, under the Registrar-General's rules, 
the death would be classified as Phthisis, in the fourth as 
the disease first named, while arterio-sclerosis would be 
preferred to cerebral hmmorrhage. In the third certificate 
the disease of longest duration, or the disease first mentioned, 
would be preferred. . 

The International List of Causes of Death.-In the 
Appendix is given the revised international list as agreed 
upon by an International Commission sitting in Paris, 
October, 1920. This represents the final stage of agreement 
for the tabulation of causes of deaths, to which the majority 
of civilized countries now conform. It provides a common 
standard for the compilation of mortality statistics, and so 
far as headings are concerned makes international com­
parisons for individual diseases practicable. The movement 
in this direction began in 1853 at the First International 
Statistical Congress at Brussels, when Drs. W. Farr and 
D'Espine were authorized to report on the subject. The list 
of diseases recommended by them was adopted by the 
Congress of 1855, and has since been revised several times. 
At the 1893 meeting of the International Statistical Institute, 
the successor of the Statistical Congress, this list was adopted 
·with some modifications, and provision was made for 
decennial revision by an International Commission. The 
history of the movement is inseparably associated with the 
name of the late Dr, Jacques Bertillon, for many years chief 
stati~tician of .the city of Paris, in whose honour it is commonly 
known as the Bertillon classification. The system was 
adopted in England in 1911, subject to certain modifications 
to ensure continuity with .records for earlier years. For 
this purpose, of the 189 titles which it comprised (increased 
to 206 in the list on page 612), 65 were subdivided into 
188 subdivisions. The recent revision will enable a great 
reduction to be made in the number of these subdivisions. 

The Shortened International List and Local Statistics. 
-For mu.ny years it has been the duty of the medical officer 
of health of the 1,798 sanitary districts in England and Wales 
to prepare an annual report embodying the chief vital statistics 
of his district. Recently an instruction of the Ministry of 
Health recommends the publication of detailed statistics 
only once in five years. From 1911 onwards the Registrar-

lll 
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Genera.!.' arranged a complete system of relegation of deaths 
to the district in which the deceased had resided, on a 
uniform system fo,r the whole ~ountry. (For definition of 
transfers.bledeath, see p&ge 195.) The short list recommended 
for the use of local sanitary reports was ms.de comps.rable 
with the international short list of causes 'Of death. (For 
ps.rticulars see ,P&ge !viii of the Annual Report of the Medic&! 
Officer to the Local Government Bos.rd, 1910-11, and ps.ge lvi 
of the Report for 19fl-12). 

On pages 'xxiii-xxv of the Manual the means of com· 
paring English and foreign returns on the shortened list s.re 
considered. The short list now in use is shown on page i79. 

Machinery of Central and Local Co-operation.-Es.rly 
in Ms.rch of each yes.r the Registrs.r-Gener&l supplies to es.ch 
co~nty medical officer of health for transmisl!ion to the 
sever&! district medic&! officers of health in his county-( I) a 
statement showing the population, births by sex and 
legitimacy, deaths by sex from the diseases in the Short 
List of Causes of Des.th used in his Annua.l. Reports, and tot&l 
des.ths of infants under 1 year of s.ge by sex and legitimacy; 
and (2) & summary of the -yi.t&l statistics for England s.nd 
W&les and groups of towns for the year; Duplicates of the 
s.9ove s.re &lao sent to each county medic&! afficer of he&lth 
for his own use. · 

In 'April, each county medical officer of. he&lth receives. 
a st&tement of deaths from the .ca.uses in the " Short. List " 
by sex and age for the aggregate-of urban and the aggregate 
of rur&l districts in his county. 

The Registrar-General is. prepared, when desired, to forws.rd 
to the medic&! officer of he&lth of each metropolitan or· 
county borough about· the middle· of February a. table of 
the Short List of Causes of Deat!i by sex and age for his area.. 

The use of these centrally supplied tables obvis.tes much 
laborious a.nd irksome work on the ps.rt of the loo&l medica.! 
officer of he&lth. It furthermore ensures accurate loc&l vit&l 
statistics. This is a.l.l to the good ; and the risk ths.t the 
local h~a.lth officer may be tempted to avoid the important 
duty of. sl;udying we!'k by week the death returns in his area 
will no\ be realized if he is intelligent and conscientious. 

The annual statistics thus tabulated relate to the births 
arid deaths registered during the ca.lend&r year, and are 
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corrected for inward ~nd outward ·transfer {see pp. 80 and 
1911). They differ, therefore, from uncorrected figures 
compiled locally. 

SHOBT LisT OJ' CAUSES OJ' DEATH. 

No. Dlaoaae. 
I. Enteric Fever. 
2. Smallpox. 
3. Measles. 
4. Scarlet Fev~r. 
5. Whooping Cough. 
6. Diphtheria. 
7. lnfiuenza. 
8. Encephalitis Lethargica. 
9. Meningococcal Meningitis. 

10. Tuberculosis of Respiratory System. 
11. Other Tuberculous Diseases. 
12. Canoer, Malignant Disease. 
13. Rheumatic Fever. 
14. Diabetes. 
15. Cerebral Hemorrhage, eto. 
16. Heart Disease. 
17. Arterio·sclerosis. 
18. Bronchitis. 
19. Pneumonia (all forma). 
20. Other Diseases of Respiratory Organs. 
21. Ulcer of Stomach or Duodenum. 
22. Diarrhma and Enteritis (under two years). 
23. Appendicitis and Typhlitis. 
24. Cirrhosis of Liver. 
25. Acute and Chronic Nephritis. 
26. Puerperal Sepsis. 
27. Other Accidents and Diseases nf Pregnancy and Parturition. 
28. Congenital Debility and Malformation, Premature Birth. · 
29. Suicide. 
30. Other Deaths from Violence. 
31. Other Defined Dise&Bee. 
32. Caueee ill·defined or unknown. 

This list conforms to the rule previously enunciated. 
Few group items are inoluded, and those left are to be regarded 
as a convenient aggregation of residu&! less important diseases, 
though speci&! circumstances might arise neoe..qgitating careful 
investi~stion of any one disease in this conglomeration. 

Fallacies of Statistics for Groups of Diseases.-The 
errors implied in historic&! or internation&! comparisons of 
death-rates from groups of diseases may be gathered from the 
following illustratiOllS :-
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ENGLAND pm WALEs. 

DeaiA.rtJU , ... MilWm PoriiOM lAving Jrom 8omtJ (hooupo oJ DIHaou. 

Diaeaaea of the nervous ayateml 
Diseasea of the bloodveasels1 

Diseases of the liver and gall bl&dder • 

1008. 

1,032 
874 
175 

1020. 

'674 
1,097 

87 

I Excluding cerebral luemorrhage, apoplexy, hemiplegia.­
' Inoluding oerebral hiBDiorrh&ge, apoplexy, hemiplegia. 

Reference to the detailed. International List of Ca.uses of 
Death shows the complexity of diseases included in these 
groups. The first, f01; instance, embraces meningitis and 
chorea, a.s well as syphilitic diseases ; the second arteria-
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Fxo. 18.-Engiand and W&lea: ·Death-rate per Milllon Males at E&ob 
Age-Period over 25 in 1881-90 and 1901-10. 

A, Valvular diaeaaes of tho heart, endooarditio and angina pectoris. 
B, Acute and olp'onio nephritis, Bright"a diseaae. 

scleroais and phlebitis, as well as aneurism and some other 
diseases ; while the third includes alcoholic cirrhoais of the 
liver and other conditions., The utmost caution is needed 
in comparisons based on deaths under the above headings, 
wh!lther the w.hole of each group or selected members of it 
are used •• 

Heart diseases and diseases of the respiratory system 
require separate discussion. 

· Cardiac Diseases.-Organic heart disease forms one of-
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the chief causes of death. But the s'a.me lesion ma.y ha.ve, 
in different ca.ses, differing origin ; a.nd attempts to classify 
the members of this group according to causation, although 
desirable, necessarily increase confusion unless the frequent 
occurrence of transference between members of the group 
and between these and causes of dea.th previously included 
in other groups is remembered. In Fig. 16 a. comparison 
of the age distribution of dea.th-rates from valvular ca.rdia.o 
diseases at ages over 25 in two decennia. is shown. The 
dea.th-rate from these diseases ha.s greatly increased a.t the 
higher ages ; but this figure should be compared with 

• ' -
'i= -. ••••• -!-• • 

F10. 17.-Englond and Waloo: Death-rate per Million Males at Different 
Age-Periode in 1881-90 and 1901-10. 

A, Group of diaeaeeo with deoreaeing death-rate.• 
B, Group of dieeaeoo with inoreaeing death-rate.• 
C, All other oausea of death. 

l C.&.USB:9 

Group A. lJecretving from 
1881-90 to 1901-10. 

Smallpox 
Meaaleo 
Scarlet fever 
Whooping oough 
Croup 
Entorio fever 
Sy hilia 
Tu~ulosia 
Rheumatic fever and rheum&· 
~ of tho hoan 

Moningitia 
Epilopoy 
Laryogitio 
Bronohitia 
Plourioy 
Violeo.oe. 

OJ' DEATH. 

GrOup B, lf1Cf'8CIIing from 
1881-90 to 1901-10. 

lnfiuenza 
Diphtheria 
Diarrhmal dieeaeeo 
Pneumonia 
Canoor 
Diabetee mellitua 
Valvular dieeaeeo of heart, en do· 

oarditia • 
Nephritia and Bright's diaoaae 
Suicide 
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Fig. 17, before it is concluded that any real increase in 
the death-rate from cardiac disease has occurred. In A is 
shown the combined death-rate from all the diseases in 
group A 1 according to age in two decennia at intervals of 
20 years, in B the corresponding facts for group B and in 
C ,for all other causes of. death is shown. 

A comparison of A, B, and C, confirmed by the table on 
page 180, shows a decline in the aggregate of all causes of death. 
Evidently, then, there are three possibilities: (1) increased 
mortality from cardiac diseases in middle and ' advanced 
life has been more than counterbalanced by decreased 
mortality from other diseases ; or (2) there has been merely 
transference of entries owing to gradually increasing accuracy 
of certification of deaths ; or (3) these two factors are repre­
sented in the results to an uncertain extent. 

In the International Classification (p. 615) subdivisions 
of cardiac diseases are given, and in the Registrar-General's 
Annual Review, 1921, the classification is a.S follows:-

87. Pericarditis. 
88. Acute Endocarditis and Myocarditis. 
' (1) Infective endocarditis. 

(2) Other acute endocarditis. 
(3) Acute myocarditis. 

89. Angma Pectoris. 
90. Other Diseasea of the Heart. 

(I) Aortic valva diaaaoe. 
(2) Mitral valve di..-. 
(3) Aortio and mitral :valve dieease. 
(4) qther or UDSpecifted valve diaeaee. 

A pathological classification of the 11-bove conditions 
would imply an exact !mowledge of the causation of each 
case. A large share, probably tpe great part of the total, 
besides the deaths definitely returned as " infective or 
ulcerative endocarditis," is caused by infection by special 
micto-organisms; of which the commonest are the rheumatic, 
the syphilitic and the pneumococcic, though the meningococcus, 
the diphtheria bacillus, and various septic organisms are 
responsible for many cases of endocarditis. To attempt 
such a subdivision of deaths is hopeless, and this is an 
inStance in which the whole group is more instructive than . ' 

• Sea footnote on preeeding page. 
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subdivisions of it. But the whole group cannot be trusted 
numerically, especially for comparative purposes ; and if 
any use is made of it, the fact that it is a conglomerate and 
not a unit needs to be borne constantly in mind. 

Respiratory Diseases.-8imilar considerations apply to 
respiratory as well as to circulatory diseases. Grouped 
returns are open to criticism, but the individual items of 
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Fui. lB.-England and Waloa: Death-rate per Million Males a' Eaoh 
Age-Period in 1881-90 and 1901-10 from-

A, Pneumonia. B, Bronchitis. 

each group vary according to fashions in certification and 
advance in knowledge. For pneumonia and bronchitis there 
is the special difficulty that in the earlier period the primary 
influenza or measles which preceded the pneumonia or 
bronchitis in all probability was oftener omitted from the 
certificate of death than in the later period. In the above 
curvl'!l the death -rates from pneumonia and bronchitis in 
Engilmd and Wales among males at various ages over 25 
for the two periods ISSI-90 and 1901-10 are compared. 
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Internationally the difficulty is greater still. I RBSPIBATOBY DIBBA.SBS. 

Proportion of Total ·neath·ratea per too,ooo, Deaths from Respiratory 
J?laoaaes, 1918. . lll06-10./ 

/ 
Franco. England. En~and 

and ales. 
Rtlg(stratlon 
Area, u.s. 

' 
Pneumonia .. .. 32 24 123 i 144 
Bronchitia .. .. .. 29 47 - 110 26 
All other respiratory diseases .. 39 29 20 18 

\ 
100 100 253 188 

The total respiratory death-rate~ in France and England 
in 1913 (not given in the above table) were similar, but the 
deaths were ·very differently distributed, as shown by the 
figures of proportionate mortality given • above. The contrast 
given in the same table between death-rates in England and 
in _the United States shows a. great unexplained excess of 
mortality from bronchitis in England, In the following 
diagrams, for which I am indebted to Mr. T. J. Duffield of 
Harvard University, an interesting compa,rison of the death­
rate from tuberculosis and from bronchitis in three countries 
is made. Judging fi:om this diagram it would appear 
improbable that the higher death-rate from bronchitis in 
England is due to transfer from tuberculosis, though this 
possibility is not entirely excluded. The 'second diagram 
shows the relative death-rate from bronchitis in each of tlje 
three countries ; the enormously excessive death-rate from 
this disease in England at 'ages 65 and over, and the smaller 
excess of the death-rate from this disease in Australia. as 
compared with the United States at the same age-period 
are . displayed ; and the third diagram, showing the smaller 
lleath-rate from tuberculosis at ages over 45, lends colour 
to the possibility that at these ages there may be still 
som,., though a. diminishing, confusion of tuberculosis with 
bronchitis. There is much difference of opinion as to the 
frequerli<',.}' of senile tuberculosis. Owing to emphysema the 
results of\physical examination may be dubious, and reliance 
must be pl~ced on the discovery of tubercle bacilli in the 
sputum. In \the. United States the certification of chronic 
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bronchitis is discouraged: thus in New York medical certifi­
cates stating chronic bronchitis a.s the cause of death /are 
sent back for revision. These facts introduce doubt intc( the 
oompa.risops shown in the diagrams. , 

The preceding facts support the conclusion that a 
historical comparison of aJl respiratory diseases (excluding 
_tuberculosis) together1 or of bronchitis and all forms of 
pneumonia. together, 1s more likely to be trustworthy than 
a comparison of each respiratory disease. separately. 

Double Classification.-Evidently, whatever ru).e be con­
sistently applied in •classifying (i.e. allotting) deaths according 
to cause, if twQ conditions are named on the certificate, there 
is some loss of knowledge. For instance, if a patient with 
cancer dies under an a.nresthetic administered for its removal, 
it is important to tabulate the death both to cancer and 
to the anresthetic. So also when a patient dies from 
pneumonia. after accidental immersion, or from · tetanus 
after a. railway injury. This can only be done by subsidiary 
tables. For many years such subsidia.ry tables ha.ve been 
published in the Registrar-General's reports for morta.lity in 
connection with childbearing, and for deaths in which alcohol, 
anresthetics, tumours, etc., were concerned. Such ,dual classi­
fica.tion is especially valuable when dealing with statistics 
of alcoholism and some other conditions. 

In the Registra.r-General's ·Annual Report. for 1911 was 
begun the ta.bula.tion of a number of ·causes .of death in · 
which secondary a.re sta.ted in conjunction with the primary 
cause of death, ea.ch sepa.ra.te combina.tion of causes being 
tabulated sepa.ra.tely. Thus in the 1912 report is given ·a 
valua.ble sta.tement in two ta.bles of the different combina.tions 
of certifica.teA all coming under the heading Syphilis. It 
wa.s proposed to complete the t,ea.tment of all diseases by 
j;his method in about ten yea.rs, but unfortuna.tely the wa.r 
intervened. It will doubtless be continued, in view of its high 
medical value. 

By such tables can be seen how many cases of broncho­
pneumonia. a.re concealed behind the main entry of whooping 
cough or mea.sles ; in how many deaths from tuberculosis 
diabetes wa.s a.ssociated with the fatal result ; what association 
in the opinion of the certifying physician there wa.s between 
cerebra.I hemorrhage and a.;tezio-sclerosis, a.nd eo on. 
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For the United States Death Registration Area a similar 
classification of Contributory Ca'U8u of Death in relation to 
Primary Ca'U8u of Dwth has been made since 1917 in the 
Federal Mortality Statistics. In that year 35 per cent. of 
the total deaths having a double assignment of causes of 
deaths were thus tabulated, and it is pointed out in the 
Annual Report for 1918 that "an occasional tabulation of 
this kind is essential to paint properly the mortality picture 
of the various causes of death." In 1917 alcoholism was 
credited in the regular tables with only 3,907 deaths, but 
the contributory table shows that 5,363 other death cer· 
tificates had alcoholism given in them. Bright's clisease, 
again, was credited with 74,369 deaths, but this was given 
as a contributory cause in 23,180 further deaths. In measles 
we learn that of 10,442 deaths, more than half had pneumonia 
as a contributory cause ; and in scarlet fever in 507 out of 
3,124 total deaths nephritis is also given on the certificates. 
Other instances are given in "Mortality Statistics " for 
1918, exemplifying the value of these supplementary tables. 

These American returns give only one secondary cause 
of death in each case, and the f~llowing illustration shows 
the difficulties in comparing international statistics. In 
"Mortality Statistics" for 1918, out of a total of 62,417 
deaths from cerebral hmmorrhage, 14,842 were complicated by 
arterial disease, but there were only 24 from arterial disease 
complicated by cerebral hmmorrhage. In England, as stated 
on page 180, cerebral hmmorrhage is treated as secondary to 
and .therefore a complication of arterial disease. That this 
implies incompleteness of classification of contributory causes, 
or that the practice in certification is very different in the two 
countries, is further suggested in the following table, giving 
the number of deaths from three diseases, which are closely 
inter-related through the occurrence of cerebral hmmorrhage :-

18!0. No. ot Deathl from Proportion from ~ Cauae to 
100 Deal.bl from 

DIR- C"f.Tebral Blltbl's of B•mor- .lJI Tbreo ~-
A nut• . ........ Diloue. 

(1) (!) (Sl (1) (!) (Sl 
tl'nitecl Stawo .. 1a,a11 70,780 72,f88 11·1 ""' ... , 
J:Daland ~md Wt.leo 11,025 11.107 (0,8Ql 15·0 10·0 13·6 • 
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Arterio-sclerosis is not provided with a. separate column 
in the American statistics ; in England it appears to be 
superseding cerebral hamiorrhage as a cause of death. Renal 
disease is a common cause of cerebral hremorrhage ; and the 
fact that deaths under this heading are 7 times, while 
deaths under cerebral hremorrhage are only 2} times, as 
many in'the United States as in England, points to considerable 
incomparability in the data. 



CHAPTER XVII 

DEATH-RATES 

THE circumstances under which life ends are of primary 
importance to the hygienist and the social investigator. 
Assuming that accui'ate and complete population and 
mortality returns are available, deaths need to be considered 
in relation to age and sex, the place of death, the race, social 
conditions, occupation, marital condition of the deceased, 
and according to the certified caus~ of death. The items 
thus enumerated do not exhau~t the possible categories. It 
will be seen that death-rates may be classified as general or 
specific, the first relating to all causes of death and to the 
general population, the second to special causes of death, or 
to deaths in special groups of the population. Whether 
general or specific death-rates are under consideration, two 
rules must always be followed:-

, lst. The population used must be precisely that which 
produced the deaths contained in the death-rate ; and con· 
versely the deaths must comprise all the deaths occurring in 
this population and no others. 

2nd. The preceding rule, which is the rule as to population 
"exposed to risk," should apply with equal rigidity to special 
death-rates for different ages, for the two sexes, for ocoupa· 
tiona! groups, and for special causes of death. 

These rules carry with them the execution of the method 
adopted in Great Britain since 1910 of transferring the records 
of deaths which occur elsewhere than in the administrative 
area in which is the home of the patient (p. 195). They 
embody the only sound principle of giving, so far a& i'l 
practicable, " all the deaths occurring in the population " of 
a district, which may be more or less than all that occur in 
the district. They avoid, furthermore, the impoosible task of 
attempting to allo<'ate deaths to the place where presumabl1 
the fatal disease was contracted. 

1111 
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General Death-rates.-A general death-rate is the number 
of deaths occurring, among a given number, say 1,000, of 
the population, duriw; a unit of time, which, unless other­
wise stated, is always taken to be a year. 

Estimation of Death-rate.-The death-rate may be 
reckoned-(!) in proportion to every thousand of the. mean 
population; or (2) the proportion of deaths,' taken as unity, 
to the whole population may be stated. Thus, a death­
rate per 1,000 of 19·3 is equivalent to 1 in 51. This second 
method has only historical interest. 

In. problems of life contingencies it is assumed that the 
deaths in each year of age a.re uniformly distributed. 
This assumption introduces an error which, except in the 
first two years of life, is very small. For the first two years, 
the recorded deaths a.re given by months iii the Registrar­
General's reports. The ratio between deaths and population 
is known as the rkath-rate or rate of mortality, having been 
so-ca.lled by Farr. By actuaries, however, it is known as the 
central death-rate, the name rate of mortality being reserved 
for the probability of dying in one year, qz. 

Death-rates for Short l>eriods.-An annual death-rate 
per 1,000 implies the number of deaths· th.at occur among 
1,000 persons during a complete year. Death-rates for 
shorter periods a.re calculated: on the assumption that the 
deaths would have continued in the same proportion during 
the remainder of the year. By this means the weekly­
annual death-rates are placed ·on the same basis as the 
annual death-rates, and the figure~ a.re on a scale with which 
aJI are familiar. It is evid\lnt that the shorter the period 
'to which a death-rate ~fers the greater the liability to error, 
owing to accidental causes of variation. The death-rate for 
a short period expre5ses a fact, tne errors only arising when 
we draw too wide · inferences from it. Large fluctuations 
from accidental causes occur, especia.lly in connection with 
sma.II populations. A temporarily high death-rate may, for 

· instance, mean that, owing to the prevalence of inclement 
,,., ..... _ - .....,nsiderable number of unstable and fragile lives 

".,..ths slightly hastened. 
· ·~ a weelt might be obtained, if there 

..a!toa•· • vear, by multiplying the deaths 
., by 52, and then proceeding 
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as for an annual death-rate. But the oorrect number of 
days in a natural year being 365 · 24226, the correct number 
of weeks is 52· 177 4 7. Thus, if the population ot .a town is 
143,956, its weekly population is 

143,956 = 2 758 
52·17747 ' ' 

which is assumed to remain constant for the year for which 
the ca.lcula.tion is required. If there a.re 35 deaths in ·one 
week, the a.nnua.l dea.th-ra.te for the week in question 

= 35 X 1,000 = 12•69 
2,758 

The alternative method of multiplying the deaths of 
each week by 52·17747 would require an additional arith­
metical calculation each week. 

Dea.th-ra.tes for rock quarter refer to the 13 weeks most 
nearly corresponding with the natura.! quarter ; and the 
quarterly population is obtained by multiplying by 13 the 
population of one week. 

The death-rate for the entire year is sometimes made to 
·relate to 52 (or 53) weeks, and sometimes to the 365 (or 
366) days of the calendar year. The latter plan should be 
followed. 

The death-rate, expressing the proportion borne by deaths 
from all oa.uses to each thousand of the population, is known 
as the crude death-rate. The fallacies detracting from ilfJ 
use for comparative purposes must always be borne in mind. 
These relate chiefly to unusual distribution of persons of 
difftlrent ages and of the two eell:es. The crude death-rate 
must be regarded as a first test of the vitality of a popula­
tion. When used as a test of the salubrity of a small dis­
trict, especially when an exceptionally low death-rate is con­
ocrned, it is to be regarded with suspicion. Some BOUf!lB of 
fallacy almost ocrt&inly lurks in the returns. The popula­
tion in question may contain a large excess of women and 
very few children under 5, and adequate correction for 
"external deaths" (see p. 195) may not have been made. 
The crude death-rate for one year in an area with a small 
population may be compared with the death-rate in the same 
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' area in other years, within the same decade, but not. legiti­
mately with the death-rate of .other a.rea.s. Even for larger 
towns. marked clliferences in the distributio1C of population 
according to age a.nd sex exist, and standardized death -rates 
(p. 224) are to be used in preference. Thus the factor of 
correction (p. 223), 1911 census, for Bath was 0·8648 and for 
Burnley 1·1051, and the crude death-rates of these two 
towns in_1912 were 12·9 a.nd 15·0, the standardized death­
rates being 11· 2 a.nd 16 · 6, 

Corrections for Residence.-The chief difficulty in secur­
ing accurate loca.l death-rates arises from the stea.dily increas­
ing resort of patients to public institutions, such as hospita.ls, 
asylums, nursing homes, which are often situate outside the 
area in which the patient previously resided. For ma.ny 
years correction to a certain extent has been made in English 
statistics for such deaths. 

• The previous residence of persons dymg in institutions is 
in ea.ch instance inserted in the weekly death-returns received 
by the medical officer of health from the local registrar of 
births a.nd deaths in: order to afford to the medica.l officer of 
health the means for obtaining the information necessary to 
correct the death statistics of his district. Until recently, 
however, in many small urban a.nd rura.l districts this · cor­
rection has been avoided, a.nd erroneous because defective 
death-rates have been published. Evidently without further 
machinery the medical officer of health is enabled to exclude · · 
his " outward transfers," but riot to include his " inward 
transfers." 

A useful example of the theoretical corrections needed is 
furnished by the following · Ca.se reproduced from the first · 
edition of this book:-' 

'l'he Wandsworth sub-district of' the Borough of Wandsworth, 
London, hsd within its borders the County Lunatic Asylum, the 
Hospital. for Incursblee, St. Petsr's Hospital, Wandsworth Prison, 
and·the Royal Patriotic Asylum for Girls ; and it sent its sick poor to 
the Wandsworth and Clapham Workhouse Infirmary, which was outside 
its borders, while some of its inhabitants died in the large metropolitan 
hospitals. 

Total deaths in Wandsworth in 1885 were • • 628 
Of these there occurred in its internal institutions • • 132 

In addition there occurred in the Union Infirmary and other out· 
lying institutions 78 deaths. · 

'l'he mean population of Wandsworth in 1885 was 31,497 • •. 
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(I) The death-rate, uncorrected for deaths in internal inetitutions, 
a.nd not including deaths in outlying institutions, was-

628 X 1,000 
31,487 = 19·83 per thousand. 

(2) In order to ascertain the death-rate corrected for internal 
institutions without including the deaths in outlying institutions, we 
must ascertain the population of it8 in~~tituUono as well as their death8. 
By the census of 1881 thie was 1,482, which may be taken as nearly 
correct for 1885. 

Corrected population = 31,497 - 1,482 = 30,015. 
Corrected deaths = 628 - 132 = 496. 

496 X 1,000 
Death-rate = 30,015 = 16· 52. 

( 3) The death-rate, excluding the population and deaths of internal 
institutions, and including the deaths (but not the population, because 
thie is unknown) of Wandsworth parishioners in outlying inetitutiona. 

Population = 30,015. 
Death!! = 496 + 78 = 574. 

574 X 1,000 
Death-rate= 30,015 = 19•12. 

The last death-rate more nearly than aoy other represented the 
true mortality of the Wandsworth sub-district. For it excluded the 
population a.nd deaths in ita numerous internal inetitutions (to which 
Wandsworth contributed ouly an inappreciable· quota). ·and it allowed 
for the deaths of W andsworth parishioners in exteme.l inetitutions. 
The ouly fallacy WM that no allowance ,was made in the population for 
.those iuha.bitants of Wand~wort.h who were in the outlying institutions 
without their illness proving fatal. This number must, however, have 
boen comparatively small, and could not very materially affect the 
result. 

The need for such corrections as the above is urgent 
when. it is desired to compare the effect of some branch of 
public health administration on the death-rate. Thus in one 
large city the good influence of a special type of work against 
tuberculosis was said to be demonstrated by the steadily 
declining death-rate from phthisis. On investigation it was 
found that a large proportion of the deaths from phthisis 
occurred in the city infirmary which was without the city 
boundaries, and that these deaths had not been included in the 
official statistics. When the necessary correction was made, 
city A had no greater decrease of death-rate from tuberculosis 
than city B, in which the same kind of anti-tuberculosis 
work htul not been attempted. Even in the 29 boroughs 
into which London is administratively divided serioUB 
rrors have arisen in the past by neglect to correct for 

13 
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institutional deaths. The large general .\Jospita.ls are nearly 
a.ll grouped within the inner circle of London in a few 
boroughs ; so likewise are the large maternity and children's 
hospitals and various special hospitals. On the other hand, 
many institutions for metropolitan patients are in the 
country. This is especially true for lunatic asylums, con­
valescent institutions, asylums for the · fee)>le-minded, and 
tuberculosis sanatoria. Inward and outward correction for 
a.ll these deaths is needed to secure accurate and comparable 
results; In some instances the transference appears almost 
absurd, e.g. when the dea.th of a patient dyirig ~r 20 years' 
residence in an external lunatic asylum is allotted to his 
former home ; but it works impartially, and to make an 
exception on account of prolonged residence in an external 
institution would lead to anomalous results. 

. ' 
The case of maternity institutiozu4 presents special di£6.. 

culties, the rule of the Registrar-General being that-

the deaths of infanta bom and dying within a year of birth, at any 
temporary address (institution or privata house) to which the mother 
went for her confinement, and deaths of infanta in institutions to 
which they were transferred for treatment from the place of birth, 
are transferable to the district of fixed or usual residence of the mother. 

Prior to the beginning of 1911 a gradually increasing 
effort had been made to refoc deaths in institutions to the 
place of residence of the deceased ; but no attempt haq 
been made either at the central clearing house (the ~neral 
Register Office) in London or by local medical officers of 
health to correct for deaths other than those occurring· in 
public institutions. The general result had been that death­
rates calculated locally . were generally understated by 
exclusion of the death~ of non-residents with'Out correspond­
ing inclusion of the deaths of· residents occurring outside 
the district. Even in London, '\"here ~ystematic · distribu· 
tion of institutional deaths had been arranged, the deaths 
of non-Londoners were excluded, but those of Londoners 
occurring outside. greater London were not included. 

Manv . d,eaths, other than institutional, occur .without ·the • district of residence of the deceased, e.g. in a city street, in 
a railway accident, etc. In 1911, after careful consultation 
between 'the General Register Office and. the Local Government 
Boa.r4 it .Jas decided to attempt the formidable task of 
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relegating all transferable deaths, whether in an institution 
or not, in accordance with a. uniform system. 

Transferable Deaths.-A transferable dea.th wa.s defined 
a.s the dea.th of a. person who, ha.ving a. fixed or usua.l resi­
dence in England a.nd Wa.les, dies in a. district other tha.n 
tha.t in which he resided. The deaths of persons without a. 
fixed or usual residence, e.g. casuals, with ra.re exceptions, 
a.re not transferable. The adoption of the system of trans­
ference ha.s been ma.de possible by the Registra.r-Genera.l­
in whose office a. copy of every dea.th certificate is received­
supplying every medica.! officer of hea.lth directly, or, out­
side county boroughs, through .the county medical officer of 
hea.lth, with slips containing the particulars of dea.tbs of 
residents not registered in the district. The rules for a.ction 
in doubtful cases a.re set out in the following official note:-

( 1) lnstltutlons.-Persons dying in institutions for the sick or 
infirm, such as hospitals, institutions for the insane or mentally deficient, 
workhouses, and nursing homes, must be regarded as residents of the 
district in which they had a fixed or usual residence at the time of 
admission. If the person dying in an institution had no fixed resi­
dence at the time of admission, the death is not transferable. If the 
patient had been directly transferred from one such institution to 
another, the death is transferable to the district of residence at the 
time of admission tG the first Institution. 

(a) Almshouses, Convents, Industrial Schools, Institu­
tions for the Blind, Poor Law Residential Schools, and 
other similar residential institutions are not regarded as 
institutions for the sick or infirm, and should therefore 
he taken as the permanent addresses of the lnmatee. 

(b) Homes for Incurables are considered to be institutions 
for the treatment of the siok. Deaths occurring in them 
are treated as transferable. 

(c) Poor Law .Institutions belonging exclusively to a single 
administrative area are regarded as part of that area for 
the purposes of death distribution, even although the 
illtlti.tution may be situated outside the area it serves, as 
in such cases previous residenoe in the area in question 
oan be inferred. Where, however, a Poor Law institution 
serves more than one administrative area. the area of 
previous residence eannot he inferred from the fact of 
residence in the institution, and consequently such d""ths 
are treated as non .transferable in the aheence of informa­
tion as to the administrative area concerned. Every effort 
is ronde in such oases to asoortain the administrative area 
of previous residence from the authorities oonoorned, but 
when, for instance, the only information as to previous 
reoidence of an asylum Inmate is that he was admitted 
from the workhouse of a union comprising several admini· 
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strative areas, the death cannot be transferred, for it is 
impossible to say to which particular area it belongs. 

(d) Prisons.-Deatbs in ordinary prisons are treated as 
tranaferable, but not deaths in Borstal institutions or in 
con.,;, prisons, with the exoeption of the criminal 
lunatic asylums, which it has been decided to treat, not 
as convict prisons, but as lunatic asylums. 

(o) Residential Sta1f.-The institution where resident is 
regarded as the usual residenoe. 

(2) Common Lodging Houses.-Jn the absenoe of evidenoe of 
a more perDUIIlent residence being maintained elsewhere, a collllllon 
lodging house will be regarded as tbs fixed or usual residence, wbstever 
the length of stay. 

(3) Domestic Servants.-Regarded as resident in employer's 
house, where residenoe is fixed for term of employment. 

(The parents' home is regarded as the usual residence of umnarried 
domestic servants out of employment, in the absence of definite 
evidenoe of residence elsewhere.) 

(4) Hotels, Boarding Houses, etc.-Deaths of persons in hotels, 
boarding establishinents, apartments, etc:, where they were temporarily 
resident without maintaining more permanent homes elsewhere, cannot 
be regarded as transfersble. 

(5) Nurse Children are regarded as resident where they are put 
out to nurse. Their deaths, therefore, are not tranafersble to the 
district of residence' of parent. 

(6) Husband and Wife Living Apart.-The death of a wife 
separated from her husband is not regarded as tranaferable to the 
husband's area of residenoe. · 

(7) SeiUilen and Canal Boatmen.-Uuless there is evidenoe of 
a definite shore residence, these cases are treated as non·tranafersble. 
. (8) Anny and Navy.-Deaths of members of His Majesty's 

Forces or of those of other nations are not now included in the statistics 
of any local area. . 

(9) Infants.-The deaths of infanta hom and dying within a year 
of birth, at any temporary address (institution or private house). to 
which the mother went for her confinement, and deaths of infants in 
institutions to which tbsy were tranaferred for treatment from tbs 
plaos of birth, are tranafersble to the district of fixed or usual residence' 
of the mother. ' - · 

(10) Deaths from Violence are to be referred (a) to the district 
of residenos, under tbs general rule; (b) if this district is unknown, 
or the deoeased had no fixed abode, to the district where the accident 
occurred, if known ; (c) failing this, to tbs district where death occurred, 
if known; and (d) failing this, to the district where the body was 
found.-_ 

There . has thus been secured a really national rule of 
practice in the compilation of death returns, locally by each 
medical officer of health, and centra.lly by the Registrar­
Genera.!. The importance of this reform is increased by the 
fact that from 1911 onwards the old system of publishing in 
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the Registrar-General's returns vital statistics for registration 
or Poor Law areas has been abandoned, administrative areas 
for public health purposes being substituted. 

Administrative Areas.-In 1911 there were 14,614 civil parishes 
and 3,296 municipal wards in England and Wales. These are the 
minimwn official subdivisions of Local Government areas. These 
parishes and wards are comprised in :-

1. Local Government areas, 
2. J udicia.l areas, 
3. Registration and Poor Law areas, 
4. Ecclesiastical areas, 
5. Parliamentary areas, 

differing from each other in area and population, and with much over· 
lapping of boundaries. Prior to 1911, the Registrar·General's vital 
statistics related to 3 above, which nwnbered 635, with 2,009 registra· 
tion sub·districts. From 1911 onwards they relate to Local Govern­
ment areas, which in 1911 nwnbered 1,747, and in 1921 had increased 
to 1, 798. · 

A, County Boroughs . • 7 5 
B, Administrative Counties.. 62, subdivided into-

!. Urban Districts 1 090{(a) Metropolitan Boroughs 28 
including ' (b) Municipal Boroughs • • 250 

(c) Other Urban Districte . • 812 
2. Rural Districts • • 657 

Official Statistlcs.-These statistics, so far as they relate 
to births, to infant mortality, and to total deaths, formerly 
from 29 now from 32 causes of death (p. 179), are published 
for every sanitary area in the Registrar-General's Annual 
Report, and can be compared with the corresponding items 
in the Annual Report of the local medical officer of health. 
The. efficiency of the medical officer of health depends in no 
small measure on his weekly study of the vital statistics of 
his area., and on his annual stock-taking of the same statistics ; 
and the arrangement for economizing his labour set out on page 
178 needs to be safeguarded by tllis important consideration. 

It will be seen that by the above means a corrected state· 
ffit>nt of all the deaths properly oolonging to 8 given area 
can be obtained. It is impracticable, as already stated 
(p. 29), to obtain a corresponding corrected population for 
evory area.; but the possible error resulting from this is 
seldom large, and is usually insignificant. 

Attt'm pts at correction of deaths by reference to di.,tnct 
of orit;i~t of disease are bound to end in failure. It is only 
practicable to correct for residence. Thus a man may lunch 
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in one &.rea, dine in a second area, and reach ~ome after a 
long motor ride, developing two days later a fatal attack of 
pneumonia or cerebro-spinal fever. The only, plan equally 
applicable to all cases is to debit the death to the place of 
residence of the deceased. 

Deaths of Non-residents in the United States~In the 
United States the transference of " transferable " deaths, aa 
defined 'on page 195, is hampered by the fact that e&Ch of the 
48 States haa an independent registration system. Refer­
ence to. Table I, B, on page 96 etseq.oftheMortalityStatistics, 
1918, Bureau of the Census, shows that correction for non­
residenl;j! sometimes makes large changes in local death-rates. 
Thus in Shreveport, Louisiana, the local death-ra~ would 
be increaaed by corrections 12 per cent., in Cambridge, 
Massachusetts, by 4 per cent., in Sacramento County, Cali­
fornia, by 30 per cent. In health resorts for tuberculosis a 
large minus correction is often reqUired. The rules for 
correction for non-residents are not identical with the 
English rules, and do not conform in all respects to the lines 
of action recommended above. They are aa follows :-

.Residence has been determined m each case exactly as it was done 
by the census enumerators in taking the population census in 1910. 

Briefly stated, the principal points are as follows :-
Residence refers to " usual place of abode.. n As a rule the u usual 

place of abode " is the place where a person regularly sleepe. 
Non-reeidents therefore include--
Persons visiting a town. . . 
Transient boarders or lodgers who IJ.ave some other usual or perma-

nent place of abode. · 
Students and children living or boarding in towns in order to 

attend some ecbool or college,. but not regarding the place as their 
home. · · ·' · 

Servants or other persons working in town, but not sleeping thers. 
Decisions for special cases :-
(a) Civilian employees of the Unit:.d States are treated as reeident 

at the place whers they regularly sleep. For example, employees in 
the Government offices in Washington who regularly sleep in Washington 
are 'treated as reeident at Washington, -even though they may have 
&t legal residence , elsewhere. . · 

(b) Any 'person who -was formerly a reeident of the town, but has 
since become an inmate of an ota-of·lmlm asylum, almshouse, home 
for the aged, reformatory or prison, is treated as reeident at the town 
in which the asylum or prison is located. 

(c) Persons having an unknown residenoe ehould be treated e>:actly 
as thoap having no permanent home or usual plaoe of abode, and ehould 
he counted as .reeidents of the place in which they die. 
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(d) Inmates of medical or surgical hospitals are usually there only 
for temporary treatment, and are therefore treated as resident at their 
t-ome towns. 

These differences in practice in the interpretation of 
" transferable " deaths need to be borne in mind in insti· 
tuting international comparisons of local statistics. 

Effect of Migration on Death-rate.-Evidently the 
death-rate in a given town or county or in an entire country 
may be changed qy migration, when this changes the average 
age and sex constitution and the healthiness of the popula­
tion. The mortality of most large and growing towns would 
s.tand higher than it does but for the large number of young 
and healthy immigrants from rural districts. 

In watering-places and residential towns similarly the 
orude death-rate would be lowered greatly because of the 
large proportion of domestic servants, were this not more 
than neutralized by the influence of elderly people retiring 
to these towns. Thus in 1911 Bournemouth had a multi­
plying factor of correction (see p. 223) of 0 · 9142, Brighton 
of 0·9092, Hastings of 0·8410, etc. 

It is unnecessary to assume that the migratory part of a 
population has bad a full year's experience in· the new resi­
dence, for migration presumably is· a continuing process, 
and helps to determine the census population on which 
standardized death-rates (p. 221) are calculated, the out­
going balancing roughly .the incoming residents of short 
duration. 

The relative insalubrity of urban life fails in part to show 
itself in urban death-rates, owing to dilution of the effects 
of tllis insalubrity by importation of rural lives of higher 
value. 

Some partial concealment of effects of local causes of 
insalubrity and mortality by migra.tion occurs when occupa.­
tionll.l mortality and mortality from special causes is under 
consideration. A ooa.l-miuer may suffer as the result of his 
ocoupa.tion, become unlit for it, a.ud migra.te to a.nother a.rea., 
dying there from disease engendered in his former occupa­
tion some years previously. The case of tuberculosis is par­
ticularly difficult. A person may die from this disease 
1\Cq uired two or three or even twenty years earlier from a 
consumptive relati\·e. On the other ha.ud, the infection of 
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tuberculosis may remain: latent unless pro"\"oked into activity 
by unsatisfactory recent conditions of life. .These difficulties 
are not capable of complete statistical correction ; but in 
drawing inferences tQ remember the existence of such 
possibilities is valuable ip promoting caution and avoidance 
of dogmatism. 



CHAPTER XVIII 

MALE AND FEMALE MORTALITY AT DIFFERENT 
AGES, AND IN RELATION TO MARITAL 
CONDITION 

THE crude death-rate at all ages is only a preliminary test 
in comparing the vitality of two communities, because the 
death-rate varies greatly at different ages and for persons of 
the two sexes. Corrections must therefore be made either 
by-( I) giving the death-rate separately for each successive 
period of life, or (2) calculating the standardized death-rate 
for the whole of life by the method to be described in the 
next chapter. 

To obtain separate death-rates for different age-periods 
in the two sexes, we need to know-(!) The male and female 
population at these age-periods ; (2) the male and female 
deaths at these age-periods. 

The age-groups adopted by the Registrar-General for the 
vital statistics of England and Wales as a whole are:.,.-

Under 1 month 
1-3 months .. 
3-6 montha •. 
8-12 montha •• 

Total under 1 year .. 
1-
2-
3-.... 

25-
31).. 

35-
40-

45-
61).. 
55-
6().. 

65-
71).. 
75-
81).. 

85 and upwards 

In other tables the Registrar-GenPra.l gives a state­
mt>nt of- ... 
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(I) Standardized Death-rate for All Ages. 
(2) Deaths of Infants ooder 1 Year per 1,000 Births. 
(3) Death-rate per 1,000 Living at Each Age-period. 

~ 3~ 
~ 4~ 
I~ .. · 5~ 
I~ .. - 6~ 
2~ 7~ 
2~ - 85 &Dd upwarda 

The deaths a.t age-period 5-, comlllonly stated 5-10, 
mean the deaths at ages over 5 and under 10. In reading 
the tables of rates throughout this volume, a.nd in most English 
official reports, the " dash " between the age-figures should 
be read a.s if it meant and under. In the American 
mortality statistics the age-groups are quinquennial, .a.s above, 
in statistics of dea.t~ from a.ll causes, a.nd decennial in 
statistics of causes of death, after the tenth year of life. The 
age-periods chosen a.re 10--19, 2~29, ,etc. Here 10--19 is 
equivalent to 10--20 in the English tabulation, a.nd so on, a. 
point to be remembered. In the Englis4 Census Report for 
1921 this method of statement, e.g. 0-4, li-9, etc., is adopted, 
with the definite indication that the figures refer to age last 
birthday. Retention of the older method appears to be pre­
ferable. The exact age 5 is the experience of a. single da.y, 
so that any person not yet 5 years old· is 8Jwa.ys between 
0 a.nd 5, a.nd so for the ages l;letween 20 a.nd 25, etc. 

To estimate the population in. a. given area. a.t each age­
period, the following method ma.y be adopted. The total 
population male a.nd female a.t the last census being known, 
the corresponding population for; sa.y, 1923 is estimated by 
the modified method employed by the Registra.r-Gener8l 
(p. 46). The population ·at the last census a.t each age­
period is a.lso known ; .. a.nd the. col'r6$ponding numbers for 
1923 a.re ascertained on the assu,mption that the population 
a.t the a.ge-periods' 0--5 . . . 55-65, etc., is the same fraction 
of the total population in 1923 that the population of these 
a.ge!periods was of the total population in the census year 
1921. This assumption ma.y be only a.pproxima.tely correct, 
but no better method a.ppea.rs to be a.ve.ila.ble. 

Er:ro's in Method of Statement of Mortality.­
Two erroneO'U8 methods of estimating .the rate of mortality 
at different a.ges require to be noted. The first of these is 
to ca.loula.te . the proportion of deaths to total deaths, and 
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the second to calculate the proportion of deaths at various 
age-groups to the population at all ages. The fallacy involved 
in the first method arises from the fact that either a diminution 
in the total deaths or an increase in the deaths at any age­
group would increase the proportional deaths at the age­
group under consideration, though its interpretation in the two 
cases would be essentially different. Or if a reduction in 
both the total. deaths and the deaths at a given age-group 
occurred, this last reduction might be entirely hidden by 
the statement of the result as a proportion between the two. 

The second method is equally fallacious, inasmuch as apart 
from any conditions adverse to health, the number of deaths at 
various age-groups, and therefore the proportion of these to 
the entire population, will vary with the number living at 
the same age-groups. 

For small populationa a too minute division of age-groups 
is inadvisable. Given homogeneous data, deductions from a 
small number of individual facts are seldom so trustworthy 
as when the basis on which an inference is founded is wider 
and thus accidental causes of variation are to a large extent 
eliminated. 

The infant mortality, i.e. of children less than one year old, 
is stated per 1,000 births in the same year. Chapter XXIX, 
deals with this important death-rate, including the occasional 
fallacy arising when the births vary greatly from year to 
year. 

For the United States death registration area the report 
of the Census Bureau (1918) emphasizes the fact that-

comparison of the orude deeth-J'8tee of different countries or of different 
plBCe& in a single cotmtry for a single yeer may serve as a starting­
point for the investigation of conditions, but conclusions from such a 
comparison must be guarded, unless aucb factors 8S the BgB and se:o: 
distribution of the places compared are known and taken into BOcount. 

Unle..'<S birth returns are complete, death-rates for the first 
two yt>ars of life cannot be given with accuracy. • The birth 
n'gistration area of the United States is smaller than the 
death l't'gistration area, and census figures of population e,t 
these Bgt'S in all countries are far from reliable. 

Death-rates at Different Ages and in the Two Sexes. 
-Table 3 of the Annual Review of the Registrar-General 
for 1921 gives a valuable table showing for every year since 
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1881 and for groups of years since the beginning of civil 
registration the death-rates of males and of females for 12 
age-groups. From advance sheets of the United States 
"Mortality Statistics" for ·1921 the following American 
statistics are obtained, comparing for each sex American 
with English experience for the years 1911-15 and 1920 
respectively :-

ENGLAND AND WALBS AND U.S.A. 

De<Jih.f'alu p.,. 1,000 Living a1 Each A.go·period. 

lllaleo. hmaloo. 

1911-15. 1920 • 1911-15. 1920. .... 
Enl" u.s. E::i. ~· E .... 
an Reg. an u.s. u.s. and u.sc 

Walea. Area. Wales. Wa.Ics. Wales. 

--------
o- .. .. 

"'' 8 
87'8 36'7 32'0 ss·s 31'2 28'6 :28'0 

1;- .. .. 3'4 3·3 s·z ••• 3"8 ••• 3·1 3·o 
to- .. .. ••• ••• 1'9 .. , 2'1 2'0 2'0 2'1 
11>- .. .. 3·1 3'7 ? ••• 2'7 3'2 2'7 3'7 
2D- .. .. ••• 6'8 t s·o 3·1 ••• s·s 6'3 
21>- .. .. s·o 6'6 ? . 8'2 ••• ••• ••• ••• 8&- .. .. s·s 10'1 ? s·s ••• 7'9 ••• 7'8 
4&- .. .. 15'1 16'9 13'3 13'1 ll'i 12'8 ••• 12'1 
51>- .. .. SO'S 30'1 25'2 28'7 28'8 24.'8 19'4 24'2 
8&- .. .. .... 81'7 56"1 58'8 62'8 Sol'S 45'8 66'0 
71>- .. 148'6 }1..-s tso·s } 145'0 123'5 }~·8·· na·• }1ss·• 85 and upW&rd. .. 279'6 235'-t• 268'0 2'8'1 

There are interesting differences in the experience ·of the 
two countries. Comparing the experience of the two countri~ 
in 1911-15, the male death-rate at ages under 5 is much 
lower in the 1Jnited State!!; ·while from ages 15 onwards to 
55 that of the United States is higher than that of England. 
For the female death-rate the excess in the United States 
after the age of 5 persists until the age of 75. 

The death-rate in each country is highest at the two 
extremes of life ; but the very high death-rate at ages ()...5 
has greater importance than the death-rate at ages 65 and. 
over, for two reasons: (1) the child population is much 
larger than the population surviving to ages over 65, and 
(2) the possibilities of utility of each person have not been 
reache)i in childhood, while at ages over 65 they are 
apj?roaching their end. 
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The preceding table shows clearly that the age-distri­
bution of the population which would be most favourable to 
a low crude total death-rate for all ages is one which con­
tains an unusually large proportion of persons aged 5 to 
45, and relatively few infants or old people. 

Effect of Sex on Mortality.-The same table shows 
that in England at all ages except 10-15, and at all ages in 
the States, the death-rate in the male is higher than in the 
female sex. The difference between the experience of the 
two sexes in 19ll-15 is shown in the following table:-

PEBCB:NTAOB EXTENT TO WHICH THE DEATH•BA.TE 01' FEMALES DIPFERS 
FROM THAT OF MA.z.Es AT DIFFERENT AGE-PERIODS IN THE 5 YEABS 
1911-15. 

o- 5- 1o- 15- 2o- 25- 85- 45- &5- 65- 75- &&and upwo.rdo 

England .t} -to -s +5 -ts -20 -20 -20 -22 -2s -20 -u -to 
W~u ~ 

U.S.Rea.Area -17 -12 -9 -13 -15 -14 -11 -21 -17 -12 -6 

With the exception noted above, males suffer from a 
higher death-rate than females at all ages. There is a great 
excess of male mortality in childhood, and from the age of 
20 onwards at nearly all ages there is an even greater excess 
in England. This is much less marked in the States. 

The standardized death-rate (see p. 219) of males regularly 
exceeds that of females. The excess was about 9 per cent. until 
about 1860, but in the 15 years ending with 1914 it averaged 
about 20 per cent. It increased to 30 percent. in 1917, doubtless 
owing to the withdrawal of the best part of the male population 
froni civilian statistics. In 1921 the excess had become 21 
per cent. Distributed according to age, in 1921 male exceeded 
female rate of mortality at ages under 5 by 25 per cent. ; 
at ages 5-10 by 3 per cent., at ages 15-45 by 39 per cent., 
at ages 45-65 by 39 per cent., at ages 55-65 by 30 per cent., 
at ages 60--75 by 21 per cent., and at ages 75-85 by 14 per 
cent. At ages 10-15 male mortality was 3 _per cent. less, at 
ages 85 and over it was 5 per cent. less than that of feQlales. 

The exceptional experience of the period near puberty is 
illustrated in the following table, showing death-rates at 
va.riou.• age-periods under 20 in successive group.q of years. 
The figures in black type show where the female exceeds the 
male death-rate at the oorresponding age-period. 
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E.NGLA.lfD AND w A.LBS. 

D--. per 1,000 Living •I Eacla 8«& a1 Eacla Age-period. 

AtApo 
Pulad. 

o-s. ~10. IG-15. 16-20. 

Ill. Jr. Ill. Jr. Ill. Jr. Ill. Jr. 
1841-60 71·2 61·1 9·2 8·9 5·1 6·4 '7·1 7·9 
1851-60 72·4 62·7 8·5 8·4 4·9 6·1 6·7 7·4 
1861-7() 73·5 63·7 8·2 7·8 4·6 4·6 6·2 8·8 
1871-80 68·4 68·3 6•'1 6·2 3·7 3·7 6·3 1·6 
1881-90 61·6 61·9 5·3 5·3 3·0 8·1 4·3 4·4 
1891-1900 62·7 52·8 4·3 4·4 2•4 2·8 3·8 3·7 
1901-10 50·0 41·9 3·5 3·8 2·1 2·8 3·1 2·9 
1911-15 40·6 33·8 3·4 3·3 2·0 2·1 3·1 2·7 
1916-20 34·1 28·2 3·6 3·6 2·4 l!·S ? 3·6 

The same table a.lso indicates clea.rly the great decline. in 
death-rate at each age-period in both sexes. 

Tlie historical course of infant mortality a.nd of the death­
rate for each of the first five years of life is seen in Figs. 
44, · 47, and 48. · 

The changes at ages over 20 ca.n be seen in part in the 
• tables on pages 204 a.nd 208. 

In order ·that it may be b.etter appreciated how compara­
tively infrequent is death in old age the following table is 
given at this point :-

UlflTED STARS RBGISTB.t.TION AlmA,' 1920. 

Proporlitm •I DeaiM a1 AU Ag .. ( =. 100) a1 Diff....m Ago-porioM. 

Age. 

Firat 6 years .. • • 
Twenty years, 6-25 •• 
Twenty years, 26-46 
Twenty years, 46-65 
Agea 66 and upwarde 

. . 
Halea. 

23·0 
10·2 
16·8 
22·4 

"27·6 

( 

Thus in actual experience o 
male a.nd 30 · 3 per cent. of the fem 
over 65. · 

Sex Mortality in Infancy .-The 
.li~es ·is shown markedly in the first 

'". 

20·3 
11·1 
18·2 
20·1 
30·3 

100·0 

-......,.---
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through every week of the first month, and in each trimester 
of the first year of extra-uterine life ; and it is shown in 
American and in English experience alike. That greater 
facility of birth of females owing to a _smaller cranium is not 
the sole cause is evidenced by the persistence of the 
phenomenon of superior yitality at higher ages. 

D:a:&TB·llATE AT EAOK PERIOD 01' hn'ANOY PEB 1,000 Bm.TBS. 

England and Wale~, 1920. United Stat.ea, Birth 
Regiet.ration Area, 1920. 

Males, Females. M&lea. Femaleo. 

Under one day .. .. !1·5 9·1 16·7 12·7 
1 day and under 1 week .. 13·2 9·9 16·4 12·4 
2nd week .. .. .. 5·9 4·8 6·0 4·8 
3rd week .. .. " . 5·2 3·9 4·1 3·4 
4tb week . . .. .. 3·8 2·8 3·5 2·7 

Total undo> I month • 39·7 30·4 46·7 36·1 

1 to 3 months .. .. 18·3 13·0 14·5 ll·3 
3 to 6 months .. .. 14·0 10·9 14·5 ll•7 
6 to 9 mont.ha .. .. 10·2 8·4 10·7 9·2 
0 to 12 months .. .. 7•8 6•6 8·8 7·8 

90·0 69·3 95·1 76·1 

It is pointed out in the Registrar-General's Annual Report 
for 1921 that the excess in mortality of male infants has 
slowly increased. Prior to 1900 the male infant mortality 
usually exceeded the female about 21-22 per cent. ; during 
the present century the difference has become greater with 
the increasing decline in total infant mortality. 

In the same report attention is drawn to the bearing of 
these changes on the proportion between avoidable and 
inevitable infant mortality. As the death-rate falls, the share 
of the latter group must increase ; and the fact that in recent 
years improvements in environment have been accompanied 
by a smaller decline in male than in female mortality suggests 
that a higher proportion of male than of female modality 
is unavoidable. This is confirmed by the greater male excess 
in the earlier n1onths of infancy. In foreign countries similar 
statistics are seen. Thus comparing experience in years of 
maximum and of minimum infant mortality, the male excess 
of infant mortality in Belgium was 18 per cent. (max.) and 

• 



206 THE ELEMENTS OF VITAL STATISTICS 
ENGLAND AND WALBB. 

' DO<JIA.,.,.. per 1,000 Living of Each s.., · fJl Each .Age-period. 

AtA.gu 
Period. 

o-s. 1>-10. 1~16. 16-20. 

H. 1!'. H. 1!'. H. 1!'. H. 1!'. 
1841-50 71·2 61·1 9·2 8·9 IH 6·4 7·1 7·9 
1851-50 72·4 82·7 8·5 8·4 4·9 6·1 6·7 7·4 
1881-70 73·6 83·7 8·2 7·8 4·5 4·5 6·2 8·8 
1871-80 68·4 58·3 6·? 8·2 3·7 3•7 5·3 6·6 
1881-90 61·8 51·9 5·3 5·3 3·0 8·1 4·3 4·4 
1891-1900 82·7 52·8 4·3 4·4 2•4 2·8 3·8 3·7 
1901-10 50·0 41·9 3·6 3·8 2·1 2·2 3·1 2·9 
1911-15 40·8 33·8 3·4 3·3 2·0 2·1 3·1 2·7 

'191&-20 34·1 28·2 3·8 3·6 2·4 2·6 f 3·6 

The same table a.lso indicates clearly the great decline in 
death-rate at ea,ch age-period in both sexes. 

The historical course of infant morta.Iity and of the death­
rate for each of the first five years of life is seen in Figs. 
44,' 4 7, and 48. 

The changes a.t a.ges over 20 ca.n be seen in pa.rt in the 
• tables on pages 204 and 208. 

In order ·tha.t it may be be'tter a.ppreci~ted how compara­
tively infrequent is death in old a.ge the following table is 
given a.t this point :-

UN1DD SuTBB RsolSTBAttON A.u.&,' 1920. 

P"'1'omon of Dealhlt fJl .A.U .A.g .. ( =. 100) fJl Di.Jf8f'tN .A.ge_,OI"i<ldo. 

Aae. Haleo. l'em.&lea. 

. '. 23·0 20·3 Firat 5 yeara .. • • .. .. 
Tmnty yeara, 5-25 •• . . .. 10·2 11·1 
Tmnty years, 25-45 .. .. 16·8 18·2 
Twenty yeara, 45-65 .. .. . ' 22•4 20·1 
Agee 85 .,.d upwards .. .. 27·6 30·3 

100·0 100·0 

Thus in actual experience only 27' 6 per cent. of the 
male and 30 · 3 per cent. of the female deaths occur at ages 
over 65. · . 

Sex Mortality in lnfancy.-The superiority .of female 
.li~es 'rs shown markedly in the first day after live-birth, 
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through every week of the first month, and in each trimester 
of the first year of· extra-uterine life ; and it is shown in 
American and in English experience alike. That greater 
facility of birth of females owing to a _smaller cranium is not 
the sole cause is evidenced by the persistence of the 
phenomenon of superior yitality at higher ages. 

DJ:ATK-BA.TE AT E.&.oll PERIOD Ol' lNTANOY PEB 1,000 BmTBS. 

England and Walea:, 1920. United States, Birth 
Reglatration Area, 1920. 

Males. Femalel. M&lea. Femalel. 

Under one da.y .. ll·5 9·1 16•7 12·7 
1 day and under 1 week .. 13·2 9·9 16·4 12·4 
2nd week .. .. .. 5·9 4·8 6·0 4·8 
3rd week .. . . ,. . 5·2 3·9 4·1 3·4 
4th week .. .. .. 3·8 2·8 3·5 2·7 

Total under 1 month . 39·7 30·4 46·7 36•1 

1 to 3 months .. .. 18·3 13·0 14·5 ll·3 
3 to 6 months . . .. 14·0 10·9 14·5 ll·7 
6 to 9 months .. . . 10·2 8·4 10·7 9·2 
9 to 12 months .. .. 7•8 6•6 8·8 7·8 

90·0 69·3 95·1 76·1 

It is pointed out in the Registrar-General's Annual Report 
for 1921 that the excess in mortality of male infants has 
slowly increased. Prior to 1900 the male infant mortality 
usually exceeded the female about 21-22 per cent. ; during 
the ·present century the difference has become greater with 
the increasing decline in total infant mortality. 

In the same report attention is drawn to the bearing of 
these changes on the proportion between avoidable and 
ine\ita.ble infant mortality. As the death-rate falls, the sha.re 
of the latter group must increase ; a.nd the fact tha.t in recent 
yea.rs improvements in environment ha.ve been accompanied 
by a. smaller decline in male than in female mortality suggests 
that a higher proportion of ma.le than of female mortality 
is unavoidahle. This is confirmed by the greater male excess 
in the ea.rlier months of infancy. In foreign countries simila.r 
statistics a.re seen. Thus comparing experience in yea.rs of 
maximum and of minimum infant mortality, the male excess 
of infant mortality in Belgium was 18 per oent. (max.) and 

• 
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23 per cent. (min.), of France 20 and 22 per cent. respectively, 
of Prussia 17 and 19 per cent., and so on. 

Increases and Decreases of Death-rates at Diilerent 
Age-periods.-In the following table 1 is shown the historical 
trend of the death-rates of England and Wales in five suc­
cessive decennial · periods, the incfe&Se or decrease of the 
death-rate for various age-groups being stated as a per­
centage of the death-rate for the preceding period :-

z.........., or D..,.....• por ConJ. of 1M D..U..rats for Eaclo 8..: and Age-rrroup 
ComP!'f'<d with 1M Death-rats for 1M 8a1M Group m 1M lmmedialely 
preie(l;ng D.....,.;..,._ . 

England and Walu. 

1871-80 1881-90 1891-1900 1901-10 
compared oompared '\""'~ .. ~ with with 
1861-70. 1871-80. '1881-90. 1891-1900. 

Males 
und'"' 5 -- - 6·9 -10·0 + 1·8 -20-2 

5- -- -18·1 -20-3 -19·4 -18·7 
10-- -- -17·3 -20·4 -17·1 -16•1 
15- -- -15·1 -17·8 -12·2 -18-5 
20-- -- -13-1 -22-1 -11·7 -17·4 
25-- -- - 6·0 -16-9 -13·0 -17·6 
35-- -- + 2-3 -10·2 - 7·2 -20-4 
45-- .. + 4·2 7' 3·5 - 2·2 -14·4' 
55- -- + 5·2 - 0·5 + 0·7 - 9·0 
65- -- + 8·9 + 1·1 - 0·1 - 7·9 
75 and OVfll' + 2·3 - 3·9 - 1·6 - 4·8 

Females 
under 5 -- - 8·4 -11·0 + 1·8 -20·7 

5- -- -20·1 -15·6 -16·9 -17-3 
10-- -- -17·5 -16·4 -17·5 -15·6 
15- -- -17·9' -18·9 -17·1 -21·1 
20-- -- -14·6 -18·7 -19·5 -21·6 
25- -- -11·4 -14·4 -17·5 -22·0 
35- -- - 3·6 - 9·0 - 9·4 -21·5 
45- -- - 0-2 - 3·3 - 2·4 -15·1 
55- -- + 2·7 - 0·7 - 0·1 -12·6 
65-- -- + 3·2 - 1·0 + 0·5 -ll-2 . 75andover + 0·8 - 5·2 - 1'·1 - 7·0 

In tile. following table is given a comparison of the per­
centage chi!Jlge in male and female death-rates at each age­
period, comparing 1910 with 1900, and 1920 with 1910 in 

• FtJm Table XI on page xxvii of Supplement to Sewnty-Fifth Annual 
Report ~ the Registrar-Generol of England and Wales, Part llL · 
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the death registration States of the United States.1 Com­
parisons for other years and more detailed comparison for 
various parts of the United States can be made ~y utilizing 
the data given in the volume on the United States Life­
Tables.2 

U.S.A.-REOISTBA.TION STATES OF 1900. 

Increase or De.crf!411e per Oent. of the Death-rate for Each s~ and Age-group 
Compared with lho Dea#o·raU/or IM Same Group 10 Year• Earli<r. 

Hales. Femalea. 

Age-perlodl. 
1910 1920 1910 1920 

compared compared oompand oompared 
with 1900. With 1910, With 1900. with 1910. 

0-3 .. .. .. .. -16 -29 -16 -32 
6- .. .. .. .. -21 - 8 -24 -14 
10- .. .. .. .. -14 - 4 -22 -12 
16- .. .. .. .. -20 0 -27 + 6 
20- .. .. .. .. -21 - 9 -25 + 6 
26- .. .. .. .. -28 -11 -23 + 6 
86- .. .. .. .. - 2 -21 -14 - 9 
46- .. .. .. .. + 3 -19 - 8 - 6 
56- .. .. .. .. + 7 -13 0 - 6 
66- .. .. .. .. + 6 - 6 + 4 - 1 
74 and over .. .. + 3 - 3 +.2 - 2 

Experience in England, when 1871-80 is contrasted with 
'1861-70, shows an increased death-rate at all ages over 35 
for males, and at ages over 55 for females. When 1881-90 
is contrasted with 1871-80, there is no evidence of increased 
death-rate at any age except in men aged 65-75; and the 
experience of the 20 years 1891 to 1910 shows a declining 
death-rate in both sexes at all ages, with the exception of 
a slight increase at ages 55-65 in ma.les and at ages 65-75 
in fema.les in 1891-1900, owing probably to the influenza. 
pandemic of 1889-93. There has been steady advance in 
the age to which increasingly favourable death-ratee extend. 

The experience of the United Stat:es as shown above 
indicatee some increase of death-rates for ma.les at ages 45 
and upwards between 1900 and 1910, without any correspond­
ing fcma.le experience, except at ages over 65. Comparing 
1920 with 1910, the fema.le death-rate shows some increase 

1 Tho ponl<lntage cllangeo in death-ral<!o have boon oalculated from tableo 
ouppliod in &dvanoe of publication by Dr. William C. Davia of t.he Washington 
BWMU. 

• United Stateo Lifo Tabloo (Washington, 1921~ 
u 
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between 15 and 35. The experience of Massachusetts can be 
compared in the· American Life Tables for 1890, 1900-2 and 
1910. The male death-rate for ages over 65 increased in each 
of the later periods in males, when compared with 10 years 
earlier ; and this held good for the female death-rates for 
age-periods over 55. The American experience is much more 
affected by immigration of foreign' populations than that of 
England ; but looking at the facts broadly it would appear 
that so far as concerns changes in the age-distribution of 
death-rates the registration area stands historically in the 
same position as England in 1871-80. 

Writing in 1893, I commented on the earlier conditions 
in England as follows :-

Although in England, owillg to the large number of lives saved 
during the early years of life, the number surviving to the higher ages 
haa increased, thus securing a great gain· ~o the community, thiS is 
not incompatible with a stationary or even diminished prospect of 
life for each individual over a certain age. In England the death· 
rate for males was higher in 1871-80 for all age-grwpa above lhs 25-36 
period, and for females waa higher in 1871-l!O for all age-groups above 
the 36-46 period than in preceding decennial periods. 

After discussing the influence of increased wages and 
improved nutrition in more than counterbalancing the 
tendency of city life to cause a heavier mortality, stress was 
laid at the same time on the following factor, which must, 
I believe, be given a large share of the credit for the reduced 
death-rate which has now been realized at older as well as at .. 
younger ages. 

Another consideration requires to be borne in mind. We are. at 
present in a transition porioq.. The Public Health Acts of 1871 and 
1875 heralded immense improvements in 881litation, the fruits of· 
which have not yet been iully reaped.. There has been, more eepecially 
since 1875, steady and increasing improvements in the conditions 
under which people live. Men now' 40 years of age were hom in 
the pre-sanitary period, and the first. 20 years of their life were 
spent und~ more unhygienic conditionS than those now holding good. 
This fact would go far towards explaining a etationary deeth-rate at 
the higher agee. It doee not, however, explain an increaaed deeth-rete 
at those ages. 

The explan&tion of this increaaed death-rete at the higher agee will 
probably ·be evident when at the end of another 20 or 30 years 

~ the improved conditions of life have endured sufficiently long to enable 
. ~eir full !orce and value to be determined. We must be content in 

\e meantime to have stated the more important factors which appear 
to ~e t.t work, leaving the complete solution of the problem to a time 
when '\tj)e statistical experience of our ciountry is more mature. 



MALE AND FEMALE MORTALITY 211 

At the end of the time mentioned in the last sentence, 
it is noteworthy that at every age, even beyond 7 5 years of 
age, the number dying for a given number at risk has 
decreased ; and the improved conditions of modern life, 
sanitary, social, and economic, have resulted in England in 
a lowered death-rate at every recorded age-period. The 
exceptions to this statement due to the abnormal events of 
191~18 do not invalidate the conclusion as to the trend of 
events. This subject is further discussed in Chapter XXII, 
by means of life-table expectations of life and of a statement 
of the number of survivors at given ages out of a given 
number at birth. 

International Comparisons of Death-rates According 
to Age.-The Registrar-General's Annual Report for 1909 
(p. cxviii) gave an interesting study of male and female 
death-rates in 11 age-groups from which the following 
particulars are t<J.ken. From this study it appears that 
from ages 10 to 35 the English mortality experience was 
very favourable, and from 35 to 75 was aJmost equally un­
favourable, especially in the male sex. The following table 
illustrates the last-named point :-

DB4TB·RATBS OJ' MALEs PBB 1,000 Lrvmo AT EACH AoB-GROUP. 

Country. Date of o-6. I 8H5. ,5-65-. 55-<15. Experience. 

Now Zealand .. .. 190~2 25·0 6·9 11·9 22·0 
Queensland .. .. 19~2 31·8 10·8 16·5 22·0 
Denmark .. .. 190~2 42·1 8·1 13·5 24·7 
Sweden .. .. .. 1899-1901 40·3 8·3 12·4. 22·0 
Italy .. .. .. 19~2 78·9 8·4 13·6 27·0 
Netherland. .. .. 1898-1900 65·4 7·6 12·9 25·4 
Belgium .. .. 1898-1901 69·4 9·1 16·, 30·1 
Swit.oerland .. 1899-1901 60·6 10·4 18·8 34·3 
Eniiand and Wa!M .. 19~2 68·3 10·9 18·7 34·8 
}'ranoe .. .. 19~2 61·7 11·6 17·5 31-ll 
Germany .. .. 1901 80·3 10·1 11·7 32·5 

This comparison, as remarked by Dr. Stevenson in the 
above report, indicateD that " much of the mortality amongst 
our middle-aged &Dd elderly men must be preventable, though 
not prevented." The publications of the ~ternatione.l 
Statistical Institute make comparisons possible on similar 
lines for more recent years. 
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It will be noted that there is no consistent connection 
between child mortality and mortality at higher ages (see 
p. 358). 

In the Annual Report of the Registrar-General for 1910 
(pp. xci a.nd xcii) are given tables comparing the male a.nd 
female death-rate from all causes in 20 countries in age­
groups. The relative position of England and Wales in rela­
tion to these 19 other countries is shown below :-

All Under 6- to- . 16- oo- 26- 36- <6- 66- 86- 76-Ages. 6 . ---- -------- -- -- - - ----
Males •• 12 11 13 18 18 19 14 8 •• 3 8 12 

Femalea 14 11 u 18 18 19 19 11 • 8 11 11 

Thus the figure 12 relating to males at all ages indicates 
that 11 of 20 countries had a higher and 8 had a lower 
standardized death-rate at all ages t~an England and simi­
larly in other cases. 

"The high mortality of men between 35 a.nd 75 a.nd of 
women between 45 and 65 in this country as compared with 
others is remarkable, and is in sharp contrast to its favour­
able position in regard to mortality of young persons." 

Death·l'ate per 1,000 Auatralla. England. Germany. Norway. Italy. Unltod 
at Agel States. 

6-1 . . .. 95·10 144·34 202·34 81·45 167·71 127·38· 
6 . . . . .. 2·81 6·42 6•28 4·38 7·68 6·24 
10 . . .. 1·79 1·82 .. 2·44 2·98 2·26 2·61 
15 . . .. 2·65 2·61 2·77 4·08 4·12 3·19 
20 .. .. 3·70 3·78 5·04 9·07 6·19 6·-46 
25 .. . . 4·48 4·54 6·13 8·78 6·85 6·22 
30 . . .. 5·19 • 6:66 6·66 7·57 6·67 7·31 
36 . . .. 6·33 7·32 6·97 7·35 7·06 9·14. 
40 .. . . 8·16. 9·31 9·22 7·78 8·48 10·40 
46 . . .. 10·83 12·23 12·44 8·92 10·31 13·10 
60 .. . . 13·95 16·67 "16·93 11·11 13·46 15·28 
6ft .. .. 18·16 23·08 23·67 14·16 17·73 21·38 
60 . . .. 25·84 32·62 32·60 19·14 26·62 29·90 
66 . . .. 38·59 46·67 47·06 28·80 39·83 42·92 
70" . . .. 61·62 67·08 69·36 42·76 64•49 69·90 
76 .. .. 96•10 100·62 106·40 66·91 102·62 90·16 

1 Nou.-The death-rates are for the stated year of Ufe, not the average 
death-rates for quinquennial periods. 

In the above table are shown the male death-rates per 
1,00~ living at 5 yearly intervals of age based on ~e experi-
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ence of 1901-10. The table is derived from a table giving 
the death-rate for each year of life in 14 countries, on page 204 
of United States Life-Tables (published 1921). Of these 
countries Australia has the most favourable experienc~, 
Norway coming next. Germany's experience is the worst, 
that of Italy coming next. The anomalies of distribution of 
favourable or unfavourable death-rates at different ages can 
be seen in the table. 

Marital Conditions and Mortality .-The question of 
effect of sex on mortality is closely related to that of the 
influence of the inter-relation of the sexes in matrimony, a 
subject which has long interested social statisticians, who 
have not been restrained from its statistical study by the 
perennial joke that married is not more prolonged than 
celibate life, but only appears so I 

As Farr said 1 in 18ji8 : "The family is the social nnit ; 
and it is founded in its perfect stal;tj by marriage. The 
influence of this form of existence is therefore one of the 
fundamental problems of social science." Quoting some 
French statistics relating to the year 1851, he concludes that 
" the single individual is more likely to be wrecked on his 
voyage than the lives joined together in matrimony." A 
more recent discussion of the subject is contained in a paper 

'by M. Lucien March,1 from which the table on page 214 
is abstracted. 

One could have wished that the age-groups in the above 
table had been less wide, as this opens up the possibility of 
error. The table as it stands shows at all ages a much 
lower death-rate among married than among single or 
widowed men ; among married women the death-rate is some­
what higher at ages 2()-40 than among single or widowed 
women, but at ages 40-60 and over 60 the superiority of 
married women is very evident. At these higher ages the 
dangers of childbirth are nearly or entirely absent, and married 
women at the~e ages on an average are better protected and 
less impoverished than unmarried. The superiority of mM:ried 
men at all ages may be variously interpreted. Numerous 
factors are at work, some connected with, others independent 

' Yilul StaNcioo: A M"""""" Vol.._ of Sel<clionl, ole., of Wrih"ff 
Wiili•• F""• p. 438 (1885). , 
• .. Some Rt'fJIMI"ehee Conoem..ing the Faoton of Mortality." by L. March 

(Jolii'MI of • ~. Roy • .J Stoti#~eal Socioty, 1\la.rob, 19121. 
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.of, matrimony itself. Comparative freedom in marital life 
from the terrible risks· of syphilis must be given weight. A 
mora.l self-selection is connected ,with this fact. As a rule 
a married man is in a more secure social position than an 
unmarried, and correspondingly has a better economic and 
sanitary environment. Probably still more influential is the 
fact that married men are selected, the less fit or the actually 
unhealthy being less likely to marry than healthy men. 
The statistics of relative mortality of married and unmarried 
are therefore of dubious value as showing the influence of 
married life per Be on vitality. They are the product of 

AVlClU.GB AlmvAL I>BATR•BATB PEB 10,000 LlvnrG IN EACII AGB·OBOVP 
l>lJBJNCJ """' l'EBIOD 18811-95 Ilf FuxCB, !'ElJSSIA, .&ND 8wEDBN. 

Males, qed Females, aged 

20-(0. «HHil. 

.. _ 
l!IHO. «HHil • 80aod ..... ..... 

France: 
Married .. .. 77 153 583 80 121 456 
Single .. .. 103. 246 794 78 166 730 
Widowed or divorced 211 293 1,148 145 198 930 

Prussia: 
Married .. .. 71 175 582 79 128 497 
Single •• .. 84 231 806 69. 179 729 
Widowed or divorced 201 346 1,091 101 172 805 

Sweden: · 
Married .. .. 53 114 453 66 96 364 
Single .. .. 83 204· 690 61 120 628 
Widowed or divorced 104 190 856 98 132 .. 698 . . 

this influence, intertwined with the influence of selection'in 
matrimony, of comfortable. sqQial conditions, and other factors. 

For England and. Wales a more detailed statement is. 
practicable for womeii (Registrar-General's Annual Report, 
1912), based on the census data 'for 1911 and the deaths of 
unmarried, married and widowed women in the three years 
1910-12. 

The figures given in that report show an excess of 
mortality of married over that of single women up to the age 
of 43, which, as stated in the report, "is the more remarkable 
in view of the number of women debarred from marriage 
by ill-health." This excess is chiefly attributable to the risks 
of msternity. From 40-60 there is practical equality of 
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mortality in married and in single women. Widows in the 
aggregate have a much higher death-rate at all ages than 
either single or married women. Corresponding figures for 
widowers are unobtainable ; it is probable that all that is 
connoted by the term " social misery " is more instrumental 
in causing an excessive death-rate among widows than among 
widowers. 



CHAPTER XIX 

STANDARDIZED DEATH-RATES 

THE extent to which the number living at di11'erent ages ,jl.lld 
the proportion between the two sexes may vary willj be 
further illustrated, as a thorough comprehension of the signifi­
cance of these variations is indispensable in the study of 
vital statistics. The figures on pages 59 and 60 give some 
international comparisons. These deal with large masses of 
population, in which local variations are averaged out. The 
following examples illustrate variations in England and Wales, 
and incidentally demonstrate the insufficiency of crude death­
rates at all ages jointly as a measure of relative vitality of 
these communities. 

Reference has already been made (p. 58) to the valuable 
study of types of population in the General Census Report, 
England and Wales, 1911 (Cd. 8491). ·In this report six 
groups of population were di11'erentiated according to the 
distribution of each population in respect of age and sex. 
In Group I the populations showed excess of both males and. 
females during childhood and deficiency at nearly all ·adult 
ages. This group consisted of· ·ports and manufacturing 
towns. Group II resembled the first group, except th&t 
the proportions of males. l'!lmained above the average for . 
the whole country tilJ about a_ge 45. This type is deter­
mined by relatively high birth- a.Bd death-rates, absence of 
attraction for female labour, and.' the continued immigration 
of young men, as in mining and certain industrial districts. 
Group III showed excess of both males and females through­
out' the working period of life, and deficiency in childhood 
and old age, as in Blackpool, four central London areas, 
and in textile towns. Group IV was distinguished by excess 
over the general average during the first three, succeeded 
by deficiencies in the fourth and fifth quinquennia of life ; 
there 'followed a second period of ·excess between 25 and 

118 
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45, and then a second 'period of deficiency for the rest of 
life. The districts included in this group belonged to what 
are described in the census report as the " workman's 
dormitory " type. The age distribution of Group V, consist­
ing chiefly of residential districts, was most distinctive in the 
female sex, the proportion being uniformly below the mean 
during the three first quinquennia of life and above it after­
wards, almost exactly the converse of the conditions in the 
two first groups. Group VI was the largest group of all. 

" 
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Fla. 20.-Number in 1,000 Malea and 1,000 Femalea at all ogea, of Malea 1•---•J &nd of Fomaloa [o • • • o • • • o] at Each Quinquennial 

Period of Lifo in 1911. · 

The diogram, derived from tho &giotrar-Gt>noral'o table, for Group I relatao 
to the following dist.riot.a; Bethnal Green, Poplar, Shoreditcb, Edmonton, 
Weat Ham, Walsall, ·west Bromwich, Stoke-on-Trent, Sunderland, South 
Shioldo, Tynemouth, &nd Woot Hartlopool. 

Tho di~, derived from the Registrar-General's table, for Group W 
oompriMa Bradford, Dewsbury, Halifax, Huddersfield, Rochdale, Bury, 
BI .. kbum, Oldham, and Burnley, 

In it the proportional numbers were generally below the 
mean for the whole country up to about 40-50 years of age, 
and afterwards in an increasing excess. The areas included 
in this group were of predominantly rural type. 

In the diagram above the males in Group I and 3 and 
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.the females in these two groups are contrasted ; and from 
what has already been written it will be evident that a lower 
crude death-rate at all ages, in the aggregate,Jor both males 
and females will hold good for Group 3 than. for Group I, 
assuming that in the compared groups the death-rates at 
each age-period o-5, 5-10 ... 75-85, etc., are equal in all 
the groups. 

A further illustration of the need for corrections for age­
distribution of population may be quoted from Dr. Ransome, 
as given in an earlier edition of this book, although it is now 
too extreme to be matched in current experience. This 
illustration does not· show correction for sex, but only for 
a~:- . 

Suppose two towns, A and B,. each with a mean popula­
tion of 1,000, and exactly alike in their sanitary conditions. 
A has 150 children under 5 ; B has only 100 under 5, which 
in each town die at the rate of 10 per .cent. per annum, 
while persons over 5 die at the rate of 10 per mille. R,eckon­
ing up the total mortality per 1,000 at all ages, we find that-

In A, out of 15Q children, 15 die. 
In A, out of 850 over 5, 8·5 die; the total death-rate 

being 23 · 5 per 1,000 of the entire population. 
In B, out of 100 children, 10 die. 
In B, out of 900 over 5, 9 die ; the total death-rate being 

19·0 per 1,000. · 
Thus there is a difference of 4·5 per 1,000 in the two 

death-rates, due simply to differepces in the age composition 
of the two populations, and apart· altogether from their state 
ol health. 

In the paper from wh.ic~ this illustration is t&ken Dr. 
Ransome further pointf! out that a death-rate of 10 or even 
12 per 1,000, which not infrequently is recorded in certain 
favoured districts, cannot be regarded as a true measure of 
longevity of its inhll.bitants. It has been staten that a death­
rate of' 10 per 1,000 means either that every child born 
attains the age of 100 before he dies; or else that the average 
a~ at death is 100 ; and that if some die in infancy, others 
must have lived much more than 100 years. ~imilarly, a 
death-ra~ of 12 per 1,000 means an average a~ at death of 
over 80. This would be true in a life-table population, i.e. 
one m which the births equal the deaths, and no disturbing 
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migration occurs. In a population in which births exceed 
deaths (the usual type), and in ·which migration disturbs 
ratios between ages and sexes, a crude death-rate of 10 per 
1,000 would not carry the above consequence. To attain a 
continuous death-rate of 10 per 1,000 of population, .two 
conditions are generally required: (1) A favourable age and 
sex distribution of population, and (2) an exceptionally healthy 
population after allowance has been made for the first factor. 

Standardized Death-rates.-8tandardized death-rates 
can be obtained by two methods, direct and indirect, as 
described in the Annual Report of the Registrar-Gilneral, 
England, 1911. In both the crude death-rates of various 
districts are modified to show what they would have been 
had the local populations been constituted as to age and sex 
like the total population of England and Wales in 1901. 
The direct method gives slightly more accurate results, but 
it is laborious in application and demands knowledge of the 
mortality of the local population in questi.on at the several 
age and sex groups ; the indirect method ordinarily gives 
substantially accurate results, and can be applied, with 
relatively little trouble, once the necessary factor has been 
calculated, to any area of which the age-distribution was 
recorded at the census. 

Direct Method of Standardization.-In this method a 
million persons, grouped as to age and sex like the popula­
tion of England and Wales in 1901, is taken. The death­
rates for each sex at each of 11 age-periods in the area 
A, whose standardized death-rate is required, being known, 
these local death-rates are applied to the number living at 
each of these ag&-periods in a million of the population of 
England and Wales, 1901, constituted as to age and sex 
distribution like the population of the whole country, and 
the aggregate deaths in this million thus calculated give the 
deaths in a standard million. (See page 228 for a fully worked 
example.) This death-rate was formerly known as the cor­
rected death-ratt', but the alternative name standardized 
death-rate was proposed by Dr. Cressy L. Wilbur, formerly 
of the Washington Census Bureau. "Corrections" are made 
for non-resident deaths as well as for age and sex, and the 
substituted name for the latter correction has therefore been 
adopted in this country. 
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The standardized death-rate obtained by this method; 
as stated in the Registrar-General's Report for 1911, "accu­
rately summarizes the tendency to death of each sex and 
age group of the population concerned, and is of course 
strictly comparable with similarly prepared statements rela­
ting to any other populations, however differently consti­
tuted." As has been stated in the following happy illustration: 
Looking upon mortality as a tax, the standardized death­
rate measures the tax, and the crude death-rate the yield. 

Standard Population.-In this country the population of 
England and Wales in 1901 has continued to be used as a 
standard, in order to avoid the great practical inconvenience 
of a 1 0-yearly change in the basis of comparison, and the 
corresponding need for re-calculatilig to the new standard the 
death-rates of former decades, in order to retain compara-
bility of data. , 

The continued use of the 1901 population as a standard, 
although most desirable from the standpoint of continuity 
of comparisons, involves the fact that stand&.J"dized rates 
based on it run low, the constitution of the population of 
England and Wales in' 1901 favouring a low aggregate 
mortality, Such rates can only be compared among them­
selves, and are too low for comparison with rates for other 
countries, which have not beeri reduced to the same standard, 
and even then may not be altogether free from occasional 
distortion. 

In the American Mortality St~'tistics of 1911, Dr. Wilbur 
adopted the standard of the 1901 population of England 
and Wales, and thus the possibility of accurate comparison 
between the vital statisticS ' of two kindred nations was 
established. 

The International Statistical. Institute formerly recom­
mended that the .population of Sweden in 1890 divided, 
without distinction of sex, into the five age-groups 0-1, 1-20, 
20-40, 40-60, and over 60, should be made the basis of 
comparison ; but this would give much less accurate results 
than the 11 age-groups and sex-classification of the English 
method. This plan has beim abandoned more recently in 
favour of a composite European population in 11 age­
group~ (Annuaire Internationaire de Statistique, II, Mouvemenl 
de Ia Population, EurO"pe, 1917, p. viii) based on the census 
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populations in or about 1900 of a large group of European 
populations. The following table compares the two standard 
populations for persons. It will be noted that the English 
standard has a younger population than that of the other 
standard. 

STANDARD Mu..u:oN (PEBSoNs). 

England, 1901. International 
Statiaticallnstitute. 

0-5 .. 114,262 119,900 
li- .. 107,209 } 206,900 10- .. 102,735 
IIi- .. 99,796 } 183,200 20- .. 95,946 
25- .. 161,579 147,900 
35- .. 122,849 120,500 
4/i- .. 89,222 93,900 
55- .. 59,741 70,800 
65-- .. 33,080 40,500 
75-- . . 13,581 16,400 . 

1,000,000 1,000,000 

The Choice of Standard.-This is important for two 
reasons : ( 1) The distribution of the population-for instance, 
if it contains an unusually large proportion at ages of low 
or high death-rate-may be such as to secure a lower or 
higher standardized death-rate at all ages than would occur in 
ano~her population differently cons~tuted. A comparison of 
the population of France with the younger average population 
of England would illustrate this point. If the standard 
chosen favours a low standardized death-rate, as ie the case 
with the standard population of England and Wales in 
1901, standardized death-rates thus obtained, while generally 
comparable with each other, will be unduly low for comparison 
with most crude death-rates or with rates standardized on a 
lt>SS favourable basis. Moreover (2) rates based on a standard 
population which comprises a high proportion of persons 
at any age (or sex) will be influenced to an undue extent 
by the mortality of that group. Thus the standard population, 
England and Wales, 1901, contained a high proportion of 
persons aged 2(}-.25, at which age English death-rates are 
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exceptionally low, as compared with dea.th-ra.tes in other 
countries for the sa.me a.ge-period (see Ta.ble LXXI in the 
Annua.l Report of the Registra.r-Genera.l, 1910). ·ConSequently 
the sta.nda.rdized' ra.te over-emphasizes this low morta.lity, 
and the English rate is understa.ted-proba.bly not to a. 
materia.l extent-as compared with tha.t of other countries. 
If the French popula.tion were taken a.s a sta.nda.rd, undue 
weight would be given to the morta.lity of the aged, a.nd the 
sta.nda.rdized dea.th-rate of the English rura.l population 
would be prejudiced, beca.use the rural dea.th-r&te in old age 
is nea.rer the average dea.th-ra.te of the a.ged in the whole 
country tha.n the rura.l dea.th-rate at ea.rlier adult ages, which 
is very low. 

More importa.nt tha.n the actua.l sta.nda.rd is the method 
to be prescribed for its applica.tion. Of the two methods 
enumerated below the first is wrong, the second right. 
(a) The ma.le mortality may be standardized by a ma,le 
sta.nda.rd, fema.le mortality by a female sta.nda.rd, a.nd total 
mortality by a sta.nda.rd of persons. This apparently 
is the proposa.l of the Intemationa.l Statistica.l Institute. 
(b) The sta.nda.rd of persons is used for both males a.nd females, 
a.nd by this mea.ns fa.ir a.nd unbiased compa.risons ca.n be 
ma.de between the morta.lity of the two sexes, they being· 
both referred to the same sta.n!la.rd (see Annua.l Report of the 
Registra.r-Genera.l, 1913, p. xx). But for sta.nda.rdizing the 
dea.th-rate for persons a standa.rd is used which distinguishes· 
sex, thus a.llowing for sex differences in the populations com­
pared. The intema.tiona.l sta.nda.rd fails to do this. It 
gives the sa.me result whether a high local dea.th-rate a.t ages 
45-65, for insta.nce, is due -to high mortality or to a high pro- . 
portion of ma.les in the population. Furthermore, it gives 
inoompa.ra.ble results for ma,Jes, ~ep1ales, a.nd persons beca.use 
the sta.nda.rd used varies in each ca.se. 

Indirect Method of Standardization.-,-By the use of this 
method, knowledge a.nd use of the district ·dea.th-ra.tes a.t 
each a.ge is not required, a.nd much la.bour is thereby sa.ved. 
The factor of correction (sta.nda.rdizing factor), once ascer­
tained, ca.n be employed, with approximate accuracy during 
a.n entire deoennia.l period; provided that no great change 
occurs in the cha.ra.cter of the population. 

In this method a.n ''idez death-f"O.ta is first ca.lculated for 
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the district. This, up to 1914, has been obtained by apply­
ing the standard death-rate, i.e. the death-rate at each age for 
each sex in England and Wales for 1901-10 to the local 
population. • 

Thus index deatk·rate 
\ 

(

populations of district standard death-rates) 
sum of in each sex and X for each sex and 

age-group age-group 
-----------~t~o~tM~p-o~p~ul~a-_t~io_n __ o~f-dis~-~t~n7·c~t~.~--~----

The term "index death-rate " has been used officially to 
show that it is merely a measure of the extent to which the 
age and sex constitution of the population is favourable or 
unfavourable as compared with the population of England 
and Wales, 1901. The index death-rate has nothing to do 
with the mortality recorded in the area dealt with, but is 
only an index of the peculiarity of the local poplilation for 
which allowance is made in the standardized death-rate. 

The standardizing factor 

Index death-rate of standard (England and Wales, 1901)1 
- index deathwrate of district. 

This factor measures the extent to which the crude death­
rate of the district is influenced by variations in its age and 
sex distribution from the corresponding distribution of the 
standard population ; and when this factor is multiplied into 
the crude death-rate of the district, its standardized death­
rate is given. A detailed example of the working of this 
indirect method is given on page 228. 

In the Rogistrar-GenerM's Reports for 1911-14 are given 
the standardizing factors for every administrative area. in 
England and WMes. After that date they became inapplic­
able, owing to changes in age and sex distribution of popu­
h\tion caused by the war. The same reason will ma.ke it 
difficult, if not 'impossible, to give death-rates for mMes at 
ll.b'CS 15-45 for the period 1911-20. The following examples 

• b., the dMth.,..IM for """ and age-groupo applied to the population 
of Englalld and Waloo, 1901. 
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relating to the year 19ll show that standardized sometimes 
difier markedly from crude death-rates :-

Standardlllng - Death·rata Standardlled 
Factor. 1911. Deat&rate. 

County BorougM-
Hastings . . .. .. 0·8410 14·1 11·9 
Brighton . . .. .. 0·9092 14·2 12·9 
Wigan •• . . . . .. 1·1149 18·5 20·6 
Bum!ey .. . . . . 1·1051 18·1 20·0 
Birmingho.m .. .. . . '1·0373 16·7 17·3 
Ma.noheoter . . .. 1·0799 17·1 18·6 

AdminNWGKue Counliu-
Surrey .. .. . . 0·9763 10·8 10·5 
Glamorganohire . . .. 1·0659 14·3 16·2 
Oxfordshire •• . . .. 0·8400 13·0 10·9 

Ruroi Di.omct.-
Braintn.e .. . . . . 0·7900 13·6 10·7 
Watford . . .. . . 1·0454 8·9 9·3 

Uri><m Di.omct.-
. Wokingham •• .. . . 0·7651 16·7 12·8 

Eton •• . . .. . . 1·3431 9·1 12·2 
Portland . . .. .. 1·32~2 8·5 11·3 

The instances of Eton and Portland are interesting as 
showing the influence of a large public school and a large 
prison respectively, necessitating a- large correction in the 
crude death-rates. 

In a table given on page xxxvi of the Annual Report of the 
Registrar-General, 1912, the following comparison is given, 
showing that the difierences in the results obtained by appli-. 
cation of the direct and the indirect methods are not as a 
rule of much importance. The table also shows rates" calcu­
lated on the standard recommended by the International 
Statistical Institute. . ' 

' England 
i.ondou. County Other Rural and Borougbl. Urban Diat.rtct.. Wales. Districtl. 

Crude deeth-rate per Million 
13,290 13,832 14,712 12,523 12,340 of po)fation, 1912 •• 

T,-~. 
12,914 13,782 15,164 12,392 10,508 

P! (England and Wales 
Standard, 1901) 

] ·B, By indireot method • 13,011 13,832 15,102 12,444 10,936 
. (England andWales 
] Standard, 1901) 

17,900 13,400 0, By direct method •• 15,679 16,451 15,086 
j l (International Stan· 
"' • dard, 1890) . -
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It will be noted that the International standard death­
rates are much higher than those calculated on the basis 
of the population of England and Wales, 1901. It has already 
been emphasized that unless death-rates are standardized to 
the same basis, they are incomparable. 

In the following table the differences between comparisons 
of such death-rates calculated by the different methods are 
seen by comparing London with rural districts, the death" 
rate of London by each method being given as 100 :-

Crude Death•rate by Method. Death·rate. 

A. B. c. 
London .. .. .. 100 100 100 100 

Rural Districts .. .. 89·4 76·2 79·3 81·3 

In rural districts there is a very high proportion of persons 
over 75 which is duly allowed for, both by the direct and by 
the indirect method ; but in the rural districts the death-rate 
at ages 7 5 and upwards 18 higher relatively to that at other 
ages than in England and Wales as a whole, and the disad­
vantage accruing to them from their large proportion of aged 
persons is increased on this account. The indirect method 

'makes no allowance for this increase, and so under-corrects 
the total death-rate of the rural districts for their high propor­
tion of aged persons. The direct method, on the other hand, 
as it takes no account of the proportion of population at this 
or any other age, avoids this difficulty. In most instances 
the differences between the results of the two methods are 
almost negligible. 

An illUStration of standardization of death-rates for a 
single disea...oe is given on page 335. 

The factors calculated as above can only be applied for 
the standardization of the general death-rate, and must not 
be used for the death-rate from individual diseases, which 
would require to have their own appropriate factors calculated 
in each instance. · 

Criticism of Standardized Death-rates.-Professor 
W. F. Willcox, in the paper quoted on page 490, has described 
the insistence on standardized death-rates in comparing 
cancer death-rates as a veritable bed of Procrustes ; for 

15 
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its acceptance excludes "at one stroke probably a.ll other 
cancer statistics" than those in Messrs. King and New~holme's 
paper (p. 489). If standardization is necessary, the significant 
materia.!, he adds, is still so meagre as to make an extensive 
study of cancer even now quite out of the question. The 
English experience is scarcely meagre, though standardized 
figures for other countries are so. Thus in the English 
Registrar-Genera.l's Annual Report for 1917 are given data 
for England and Wales enabling standardized comparisons 
to be made between 1868, 1888, and 1917. It is unfortunate 
that nearly a.ll other available statistics do not enable death­
rates to be compared in which the influence of varying age 
and sex distribution of population on cancer morta.lity has 
been eliminated ; but the spa.rs~ty of such material does 
not justify comparisons based on unstanda.rdized death-rates 
if standardization is necessary. The necessity for some 
measure of sts.nda.rdiza.tion is illustrated in Professor Willcox's 
paper by the following data. :-

ENGLAND AlfD W ALBS. 

a,_,. D...O..ftllu per Million of Populalitm. 

Crude. I Standardl.led. 
Percentage Percen-

~ 
lDcreaae. lDCIUIO. 

1901. l,IIOI. 1911 .. 

843· 17·8 843 915 8·7 3 

.. 
In this table the standardiZed death-rate for 1911 was 

obtained by applying the cancer death-rates at each. age­
period in 19II to the male and the fema.le population o.( 
England in 1901, the. statistics of which year are taken as 
a standard, and therefore the <!rude equals the standardized 
death-rate for a.ll ages in the aggregate. Evidently, when 
more than half of the increase in the crude cancer death-rate 
is. due to the decennia.! change in the sex and age composition 
of the population, standardization. of crude rates is necessary, 
before they ate used for comparative purposes. 

A further example from King and Newsholme's origina.l 
paper (quoted 0_9-)p': 4S9) shows the influence of age distribu­
tion on cancer morta.lity, the standard in this instance being 
that' of the English Lif&-Table No. 3 (Persons). 
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COMPARISON OF STANDARDIZED AND UNSTANDARDIZED CANCER 
DEATH·RATES. 

Not Standardized, Standardized, 
Period. 

England. Ireland. England. Ireland. 

1860-66 .. . . .. 498 553 625 614 
1867-73 .. . . .. 597 627 747 661 
1874--80 .. . . .. 719 680 9ll 699 
1881-87 .. . . .. 902 807 1,152 824 
1888-90 .. . . .. 1,091 894 1,393 912 

In the first two periods, it will be observed, Ireland had 
a slightly higher crude death-rate from cancer than England, 
in the three next periods it was lower. The standardized 
death-rates (which supply correction for the fact that Ireland 
had a larger proportion of its population at cancer ages) show 
Ireland with a lower death-rate than England in each period. 
In the period 1888-90 Ireland's crude death-rate is 17 · 9, 
and its standardized death-rate 34 · 3 per cent. lower than 
that of England. 

But Professor Willcox concludes that " standardized death­
rates are likely to be misleading rather than helpful for dealing 
with this problem, because the amount and rate of increase 
shown in them depend largely upon the standard which is 
used." The possibility that standardized death-rates may 
exaggerate differences between A and B, if either A or B 
has a very unusual age or sex distribution of its population 
or its death-rate at different age-periods, has already been 
pointed out, but the exaggerations thus produced are almost 
always small as compared with those of crude death-rates ; 
and Professor Willcox's criticism arises largely from com­
parisons of standardized death-rates obtained by the use of 
a life-table population, which comes within this exceptional 
category. Such exceptional populations may give standard­
ized rates which exaggerate differences ; though in the 
instance of Frankfort, given in Professor Willcox's 
(p. 490) the effect is a difference between 57 and 53 per 
increase only according to the two standards contrasted. 

Thus, although it is not a matter of complete indliff,,n 
what standard is adopted, the differences between 
obtained by standardization for differences of co:mr>osiJtl.on 
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its acceptance excludes " at one stroke probably all other 
cancer statistics" than those in Messrs. King and New~holme's 
paper (p. 489). H standardization is necessary, the significant 
material, he adds, is still so meagre as to make an extensive 
study of cancer even now quite out of the question. The 
English experience is scarcely meagre, though standardized 
figures for other countries are so. Thus in the English 
Registrar-General's Annual Report for 1917 are given data 
for England and Wales enabling standardized comparisons 
to be made between 1868, 1888, and 1917. It is unfortunate 
that nearly all other available statistics do not enable death­
·rates to be compared in which the influence of varying age 
and sex distribution of population on cancer mortality has 
been eliminated ; but the sparsity of such material does 
not justify comparisons based on unstandardized death-rates 
if standardization is necessary. TJ;te necessity for some 
measure of standardization is illustrated in Professor Willcox's 
paper by the following data :-

ENGLAND AND W.t.I.Es.. 

C..- Death-ralu per Mtllion of Populalion. 

crude. I St&ndar<llsed. 
Percentage Pereentaoe 

~ 
Inoreaoe. Increaoe. 

1001. 1,901. 1911 •• 

843 17·8 843 915 8·7 . 3 

In this table the standardiZed death-rate for 1911 was 
obtained by applying the cancer death-rates at each· age­
period in 1911 to the mala and the female population ~ 
England in 1901, the . statistic~ of which year are taken as · 
a standard, and therefore the ~rude equals the standardized 
death-rate for all ages in the aggregate. Evidently, when 
more than half of the increase in the crude cancer death-rate 
is ·due to the decennial change in the sex and age composition 
of the population, standardization. of crude rates is necessary, 
before they are lised for comparative. purposes. 

A further example from King and Newsholme's original 
paper (quoted OrJ.JP. 489) shows the influence of age distribu­
tion on cancer mortality, the standard in this instance being 
that' of the English Life-Table No. 3 (Persons). 
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COMPARISON OJ' STANDARDIZED AND UNSTANDARDIZED CANOEB 

DBA.TH-BA.Tl!:S, 

. 
Not Standardised. Standardized. 

Period. 
-.Ena'la.nd. Ireland. England. Irelao.d. 

1860-66 .• .. .. 498 553 625 614 
1867-73 ..• .. .. 597 627 747 661 
1874-80 .. .. .. 719 . 680 911 699 
1881-87 .. .. .. 902 807 1,152 824 
1888-90 .. .. .. 1,091 894 1,393 912 

· In the first two periods, it will be observed, Ireland had 
a slightly higher crude death-rate from cancer than England, 
in the three next periods it was lower. The standardized 
death-rates (which supply correction for the fact that Ireland 
had a larger proportion of its population at cancer ages) show 
Ireland with a lower death-rate than England in each period. 
In the period lfSSS-90 Ireland's crude death-rate is 17 · 9, 
and its standardized death-rate 34 · 3 per cent. lower than 
that of England. 

But Professor Willcox concludes that "standardized death-
. rates are likely to be misleading rather than helpful for dealing 
with this problem, because the amount and rate of increase 
shown in them depend largely upon the standard which is 
used." The possibility that standardized death-rates may 
exaggerate differences between A and B, if either A or B 
has a very unusual age or sex distribution of its population 
or its death-rate at different age-periods, has already been 
pointed out, but the exaggerations thus produced are almost 
always small as compared with those of crude death-rates ; 
and Professor Willcox's criticism arises largely from com~ 
parisons of standardized death-rates obtained by the use of 
a life-ts.ble population, which comes within this ,exceptional 
category. Such exceptional populations may give standard­
ized rates which exaggerate differences ; though in the 
instance of Frankfort, given in Professor Willcox's paper, 
(p. 490) the effect is a difference between 57 and 53 per c!ent. 
iucreaae only according to the two standards contraated. ~ 

Thus, although it is not a matter of complete indifferen'H- "'· 
what standard is adopted, the differences between rer • E '\) 
obtained by standardization for differences of composit~~JB 0~ 1:;1'11~ 
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its acceptance excludes " at one stroke probably all other 
cancer statistics "than those in Messrs. King and New~holme's 
paper (p. 489). If standardization is necessary, the significant 
material, he adds, is still so meagre as to make an extensive 
study of cancer even now quite out of the question. The 
English experience is scarcely meagre, though standardized 
figures for other countries are so. Thus in the English 
Registrar-General's Annual Report for· 1917 are given data 
for England and Wales enabling standardized comparisons 
to be made between 1868, 1888, and 1917. It is unfortunate 
that nearly all other available statistics do not enable death­
·rates to be compared in which the influence of varying age 
and Sl'X distribution of population on cancer mortality has 
been eliminated ; but the sparsity · of such material does 
not justify comparisons based on unstandardized death-rates 
if standardization is necessary. Th,e necessity for some 
measure of standardization is illustrateci in Professor Willcox's 
paper by the following data :-

ENGLAND AND WALES. 

0MIC6'1' Death.,.. :pwr Million oJ Po:pu/<llion. 

Crude. I Standardised. 
Percentage Percentage 

~ 
InClease. Increase. 

1901. 1,901. 1911 •• 

843 17•8 843 . 915 8·7 3 

In this table the standardized death-rate for 1911 was 
obtained by applying the cancer death-rates at each· age­
period in 1911 to the male and the female population of. 
England in 1901, the •. statistica of which year are taken as · 
a standard, and therefore the CFllde equals the standardized 
death-rate for all ages in the aggregate. Evidently, when 
more than half of the increase in the crude cancer death-rate 
is llue to the decennial change in the sex and age composition 
of the population, standardization. of crude rates is necessary, 
before they are used for comparative purposes. 

A further example from King and Newsholme's original 
paper (quoted OJ].}p': 4!19) shows the influence of age distribu· 
tion on cancer mortality, the standard in this instance being 
that • of the English Life-Table No. 3 (Persons). 



STA11'DARDIZED DEATH-RATES 227 
C.c>MPARISON 01' STANDARDIZED AND UNSTANDARDIZBD CANCER 

DEATH-BATES. 

Not Standardi.zed. Standar.U.ed. 
Perlod. 

England, Ireland. England. Ireland. 

1860-66 •• .. .. 498 553 625 614 
1867-73 •.• .. .. 597 627 747 661 
1874-80 .• .. .. 719 . 680 911 699 
1881-87 .. .. .. 902 807 1,152 824 
1888-90 •. .. .. 1,091 894 1,393 912 

· In the first two periods, it will be observed, Ireland had 
a slightly higher crude death-rate from cancer than England, 
in the three next periods it was lower. The standardi2ed 
death-rates (which supply correction for the fact that Ireland 
had a larger proportion of its population at cancer ages) show 
Ireland with a lower death-rate than England in each period. 
In the period ISSS-90 Ireland's crude death-rate is 17 · 9, 
and its standardized death-rate 34 · 3 per cent. lower than 
tha.t of England. 

But Professor Willcox concludes that " standardized death-
. rates are likely to be misleading rather than helpful for dealing 
with this problem, because the amount and rate of increase 
shown in them depend largely upon the standard which is 
used." The possibility that standardi2ed death-rates may 
exaggerate differences between A and B, if either A or B 
has a very unusual age or sex distribution of its population 
or its death-rate at different age-periods, has already been 
pointed out, but the exaggerations thus produced are almost 
always small as compared with those of crude death-rates; 
and Professor Willcox's criticism arises largely from com~ 
parisons of standardized death-rates obtained by the use of 
a life-table population, which comes within this .exceptional 
category. Such exceptional populations may give standard­
ized rates which exaggerate differences ; though in . the 
instance of Frankfort, given in Professor Willcox's paper, 
(p. 490) the effect is a difference between 57 and 53 per 1\ent. / 
increase only according to the two standards contrasted. / 

Thus, although it is not a matter of complete indifferen..-'e 
what standard is adopted, the differences between ~ults 
obtained by standardization for differences of comp~toJ.on of 

/ 



/ILLUSTRATION OF :METHODS OF STANDARDIZING DEATH-RATES. 

/ , A. DmEC'l! MB'l'HoD. 

(In~ example quinqueunial age-periods are taken; more uoually a&r age 25 decennial death-rates are employeg.) 
, / ,, Aggr<gaJ,a bJ Oounty Boroughs: Standardiwl Dealh-raka por Million Litn,ng in Ills Yuw 1913, 

"' Standardization of •• Persons '" Bate. Btandardimtloo of •• Sex " Rata .. -Hales. Femalet. Stnndard lllales. Females. 
Age Groups. 

Standard Deathlln Standard Deaths In Million 
Deaths in Deaths In Recorded Recorded Popul&tlon Retorded Recorded Mllllon Death-rates Standard llllllon Death-ratelt Standard (Penons), Death-rntes Standard Death-rates Standard 

Popula.tion, Million Population, Mllllon MUllan Million 
. 1901. per Mllllon.l Populat.ton. 1901. per :Mllllon.1 .Population. 1901. per Millloo.l Po_pulatlon. per Mlllloo.l Population. 

0- . , .. 57,039 47,~76 2,719 57,223 39,887 2,282 114,262 47,676 5,448 39,887 4,658 
6- .. 53,462 3,575 191 53,747 3,626 195 107,209. 3,575 383 3,626 389 

10- .•• .. 51,370 2,036 105 51,365 2,194 113 102,735 2,036 209 2,194 225 
16- .. . . 49,420 2,988 148 50,376 2,666 134 99,796 2,988 298 2,666 266 
20- .. .. 45,273 3,829. 173 50,673 3,272 166 95,946 3,829 367 3,272 314 
26- . . .. 40,835 4,458 182 45,998 3,814 175 86,833 4,458 387 3,814 331 
30- .. .. 35,590 / . 5,954 212 39,156 4,624 181 74,746 . 5,954 445 4,624 346 
35- .. .. 31,803 . 8,221 261.: . 34,153 6,561 224 65,956 8,221 542 6,561 433 
40- .. .. 27,591 11,185 309 29,302 8,599 252 56,893 11,185 636 8,599 489 
46- .. .. 23,364 15,259 357 25,001 11.373 284 48,365 15,259 738 I1,373 560 
50- .. .. 19,660 21,490 420 21,297 15,813 337 ~ 40,867 21,490 878 15,813 646 
56- .. .. 15,295 30,399 465 17,064 22,458 383 32,369 30,399 984 22,468 727 
60- .. .. 12,618 44,938 667 14,764 32,423 479 27,382 44,938 1,230 32,423 8~8 
66- .. .. 8,682 60,779 628 .10,676 44,585 476 19,358 60,779 1,177 44,685 863 
70- .. .. 6,009 98,509 592 7,713 75,312 581 13,722 98,509 1,352 75,312 1,033 
75- .. .. 3,477 142,303 495 4,654 112,926 526 8,131 142,303 . 1,157 112,926 918 
80- .. .. 1,603 194,465 312 2,356 162,852 384 3,959 194,465 770 162,852 645 
85 and up-

wards .. 552 281,549 155 939 242,502 228 1,491 281,549 . 420 242,502 862 

• All agao .. 483,543 8,191 516,457 7,400 1,000,000 17,421 13,983 -----
D th to (P ) 8,191 + 7,400 15,591 D th to ("·' ) 17,421 17 , 21 milli' 

ea -ra ersons .,. 483,643 + 616,467 =- 1.,000,000' ea. ·r& ~ea """ 1,000,000' or ,.., per on. 
15 591 ·n· • 13 983 pr, per'm' 'OJl., Deat.b.rata lFfuneJee)-=:s._* __ • _ ___ ._or _13,983 ner million. 
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actual populati'ons are relatively small, and the general case 
for the necessity for standardization and the avoidance of 
crude death-rates remains. 

ILLUSTRATION OF METH,ODS OF STANDARDIZING 
DEATH-RATES. 

B. lNDIBECT METHOD. 

Aggregate of Cmmty Boroughlf : Standardized Dealh·rale (Persons} 
per Million Living in the Year 1913. 

Malee. Females. 

Moan Deaths in Mean Deaths in 
A•o Death-rates Enumerated County Den.th-rate.i Enumerated County 

Groupe. 
'" Ewmnd 

Population Borough in EnQin.nd Population Borough 

and o.lea, or County PopulatJon aud \ ales, or County Po~dation 
1001-10 per Do roughs, at England 

1001-10~, 
Boroughs, at ~land 

lOU. and Wales 1911. and ales 1,000 LivinA:. Ratea. 1,000 Ll g, Rat... 

0- .. 50·03 624,850 31261•2 41•87 620,153 25966·8 
6- .. 3·60 685,204 2048·2 3•61 689,798 2129·2 

10- .• 2·05 649,212 1125·9 2·17 559,667 1214·3 
U- .. 3·09 612,471 15~3·5 2·89 555,667 1605·9 
20- .• 4·18 472,297 1974·2 3·50 555,171 1943·1 
26- .. 5·57 918,347 5115·2 4·74 1,027,636 4870·5 
35- .. 9•15 749,969 6862·2 7·63 807,699 6082·0 
46- •. 16·22 525,862 8529·6 12·51 577,090 7219·4 
56- •• 31·81 324,439 10320·4 24·85 368,681 9161•7 
66- .. 64·85 163,307 10590·5 53·93 217,016 11703·7 
76- .. 152·45 46,621 7107·4 136·20 78,317 10666·8 

Alleges 5,472,579 86518·2 5,956,695 82562·4 

County BONUghlf : lndeJ: Death·r&te ( 1911) 

- 86618·2 + 82662•& 169080•6 = 14·794 1 000 
. n,,72,579 + 5,956,695 11,429,274 per ' · 

England 'and Walea: Indol< Death·r&te (1911) (similarly oaloulated) = 
16·190. · 

County Berougho: Standardizing faotor = !::~:~ = 1·0268. 

Standardized Death·r&te per million (1913) ~ 16,113 (crude rate) x 
1·0268 - 15,518. 



CHAPTER XX 

LIFE-TABLES, HISTORY AND DESCRIPTION 

IN previouS chapters the measurement of the incidence of 
mortality has been considered in so far as-( 1} crude or genera.! 
death-rates, (2} death-rates for each sex at different age­
groups, and (3) standardized or corrected genera.! death-rates 
enable this to be done. 

For a.ll the practica.l purposes of a medica.! officer of hea.lth 
or a socia.l investigator these methods give a.ll that any 
method of statement of tota.l deaths (can supply. Subject 
to accura.cy and completeness of figures of deaths and popu­
lation, no further measure of mortality from a.ll causes is 
needed ; though, in order to arrive at a satisfactory know­
ledge of the causes which have produced a high or a low rate 
of mortality, the inquiry must be pursued, until the incidence 
of each of the chief causes of death has been studied. 

But for actuaria.l and insurance work, further and more 
minute investigation by means of life-tables is needed, 
enabling a statement for any given age of the prospects of 
surviva.l to be given either for . a limited number o( ,years 
or for the rest of life ; and such a statement gives the health 
officer an opportunity of emphasizing by an additiona.l and 
impressive statement the i.mp,ortance of preventive medicine. 

Death-rates for groups of persons, like the expectations 
of life derived from a 'life-table; when employed to forecast 
fut_ure death-rates and life-expectations are based on human 
experience ; human life, a.lthough very uncertain for the 
individua.l, being measurable with a striking approximation 
to accuracy in the mass for large groups of individuals . 

. Life-tables represent " a generation of individuals passing 
through time," the data on which they are founded being 
the numJ?er and ages of the living and the number and 
ages of the dying. Dr. Farr ca.lled the life-table a biometer, 
and spoke of it as of equa.l importance, in a.ll inquiries con-..., 
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nected with human Ii£e or sanitary improvements, with the 
barometer or thermometer and similar instruments employed 
in physical research. It is the keystone or pivot on which 
Ii£e assurance hinges, converting it from a mere lottery into 
an accurate science. 

Addison, in his Vision of Mirza, possibly writing with 
Halley's graduated Ii£e-table before him, gave the following 
allegory, which illustrates the contents of this and the next 
chapter:-

The bridge thou seest, said he, is Human Life; consider it 
attentively. Upon a more leisurely surv~y of it, I found that it 
consisted of threeacore and ten entire arches, with several broken arches, 
which, added to those that were entire, made up the number about an 
hundred. As I was counting the arches, the Genius told me that this 
bridge consisted at first of a thousand arches ; but that a great flood 
swept away the rest, and left the bridge in the ruinous condition I 
now beheld it. But tell me further, said he, what thou discoverest 
on it. I see multitudes of people passing over it, aaid I, and a black 
cloud hanging on •ach end of it. As I looked more attentively, I 
saw several of the passengers dropping through the bridge into the 
great tide that flowed underneath it : and upon further examination 
perceived that there were innumerable trap-doors that lay concealed 
in the bridge which the passengers no sooner trod upon, but they fell 
through them into the tide, and immediately diBBppea.red. These 
hidden pit-falls were set very thick at the entrance of the bridge, so 
that t,hrongs of people no sooner break t.hrough the cloud, but many of 
them fell into them. They grew thi>~ner toward8 the middle, but 
multiplied and laid cl011or together towards the end of the arches that 
Wt>re entire. There were, indeed, some persons, but their number was 
very amnii, that continued a kind of hobbling march of the broken 
arches, but foil through one after another, being quite tired and spent 
with so long a walk. 

History of Llfe-Tables.-Captain Graunt (1620-74) 
laid the foundations of " Political Arithmetic " in England 
by his study of the London Bills of Mortality or burial 
registers. He constructed a table showing the ages and 
causes of dt>ath in the city from 1628-37. He was in close 
relationship with Sir William Petty (1623-87), wh() initiated 
the above name for the new science; but Petty himself dealt 
more with the collection of non·statil!tical facts, some of his 
conclusions being basE'd on very insufficient data. The first 
actual Ii£o-table was constructed by Edmund Halley (1656-
1742). It was based on the death-registers of Breslau, in 
Germany, for the five years 1687-91. 1\lales and females 
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were not distinguished in it, and, like the Northampton table, 
it was based on deaths alone, not on a comparison of the deathB 
and living at each age, which alone can give accurate results. 
Thus this life-table gave only the ds column ·of a life-table, 
i.e. the number dying at ·any age z ; and it was assumed, 
as a working hypothesis, that this column gave the number 
dying at each successive year of age out of a number born 
equal to the sum of the deaths at all ages. This supposi­
tion is only true if three conditions are fulfilled, viz., that 
(1) Throughout the experience the same number of births 
occur, year by year ;, (2) the vitality .according to age, or, 
stated otherwise, the death-rate according to age, in the 
population in question remains unaltered throughout the 
experience ; and (3) no disturbing emigration or immigration 
occurs. 

De Molvre 's hypothesis was suggested by Halley's Brealau 
Tables. He concluded that the hypothesis , that out of 86 
persons bom one dies every year till all are extinct would very nearly 
represent the mortslity of the greater part of life, and that in the calouJa. 
tion of annuities its errors would nearly compensate one another. 
Tables formed on this hypothf'Sis, ae well as on the Northampton 
Table to be next considered, O'V:erstated the mortslity of young adults. 
The consequence is, that in life assurances calculated on the results 
of De Moivre's and Price's Tables, the young Were made to pay for the 
old, and injustice wae done to those who insured comparatively early 
in life. 

The first life-table used for the 'purpose of determining the rate of 
premium to bs paid for life assurance wae Price's Northampton, 
Table, publisbed in 1783, which was used by the Equitable Office 
on its establisbment in 1762. Like Halley's Table, owing to tbs want 
of proper materials, the Northampton: Table was not constructed by 
a comparison of the deaths and the living at each age, but from the 
deaths alone, which is only justifiable with an undisturbed stationery 
population. . It was based on ' the death returns for the parish of 
All Saints, Northampton, for 46 years, 1731>-80. Dr. Price was 
imder the misapprehension that the population of this parish was 
stationery, judging by the number of. infantile baptisms. But at the 
time the data for this table were recorded, there were a large number 
of Baptists in Northampton, who repudiated infantile baptism. The 
consequence of this oversight was that Dr. Price assumed the mean 
duration of life to be 24 years, when it was really about 30 
years. Unfortunately, his. table was made the basis for the Govern· 
ment annuity schemes ; and the same error which gave the insurance 
offices one-third too high premiums induced the Government to grant 
annuities by one-third too large for the price charged, resulting in a 
loes to the ·public funds of about 2 millions sterling bsfore the error 
was corrected. 

Dr, Price also constructed a correct life-table from the population 
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and deaths in Sweden, "which wae the first national life-table ever 
made, and redounds much more to hie fame thsn the Northampton 
Table " (Farr ). · 

The Carlisle Table was constructed in 1815 by Mr. Milne, from 
the observations of Dr. Heysham, upon the mortality of two parishes 
in thet town in the years 1779-89, and two enumerations of their 
population in 1779 and 1787. It represented a great advance in 
life.te.ble technique, being based on the experience of the lives 
" exposed to risk of death. u At the time it was constructed it 
showed results too favourable for the whole country ; but ~wing to 
the decrease of mortality which followed, it became more accurate. 
De Morgan gives the following expression, based on the Carlisle Table, 
as representing more nearly the mortality from the age of 15 to that 
of 65 than does De Moivre's hypothesis. Of every 100 persons aged 
15, one dies every year till the age of 65. Or if we take the mean 
after·lifetime, according to the Ce.rliele Table, between the ages of 
10 and 60, for rough purposes it may be said: Of persons aged 10 
years, the mean after-lifetime is 49 years, with a diminution of 7 years 
for every 10 years elapsed ; thus, of pereons aged 20 years, the mean 
after·lifetime is 49-7 = 42 years ; at 30 years of age, 35 years, and 
so on. The mean after·lifetime, according to difierent life-tables, is 
shown in figures 23 and 24. 

The Carlisle Table, although based on scanty and uncer· 
tain data, has been largely employed in insurance work until 
recent years. 1\lany individual insurance offices have investi­
gated their mortality experience, alone or in combination 
with other offices. The experience of insured persons is 
that of persons who usually have been carefully examined 
in respect of health, only persons being insured at ordinary 
rates in whom no disease is detected and who are not 
unacceptable because of an unhealthy occupation or residence 
in unhealthy climates. The Equitable Insurance Society 
framed tables based on its experience of 5,000 lives from 
1762 to 1829, and Government tables gave the experience of 
22,000 Government annuitants. 

In 1843 was published the Seventeen Offices' Experience, 
and later the Twenty OjJices' Experience. The last named 
was published in 1869, and included the Healthy 1\lales (RY) 
table. This table, compiled by the Institute of Actuaries, 
soon became the standard table, and remained so until the 
issue of the Briti~h Oificd Tables, based on data relating to 
the period from 1863 to 1893, which were supplied by sixty 
British offices. The work of compilation was carried out by 
the Institute of Actuaries and the Faculty of Actuaries 
jointly. The 0:11 table of thia work for male lives has taken 
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th~ place of . the H14 table. In 1912 the Government 
Annuitants' tables were published. 

The national experience of England and Wales ha.s been 
made the subject of a. series of life-tables prepared in the 
General Register Office. 

English Life-Table, No. 1.-Dr~ Fa.rr constructed his 
No. I Table, based on the cen~us returns of 1841 and the 
deaths of the same year (Registrar-General's Fifth Report). 
Thinking, however, that the records of one yeu,r'a deJJ!hs 
might be open to challenge owing to the short time embraced 
in them, he constructed the EnglishLife-Table,No.l. This 
is founded on the census enumerations of 1831 and 1841, 
and the deaths of 7 years, viz. those in 1841 .and the 
.3 previous and 3 subsequent years. 

The difference between the data ~ these two English 
life-tables is slight. 

The English Life-Table, No. 3, c~nstructed by Dr. Farr, 
wa.s based on the census enumerations of 1841 and 1851, and 
upon the 6,470,720 deaths registered in the 17 years 183S-54. 

For a detailed description of the methods of construction 
of this table, the reader is referred to "The English Life­
Table" by Dr. W. Farr: Longman & Co., 1864. 

The near agreement between the results obtained by 
these three English life-tables is very remarkable, and 
shows that, notwithstanding annual fluctuations, there was a 
fairly stationary mortality during 1838-54, which, we may. 
add, continued up to the year. 1871. The· latter fe.ct led 
Dr.· Farr to abandon his intentien of constructing a fourth 
English Life-Table down to 1872. 

The Healthy Districts Life-Table wa.s constructed by 
Dr. Farr on the basis of ih.e 'mortality during the five years · 
1849-53 in 63 · selected EngliSh districts, which showed, 
during the decennium 1841-50, · a mean annual death-rate 
not exceeding 17 per 1,000 persons living. As pointed 
out. by Dr. Fa.rr, it expresses "very accurately the actual 
duration of life among the clergy and other classes of the 
community living under favourable circumstances." It repre­
sented also a standard of healthiness already attained, and 
wa.s therefore useful for purposes of comparison. This table 
is printed in the Thirty-Third Annual Report of the Registrar-
GenelliiJ. • 
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The English Life-Table by Dr. Ogle, published' in the, 
Supplement to the Thirty-Fifth Annual Report , of the 
Registrar-General,' deals with the national experience in 
the decennium 1871-80, and those by Dr. Tatham with the 
corresponding experience of 1881-90 and 1891-1900. 

The New Healthy Districts Life-Table, by Dr. Tatham, 
gave a valuable index of sanitary and social progress. Thus, 
whereas in 1849-53, the period dealt with by Dr. Farr's 
Healthy Districts Life-Table, "less than 6 per cent. of the 
total population lived in districts the crude death-rates in 
which were below 17 · 5 per 1,000; in 1881-90, on the other 
hand, no less than 25 per cent. of the population lived in 
districts the crude death-rates in which fell below 17 · 5 per 
1,000, and 4! per cent. in districts the crude death-tates in 
which did not reach 15·0 per 1,000." When difierences of 
age and sex constitution were allowed for by obtaining death­
rates in a standard population, it was found that about one­
sixth of the entire population, or 4,606,503 persons, had death­
rates below 15 per 1,000 in 1881-90. This new healthy 
districts table was therefore calculated on 46 million years 
of life, a basis more than nine times as great as that of the 
older table. In the corresponding Healthy ,Districts Life 
Table for 1891-1900 it was found practicable to utilize the 
experience of an aggregate population of 4,447,485 in 260 
districts whose death-rates did not exceed 14 per 1,000. 

Ail to comparability of methods in constructing the above 
life-tables see page 252. 

For the decennium 1901-10 much more abundant infor­
mation has been , supplied. The making of national life­
tables for this period was entrusted to Mr. George King, 
F.I.A., F.F.A., whose report should be on the shelf of every 
student of vital statistics.l In this report he describes the 
method of construction of full and abridged life-tables, and 
tho following life-tables are given :-

(1) Life-tables for England and Wales for males and 
femalt's, respectively, based on the experience of the 10 
years 1901-10 (No. 7), and corresponding to the English 
Life-Table No. 6 for the decennium 1891-1900. 

(2) Life-tables for England and Wales, for males and 
1 Supplemon' to "'" Soventy·Fil"' Annual Report. of 'he Reg;.trar­

(m>oral, Pan 1, Lilo·Tabloo (Cd. 7~13). 
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·females, based on the Census of 1911 and the deaths of the 
3 years 1910-12 (No. 8). 

(3) Life-tables for females only; according to marital 
conditiqn, single, married, or widowed, based· on the Census 
of 1911 and the deaths in 1910-12. 

(4) Sectional life-tables, for males. and females respec­
tively, for-

(a) The administrative county of London. 
(b) The aggregate of county boroughs. 
(c) , , urban districts. 
(d) , , rural districts. 

These are based on the deaths in 1911 and 1912, and on the 
estimated population in the middle' of each of these years. 

Subsequently Part II of the same supplement, dealing 
with life-tables (Cd. 1010) was issued,(containing a. series of 
abbreviated life-tables prep~ed by Dr. E. C. Snow. 

United States Life-Tables, 1890, 1901, 1910, and 1901-10," 
have been published by the Government Printing Office, 
Washington (1921), giving an explanatory text, mathematical 
theory, computations, graphs, .and original statistics. The 
text of this report forms a textbook of points relating to 
life-tables. The methods employed in constructing the life­
tables for persons, males and females, lor white persons and 
negroes, for foreign born and native born, for rural and. 
urban sections, and for ·selecte~. registration states, !1-PPe&r 
to be the same as have been used in the construction of the 
English Life-Tables for 1901-10 and 1910-12. The report 
embodies also a useful c!>mpa.rison of survivorship, death• 
rates; and expectation of Iile at each age for 12 countries,· 
in most instances for the period 1901-10 . 

. There have been published also life-tables dealing with 
the experience of New Zealand and Australia.; a.s well as for 
a number of foreign countries. Given the inexorable condi• 
tions that (1) in each of the countries under comparison the 
population and deaths are accurately known by enumeration 
and by registration, and that (2) the life-tables are con­
structed ~y identical or strictly comparable methods-fail­
ing which serious errors may &risEr-the hope expressed by 
Fa.rr in his Fifth Annual Report of the possibilities arising 
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from life-tables for various countrie<! may hereafter be 
realized, as expressed in the following eloquent words :-

A comparison of the duration of successive generations (in various 
countries) would throw much light on the physical condition of the 
respective populations, and suggest .... many ways of diminishing 
the sufferings and &meliorating the health and condition of the people. 
. . . By these conparisons a noble national emulation might be excited ; 
and rival nations would read of sickness djmjnjshed, deformity 
banished, life saved-of victories over death and the grave-with as 
much enthusiasm as of victories over each other's armies in the field ; 
and the triumph of one would not be the humilio.tion of the other, 
for in this contention none could lose territory, or honour,. or blood, 
but aJI would gain strength. 

The question as to whether life-tables enable the impor­
tant comparisons, the need for and value of which is vividly 
stated above, to be made more usefully and more succinctly 
than by death-rates may be regarded as debatable. 

Description of a Life-Table.-In previous editions of 
this work the method of constructing life-tables was described 
in much detail. This appears to be unnecessary in the present 
edition for two reasons. First, the utility of life-tables 
for public health purposes is only limited (see p. 261 ), 
Secondly, methods of constructing life-tables are explained in 
Mr. George King's report to the Registrar-General (Cd. 7516), 
where both a detailed and a short method are described, 
which give accurate results conforming closely to the 
original facts. For students in the United States very full 
instructions for the construction of a life-table are given in 
United States Life-Table& 1890 to 1910, Washington (1921). 

'l:hese reports are easily accessible, and in view of the 
growth of this volume in other directions, it has been decided 
to give here only a short description of a life-table and of the 
deductions to be drawn from it. 

In the construction of a life-table two parallel items of 
information are needed: (1) The number exposed to risk 
of death, and (2) the deaths occurring in this number. Each 
item must he tabulated separately for each year of life. The 
ratio of (2) to (1) gives the yearly rate of mortality fo• the 
year in question ; and obviously if one assumed that a given 
number born, say 100,000, or the survivors of these from 
earlier ages, were exposed to the yearly rate of mortality of 
the community under examination at every age, a third 
column could he constructed showing the number who would 
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survive to each successive birthday, until the whole number 
started with have died. The difference between every. two 
successive numbers in this third column shows the number 
of deaths in each year of age, and thus a fourth column is 
obtained. The third column is known as the z. and the fourth 
as the d. column. 

Except in insurance practice, life-tables are not based on 
the experience of persons traced through life, in that case 
through their insured lives. For instance, it is required to 
make a .life-table for the years 1920--21-22 for E11gland and 
Wales or some local community. The number of deaths for 
males and females in each age-group are. ascertained. The 
male and female population for the same period in each age­
group is estimated from the census returns. From these 
groups the annual number living and the number dying in 
each year of age are ascertained by an analytic or graphic 
method of interpolation. It is then a.4.sumed that the rate of 
mortality for any age of life, ascertained from th!ll!i1' two 
series, will be applicable to other per80118 out of a given number 
started with at birth, .. as they successively attain the age in 
question. The life-table constructed from these data becomes 
a record of recent experience, as well as a means of fore­
casting the future ; whereas if it were based on the actual 
watching of 100,000 perspns from birth to death, the experi­
ence would be obsolete before· it was complete. 

The probability of living one year is obtained by the. 
formula .. 

2-·m 
P - "' .-2+m • 

• • • f 

where m is the rate of mortality per unit at the age :r:. 
Thus in the English Life-Ta~l~~ No. 8 (Males) the proba­

bility of a male at birth living one year 

= 2- 0·12044 = 0·87956. . 
2 + 0·12044 . 

Having ascertained p., the number living at each age 
(1.) is obtained 'by multiplying the numb~r tving at the 
immediately preceding yea.r by p0 , and the ean between 
z. and lo+ 1 gives the L,., i.e. the number living the middle 
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of each year. A complete column at all ages of L. being 
obtained, the aggregate number of years which a person at 
age z will live, if his experience is that of the average, is the 
sum of all the numbers in the L. column from that age 
until all the lives became extinct. In this way the Q. 
column is formed, and the average expectation of life for 

any person at age z = ~· · 
• 

A description of the graphic method of obtaining the 
population and deaths for each single year of life from data 
giving this information for age-groups will be found in -the 
Journal of Hygiene, vol. ill, p. 297, 1903, by Newsholme and 
Stevenson, and of the analytical method in the English and 
the American official reports on life1tables. 

Short Methods for the Construction of a Life-Table. 
-The long 'methods of constructing a life-table are laborious, 
and for most medical purposes the results obtainable from 
a life-table scarcely justify the trouble incurred in its 
construction. 

Several shorter methods which give approximately accu­
rate results are available. One described by- the late Dr. 
T. E. Hayward was included in the last edition of this book, 
and a description of it will be found in the Journal of the 
Royal Statistical Society, vol. lxii, part iii, 1899. 

Mr. George King embodied in his Government Report on 
Life-Tables (Cd. 7512) the description of a short method of 
constructing abridged life-tables, which gives accurate results. 
It docs not deal with the ages of infancy and .early childhood. 

Dr. J. Brownlee has .shown (Journal of Hygiene, vol. xiii, 
No. 2, 1913) that the expectation of life by formulre devised 
by him may be obtained approximately from the standardized 
death-rate. 

Dr. E. C. Snow (Part II, Supplement to the Seventy-Fifth 
Annual Report of the Registrar-General) has prepared a number 
of abbreviated life-tables for various divisions of England and 
Walos, ba.sed on the mortality in the years 1911-12. !I'his 
method, it is claimed, enables a life-table to be constructed 
in a few hours, provided the ordinary death-rates in varirth: 
ago-groups of the population concerned are available. ;&,.; 

The student, therefore, need have no difficultv in con­
structing a lifo-table by an abbreviated method, ;hould he 
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desire to do so. It remains to be discussed whether much 
is gained by doing this, beyond the mastery of the details 
of probabilities of life at different ages, which is secured by 
detailed study of the statistics of population and mortality, 
necessitated in the construction of a life-table. This point is 
discussed at the end of the next ch!:pter. 



CHAPTER XXI 

METHODS OF CALCULATING THE DURATION 
OF LIFE 

THE preceding chapters have prepared the way for a con­
sideration of trustworthy summarized statements. of duration 
of life. 

The duration of life is the problem with which vital 
statistics are largely occupied, while preventive medicine 
is largely concerned with endeavours towards the attain­
ment of Isaiah's ideal (chap. lxv. 20) : "There shall be no 
more thence an infant of days, nor an old man that hath not 
filled his days : for the child shall die an hundred years old." 
Although nothing is more uncertain than the duration of 
life, when the maxim is applied to the individual, there are, 
as Babbage has put it, "few things less subject to fluctua­
tion than the duration of life in a multitude of individuals." 

• It is on this principle that annuities and life assurance can 
be made the subject of definite and exact calculations, the 
final results being found to vary within but narrow limits. 

An exact statement of the average duration of human 
life from birth or from any subsequent age can only be 
given by means of the life-table method; but several other 
tests have been employed, viz. :-

(I) The mean age at death ; 
(2) The probable duration of life ; 
(3) The mean duration of life; 
(4) The expectation of life, or mean after-lifetime; 
(5) The numbel' living out of which one dies annu~y. 

In a life-table, i.e. a stationary population, when all the 
lives are included in the calculation, the mean age at death, 
the expectation of life, and the number out of which one 
ilics annually, are numerically identical. The comprehension 

16 IU 
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the t>xpectation of life, and the number out of which one 
dies annually, are numerically identical. The comprehension 

16 Ul 
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of this point will elucidate the relationship between the five 
above means of testing the, duration of life. 

In the. construction of the life-table. we have seen 
(p. 239) that when the sum of the numbers living at a.ll the 
ages higher than a given age z is taken, each life ia counted 
once fur every complete year it BUnJivea after the age z. The 
sum total represents the total number of complete· years of 
life lived by the persons who enter upon the year of life z. 
H this sum be divided by the number who, according to the 
life-table, enter upon this year of life, the quotient will be 
the individual expectation of life at the age z, so far as com­
plete years of life are concerned. (H we add to this amount 
half a year as representing the average duration of existence, 
during the W" year of life for those who die during that 
year, we obtain the· complete expectation of life.) But the 
above sum (of the numbers living at a.ll the ages above z) 
is also the number constantly living above the age z. Thus 
in the Brighton Life-Table, out of si,I95 male children at 
birth, · 69 were left at the age of 95 years, and the 
sum of the number living at all higher ages was 44_ + 29 
+ I7 + IO + 6 + 4 + 3 + 2 + I =· 116 yea.rs. But 
116 

68 h • eli "d al' . h 69 = I· = t e m VI u curtate e~cta.t10n a.t t e age 

of 95. The number 116 a.lso represents the sum of the 
number of m!!oles consta.ntly living in Brighton a.t ages above 
95 out of 51,195 male children born, who have been traceq 
through life in accordance wit~ the mortality expelience in. 
I881-90. In other words, it represents the entire population 
aged over 95. Ina.smuch a.s these a.ll die at this or some 
subsequent age, if we divide the entire population 116 by 
the number 69 who are living at the age 95, we obtain the· 
number out of which 'one dies &nnua.lly, which in a life-table 
population is identical with the· expectation of life. 

In the preceding illustration it has been shown that the 
number out of which one dies annua.lly and the expectation 
of life are identical for the age 95. It can similarly be shown 
that they are identical at birth or at any subsequent age. 

At birth the mean age at death in a life-table population 
is also identical with the mean expectation of life, as may 
be ascerta.ined by the somewhat laborious method of finding 
the !)um obta.ined by adding together the total ages of the 
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dying in each year of life, and dividing this sum by the total 
number of deaths. 

Thus in a stationary or life-table population the following 
represent identical quantities :- · 

Mean age at death of persons at all ages 
Sum of ages at death 

- total No. of deaths 
number of population 

No. of deaths in one year 
Mean duration of life } 

or, Mean expectation of life at birth. 
or, Mean after-lifetime 

A D th sum of ages at death Th if 
Mean ge at ea = number of deaths · us, 

5 persons die at the ages 10, 20, 30, 40, 50, their mean 
10 + 20 + 30 + 40 + 50 age at death = 

5 
= 30 years ; and 

if a second group of 5 die at the age of 25, 30, 45, 
50, 70 respectively, their mean age at death will be 
25 + 30 + 45 + 50 + 70 . 

5 
= 44 years. Assummg that these 

two groups of persons were exposed during life to similar 
.influences, the question arises, Would the mean age at death 
of the two groups form a safe standard of comparison between 
them t It should be noted, to begin with, that the number 
of persons in the instances quoted is very small, and cannot 
therefore form a trust worthy ba,sis for comparison. But 
even. if each group embraced a large number of persons, 
erroneous conclusions would certainly be drawn, 88 the age­
con~titution of the two groups is so different. In· a life­
table population, the mean age at death is, 88 already seen, 
the same aa the expectation of life at birth. But in a popu­
lation like that of England and Wales, where the births con­
stantly exceed the deaths, and the population is an increasing 
one, the mean age ·at death is necessarily lowered by the 
la.rge proportion of deaths of young children. On the other 
hand, when a high birth-rate continues for a series of years, 
tht>re being added every year to the population more pel:l'on~ 
than are taken from it by death and migration, there resulte 
an excessive proportion of persons between the ages of 5 
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and 55, during whi,ch period of life the death-rate is below 
the. average death-rate for all ages. 

It follows that in contrasti11g different communities the 
mean age at death is a most fallacious test, owing to varia­
tions in birth-rate and in migration of population. 

In the comparison of different classe~~ of society, and those 
engaged in different occupation&, serious errors have arisen 
by the use of this test to determine their relative vitality. 
It would be absurd, for instance, to draw any inferences 
from a comparison of the mean ages at death of bishops and 
curates, as men do not usually become bishops till they have 
passed the middle period of life. Similarly in comparing the 
gentry with tradesmen. Many gentry are retired tradesmen, 
and their mean age at death is therefore higher than that of 
tradesmen. A Socialist leader in 1890 stated that the mean 
age at death of workmen was 29--30 years, of the well-to-do 
classes 55-60 years. This statement ~oes not shed any light 
on the relative' vitality of the two classes under comparison. 
It simply shows that the Trade Union Societies, from which 
the above figures were derived, consisted largely of young 
men, whose age at death, if they died at all, must necessarily 
be lower than that of the well-to-do classes, consisting as 
.they do in a large measure of persons r~tired from active 
work. 

The acceptance of the mean age at death as a test of 
the duration of life is a fragment of the error involved in 
the construction of a -life-table from the deaths alone, as iB · 
Dr. Price's Northampton Table .(see p. 232). · · · 

Effect of Birth-rate upon the Meatt Age at Death.­
We have already seen that in a stationary population un­
affected by migration, in' which the births equal the number 
of deaths, the expectation of 'life at birth is identical with 
the mean age at death, and with the number of the popu­
lation out of which one death annually occurs. Inasmuch as 
the births and deaths are equal in number, the mean age at 
dea~.is also equal to the number out of which one annual 
buth oc..~urs. In a non-t~t&tionary populat-ion the state of 
matters is altogether different. 

The late Sir B. W. Richardson claimed for the inhabi­
tants of his " Hygeiopolis " that their death-rate would be 
,reduced to five per 1,000. It was· soon afterwards asserted 
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in The Times that this would imply a mean duration of life 
(using the term in the sense of mean age at death) of 200 
years, and that a fortinri Sir B. W. Richardson's anticipa­
tions were absurd. It is only, however, where the popula­
tion is stationary that the mean age at death, with a death­
rate of 5 per 1,000, would be 200 years ; and in a population 
with a high birth-rate the above anticipation was not so 
absurd as it appeared. 

Dr. Rumsey urged that returns should be made of the mean 

f h 1
. i · sum of ages of population at census 

a~e o t e rv n~ = be f ul . aa a num r o pop ation 
corrective of the fallacies connected with the mean age at 
death. He adds it is now "clear that the average duration 
of the lives of those who die in any place or country does 
not imply the average age of those who live there, any more 
than it means their average 'expectation of life.' " He 
give~ the following axample, taken from the experience of 
the metropolis a quarter of a century before the date of his 
remarks : " Paradoxical as it may seem to the uninitiated, 
1 out of 41 may die annually, the mean age at death 
may be 29, the mean age of the living may be 26, 
and the mean expectation of life may be 37; in the same 
population at the same time." (Essays on Some. Fa.lk:Jcies 

.of Statistics, 1875, p. 211.) Sir E. Chadwick found that in 
fairly healthy districts the mean age of the living was to 
the mean age at death as about 3 to 4, while in insanitary 
districts with shifting and increasing populations the line of 
vitality was higher than that of mortality. But this is due 
to the fact that insanitary conditions increase mortality, 
eBJK'cially among young children, and, in addition, there are 
always crowds of young and healthy persons ready to 
imrnigrate from country to town, thus lowering the mean 
age of the town populations, among whom insanitary con­
ditions are especially rife. On the whole, therefore, the mean 
age of the living as a test of the duration of life is as untrust­
worthy M is the mean age of the dying. 

The Probable Duration of Life (also called equatidn of 
life, or ~-le probable) is a term used to signify the age at which 
any number of children born into the world will be reduced 
to one-half, so that there are equal chances of their dying 
before and after that age. The name is unfortunate, as 
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every possible duration of life has a. probability which may 
be determined, and is therefore mathematically a. " probable 
lifetime." Using the term in its limited sense, the English 
experience in 1838-54 gave a. probable lifetime for males at 
birth of 44-45 years; according to the expeti.ence of 1881-90 
it was 51-52 years, a.nd l).ccording to the experience of 
1901-10 it was 58-59 -years. 

De Moivre's Hypothesis.-This assumed that the decre­
ments of popUlation are in arithmetical progression, and 
that of every 86 persons. born, 1 would die uniformly 
every year until a.ll were extinct. Such an assump­
tion was convenient in the calculation of annuity tables, 
before accurate life-tables ·were constructed. According to 
this hypothesis there is no such function as the probable 
duration of life, the probability of death in any year being 
as great as in a.ny other. It confessedly errs greatly at the 
beginning and end of life, and is only, "' very rough approxi­
mation to the truth for the middle period of life. 

The Expectation of Life (synonyms: mea.n after-lifetime, 
mean duration of life,· vie moyenne) is found, as already 
described (p. 239), from a. life-ta]Jle. A life-table shows how 
many of a. given number, started with at a. given age, live 
through each subsequent year of life, a.nd what is the sum 
of the number of years they live. The expectation of life 
is obtained by dividing th~ sum of these years by the 
number living at the year of age from which the expectation 
of life is desired. 

It should be observed that the expectation of life is the· 
average number of years which persons of a. given age, ta¥:en 
one with another, live, assuming that they ·die according to 
a. given table of the proba.bilities of life. The term " expects., 
tion of life " does not imply tha.t an individual may reason­
ably expect to live a given nllltlber of years. The excess of 
those who die late is distributed among those who die early, 
"those who live longer enjoying as mucb more in proportion 
to· their number as those who fa.ll short enjoy less of life." 
Thus the expectation of life. is not the most probable lifetime 
of any given individual. ' 

Many attempts have been made in the absence of a life­
table to·a.scerta.in the expectation, but none of ·them give 
trustworthy results . 

• 
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The formula of Willich gives approximate results for ages 
between 25 and 75. 

It is as follows :-

If x = e_xpectation of life, and a = present age, then 

x =!(SO- a). 

Thus at the age of 45 years the expectation of life accord­
ing to this formula= i(SO- 45) = 23·3 years. According 
to the English Life-Table (No. 8) it varies from 23 · 3 for men 
to 25 · 5 for women. · 

Probabilities of Life.-It is sometimes desirable to ascer­
tain not only the probable duration of life, but also the 
probability of dying withi!l a given period. 

In mathematical language, the words chance and proba­
bility are used as synonymous ; but in common language 
the first word is used when the expectation that an event 
will happen is small, and the second when it is large. 

If the number of possible events = a + b, of which a 
are favourable and b unfavourable, and if p = the proba­
bility of a favourable event happening, and q = the proba­
bility of an unfavourable event happening, then, on the 

supposition that one of these events •happe~, p = ~b; 
b a+ 

. q = --b ; where p + q = 1, or certainty. a+ 
Thus, if we wish to find the probability of a man aged 

30 living till he is 50, and also the probability that he will 
die before that age, we consult the life-table for males. If 
the number living (out of a million males born) at 30 is 
669,279, and at 50 is 517,639, the probability of a man aged 

30 livin to 50= 
517

'
639

• g 669,279 
And aa C69,279- 517,639 = 151,640 =the number dying 

d . I . d h f 151,640 517,639 urmg t 1e peno ; t ere ore , or 1 - = proba-
669,279 669,279 

bility of dying between 30 and 50. 
If there be several indl'pendent events, the probabilities 

of the happening of which are respectively p 1, p 2 , p3, etc., 
then the probability that all the events will happen is 
p1 X Ps X Ps X etc. ; that o.ll will fail (1 - p1) (1 - p2) 
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(I - .Pa) etc. ; that at least one event will happen, 
I- (1- p 1) (I- p2) (I- p 8) etc.; and that ·exactly ,one 
will happen and all the rest fail,· p 1(1 - p2) (I - p8) etc. 
+ p 2(I - p 1) (I - p 3) etc, + p 8(1 - p 1) (I - p 2) etc. + etc. 

Thus, if p = ~b and p1 = _:__d' then the prob~bility a+ c+ 1 

that both will happen is ~b X _:__d' and the probability · a+ c+ 
that neither will happen is this amount subtracted from 
unity. 

Thus, the probability that a married couple-the husband's 
age being 40, and that of the wife 35-will both live 15 years, 
is obtained as follows :- , 

If by the life-table out of I,OOO,OOO of each sex at birth, 
there are-

Of males at 40 years old, 604,923; at 55 years old, 462,981. 
Of females at 35 years old, 638,9I2; at 50 years old, 

516,375. 

The probability of both these persorui surviving 15 years 
. . 462,981 516,375 . 

from thetr present age= 
604 923 

X 
638 912

, whtch product 
' ' 

gives the required result. 



CHAPTER XXII 

PROBABILITIES OF LIFE IN THE TWO SEXES, 
AT DIFFERENT AGES AND IN DIFFERENT 
COMMUNITIES 

A LIFE-TABLE makes it practicable to study the life-history 
of the persons who in the table are traced through life. 
In life-tables constructed from the experience of insurance 
societies, the same persons are traced throughout the whole 
of their insured lives. National life-tables or local life­
tables, dealing with the experience of the entire population 
in a given country or area, do not trace the same persons 
throughout life, but assume that a given number of persons 
are subjected throughout the whole of their lives to the 
death-rates of a given group of years. 

For such a study the life-table supplies three chief 
numerical resulta :-

(a) The probability at each exact age of living one 
year (p,) in the two sexes separately. 

(b) The number of survivors out of 100,000 children 
born of each sex, at the end of each succeeding year of 
life, until the whole number become extinct by death. 

(c) The expectation of life, or mean after-lifetime, of 
males and females at tbe end of each year of life. 

The first of these merely gives us the same information 
as m., the central death-rate or rate of mort&Jity for: each 
year of life, m. and p. being connected in the manner shown 
in the formula on page 238, For ordinary purposes the death­
rates 0-5, 5-10 .•.. 20--25, 25-35, 35-45, etc., give us all 
that is required of current information respecting a community, 
and enable adequate comparison to be made with past 
t':tperience. 

The two additional tests supply composite information 
respecting the average past and the awrage future expected ... 
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experience of a. section of a. given community, which js 
supplied only by a. life-table in this composite manner. ' 

By means of these tests it is practicable to compare tbbse 
experiences for the two sexes, for different communities ,and 
at different periods. • 

Comparison of the Two Sexes.-The English expe~ence 
of 1901-10, as shown in Mr. King's life-table, is given in part 
in the following table :-

ENGLISJl LDB-TAliLB, No. 7 (ExPEBllHiCll or 1901:_10) • . 
No. of Snrvlvora at Bs.pectatlon of LUe iD Yean. Dllferent Agea. 

Age. 

Hales. Females. I :Uales. 
\ 

J"emal•. 

. 
0- .. .. 100,000 100,000 48•53 52•38 
1- .. .. 85,566 88,257 55·68 58·31 
5-' .. .. 79,398 82,178 55·90 58· 53 

10- .. .. 78,083 80,756 51·81 54·53 
15- .. .. 77,297 79,898 47·31 50·08 
20- .. .. 76,113 78,756 43·01 45·77 
25- .. .. 74,546 77,391 38·86 41·54 
30- .. . . 72,741 75,779 34·76 37·36 
35- .. . . 70,472 73,769 30·79 33·31 
45- .. .. 64,230 68,359 23·27 25·53 
55- .. .. 54,435 60,179 16·48 18·27 
65- .. .. 39,278 46,716 10·80 11·99 
75- .. .. 19,754 26,418 6·41 7·10 
85- .. .. 4,349 7,09j· 3·53 3•94 
95- .. .. 149 39&' 2·07 2·32 
105 .. .. 2 20 0·78 1·20 

The survivorships showiJ.' hl this table confirm the death­
rates given in Chapter' :X, the superiority of the aggregate 
female over the aggregate male vitality being visible 
throughout life, both as regards survivorship to any given 
age • and expectation of life from that age onwards. At 
birth a. female infant, on the basis of the experience of 
1991-10, had an expectation of 3·75 more yea.rB of life 
than a male infant ; at the age of 20 the female expectation 
was 2·76 yea.I'Il greater than the male; at 30 it was 2·60 
years greater; at 45 'it was 2·26 greater; and at 75 it was 
still 0.. 69 years greater for females than for males. The 
student -will find further comparisons of male and female 
survivorships and life expectati~ns in the official volume 
containing Mr. King's life-tables. 
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Life-table Comparison of Married and Unmarried.­
The official English tables based on the experience of 
mortality' in 1910-12 enable the vital experience of women 
to be stated in accordance with marital condition. In the 
following table, in which the age 25 is taken as the starting­
point, some of the results of this examination are shown :-

Lti'JII•TABLE FOR ENGLAND AND wALES, F:a:MA.L:B:S (EXPli:BIENCB 
0~ 1910-12). 

Number of Survivor• al Differenl .4g ... 

AIJe. Spinstera. Wlvea. Wldowa. 

25- •• .. .. 10,000 10,000 10,000 
30- •• .. .. 9,833 9,806 9,739 
35- •• .. .. 9,623 9,684 9,442 
40- •• .. .. 9,372 9,308' 9,092 
45- •. .. .. 9,053 8,971 8,674 
60- .. .. .. 8,625 8,670 8,134 
65- •. .. .. S,OR8 8,047 7,4R9 
65- •• .. .. 6,520 6,472 6,739 
715- •• .. .. 4,021 3,961 3,234 
85 .. .. .. 1,188 1,180 863 

At each age widows survive in fewer numbers than either 
~pinsters or wive~ ; but the difference between wives and 
spinsters is almost insignificant. (See also p. 213.) Such 
differences. as are visible are probably explicable rather by 
the less favourable average social circumstances of widows 
than by any essential relationship between marriage and 
long life. 

Historical Chan~es in Survivorship and Life Expecta­
tion.-From the facts and arguments included in preceding 
chapters we can start with the following general statements : 
First, when it is desired to ascertain at what ages in either 
sex a change in vitality has occurred, death-rates for each 
age-group must be compared, as in the table on pag~ 204. 
No life-table elements~xcept P. and m. for t'Bch year of 
life, whk•h for ordinary public health purposes give a con­
fu"ing minuteness of detail-()an in practice replace these 
age-distributed death-rates. Secondly, when it is desired to 
summarize for any age the total past experience at lower 
agt.>s (1.), or the total future expectation of life for any 
age (e0

0 ), the life-table is needed. Such information, however, 
fails to reveal the age at which aey variation from the ordinary 



252 THE ELEMENTS OF VITAL STATISTICS 

occurs, and therefore tells less than the death-rates at successive 
age-groups. 

In the following paragraph~ comparisons are m&de chiefly 
of survivorships after the age 25. This has important 
bearing on the question as to whether the great saving of 
life during the last fifty years, which has been most marked 
in childhood, has been as~ociated with improvement in adult 
life.1 The subject is more fully discJP!sed elsewhere.• 

In the tables on page 253 the facts are shown for males. 
As ·shown in Table A, in each successive English life­

table the number of survivors to the age 25, out of equal 
numbers born, has continuously increased with lapse of time. 
The subsequent course of events for adult life can more 
accurately be followed in Table B. It ~ be seen that with 
the exception of ages 60 and upwards in the decennium 
1881-90, the number of survivors out of every 1,000 reaching 
the age of 25 years has steadily increased with lapse of time 
until· after the Psalmist's term of life is passed. Similarly, 
out of every 1,000 reaching 40 years of age (Table C), with 
the exception of ages 55 and. upwards in' 1881-90, improve­
ment is shown at all ages over .40. These tables give no 
evidence of national deterioration at higher ages. They 
show, on the contrary, increased longevity in ·each succeeding 
period, This is further illustrated in Fig. 21. 

In the last table are embodied data from Dr. S. W. Abbott's 
life-table based on the experience of Massachusetts in 1893-7, 
which are probably comparable with corresponding data from 
the United States Census Burea~'s Report for 1909-11. 

When the whole of life is taken into account, the results 
in Massachusetts show 1mproved' prospects of life in every 
age-period, so in the main do the figures for equal numbers 
starting at age 25 ; but for equal numbers starting at age 
40 there is no evidence of improvement after the age of 65. 

The series of life-tables issued by the Bureau of the Census, 
based on the deaths in the three years 1909-11 and the 
population of 1910, give valuable material for comparison 

l Mr. George King has pointed out that in the English Life-Table for 
1838--64', that for higher ages, and especially fo~ agee over 60! the death.rate 
was under-&atimated, and that therefore the :amprovement m recent years 
is much greater than appears. 

• See my·· Harvey Lecture~ January 29, 1921, on ''National Changes iD 
Health aud Longevity," published in the QUMierly Pub!icalion oflhe Americ<m 
Skiliolical A•...:ialion, Juno, 1921. 
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A. NtmBEB OJJ' MALl!l SURVIVORS AT HIGHER AGES' OUT OJ' 1,000 
BORN. 

England and Wale~. Masuohusetta, U.S.A 
Experience of 

18S8-5f. 1881-90. 1901-10. IOlQ-12. 1893-97. 190~11. 

No. at birth .. 1,000 1,000 1,000 1,000 1,000 1,000 

No. at age 
. 

25 .. .. 624 694 745 779 680 760 
30 .. .. 595 669 727 762 651 739 
35 .. .. 564 640 705 742 620 713 
40 .. .. 532 605 677 717 588 683 
4n .. .. 496 564 642 685 554 646 
50 .. .. 456 518 599 643 515 604 
55 .. .. 409 463 544 590 468 551 
60 .. .. 356 398 476 521 411 482 
65 .. .. 295 322 393 435 344 395 
70 .. .. 223 239 299 334 267 296 
75 .. .. 148 154 198 224 185 197 

B. NuMBER oP SURVIVORS AT HtGliEB. AoEs OUT OJ' 1,000 AT 
AGIO 25. 

England and Wales. Muaachusetta, U.S.A 

No. at age 
25 .. .. 1,000 1,000 1,000 1,000 1,000 1,000 

30 .. .. 9~4 964 976 978 95S 972 
35 .. .. 904 922 946 952 912 938 
40 .. .. 852 872 909 920 865 899 
45 .. .. 794 813 862 879 815 850 
60 .. . . 731 746 804 826 758 795 
55 .. .. 655 667 730 758 688 725 
60 .. .. 570 574 639 669 604 634 
65 .. .. 473 464 528 558 506 520 
70 .. .. 357 344 401 429 393 389 
75 .. .. 237 22ll 266 288 272 259 

c. NttM.BEB 01' SURVIVORS AT Hto!IEll AGES OUT OJ' 1.000 AT 
Aos 40. 

England and Wales. llassacb.uaettl, U.S.A 

No. at age 
1,000 40 . . .. 1,000 1,000 1,000 1,000 1,000 

45 .. .. 932 932 948 956 942 946 
50 .. .. 857 856 885 897 876 894 
65 .. .. 769 765 804 823 796 907 
60 .. .. 669 &8 703 727 699 706 
'5 .. .. GA6 638 680 606 585 67S 
70 .. .. 4:?0 896 442 466 454. 433 
75 .. .. 278 1156 291 312 au; 288 

Non.-HoaV7 type 10 lor - "' which IIUI'VIvorahip bu de-orated.. 
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With the data of England and Wales. Dr. William H. 
Davis, the chief statistician for vital statistics of the 
Census Bureau, informs me that the national English and the 
American life-tables are comparable with respect to methods 
of construction. In the tables on page 255 are compared the 
number of survivors out of 1,000 males at birth, at age 25, 
and at age 40, and in each successive 5 additional years 
of age. The columns for different sections of the population 
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P'IG. 21.-Life-Table Experience, England and Waleo, for Four Periods. 

Number of Male Survivors at Each Subesquent Age out of 1,000 at Age 
25, in 1838-04, 1881--901 1901-10, and 1910-12. 

of the United States are arranged in order of the number 
of survivors to the highest age, beginning with the experience 
of greatest vitality. 

It· will be noted that the aggregate white males in the 
rural parts and in the whole of the regi~tration area, and 
the population of the States of Indiana and Michigan, showed 
the largest number of survivors to age 25, Michigan coming 
ne~.1 

In •Fig. 22 the relative experience of males in rural 
parts and in cities and of Massachusetts as a whole is shown. 

1 ~parata life-tables ha..., been published for Indiana, l\18311&Chusotta, 
Miohigau., New Jereey, aDd New York. · 
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UNITED STATES Lrinl:MTABLES, 1909-ll, :roB MA.r.Es. 

A. Number of Survivor• al Higher Ag<8 Om of 1,000 Born. 

Total Native· Whl .. 
Wlrl .. born Total Malea Indl· Michl- New New Massa-
blales White White In .... . ... Jersey. York. cbusetta . 
(Rural :&fa.Ies.l Malea.l Citiet.l pnrta),l 

----------- -- ----
No. at birth 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

No. at age 
804 25 .• 806 768 770 751 791 764 756 760 

30 .. 785 744 748 728 782 771 741 731 739 
35 .. 763 716 721 698 757 749 712 701 713 
40 .• 738 683 688 662 732 725 677 662 683 
45 .• 710 648 651 619 702 698 637 619 646 
50 .. 677 608 607 569 667 663 591 569 604 
63 •• 637 561 656 510 628 621 637 511 551 
60 .• 581 501 490 435 570 565 466 440 482 
65 •. 506 426 409 347 498 489 381 358 395 
70 .. 409 337 315 253 404 393 288 269 296 
75 .. 294 237 216 162 290 279 194 180 197 

B. Number of Suruwor. al Higher Au" Om of 1,000 al Age 25. 

No. at age 
25 •• 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

30 .• 974 9~9 971 969 973 975 970 967 972 
35 .. 946 932 936 929 942 947 932 927 938 
40 •• 916 889 894 882 911 917 886 876 899 
45 .• BMI 8H 846 824 873 882 834 819 850 
5.0 .• 840 792 788 758 830 838 774 753 795 
65 •• 790 731 722 679 781. 785 703 676 725 
60 .. 721 652 636 579 709 714 610 582 634 
65 .• 628 655 631 462 619 618 499 474 520 
70 .. 507 439 409 337 503 497 377 356 389 
75 .. 365 308 280 216 361 353 254 238 259 

C. Number of Suroivoro al Higher Ag,. Ou& of 1,000 al Age 40. 

No. at age 
40 .. 1.000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1;ooo 

45 •• 962 949 946 935 959 963 941 934 946 
60 .. 917 890 882 860 911 915 873 859 884 
65 .. 863 821 808 770 858 857 793 772 807 
60 .. '1S7 734 712 657 779 779 688 664 706 
66 .. 6S6 6~-1 695 6:!, 680 675 563 540 578 
70 .. 6,;4 493 43$ SN3 652 6U 4261 406 433 
75 .. 39$ U7 314 2i5 300 3dS !87 i72 288 
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The picture is not materially changed when the survivor­
ship of 1,000 men starting at age 40 in each of these States 
is contrasted. The populations living preponderantly in 
cities evidently occupy an inferior position. That the con­
ditions of city life explain, largely at least, the marked 
differences of vitality in the different States is suggested 
by the partial coincidence between degree of urbanization 
and paucity of survivors. At the Census of 1910, 92·9 per 
cent. of the population in Massachusetts was urban (i.e. lived 
in districts with a population exceeding 2,500) ;. 78 · 9 per 
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FI<>. 22.-Life-Table Experience of the United States (1909-11). Number 

of llla.le Survivors at Each Subeequent Age out of 1.000 a.t Age 25 in 
· the Aggregate Urban and Rura.l White Populetiona of the Origina.l Regis-

tration States and in 1118oi!B&Clhuaetta. 

cent. in New York and 75·2 per cent. in New Jersey, as 
against 4 7 · 2 per cent. in Michigan and 42 · 5 per cent. in 
Indiana.. The proportion of foreign-born population in 1910 
wa~ about 32 per cent. in Ma.ssa.chusetts and New York 
Sta.te ; 29 · 5 per cent. in New Jersey ; 22 ·1 per cent. in 
Michi_ga.n ;. and 9 · 2 per cent. in Indiana.. It may be added 
tha.t for every 100 foreign-born persons in Ma.ssachusettli the 
highest proportion is Irish (21· 2 per cent.) ; in New York 
the greatest number are Russians (20·5 per cent.), followed 
by Italia.ns (17•5 per cent.) and Germans (16·0 per cent). 
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If the experiences from age 25 onward be compared, 
' rural males, the males of Michigan and of Indiana have 

approximately an equal number of survivors to the age 70, 
while Massachusetts, New Jersey, and the State of New York 
have relatively few. 

Changes in Expectation of Life.-The lable on page 253 
shows that in England and Wales the probability of survival 
has increased at all ages right up to advanced years. This 
continuance of higher survivorship means that from any age 
onwards the future expectation of life has also increased. 
As the original tables are readily available, it is scarcely 
necessary to quote them. 

Urban and Rural Life-Table Experience.-For many 
years past the Registrar-General has published tables showing 
year by year the death-rates, according to sex and. age, in 
London and in the aggregate great towns (county boroughs}, 
in the aggregate smaller towns (urban di~tricts), and in all 
rural districts in the aggregate. Mr. King's contribution 
on life-tables (Cd. 7512} shows for each of these combinations 
expectations of life and survivorships at various ages in 
both sexes. From this report the following table has been 
extracted :-· 

Lln:·T.t.BLBS JrOB """" TBBaa YBABB, 1910-12. 

Number of SurvitJOr• Oul of 1,000 al Ago of 12. 

l!al ... Femaleo. 

Ap. Count»" ... ..... ........ ... ..... County ... ..... ........ ... ..... 

12 
15 
20 
25 
30 
35 
40 
45 
M 
63 
75 
~ 

of ~teo! t''" of 'l<te of of ~teo! .... or 'l<te of 
.Loo.d\11'1. unty '""" ""'' Londo11. uoty u, .... . .... 

Doro~. Distrtda. Dlstrlcta, Borouahs. Di&t.ricta. Di&t.rl.ctL 

.. 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 .. 9\13 993 994 995 994 993 994 994 .. 980 977 979 98ll 9Sll 978 981 9~1 .. 963 968 962 965 970 962 968 P6S .. 1143 935 114ll 1147 954 1143 949 947 .. 913 906 9:!0 925 934 921 929 928 .. 675 869 891 901 908 890 905 90S .. 8:!6 8:!i 856 870 869 853 875 877 .. 685 885 7« 78.' 763 746 7S. 801 .. 480 475 65:1 635 598 569 623 663 .. 233 213 277 380 3S1 306 362 416 .. •s 40 81 87 97 73 119 1!5 

The table starts at the age of 12, and therefore ignores 
17 
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differences of experience in the earlier years of life. Children 
start fair at the age of 12 in the tables, and this fact is 
relevant to the discussion on pages 212 and 358. For instance, 
the children in county boroughs have been subjected prior 
to thi• age to more serious dangers to life than children in 
rural districts. Had this resulted on a large scale in selective 
influence on survivors, the expectation of life (as can be 
tested by reference to the original report) should be higher 
at older ages than in rural districts, unless this influence is 
veiled by the continuance of adverse influences or by migration 
of population. No such influence is seen. Thus the male 
expectation of life at age 25 in county boroughs was 37 · 80 
years, and in rural districts 42 · 84 years. Evidently environ­
mental influences, with some possible influence of migration 
in addition, are predominant in the circum•tances of civilized 
life in a large community. 

Comparin~ Males and Females.-In London female 
survivors out of a given number starting at age 12 are more 
numerous than male survivors before the age of 25 is reached, 
and the preponderance increases with age. A similar course 
of events occurs in the great towns. In the smaller urban 
districts, and still more in rural districts, the excess survival 
of females is much less marked, and does not appear so early 
in life. 

Comparin~ Different Areas for Males.-But little differ­
ence is seen before the age of 35, though county boroughs 
have the least favourable experience. At higher ages urban 
and rural districts show a relatively favourable record. 

Comparin~ Different Areas for Females.-It is evident 
that as contrasted with London and urban districts the 
superiority of country over town is very slight until the 
age of 55 is reached, but in county boroughs the difference 
appears earlier and is greater. 

How far the above results may be affected by migration 
of a kind which cannot be corrected by the official method 
of relegation of deaths (p. 195) is difficult to determine. 

International Comparisons.-As supplementing the 
comparisons between the United States Death Registration 
Area and England and Wales, the following curves of life­
table experience show for the period 1901-10 for a number 
of countries the number of survivors at each age out of 
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100,000 at birth, for males and females separately. The 
ourves a.re oopied from the United States Life-Tables by 
permiesion of the Federal Census Bureau. -

A summarized statement of the expectation of life at 
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Fto. 23.-Nwnbor of Male Survivon a& eli&""'' Atl<>o ou' of 100,000 Bom 

Alive in the OoUDtrieo D&mod, 11101-10. 

va.rioUB agee and for di1ferent historical periods in many 
European countrit-s is given on pp. 180...182 of .Aftlauaire 
lttlenaalioftale de Slati&tiqve, II, Movt>etr&efll de la Popvlatiot& 
(Ewro~). 
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The Place of Life·T!ibles in Statistical Investigations. 
-As already indicated, the chief practical use of a life-table 
is to facilitate. life insurance work, the calculation of annuity 
values, eto. 
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FIG. 24,-Number of Female Survivors at difterent Agee out of 100,000 Bom 

. · • Alive in the Countriee named, 1901-10. 

Does it supply any useful indications in public health 
and Similar inquiries beyond what is supplied by death· 
t'!'dt. (male and female) per 1,000 living in each age-group, 
and L. standardized death-rates ! ' 
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In a. recent discussion at the Royal Statistical Society 
(J ourna.l, Vol. 85, Part IV, 1922), introduced by Dr. Green­
wood, the relative merits of standardized and life-table 
death-rates were debated. Dr. Brownlee held that the 
experience of life-table populations is the proper subject of 
comparison, standardized death-rates being misleading; but 
this view did not find favour, and it may be regarded as 
axiomatic that the experience of persons living at given 
ages, should be compared with that of ·others living at the 
same ages, and that we should only accept death-rates for 
all ages as final tests when they have been standardized, i.e. 
when constant weights have been attached to each of the 
death-rates under comparison for varying age or sex dis­
tribution of population. The standardized death-rate thus 
provides a summary of the death-rates for age-groups. A 
life-table death-rate d ·e3 not. 

The life-table gives a. concise and almost dramatic method 
of stating survivorship& up to any given age and prospective 
duration of life from that age onwards. Such ·a summarized 
statement is valuable, but it does not obviate the need for 
investigation into special death-rates according to age and 
sex. These death-rates are the fundamentally important 
items. 

Comparative mortality figures are substantially stan­
dardized death-rates, and the possibility of unequal age 
distribution of persons industrially employed not infrequently 
arises in connection with these (p. 313). 



CHAPTER XXIll 

SOME FACTORS INFLUENCING THE 
DEATH-RATE 

IN previous editions of this work a special chapter has been 
devoted to the " influence of climatic a.nd social conditions 
on mortality." One of these conditions, that of marriage, 
has already been discussed (p. 213)., Other factors that may 
be mentioned in this connection are climate, season, cyclical 
cha.nges, race, poverty a.nd wealth, sanitation, urba.n and 
rural· life, density of population, occupation. Nearly every 
one of these important problems, however, is complex, a.nd 
cannot be profitably discussed in detail, unless specific as 
well as general death-rates are displayed ; a.nd ma.ny of the 
problems involved are discussed from various angles in other 
chapters of this work. Here it is proposed to state briefly 
statistics bearing on the intluence of race, climate, and 
season on mortality, giving, some illustrations of influence. 
of these factors on specific deatJ!,-rates. 

The American vital statistics given in the annual 
" Mortality Statistics " for the United States include death­
rates in different countries .. , . ';l'he influence of race is discussed 
in a number of papers by Dr. L. Dublin ; and a comparison· 
of the vitality of whiu; ·and colo'ured populations is contained 
in. Dr. Hoffman's treatise on :Race Trait& and Tendencies 
oflhe American Negro (1896, Publications of the American 
Economic Association). 

Race and. Tuberculosis.-A considerable body of evidence 
!lXists showing that the gradual tuberculization by minimal 
doses of .turbercle bacilli is a condition of subsequent relative 
immunitY. to tuberculosis. This evidence is summarized in 
Dr. G. E. Bushnell's Epidemiology of· Tuberculum's (1920), 
and :9rofessor I·yle Cummins has contributed evidence to a 
similar effect in the ·I nlernaliO'IIal Journal of P®lic H eaUh. 

:I'he i,nfantile and early adult peaks of tuberculosis 
mortalitf '(p. 446) are explicable on this hypothesis, and 

., . i6i 
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the hypothesis goes far to explain the very marked differences 
in racial mortality from tuberculosis. Whether, apart from 
differences in degree of exposure to infection during early 
life, racial differences in immunity to tuberculosis exist, may 
be regarded as still doubtful. 

The following table comparing death-rates from various 
diseases in white and coloured persons has been taken from· 
Dr. L. I. Dublin's work on Mortality Statistics of Insured 
Wage Earners and Their Families, 1919. It is concerned 
with the experience of nearly 28 million male poli.cy-holders 
in the industrial department of the Metropolitan Life In­
surance Company, of whom nearly 7 millions are coloured. 
All these are industrial workers, and there would appear to 
be a possibility of distinguishing racial characters, though it 
is probable that in other conditions, besides, race, the two 
groups differ greatly. · 
REUTIVJII DEATB·RATES, 1911-16, Ol' CoLOURED M.u.:ms, THE DEATli·JU.TJII 

IN WHITl!l l'd.&.r.Es AT EAOB AGE BEING STATED .&9 100, 

Relative HortaUty of Coloured Males from 

A .. ·Porlod. 
I 

All Crmaea. Tubcrouloall. Cancer. 

1-11 .. .. .. 172 796 70 
6-10 .. .. .. 149 1,030 67 

11-15 .. .. .. 200 1,127 20 
16-20 .. .. .. 248 431 79 
21-U .. .. .. 202 235 28 
26-35 .. .. .. 154 145 85 
36-45 .. .. .. 121 103 78 
46-115 .. .. .. 117 99 68 
56-65 .. .. .. 117 118 61 
66-75 .. .. 106 124 37 
76 a.nd over .. .. 96 168 " 

It is not unlikely that the death-rate from tuberculosis 
in nE'groea is somewhat overstated, but the difierence in 
death-rate from this disease, even if large allowance be ioade 
for overstatement, is appalling, especially in childhood and 
youth. The same cause-lack of accurate medical certifica­
tion-which may explain some of the apparent excess of 
" consumption," is also responsible in part fot the lower 
dooth-rnte from cancer in the coloured population. 

So far as concerns total mortality, the following life-table 
figures, based on the United States experience in the 
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Registration States, 1909-11, show the difference between 
whites and negroes in respect of survivorship :-

.A....,.~ <1 SlalitmMy Ma3·Popu/alion tm~~(f..wl by Emigmlion cmd lmmi· 
graH<m, cmd lilac Jha D«Jth.rat&• a< Eado Ago-period holding good m U.. 
3 Yoa'l 1909-11 continued, 111m U.. SUf'IJWoro om of 1,000 Bom "' U.. 
following Age~ .,...ut be-

Whlto Population. Blaok Populattoo. 

Birth 1,000 1,000 
6 ' . 827 686 

10 812 664 
16 803 646 
26 .. 767 677 
35 .. 716 499 
45 .. 645 ) 406 
55 .. 550 • 298 
65 .. 403 178 
75 212 75 

Jews are credited with exceptional longevity, with a very 
low death-rate from tuberculosis, and with a high death­
rate from cancer and from diabetes. Their experience has 
been collected in an article on "The Longevity and Mortality· 
of Jews," by Dr. F. L. Hoffman, 190;J. Comparisons between 
Jews and Christians are disturbed by many oross-<lurrents ; . 
the change of religious belief is. one, but the most ierious 
is the difficulty of securing groups for comparison, which 
in respects other than religion are similar. Jews, as Dr. 
Hoffman points out, are rather· a people than a. race, having 
two main branches, the Spanish.Jews and the northern type · 
to which German, Polish, and Russian Jews belong. Avail­
able statistics relate chiefly tO the last-named group. 
Korosi collected separate statistics for the Jews in Budapest, 
who formed one-fifth of its total population, and the death­
rates show a superiority of Jews over Catholics and Protest­
ants in every 11-ge-period. The following extra.cte from a. 
table quoted by Hoffman from KorOsi may be given (see 
table at top of p. 265). 

The table does not include diabetes ; but it is stated that 
the d&.th-rate among Jews from this disease is double that for 
non-Jaws both in Budapest and in Amsterdam. Cancer also 
app~a.rs tQ be excessiv.e in Jews ; but Hoffman gives Rotter­
dam death-rates for cancer of the uterus of 8 · 2 for Jews, 
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BUDAPEST, 18811--90. 

Deatlo-rotu per 100,000 of Popu/<Jiioro. 

Jewa, C&t.llollc:o. Lutherans. 

Consumption .• . . .. 287 723 708 
Pneumonia .. ... .. 186 406 349 
Diarrbceal diae8888 . . .. 154 429 344 

23 · 8 for Protestants, and 22 · 8 for Roman Catholics. A 
certain element of doubt attaches to all these figures, but 
there is less ambiguity for-

Infant Mortality Rates for Jews.-Dr. W. H. Guilfoy, 
Registrar of the City of New York, in a special report 
on "The Influence of Nationality upon the Mortality of a. 
Community" (No. 18, November, 1917), has given striking 
a.nd anomalous statistics of infant mortality in New York 
according to tho nationality of the mother. From this report 
the following table is extracted :-

lNPANT MoRTALITY ACCORDING TO NATIVtTIES ol' BoTH PARENTS. 

New York City, 1915. 
Birth Reolstra· 

tJ.oo. Aree., 
v.s .. 1920. 

Nat.lvttv of Both Pareo.ta. No. of Death1 Death-rate per Deatb-rate per 
under 1 Year. 1,000 Blttbs. 1,000 Birtb8. 

Auatrla-Hungaey .. . . 949 79·8 112·9. 
93•7. 

Russi.-Poland . . .. 1,903 77·9 71·8 
Scotland . . .. .. 16 79·2 r 
Englaod . . . . .. 67 137·9 75·8 
Ireland .. . . .. 600 119·3 90·7 
Italy .. . . .. . . . 3,068 103·2 94•1 
Oermany .. .. .. 220 115·6 81·3 
B'lftldon . . . . .. 36 65·5 66•4 I 
United State& . . .. 3,935 106·3 75·8 

• Austria, Poland. HUDgary. 
• Denmark, Norway, and Sweden. 

The results are somewhat startling. Under the conditions 
of life in New York City the infants of English parents in 1915 
had a higher infant mortality than those of any other country. 
Obviously further investigation is desirable, especially as 
to the environment and social status of the compared groups, 
and as to the possibility of differences in completeness of 
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registration of deaths during the first three days after live· 
birth. The Austro·Hungarians and Polish Russians in the 
experience are chiefly Jews ; and it is likely that maternal 
nursing in them has been almost universal. Dr. Guilfoy 
states that " the avoidance of motherhood by German 
and American mothers by interference with the course of 
nature is the most prolific cause of the high mortality among 
these infants." The table cannot be said to give· trust· 
worthy evidence of the influence of nationality per 8e on 
infant mortality. 

In the last column above are given infant mortality rates 
in the United States Birth Registration Area in 1920 according 
to country of birth of the mother, which should be compared 
with one another and with the corresppnding rates in 1915 
for New York City. 

Cyclical Influences alter the total death-rate by causing 
a. large excess of one or more epidemic diseases. It has 
been usually assumed that these cycles are related to the 
accumulation during epidemic intervals of persons unpro­
tected by previous attack. Even in measles this explanation 
is not adequate, and in such diseases as smallpox, influenza, 
rheumatic fever, diphtheria, and scarlet fever, other unknown 
or little understood factors must be invoked _to explain their 
cyclical changes in prevalence an!f sometimes also in fa,tality 
(case mortality). See also pages 400, 408, 438. 

Climate.-The influence of climate can only be separated 
with difficulty from that of other conditions of environment. 
No useful comparison bea.ring on this point can be made 
between the general death-rate· of communities possessing 
faiJ.:ly good vital statistics, but living in difierent climates. 
The divisions of Australia., of New Zealand, of British South 
Africa, and of Canada, all furnish instances of remarkably 
low death-rates associated sometimes with sub-tropical 
summers and extremely cold winters. Where a country is 
notoriously unheBlthy, this is usually due in large measure 
to the endemicity of malaria or of other insect-borne diseases, 
often along with parasitic diseases, e.g. anohylostomiasis ; and 
these causes of mortality can be removed. 

Climate has a marked influence on the prevalence of 
particUlar diseases, as of the diseases just named and of yellow 
fevet, in each of which a high temperature is needed for 
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effective multiplication of the vectors of infection. Diphtheria 
and scarlet fever prevail .little in tropical countries, and may 
be absent. Rheumatic fever varies greatly in prevalence in 
different countries. 

Pneumonia is a more fatal and presumably a more preva­
lent disease in America than in England ; and in the United 
States Registration Area in 1920 the death-rate per 100,000 
from this disease varied from 182 in Pennsylvania and 178 
in Delaware, to 80 in Florida and 103 in Virginia. Tho 
death-rate from this disease in Maryland was 253 for the 
coloured and 133 for the white population, which accords 
with the general racial rule. 

Season.-llfuch more is known of the influence of season 
than of climate on the death-rate. The best plan of showing 
seasonal mortalit.y is to give proportional figures, the absolute 
figures for any one season or month in a given year being 
com pared with corresponding figures in another year, 
irrespective of the populations producing the deaths. A 
convenient plan of stating monthly deaths iS to assume a 
standard month of 31 days, call the deaths in this 
period = 100, and state other months in proportion to this. 
Thus, if the average deaths in 31 days during a year is 
4,169, and 4,161 occurred in January, this number= 99·8. 
If 3, 714 occurred in February, then this equals in a month 

f d 3,714 X 31 d . . T 
o 31 ays 

28 
= 4,112, an 1ts ratio = 98 · 6, he 

general death-rate in England and Wales is almost uniformly 
highest in the first quarter of the year, usually next highest 
in its fourth quarter, the position of the third quarter in 
relation to the second being determined largely by the 
summer temperature and corresponding variation in the 
diarrhmal death-rate. 

The seasonal incidence of mortality from all cau~es in 
London, over a long series of years, is shown in Fig. 25. 

The continuous and dotted lines indicate the constancy 
of the summer and winter rises of mortality, when plotted 
for the average of many years; and the upper diagram 
similarly shows the relation of th1.'60 two peaks to high 
summer temperature and low winter temperature. 

The course of seasonal mortality can be seen by plotting 
out from the weekly returns of deaths iiiued for London 
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or some other large town, the weekly total deaths and the 
deaths at ages over 60 and under 1 year respectively. 

Mild winters and cool summers both lower the death­
rate, the former especially of the old, the latter of the yo)lllg, 
and especially of the infantile population. A cold, wet 
summer ie always accompanied by a low death-rate. The two 
chief groups of diseases producing changes in the seasonal 
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Fto. 26.-&aaonal Diotribnt.ion of Infant Mortality per 1.000 Corresponding 
Birtba, 1911-20 (~rly RaiA>a per Cent. of Yearly Rate). 

incidence of sickness are diarrhreal diseases and diseases of 
the respiratory org&nB. . 

Season and Infant Mortality .-The Annual Report of 
the Registrar-General, 1920, gives an interesting study of this 
subject. Owing to the extreme variations of the birth-rate 
during the Great War (p. 339), it was necessary to adopt 
a special method for relating the deaths of infants occurring 
in each portion of the first year of life during each quarter 
to the births of the quarterly periods in which the infanta 
concerned may have been born. For details of the process 
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applied see the above-named report. The results for seasonal 
mortality during 1911-20 are shown in Fig. 26, 

In the first quarter of the year the highest death-rate 
is in the second month after birth, in the second quarter 
in the tenth and twelfth months, in the third quarter in the 
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Fro. 28.-SO"eoo•l Inoidenoo of Mortality from Smallpox (upper ourveo) 
and Whooping·Cougb (lower oun·oo). 

fifth month, and in the fourth quarter in the first three months 
after birth. The result of excluding diarrhooa is shown in 
the right half of the diagram. The more detailed table in 
the official report shows well-marked correspondence between 
temperature and mortality as early as the first week after 
birth, a point of much importance in preventive medicine. 
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Season and Infectious Diseases.-The diagrams on pages 
270 and 271, copied by permission of the Registrar-General 
from the Annual Summary for 1910, give the seasonal incidence 
of death from the more common infectious diseases in London. 
It must be remembered that the curves give composite 
pictures of the experience of a long series of years, and that 
in a given yea.r the course of events may not coincide with 
the smoothed curve.· Thus a mild outbreak of scarlet fever, 
diphtheria, or enteric fever in an " off-season" would spoil 
the " normal " curve, though such outbreaks most commonly 
occur in the season of maximum incidence of -the disease 
in question. A curve of seasonal i.ll.cidence helps in fore­
casting events. Thus in England we can be f&irly certain 
that the stress on fever hospital &CCOfi\DlOda.tion for SCarlet 
fever and diphtheria. will diminish from January until the 
following August, and that the maximum number of cases of 
enteric fever will occur in the late autumn. , Similarly, if 
a few cases of smallpox occur in May, and adequate measures 
to prevent infection spreading have not been taken, it is much 
less likely that a' considerable epidemio will occur than if 
this failure had occurred between December and February. 
For measles a double maximum· is observed in April-May, and 
in December, which does not mean that in a given locality . 
two outbreaks will occur during a single year. . 

Inlluenza is interesting as regards seasonal incidence. 
The following points summarized from a contribution on 
"Epidemic Catarrhs and ~ll,uenza," by me (Lancet, Novem­
ber 23, 1918.), give the ;week of maximum number of deaths 
from infiuenza in London in a number of outbreaks :-

189C, muimwn, 3rd week of tho year. 
1891, muimwn, 20th wook of tho year. 
1892, mazim.um, 3rd Week of the year. 
1896, maximum, lOth week of the year. 
1900, maximum, 2nd week of the year. 
1908, muimwn. 9th wook of tho year. 
1909, muimum, 12th wook of tho year. 

In 1918 pandemic infiuenza began as a summer epidemic 
not previously experienced. The weekly deaths from infiuenza 
from the twenty!fifth to the thirty-first week inclusive 
were 

28th 
weak 

10. 67, 218, 287, 192, 86, 38. 
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A second wave occurred later in the year, the number of 
weekly deaths from influenza in the forty-first and following 
weeks being 44th 

week 
so. 330, 1,256, 2,458, 2,433, 1,665, 1,178, 942, 660, 3.22. 
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being 35 weeks between the epidemic peaks ol 1891 and 
1892. 

The curves in Fig. 29 show the seasonal incidence of the 
common infectious diseases for the United States death­
registration areas as a whole in the year 1920. All the items 
are reduced to the same scale, the average monthly number 
of cases for each disease being taken as 100. It must be 
remembered tha\the experience of only a single year is given 
in the curves, and that other years may show variations from 
this; furthermore, that the _curve represents the _composite 
experience for a wide continent. The significance of this last 
fact can be tested by ascertaining the maximum period under 
each disease in different States and, cities. The following 
examples of this may be cited. In 1920 in Mississippi the 
maximum incidence of typhoid fever was in July and in 
California in August, in the· town of Providence, N.J. (average 
of 1856-1915), it was in November. The maximum incidence 
of measles occurred _consistently in the first three months 
of the year. In Kentucky the maximum for whooping cough 
occurred in October, in Mississippi in 'July. Scarlet fever 
culminated in· February in New York and ·Massachusetts, 
in October in Kentucky, and "in December in Pennsylvannia. 
Diphtheria reached its maximum in months varying from 
November to February; while the maximum dia.rrhma.l. 
death-rate was in June in Mississippi, in August and Sep­
tember elsewhere. A more complete study of seasonal 
incidence of the various infectious diseases in various parts 
.of America, carried o-yer a seri~s of years, would have mucli 
epidemiological interest. 



CHAPTER XXIV 

DENSITY OF POPULATION AND MORTALITY 

ONE of the greatest influences militating against health 
in the last century has been the increasing gravitation of 
population into crowded cities. By the year 1851 about 
half the population of England and Wales had become 
aggregated in towns, and in 1921 only 20 • 7 per cent. of the 
population was left in rural districts (p. 39). The malefi­
cent influence of town life, especially in its earlier unregulated 
stages, is due to many factors. Streets have taken the place 
of green fields ; rows of unsatisfactory dwellings have replaced 
country cottages ; there is dust and belching smoke and 
noise instead of sunshine and country air and quiet ; bustle 
and turmoil instead of life in close touch with mother-earth ; 
a preponderance of indoor in lieu of outdoor occupations 
and these changes have been associated with an almost 
unlimited inter-communication of human beings, and a 
corresponding increase in opportunities for the transmission 
of infection. Prior to the industrial revolution locomotion 
was· slow and tedious, and correspondingly disease travelled 
by slow and deliberate stages. Now infections from all 
over the world may be sampled in any town in the course 
of a few weeks. Difficulties of water supply and of removal 
of excremental filth have made towns the destroyers of man­
kind, though man has triumphed in these particulars. Higher 
rents and less ground space imply that each family on an 
average lives in fewer and more crowded rooms than in rural 
distriots.1 At the census of 1911 in England a.nd Wales over 
eight times as large a proportion of the urban as of the rural 
population lived in one-roomed tenements, a.nd nearly twice 
as large a proportion lived in two-roomed tenements ; while 
the proportion of one-roomed tenements in toWilll which were 
overcrowded, in the sense of having more than two persons 

1 For a f•dler dioo.,.;OII of \hia oubj""" - \1M! autbor"o l'W>lic Healtlt 
nod ,....,....,_: AmeriaJR A-. 19~ (Jolma Hopkino P.-). 
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to a room, was seven times as great in towns, and of two­
roomed tenements was twice as great as in rural districts. It 
is not surprising, therefore, that nearly always the rural is 
lower than the urban death-rate, when large aggregates of 
population are considered., An apparent exception to this 
rule is shown in Fig. 30. 

In the year 1910 the death-rate in the city·of New York 
and in rural New York State had become practically identical, 
the city death-rate previously having been higher, to a. 
diminishing extent, than the rural rate. In 1915 the rural 
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rate was 14 · 5, the city ra,te. 13 · 9. " The change," it is stated 
in the book from which the diagram is copied, "is due almost' 
wholly to the efficient health ·work in cities." This con­
clusion would be confirmed, (a)' if the death and population 
returns of the two compared areas were fairly comparable 
in. accuracy throughout the period, including an equal 
inward a.nd outward correction· for non-residential deaths, 
p. 198), (b) if no marked change due to immigration or 
differences in birth-rates, in the age-distribution of the two 
populatiQilB, had ocourred, and (c) if either the age and sex 
distribution of the two populations was identical or the 
reqllisite correction had been applied by means of census 
data. (p. 228). A more satisfactory comparison would have 

• Thio diagram io copied !'rom 'I'M HeoltA O.ff/ur by Drs. F. Q...,rton ¥d 'w. J. Denno (Philadelphia, 1919). 
\ 

• 
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been between the death-rates at various age-groups in the two 
communities for corresponding years; say for 1900-09 and for 
1910-15. Had the suggested corrections been made, it is 
doubtful if the rural would be higher than the city death-rate 
at any age. The presumption in. favour of this conclusion is 
confirmed by English experience, in which the contrast in 
efficiency of rural an!j. urban sanitation is perhaps not so 
marked as in the United States. (For further particulars as 
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N OTB.-In t.bio dillflram tho rate of male mortality at each age-period 
in Englond and Waleo 11 stated ao 100. • 

to lllortality in Town and Country see pages xlix-lii of the 
Annual Report of the Registrar-General, England and Wales, 
1911.) 

In this diagram the death-rate of the whole country 
at each quinquennial age-period is taken as 100, and the 
corresponding proportional mortalities for Loudon, county 
borough• (I.e. largest towns), and for rural district& are 
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calculated. . It will be seen that the curve of relative mortality 
in rural districts keeps below the curves for county boroughs 
and for Londo~, and below that for the average of the whole 
country at each successive age-period ; while the curve 1or 
London crosses the county borough curve at ages 35-50. 
It will be noted also that urban conditions are most 
unfavourable to life in early childhood and in the middle 
ages, and more so in the aggregate county boroughs than 
in London, which in some respects is a province rather 
than. a city. London, however, has a special unfavourable 
mortality at ages· 35-50. The approximation of the three 
curves in early adult life may not, but probably does not, 
accurately represent the facts. Con;esponding curves for 
females show even closer approximation at these ages ; and 
it appears probable that the chief . explanation of this 
anomaly is that the most robust adolescents and young 
adults find their way into the cities, and that those failing 
in health return to their country homes, and die after an 
interval when arrangements for " correction " are impractic­
a.ple (p. 195). This probably is particularly true for phthisis. 
The curves illustrate the composite result of a. number of 

·-fofll~S.. , The better medical; ana especially the better hospital, 
service obtainable by town-dwellers-the difference between' 
town and country is diminishing in · these respects . with 
modern ease of locomotion-is more than counterbalanced 
by the less favourable housing conditions, by the evils of 
indoor industry, and by the ,social-especially the alcoholic 
and venereal-risks of town life. 

Sex Differences ui Effect of Urban Conditions.-The 
following figure taken from data in the official report 
already quoted should be studied in association with the 
facts given on page 205 . 

. It will be seen that in each class of area. the ratio of male 
to 'female death-rate is lowest in. later childhood a.nd highest 
in adult and later adult life, decreasing in extreme age. 
The exces~ .of male over female mortality, whether stated 
proportionally liS in Fig. 32, or as death-rates, is least, in 
rural tistriots and greatest in London. In London, even 
at ages 5-15, the death-rate of males is higher than that 
of females, although, taking the country as a whole, female 
and male death-rates are about equal at ages 5-10, and the 
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death-rate at 10-15 is higher in females. Urban conditions 
of life evidently are much more unfavourable for males than 
for females, and this excess is in close relation to the risks 
for males of extra-domestic conditions in towns, socially 
and industrially. 

The English Registrar-General's reports for many years 
contained studies of the influence of density of population 
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upon morto.lity, the earliest appearing in William Farr's con­
tribution to the Fifth Annual Report, 1843. 

Method of Calculating Degree of Aggregation of 
Population.-Two methods are commonly adopted: (1) The 
number of persons living to each square mile of are& is stated. 
( 2) The average number of acres occupied by each person 
in the population is stated. 
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The following table gives an example of . both these 
methods:-

·ENOL.UID AND WALE.•. 

Density and Morlalily. 
; 

1851-60. 1861-70. 1871-80. 1881-90. 1891-1900. 1oot-1o. 

. ' Death-rate per 
ltOOO 1 • ~ 22·2 22·5 21·4 19·1 18·2 lli•4 

Persons to a square 
mile •• .. 325 365 416 470 525 586 

Aores to a periiOil 
(mean density) . 1·96 1·74 1·53 1·35 1·22 ·1·09 

1 These are crude 'fates. The corresponding standardized rates (Decennial 
Supplement, Part ill, 1901-10, p. :niv) are: 21·2, 21·3, 20·3, 18·6, 18·1, 
15·2. • 

If Area = A, and population = P, • 

then i = D = mean population on each unit of area.,. 

A . 
while P = the mean area. to each person. 

The unit of space in the first method is taken to be a 
tsquare mile ; in the second an acre. 

Apparent densities of popul&tion do not always corre-· 
spond with .real densities, because the population in -one of 
the towns to be compared may lie lodged on ouly a. portion 
of its area., the remaining &re& being occupied by & la.Ke, 
common, park, eto. . · .. 

Relation between. Density_ arid Mortality .-Dr. Fa.rr 
found that the mortality incre&!'es with the density of the 
population, but not in direct proportion to these densities, 
but as their sixth root. 

'l'hus, if rl and rl' = density of population in two places, 
and m and m' = mortality of population in two places, 

then ~ ~;fi 
d m':m::~rl':~ an , 

In his report for 1843 Dr. Fa.rr gives as examples seven 
groups of. districts the death-rate of which, calculated from 
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their densities, approximated very closely to the observed 
death-rates. Thus :-

Doath-ra~U-
Oalculakd: 18·90-19·18-20·87-2G•92-28•08-37·70-38•74. 
Ob•,..ed: 16·75-19·18-21·88-24·90-28·08-32·48-38·62. 

The formula was subsequently modified by Dr. Farr 
(Supplement to Thirty-Fifth Annual Report, p. clviii), 
0·11998 being substituted for i in the above formula, i.e. the 
death-rate varies approximately as the eighth root of the density 
of the respective populations ; or, more exactly-

• (d')0'11998 
m =m d 

Thus, in 1861-70, in the 345 districts which had a mortality 
of 19·2, the density was 186 persons to a. square mile; in the 
9 districts with a. density of 4,499, what wa.s the morta.lity 1 
It was-

(186)o·t2: (4499)0'12: : 19 · 2 : x, tha.t is x = 28 ·1, 

This formula. ouly gives slightly different results from the 
preceding one. So closely wa.s the ra.tio found to be followed 
in places whose sewage and water supply and other sanitary 
conditions were fairly the same, and which apparently differed 
only in density of population, that Dr. Farr suggested that· 
in any sanitary inquiry the influence of density should first 
be. discovered by mea.ns of the above formula, and that the 
effect of other influences a.bove or below this should then be 
investigated. As he remarked, "the formula thus eliminates 
the element of density from the analysis of the causes of 
insalubrity." 

This thesis under present changed conditions cannot 
be maintained. Although cleanliness of air, water, and soil 
are more difficult to secure, although infectious diseases, and 
especially tuberculosis and syphilis, are more fatal, and 
although poverty, vice, and intemperance are usually more 
widoopread, accidents more common, and indoor occupations 
more genera.!, in town than in country, the evils just 
enumerated are in large measure preventible, and do not 
imply a law of nature necessitating a higher death-rate in 
town than in country. The conditions which appear to be 
uniVt"rsa.lly unfavourable in towns are nceMive nnise and 
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vibration, the deficiency of sunshine, and the excess of smoke 
and dust. Even in respect of these there is much that IS. 
remediable. ' 

That Farr himself regarded the relationship expressed by 
·his formula as not inevitable may be gathered from a study 
of his reports, although at one time he expressed.the above 
quoted opinion. He quotes Dr. Price's statement as to. 
great cities being called the graves of mankind, and endc)rses 
the ptinciple enlincia.ted by him ·that " the mortality of 
towns has a tendency to increase at the same time as they 
extend." In his early report of 1843 he states, "it is proved 
beyond doubt that, if the population be the same in other 
respects, 8.n increase of density implies an increase of 
mortality, and that the ratio of increase in the mortality 
is as certain roots of the density." But in his first report 
he says : " The mortality of cities in England and Wales is 
high, but it can be immeasurably reduced . • • the unhealthy 
tendency (of density) ca.11 be counteracted by artificial 
agencies. "1 Aud he reverts to the same note in his Twenty­
Fifth Annual Report, stating, " the mere proximity of the 
dwellings of the people does not necess&rily involve a high 
rate of mortality." 

. ~ ,r a recent report a Dr: Brownlee has reopened the 
SU:oject. He points out· that Farr . employed crude death-· 
rates, and that these gave a fairly good fit in the ·use of 
the formula., but that when sta.hda.rdized death-rates were 
employed; "the law obviously did not hold." Inasmuch as 
standardization merely .remov.es arithmetical causes of . 
variation· of. death-rates, due ~o incomparable proportions 
of persons living at different ages (p. 219), this non-fit throws 
dov.bt on the "law," and confirms· some of. Farr's ·state­
ments quoted above. But Dr. Brownlee adopts the altema-· 
tive of rejecting standardized death-rates in favour of life­
table death-rates. A life-table death-rats as defined by Dr. 
Brownlee signifies " the ratio of the number of deaths of 
persons above any defined age to the number living above 
that age in a stationary population." Dr. Brownlee regards • 
the life-table death-rate as the criterion of ultimate impor-

' 
1 Quoted from tho Momorial Volume of Farr'a Vital Blalisncs, p. 168 • 

. _ • 'l'he u .. of Demh·mlH oo a M..,...,.. of H11gienio CondilioM, by Dr. 
John Brownloo (Modioal Roooarob Couooil, 1922). 
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tance, and considers that had the construction of a life-table 
been easy, no one would have used a standardized death-rate, 
which is thus a pis aller (see also p. 260). · 

The use of life-table death-rates implies the preference of 
crude to standardized death-rates (see p. 219); for such 
death-rates are not corrected for any weighting caused by 
an excess as compared with other populations of persons at 
ages at which relatively high or low death-rates prevail. 
Thus in the experience of a large city like Manchester, the 
life-table death-rate at ages 30 and over depe11ds on the 
deaths at higher ages ; but the weight of this experience in 
determining the total life-table death-rate at all ages from 
birth onwards is relatively small, because in the circumstances 
of such a city survivors reaching the age of 30 are compara­
tively few. On the other hand, comparison 'between the 
death-rates at a given age-period, e.g. 20-25, 25-35, i,n two 
communities gives an exact and unbiassed. comparison of 
their vital experience at the given age-period ; and standard­
ized death-rates are in most instances (see p. 221) almost 
equally free from bias, as in them correction has been made 
merely for the artificial weighting caused by variations in 
age-distribution of population. 

As bearing on the same point, reference may be made 
here to another portion of Dr. Brownlee's report. According 
to "the National Life-Tables prepared by Mr. George King, 
based on death-rates for 1911-12, the rural male's expectation 
of life at the age of 15 is nearly 21 years higher than that of 
the average inhabitant of county boroughs at the same age. 
At age 40 the corresponding expectations are 25 · 80 and 
30·35 years; at 55 they are 15·48 and 18·63 years respectively, 
and so on. That is, life on the average is shorter in town 
than in country, which in Dr. Brownlee's statement means 
that " it has been rendered probable that the inhabitant of 
the country is at the ages 55-65 biologically about 
6 to 7 years younger than the inhabitant of the town." 
The fact underlying this statement is undoubted ; but 
from the standpoint of preventive medicine it is more 
important to know that, for instance, the standardized death­
rate from valvular disease of the heart in county boroughs 
is higher than that in rural districts in the proportion of 
85 to 62, than to be told that the amount of this disease in 
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town and country is about the same a.s judged by the life 
table death-rate. 

Premature ageing of tissues may be regarded as ar 
important factor in the earlier age a.t death in towns ; bul 
this does not make the statement helpful that " it is not 1 

matter of more of the disease being present in a. city, it il 
rather a matter of the disease developing at earlier ages.' 
The life-table method of statement of relative mortalitie1 
may even tend to minimize the impetus to further inquir:J 
into the reason why a.t each successive age-period, right up t< 
the age of 70, the recorded death-rate is lower in 11U"al thar 
in urban districts. 

It will be understood from the gist of the above comment! 
that Dr. Brownlee's contention appearS to partake somewhal 
of a. petitio principii, and no conviction is carried · by th1 
statement that when life-table death-rates are used Fa.rr'1 
"law " holds good, the power of the density having rema.inec 
unchanged during 40 years, ~nly the constant multiplier havin~ 
been affected by hygienic measures. 

It is doubtful· whether any advantage can arise from the 
continued use of Fa.rr's formula, eJ:cept as a. reminder of the 
risks of density of population. Hygienists are concerned 
with/the analysis of a. complex cause of insa.lubrity, such 8.1 

d.e'nsity of population, into its ·constituent elements," or B.! 

near a.n approach to this as is practicable. Some of the 
causes of eJ:cessive morta.lity in crowded populations have 
been enumerated, and it "is" 'clear that notwithstanding the 
tendency of density to' cause a l:dgh death-rate, this tendency 
can in large measure be overcome. The declining death-rate 
in towns shows thi~. Its decline has been relatively greater 
tha.n in rural districts during the last 20 years. The "law" 
therefore is in process of disappearing. 

The following illustration is reproduced from an older 
edition of this work. It is rea.lized that the case of these 
artizan block dwellings is somewhat artificial, even though 
corrections are made for hospital deaths and for variations 
in age and sex. . 

A Further Test of Density of Populatlon.-In a paper 
on " The Vital Statistics of Peabody Buildings " (Royal 
Stati.stici&;l Society, February, 1891), I showed the lnapplio· 
ability of Farr's formula to block dwelling& in which the 
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ma.ximum density of popula.tion occurs, a.lthough these 
popula.tions live under conditions of life which a.re otherwise 
not unhea.lthy. Thus during the yea.r 1889 the number of 
persons to a.n a.cre in London was 58, in the Peabody Buildings 
751. Wha.t according to Farr's formula ought to be the 
death-rate in the Peabody Buildings, that of London being 
17·4 per 1,000 ~ 

(
751)0"11908 

m' = 17·4 -
58 

Consequently m' = 24·21. 

But the a.ctua.l dea.th-rate of the Peabody Buildings wa.s 
16·49 per 1,000. Hence the actual death-rate was 7·72, 
or 31 per cent., lower tha.n the death-rate, calculated on the 
assumption that mortality varies with density of population 
a.ccording til the a.bove finally modified formula of Fa.rr. 

In the I •me paper I pointed out that an essential element 
in testiny .he true density of population is a statement of the 
number c persons living in each occupied room. It is probable 
that this test, combined with a. determination of the population 
on a given area., would give the most trustworthy availahle 
estima.te of density, and that the two together would give a 
fair guide to the probability of the incidence of the disea.ses 
connected with overcrowding, especially those the infection 
of which is received by the respiratory tract. 



CHAPTER XXV 

mE STATISTICS OF POVERTY AND OF 
HOSPITAL PROVISION 

PoVERTY is used in this chapter to denote a degree of priva­
tion which deprives one or more members of a given family 
of one or more necessaries for the maintenance or restoration 
of normal' health and efficiency. ' 

Thus defined it differs from poverty in the .official sense, 
which has been defined by Niven as· " that deficiency of 
means which is of sufficient force to cause appeal to the 
guardians of the poor for relief in money or for medical aid." 

Official_ poverty, as tested by admipistrative statistics, 
may vary out of proportion to real cha,pges in privation,. or 
even in opposite directions, . according to the method of· 
administration of relief. This is illustrated in the Third 
Annual Report of the Ministry of Health, England and Wales; 
1921'--22, dealing with the year'.beginning April 1, 1921-a ·· 
year of almost unexampled lack of employment, throwi,ng 
great strain on the Poor Law local administration. The 
figures failed to show any ciotlstant relation between pauperism 
and unemployment indicating distress, as is illustrated by 
the following figures extracted from the report. The names 
in· column A give the places in aider of the relative amount 
of ,unemployment in each area ; and column B gives the same 
towns or metropolitan boroughs in the order of variation 
from the average_ rate of pauperism. In ·each column the 
average is 100, based on the experie~ce of 16 unions all having 
a very e_xoessive poor-rate. 

Stockton 
Walsall 
Poplar •• 
Weat Ham 
Mile End } 
Whiteohapal 
Bennondaey 

A. 
128·3 
112·9 
108·4 
105·7 
94•8 

100·8 

B. 
1«•1 
128·0 
214·9 
134·3 

{
107·0 
90·8 

153·9 
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The table revealti, for instance, the difference of adminis­
trative expenditure between West Ham and Poplar on the 
one. hand and Whitechapel and Mile End on the other .. 

The amount of poverty in England, as defined above, 
has been the subject of careful local investigations by Charles 
Booth, Seebohm Rowntree, and A. L. Bowley and others. 
The two first of these investigations, which took place in 
East London and York respectively, showed that 30-35 per 
cent, of the population in given areas in London, and of air 
the wage-earning families in York were in a condition of 
poverty. In the case of York two sections were distinguished, 
viz.-(1) primary poverty, that of families whose total earnings 
did not suffice to secure the minimum necessaries for the 
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F10. 33.-Cyclea in Life of Unskilled Labolll'8m (S. Rown-). 

maintenance of merely physical efficiency ; and (2) aecundary 
~y, that of families whose earnings would have sufficed 
for this elementary need, had not some portion been absorbed 
by other expenditure. These investigations took place prior 
to the Great War, but the volumes giving particulars of the 
investigations still deserve study as illustrations of social 
investigation. The above diagram, taken from Rowntree's 
Poverty: A Study of To1011 Life, 1903, graphically illus­
trates the five alternating periods of want and compara 
tive plenty which were to be seen in the life of many Wlf!killed 
.abourers, brought up as the children of unskilled labourers, 
probably underfed in childhood and until industrial work is 
begun. In early married life the labourer is relatively pros· 
perous, and then goes below the pOverty line until his children 
begin to earn. When his children leave home and he is past 
work he gradually again becomes unable to earn his living, 
the last phase being greatly relieved by an old age pension. 

The methods of investigation of poverty on satisfactory 
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lines may be studied in Livelihood a'ltd Poverty, by Professor 
A. L. Bowley and A. R. Burnett-Hurst (1915). 

This investigation illustrates the value of sampling con­
ducted on right lines in social investigation. A random 
sample of 1 in 23 of the ;population in working-class houses 
of Northampton, 1 in 19 of that of Warrington, 1 in 21 of that 
of Reading, 1 in 17 of that of Stanley, and a similar sample 
of Bolton were made the subject of inquiry in the three 
years preceding the war, the result being that 6 per cent. 
of the population of Stanley, 8 per cent. that of Bolton and 
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distribution per 1,000 of. Populatior> at Each Age-period (not includin& 
Lunatics in Institutions). 

Northampton, 12 per cent. of wa:rrington, and 24 per cent. of 
that of Reading were below the "poverty line " as defined 
in the report, the standard in defining which was somewhat 
modified frqm the York standard; and from one-half to one­
third of the families in some of these towns were living in 
poverty, because the wages of the head of the household 
were so low that he could not support a family of three 
children or even less. 

Pauperism-Official Poverty.-The amount, as already 
sta~,-"va.ries with the economic position of a community, 
but loca.I variations may depend even more on the degree of 
rigidity or laxity of Poor Law administration. On March 26, 
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1921, in England and Wales 449,612 persons, or 1 in 84 
of the estimated population, were in receipt of domiciliary 
relief, a. proportion which had not been previously exceeded 
since the coal dispute of March 1912. Great changes have 
taken place in the proportion of paupers to population, of 
indoor to outdoor paupers, and of age-distribution of those 
receiving relief, as well as in the cost of Poor Law administra­
tion. Some of these changes are seen in the following table:-

ENGLAND AND WALES. 

Ratio per 1,000 of the Estimated Population. Amount per Head 
of Population 

• which would have 
been requJred it' the 

OutdoOr Able-bodlcd Able·bodled actual Poor Law 
Indoor E:~:pendltUI'8 had 

Pu.upen,l Paupen.• Indoor Outdoor been raised by 
Paupers.• Paupem, a Poll-tax. 

<•> 
(I) (2) (S) (f) 

•• d . 
1849 1·1 ~1.4 1·5 ll·1 6 8 
1870 7·1 38·2 1·2 6·1 6ll 
1880 7·1 23·2 0·9 3·7 6 4 
1890 6·6 18·8 0·8 2·4 5ll 
1900 6·6 15·8 1·1 1·9 1 3 
1910 8·0 16·2 1•5 2·1 8 5 
1911 7·9 14·2 1·5 2·0 8 5 
1012 1·6 ll·S 1·2 1·9 8 0 

1 Excluding lunatics in county and borough asylums and other regis .. 
tel'8d. institutions. u Outdoor •• paupers receive relief at home, "indoor., 
in institutions. 

1 .The numbera in this column are includod in oolumna (1) and (2). 
" Able·bodied " includea thoee tompo.....-ily dieabled. 

There has been a marked deore&s\l in able-bodied outdoor 
pauperism, and in domiciliary relief ; the amount of indoor 
relief, representing largely residential accommodation for 
the aged and infirm, and still more hospital treatment for 
the sick, particularly the chronically sick, has remained 
almost stationary. Its character, however, has steadily 
changed, hospital increasing at the expense of " workhouse " 
accommodation. 

Furt.her light on destitution is thrown by a censu, of 
persons in receipt of parochio.l relief in England which was 
taken on March 31, 1906, for the purposes of the Royal Com· 
mission on the Poor Laws. The total number of paupers 
was 717,013 (not including lunatics in institutions or 
"casu&Js "), or 23·8 per 1,000 of population. Their age 
distribution was aa shown in Fig. 34 (p. 2SS). 

19 
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Destitution is seen to be largely a function of age, occur· 
ring chiefly at the ages of dependency. At the census named 
above persons over 60 years old formed 46·5 per cent., and 
persons under 16 years old 29·1 per cent. of the total number 
relieved. 

From the same report is takeJ;~. the following table, show· 
ing that short periods of receipt of relief prepondera);e :-

Not enoeding four 1niOka •• 
4--13 weeka 0 0 0 0 0 0 0 0 

One quarter to leaa tjum one year 
The wholo year • • • • • • 

' 
' 

Per Con&. 
3~·6 

0 0 19·4 
•• 22·2 
0 0 23·9 

100·0 

Poverty and Sickness.-The chief medical interest of 
poverty lies in· its close relation to sickness. Nothing is 
more certain than the statement that the removal of poverty 
would effect an enormous reduction of disease ; we may 
subscribe also to Samuel Johnson's repeated declaration that 
the test of the civilization of a country- is the state of its 
poor. Sir John Simon, in his Sixth Report to the Privy 
Council (1864), wrote : "The public health of a country 
means the health of its masses, and the masses will scarcely 
be healthy, unless, to their >~ery base, they be -at leas~· 
moderately prosperous." · 

The Report of the Royal Commission on· the Poor Laws 
(1909) found that in 12S. Poor Law unions specially invest~­
gated by them abou~ 30 per ~nt. of the tot&l"paupers were· 
sick, most often from il,lnesil of a chronic nature. On page 
289 of the report it is stated :..:..:. 

" Sickness is therefore admittedly one of the chief causes 
of pauperism, and the more chronic its character and the 
longer its duration, the greater the ~elihood of its producing 

1 dependence on the' rates. 
"We estimate that at least one-half of the total cost of 

pauperiam is swallowed up in direct dealing with sickness. 
• • . It is probably little, if any, exaggeration to say that, 
to the extent to which we can elimi.itate or diminish sickness 
amqng the poor, we shall eliminate or diminish one-half the 
existing amount of pauperism." 

The following additional facts are summarized from the 
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same report. Nearly one-half of the indoor poor (in institu­
tions), and about one-fifth of the outdoor poor, were under 
medical treatment. The proportion under medical care rose 
to three-fifths for men under 50 years of age, and to two­
thirds for such men relieved in institutions. Outside London 
less ·than one-half and in London over three-fourths of the 
destitute poor receiving medical treatment were being relieved 
in Poor Law institutions. Thus, except for the old and for 
young children, pauperism means the need for aided medical 
attendance and nursing. On November 4, 1911, a special 
return of paupers was obtained by the Local Government 
Board from all unions in England and Wales. The return 
excluded insane and casual paupers. It showed that 29 ·1 per 
cent. of the total in receipt of relief were under medical 
treatment. Of the total number being treated 15 · 5 per 
cent. were being treated in institutions. Three-fourths of 
the patients under treatment were chronic cases. Of the 
total .institutional patients 8 · 8 per cent. were consumptives. 

A most noteworthy change has gradually occurred in the 
Poor Law system of relief, it having become preponderantly 
a problem of aid in sickness and infirmity. 

Hence the official figures of pauperism must now be regarded 
less as a test of the amount of destitution in the community 
than as an indication of the increasing willingness of the 
public to regard Poor Law hospitals in the same light as 
they regard voluntary hospitals, resort to which is legitimate 
in sickness, either gratuitously or on payment of a relatively 
small sum. · 

Other Measures of Poverty.-The amount of official 
pauperism having ceased to be an adequate measure of the 
destitution in a community, the question arises aa to other 
possible tests. The number of domestic servants per 1,000 
of population at the last census is perhaps the least unsatis­
factory of these, t' ough its value is decreasing in view of 
chtmges in domes~ service. Number of rooms per dwelling 
and rE>ntals are useful tests in intensive investigations, when 
it is proposed to contrast one part with another part of the 
same city. A knowledge of industrial conditions also helps, 
and sometimes it is possible to claasify groups according t:9. 
real wages. ill 

The num~r of hospital bros provided for each cr .:om-
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Destitution is seen to be largely a function of age, occur­
ring chiefly at the ages of dependency. At the census named 
above persons over 60 years old formed 46·5 per cent., and 
persons under 16 years old 29•1 per cent. of the total number 
relieved. 

From the same report is takep the following table, show" 
ing that short periods of receipt of relief preponderate :-· 

l'BoPOR""Olf RECEIVING Rzt.nno. 

Not o:o:oeediDg four weeks •• 
4,--13 weeks • • • • • • • • 
One quarter to loss t,jlan one year 
Tho whole year • • • • • • 

I 
I 

Per Cent. 
• • 34·6 
•• 19·4. 
•• 22•2 
• • 23·9 

100·0 

Poverty and Sickness.-The chief medical interest of 
poverty lies in· its olose relation to sickness. Nothing is 
more certain than the statement that the removal of poverty 
would . effect an enormous reduction of diseil.se ; we may 
subscribe also to Samuel Joh:bson's repeated declaration that 
the test of the civilization of a countrY" is the state of its 
poor. Sir John Simon, in his Sixth Report to the Privy 
Council (1864), wrote : "The public health of a country 
means the health of its masses, and the masses will scarcel:y 
be healthy, unless, to their '!lery base, they be et least • 
moderately prosperous." · 

The Report of the Royal Commission 'on· the Poor Liiws 
(1909) found that in 128. P,oor Law unions specially investi· . . 
gated by them abou~ 30 per ~nt. of the total paupers were· 
sick, most often from il,Iness of a chronic nature. On page 
289 of the report it ill stated :..:..:. 

"Sickness is therefore admittedly one of the chief causes 
of pauperism, and the more chronic its character and· the 
longer its duration, the greater the likelihood of its producing 

1 dependence on the' rates. . 
"We estimate that at least one-half of the total cost of 

pauperism is swallowed up in direct dealing with sickness • 
• • . It is probably little, if any, exaggeration to say that, 
to the extent to which we can elimiD.ate or diminish sickness 
am(!ng the poor, we shall eliminate or diminish one-half the 
existing -amount of pauperism." · · · 

· The following additional .facts are summarized from the 
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same report. Nearly one-half of the indoor poor (in institu· 
tions), and about one-fifth of the outdoor poor, were under 
medical treatment. The proportion under medical care rose 
to three-fifths for men under 50 years of age, and to two· 
thirds for such men relieved in institutions. Outside London 
less ·than one-half and in London over three-fourths of the 
destitute poor receiving medical treatment were being relieved 
in Poor Law institutions. Thus, except for the old and for 
young children, pauperism means the need for aided medical 
attendance and nursing. On November 4, 1911, a special 
return of paupers was obtained by the Local Government 
Board from all unions in England and Wales. The return 
excluded insane and casual paupers. It showed that 29 · 1 per 
cent. of the total in receipt of relief were under medical 
treatment. Of the total number being treated 15·5 per 
cent. were being treated in institutions. Three-fourths of 
the patients under trea.tment were chronic cases. Of the 
total .institutional patients 8 · 8 per cent. were consumptives. 

A most noteworthy change has gradually occurred in the 
Poor Law system of relief, it having become preponderantly 
a. problem of aid in sickness and infirmity. 

Hence the official figures of pauperism must now be regarded 
less as a. test of the amount of destitution in the community 
than as an indication of the increasing willingness of the 
public to regard Poor Law hospitals in the same light as 
they regard voluntary hospitals, resort to which is legitimate 
in sickness, either gratuitously or on payment of a. relatively 
small sum. · 

Other Measures of Poverty.-The amount of official 
pauperism having ceased to be an adequate measure of the 
destitution in a. community, the question arises as to other 
possible ta% The number of domestic servants per 1,000 
of population at the last census is perhaps the least unsatis­
factory of these, though its value is decreasing in view of 
changes in domestic service. Number of rooms per dwelling 
and rentals are useful tests in intensive investigations, when 
it is proposed to contrast one part with another part of the 
same city. A knowledge of industrial conditi0I1.1 also helps, 
and sometimes it is possible to classify groups according to 
real wages. · 

The num'IK>r of hoopital beds provided for each er 
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munity is a. very unsafe measure of poverty, a.s in poor com­
munitillS the provision is much less adequate than. where 
po~erty is less marked; the hospitals, furthermore, are apt 
to be provided chiefly in large centres of population. Not­
withstanding these. points, the provision of hospital accom­
modation is statistically so closely related to poverty as to 
justify inclusion of facts concerning it in this chapter. 
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of the relation between wageb and infant mortality is illustrated 
in' Fig. 35, taken from Dr. Forbes's Annual Report, 1921, 
on the health of Brighton. The tables summarize the expe­
rience derived from 50,877 births and 5,256 deaths under one 
year in 1901-20 inclusive. · These have been divided into two 
decenriial periods and five social groups, so that the relative 
positjon i.h each group in the two periods and the contem­
poranl)ous relative position of each group can be seen at a 
•Ianoe. 

e: ·In the upper part of diagram 2 total infant death-rates 
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are shown for each group in the two decennia.. Although 
there has been improvement in each group, the curves remain 
high or low in accordance with social position. It will· be 
seen that this is so also for the three chief causes of infant 
mortality shown in diagrams 1 a,nd 2. A large part of this 
mortality is preventible in each of the groups. 

INFANT MORTALITY RATES. 
ACCORDING TO FATHERS" EARNINGS 

IQIIii<ID IWQ fliiN llm!l Cl1lD STillED BY II$ CIIJLIIIIC$ ILilW. 
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The same relationship is illustrated in Fig. 36, showing 
in investigations of the Federal Children's Bureau, United 
States, the inverse relation between wages and rate of infant 
mortality. The coe.-tistence when investigations on a large 
scale are made is undoubted, t.hough if individual instances. 
in the V&rious groups are examined numerous exceptions will 
be found. In fact the difference in infant D!ort&lity com-
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monly displayed between rates of infant mortalitY in various 
social classes is not due solely to differences between poverty 
and e&le of circumstances per Be. H it were so, the infant 
death-rate in Ireland, and still more so in Norway, should be 
much higher than in Engla.nd and Wales. It was 138 per 
1,000 births in England and Wales in 1901-5, and 118 in 
1907, as compared with 81 and 67 in Norway, and with 98 
and 92 in Ireland. (On Ireland see also pp. 227 and 348). 
The difference in the main is due to certain removable evils, 
which are commonly associated with poverty, and from 
which the well-to-do in a large measure escape. Poverty is 
a complex condition, including a number of elements, and 
it is important to def.ennine what elements of poverty a.re 
most potent in producing excessive infant mortality. Nor 
is the difference merely owing to the fact that greater ca.re 
can be bestowed on small than on large families, though this 
is suggested by the fact that the average family is smaller 
among the well-to-do than among the poor. The popula­
tions of Norway and Ireland have ~ families than the 
English population~ In 1901 the standardized birth-rate of 
England and Wales was 21!·4, of Norway 37·8, and of 
Ireland 36 ·1 per 1,000 of population (p. I 02). 

The association of poverty with excessive infant mortality' 
is chiefly an urban phenomenon: Thus in the year 1920 the · 
infant mortality in the county of Galway was 53, in Dublin 
it was In, and in Belfast 132 per 1,000 births, although the 
average standard of life· was probsJ:>ly lowest in Galway .. 
Infant mortality is highest in the poorest wards in any given 
town and in the poorest parts pf a given ward of a town. 
Poverty in one instance may be due to insufficient earnings of 
the parent, and then additional money or its equivalent is 
required. It may be caused by intemperance or gambling 
or improvidence, when other remedies are indicated. 

The relative child mortality in various towns gives 
numerous illustrations of the fallacy of looking at poverty 
as a simple element. In the mining areas there is nearly 
always exoossive child mortality, even when wages are good. 
Here 'bad ho~g, a low standard of cleanliness, and the 
existence of secondary causes of poverty, are responsible in 
many instances for the destruction of child life. Among 
these seoond._ary causes of poverty, gambling, intemperance, 
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and improvidence occupy an important place. The moral 
and the physical causes of poverty act and interact. 

When sickness and poverty concur, it is often difficult to 
disentangle cause and effect, and in the chain of causation, 
cause and effect may be interchangeable. Such a chain 
presents the hopeful characteristic that its fracture at any 
point may have effects along each link of the chain. 

Housing and Poverty.-This subject is discussed also 
in Chapter Xl:VI. The statistical study of poverty is com~ 
plicated by the inseparability of the associated problems of­
(1) deficient nutrition and inadequate or unsuitable clothing, 
and (2) deficient housing, which accompany poverty. The 
ouly sound plan is to regard them as mutually inter-related, 
and to attack any of the phenomena involved in these three 
problems, in the justmable belief that by so doing the 
vicious chain of circumstances can be broken. To assume, 
on the contrary, that in the main the poor are poor because 
they are inferior in moral, mental, or physical qualities, although 
this may be true in a proportion of cases, is to encourage 
inertia in regard to the large proportion, especially of the 
young, who, given more favourable conditions, will escape 
from the inferiority associated with poverty. The com­
munity a.s a whole has not hesitated to take this more 
favourable view ; and so we have had enforcement to some 
extent of sanitary housing and of sanitary conditions of col­
lective labour, restriction of the facilities for alcoholic indul· 
gence, and even in a few sweated industries compulsory 
regulation of wages. 

These . general considerations have importance in con­
sidering the effect of bad housing in causing poverty by 
causing disease. The disease due to bad housing is very 
largely communicable disease, and especially tuberculosis ; 
and, a.s seen in Chapter XXVI, the relation between amount 
of housing accommodation and amount of phthisis ~ not 
const.ant. 

Tuberculosis and Poverty.-Dr. T. H. C. Stevenson, in 
a contribution on " The Incidence of Mortality upon the 
Rich and Poor Districts of Paris and London" (Journal of the 
Royal Slali.slkal Society, January 1921) summarizes an article 
by Professor M. L. Hersch in the Re1-'1Ul d' Econom~ politiqtUl 
(Nos. 3 and f, 1920) on Paris ~tatistics. These show extremes 
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of tuberculosis death-rate of I· 08 and 6 · 36 in the richest 
and poorest parts of Paris, as compared with 0·8I and 2·47 
in the richest and poorest parts'of London in I9ll-I3. Tested 
by a special taxation test not comparable with any tax in 

'London, it was found that the proportion of total deaths in 
Paris due to tubercle rises steeply with increasing poverty. 
For four groups it was I3·4, 20·6, 25·6, and 26·2. For four 
groups in London, arranged according to the proportion of 
domestic servants in . each group, the C<irresponding propor­
tions were 10·6, 10·8, 12·0, and 12·9. Now, the proportion 
of poverty in Paris as measured by the proportion of house­
holds escaping from payment of a particular tax was 45·9, 
64·1, 79·0, and 89·6 per cent. in t4e four groups. If the 
ratio of poverty and of tubercle mortality for the whole of 
Paris be taken as I, the rates for the four groups and the 
whole city are as follows :-

Proportional ratea{Tubercle: 0·38, 0·68, 1•09, 1•49, 1•00. 
Poverty: 0•62, 0·86, 1'06, 1•21, 1·00. 

e . 

The square roots of the tubercle rates are-

. 0•62, 0·82, 1·04, .1·22. 1•00, 

a very close approximation to the poverty rates, an~ 
M. Hersch believes that this represents a natural la'Y, of the, 
quantitative relation of poverty. to tubercle mortality. It is 
only applicable to the particular standard of poverty used 
in this case, and it is still doubtful if it is applicable to other 
cities, even if the same stanilard were available. · 

Whatever measure' be used in defining the relationship of 
poverty to tubercle,. it still remains the duty of the public 
health administrator and social reformer to dissect out the 
co;nstituent elements of the· complex constituted by poverty, 
to attack these individually, and not to be content with 
relieving destitution. 

Institutional Mortality .-In Chapter XI the importance 
of collecting hospital sickness statistics on a comparable 
basis ha.B been mentioned. In Chapter XXXVTII the value of 
hospitals 'a.s furnishing an essential of modem life, 81tppk­
mentary liousing with skiUed attendance during sickness, has 
been emphasized. 

·It is not too much to say that the amount and quality 
of the general and special hospital provision of a community 
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is an a.ocura.te, a.nd perhaps the most accurate, measure of 
its social a.nd sanitary position among communities. This 
does not imply that the prevention of disease is not more 
important than its successful treatment. Pure water sup­
plies a.nd other means of preventing typhoid infection rank 
higher than hospital provision for individual cases of typhoid 
fever ; but conversely unskilled nursing of a. single case of 
typhoid fever at home ma.y lead to a. group of new cases or 
even to a. wide outbreak of the same disease. In the pre­
vention of chronic infective diseases, like tuberculosis and 
syphilis, treatment, which often .must be institutional to be 
satisfactory, forms an indispensable element. In general 
medicine the range of necessary hospital treatment is rapidly 
increasing ; and part of the lowered death-rate of recent 
decades must bo attributed to the triumphs of modern 
surgery, especially in hospital pra.otice. 

The progress of hospital provision in England and Wales 
can be gathered from the Registrar-General's _figures which 
are quoted on page 298. An analysis of the diseases and other 
conditions for which hospital treatment was sought will be 
found on pages 261-275 of the Registrar-General's Annual 
Report, 1920. Thus of 18,184 deaths of males from pul­
monary tuberculosis in England and Wales in 1920, 6,583, 
or 36·2 per cent., occurred in public institutions, viz. 14·2 per 
cen.t. in Poor Law infirmaries, 4·0 per cent. in the hospitals 
of Public Health Authorities, and 18·0 per cent. in voluntary 
hospitals. More than half the deaths resulting from violence 
occurred in hospitals. The proportion to which hospital 
treatment was a.vailable-a.s tnea8Ured by the proporlion of 
total dMth.t occurring in Aospital8-is shown for 1920 below:-

ENOLA.ND AND wALES. 
Pro1-o"" ,_C..., of Tolol l>«JJAo of Malu ancl qf Femolu ......,.i,., ;,. 1920 

"'PubiWJ ~~in- • 

Loudoa. C'ounty Other Urbaa Rural ~-BoN-. Diatrldo. Dls\rltte. 

)!&leo .. .. G0·8 30·3 21·3 17·1 Z7•7 

Fomaleo .. U·l 2'·8 17·7 13·9 !2·11 

In Fig. 37 is shown the steady inorease of the three chief 
forme of bO!'pital accommodation in England and Wales. 



298 THE ELEMENTS OF VITAL STATISTICS 

lncreaSinl;\ Importance of Hospitals.-A return prepa.red 
by the Looa.l Government·Board in 1915 gave the number 
of hospital beds in England and Wales (not including lunatic 
asylums, tuberculosis inStitutions, or convalescent or nursing 
homes) a.s 4·9 per 1,000 of the population. In this return 
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Fm. 37.-llhow:ing tho Proportion of Total Deaths in England and Walea 
,in each Year 1870-1919 which oocur in (o) Poor Law lnstitutiODS, 
(b) Hospitalo, (c) Asyluma. ; 

\ Nou.-The space between each of the curves gives the proportion 
tn eaoh cl888 of institution. Thus in the year 1920 (not shown in the 
diagrem) 24•4 per cent. of all deaths occurred in public institutions, 
viz. 10·1 per oent. of all deaths in hospitals, 2·0 per oent. in asylums 
for the insane, and 11•1 per cent. in Poor Law institutions. 

2,664' institutions were included, having 178,525 beds. In 
the United States, according to the Modem BoapitaZ Year 
Boolt; /Of' 1919, the number of hospital beds amounts to 6 
per 1,000 of the population, or 3·4 per 1,000, excluding beds 
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for mental and nervous cases. The two sets of figures may 
not be comparable, and in both instances the distribution 
of hospital provision is unequal, large areas in each country 
being left unprovided with available hospital accommodation. 

In a statistical study of institutional provision, as an 
index of fulfilment of social needs, it would be necessary to 
ascertain-( I) the locality of each hospital or allied institution 
and its ,relation to the population to be served by it ; (2) the 
number and proportion of beds for acute and chronic cases, 
for surgical and medical cases, for young children, for tuber­
culosis, for venereal diseases, for lunatics and feeble-minded, 
and for other special diseases. 

Some facts bearing on such an investigation are given in 
the Final Report of the Voluntary Hospitals Committee 
(Cd. 1335). They relate only to voluntary hospitals, which 
supply 12,997 beds in the metropolitan area and 31,265 in 
the rest of England and Wales. The distribution of these 
bods varies greatly in different counties. It averages 1· 06 
per I ,000 of the population, varying from 1• 50 in Gloucester 
and Somerset to 0·52 in Monmouthshire. In addition there 
are some 92,000 beds in Poor Law institutions, and many 
in Public Health hospitals. 

Fever Hospital Statistics.-The following method of 
tabulation of such statistics, which is in use for the Metro­
politan Asylums .Board statistics, is suggested for general 
use. The year exemplified is 1922. 

Remaining on Doc. Sl, 1921 
Admittod during 192ll •• 
Total undor \reat.men' dur· 

ing 192ll • • • • • • 
Di.oobargod during 192ll (ro· 

"'""'rod) . . . . . . 
Diod during 192! . • • • 
Mortality per ...,t. .• 
Remaining on Doc. 31. 192J 

D~. 

The mortality rates (fatalities) are calculated according 
to the Registrar-General's formula:-

. No. of deaths x 100 

i (sum of admissiOllS + discharges + deaths in year) 
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Flo. 88. 

The history of typhus fever and .of phthisis in Ireland 
illustrates strikingly the close relation between destitution 
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and dise&ae. The course of these diseases also shows, when 
considered alongside of the history of lrP-land, the close 
relation between immobilization of infection and reduction 
of disease. The details of this are given in a presidential 
address by me on " Poverty and Dise&ae," October 1907 
(Proceedings of the Royal Socieiy of Medicine). The following 
remarks summarize the statistical argument : ( 1) The great 
epidemics of typhus have occurred in Ireland in famine years. 
In these years nutrition was decre&aed and vagrancy vastly 
increased. By vagrants infection was spread broadcast. 
(2) The introduction of local Poor Law relief helped to immo­
bilize the infection of typhus and to diminish its amount. It 
may be argued t.hat diminished overcrowding and improved 
well-being occurred contemporaneously with the increased 
immobilization of infection, and that they were the chief 
agents in reducing typhus. This can be tested by comparing 
the experience of Ireland as regards typhus and phthisis. 
Ireland, until recent years, has encouraged the domestic 
trea.tment of ca.ses of phthisis, and its phthisis death-rate 
has increased. In a report from the Medical Department of 
the Local Government Board for Ireland (September 1908) 
on "Tuberculosis in Ireland," empha.sis is laid on the dislike 
of the Irish for the only form of institutional treatment 
availa.ble, i.e. in the workhouse infirmaries, and on the 
enormous increase in out-door relief. It is added, .. the 
whole evidence favours the theory of infection. An ill­
nourished people, enfoobled by emigration and other causes, 
are subject to exoes..oive infection owing to lack of means of 
segregation of pa.tients." The difference in the course of 
ev!'nts in England and Ireland is shown in Fig. 38 taken 
from the above-ment.ioned paper. 



CHAPTER XXVI 

HOUSING STATISTICS 

Tm: housing data. of the 1921 census for many parte of England 
(May 1923) are not yet published, and therefore one is obliged 
to fall baok on the figures for 1911 (see General Report, Census, 
England and Wales, 1911, Cd. 8491). 

A family in· the census schedule is regarded as including 
boarders, visitors, servants, etc. m' 1891 and 1901 the 

' inquiry as to such families was confined to those occupying 
less than five rooms ; in 1911 every occupier was required 
to sta.te the number of rooms oooupied by his family, and 
at this census a definition of room was added. The instruc­
tion to occupiers was to include as a room the kitchen, but 
not the scullery, landing, lobby, closet, bathroom, or ware-
house, shop or office. · 

The dwelling or tenemem was defined as a place in which 
any person entitled to receive.a schedule usually lives. The' 
total number of tenements, i.e:.' of private families imume­
rated in England and Wales in 1911, was 7,943,137, and they 
were distributed as to accommodation as follows :-

Of 100,000 tenements-" " 
3,207 cOnsisted of cine room, 
8,314 COIIBisted of two l'OOIJill, 

13,948 tlOII8isted of three l'OOIJill, 
24,9n OOD!Iisted of four l'OOlJI8, 
20,635 COIIBisted of fiw l'OOlJI8, and 
28,949 tlOII8isted of more than five rooms. 

100,000 

The size of the fa.milies were distributed in the following 
proportion of 100,000 tenements :-

5,328 were oocupied by families of one pereon, 
16,161 were oocupied by families of two peraoos. 
19,282 were ocoupied by familiea of tluee pereona, 
18,122 were ocoupied by families of four peraoos. 
14,424 were oooupied by familiee of fiw pereona. 
10,364 were oooupied by familiee of ai:l: pereona, 
16,319 were oooupied by families of more than Bi:r peraoD& 

100,000 
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The average number of occupants per room gradually dimin­
ished from 1· 90 in the one-roomed tenements to 0 · 56 in the 
nine-roomed. 

The housing of urban compares unfavourably with that 
of rural communities in England, as can be seen in detail 
on page 175 et seq. of the Census Report. Space has much 
greater value in town than in country, and small tenements 
are seen in higher proportion in towns. In the following 
table the proportion of different dwelliDgs in England and 
Wales at the two censuses of 1901 and 1911 is shown:-

ProportiOn f:' Cent. ol Total Popu1a· Pro.J:.rtion rurCent.of Total 
Pop tion w tb More tban Two 

Rooms ~r tion Livlq Ea('h Clau of Tenement. Occup&llta per Room. 
Terwmeut. 

1891. I 111<)1, I 19l1. 1891. I 111<)1. I 1911. 

Aggregale of Uri>an DiBiricU. 
I 2·9 2·0 

I 
1•7 1·6 1·0 0·7 

2 9·4 7•4 6·3 4•4 3·1 2·5 
3 11·5 10·3 12·7 3·6 2·6 3·0 
6 22·· 21·2 23·1 2·8 2·2 2·2 

46·2 40·9 "·0 12·3 8·9 8·· 
' 

A.ggrega~a of Bural DiBiricU. 
1 0•4 0·2 0·2 

HJ-
0·1 0·1 

2 6·6 3·9 3·5 5 1·5 1·2 
3 10·1 8·1 10·8 8 2·0 2·2 
4 26·3 24·0 25·5 9 2·2 2·1 

42·6 36•2 40·0 5 5·8 5•6 

The gcner&l trend of improvement in respect of rooms 
per family and overcrowding is seen in both urban and 
rur&l districts ; but the figures as to number of occupants 
in overcrowded rooms show that, for every form of tenement, 
conditione are much worse in urban than in rur&l districts. 
It \\ill be noted, furthermore, that in 1911, 7 times as'la.rge 
a proportion of the urban population lived in one-roomed 
and twioe as many in two-roomed tenements as of the rur&l 
population. · 

In London the smaller tenements predominated, 541 out 
of every 1,000 tenements having less than 4 rooms, as com­
pared with 255 for England and W&les as a whole, and this 
is not wholly due to the greater proportion of sm&ll families 
as shown by the number of occupants per room. At the 
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1911 census it was found tha.t while children under 10 yea.rs 
of age formed 20· 7 per cent. of the population of. aJl dwell­
ing!~. they formed 38 · 2 per cent. of the popula.tion of tene­
ments conta.ining more than 2 occupants per room. The 
proportion of children was mghest in .the tenements of 2 
rooms and gra.dua.lly diminished as the size of the tenement 
increased. 

The figures a.9 to rooms do not ta.ke a.ccount of the sizes 
of rooms, and this p&rtia.lly, but not entirely, e:i:plains the 
rema.rkable differences in housing in va.rious towns, and is a 
fa.ctor in the frequent la.ck of apparent relation between 
housing and disease. 

Considerations of space do not admit of further extra.cts 
from the section of the General Cen8us Report dealing with 
housing, but it should be carefully studied as a whole. 

Overcrowding in London.-The London Census Report 
for 1921 (Pa.rt I, Tables) shows that as judged by the number 
of rooms occupied by families in 1911 and in 1921 the position 
is not markedly changed since 1911. 

LONDON. 

P-*'110 oJ Familia Livin9 U. Varioua UniJo of OccupaRon. 

-
Year. 1 Boom. !Booms. I Booms. 4 BooiD!I. 6Boomo. OTU 5. 

. 
1911 13·6 19·2 21·4 16•1 9·! 20·1. 

1921 13·2 21·1 .. ~~-6 18·0 9·0 15·2 

.. 
This table needs to be supplemented by a statement of 

the number living in ea.ch type of dwelling, a correction 
which is evidently needed in view of the fa.ct that of the 
total families enumerated in London 11· 6 per cent. consisted 
of one person, 20• 7 per cent. of two, 20· 4 per cent. of three, 
16•4 per cent. of four, ll•6 per cent. of five, and 19•3 per 
cent. of more than five persons. The percentages in. the 
above .table cannot be compared with those in the table on 
page 303. 

The data. given in the Census Report for London in 1921 
unfortunately are not easily comparable as regards over· 
crowding with those for 1911. The following table ehows the 
more recent method of tabulation :-
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LONDON. 

De...Uy of Occupation, 1921. Population at following d<Mitiu of occupation 
(1'001'1Y per per3on) stated in proportion to 'M t.otal population in prWate 
jamiliu (4 057 271) . . 

Under o· s. 0'3 and 0'6 and 0'7 and 
Under o· 5. Under o· 7. Under 1'0, 

Percentage of population in ' 
private families .. . . 3·1 13·1 27·1 14,1 

Between 1911 and 1921 the average size of family had 
dropped 9 per cent., from 4·15 to 3·79 persons, a somewhat 
similar drop having occurred in other parts of England. It 
is pointed out in the London. census report that the ratio 
of rooms to persons requires to be supplemented by further 
data as to movements in the size and accommodation of 
family, which are the "unit of occupation," in order to judge 
of changes in the standard of housing. The following table 
extracted from this report (p. 9) brings out for smaller 
tenements the inferior housing of London as compared with 
that of other large towns and of England as a whole. 

A.tu~rage Nu.mher of Room., per Peraon in Each Siz.e Of Family. 

County 
London LondOJJ. Boroughs Ellltland and 

No. of PCl"'Inlln Fam.Uy. lQ~l. liHl. (excl.London) Wales 
1911. 1911. 

I .. .. . . .. 1·79 1·67 2·76 2·78 
2 . . .. .. .. 1·42 1·38 2·02 2·03 
s . . .. .. .. 1·12 1·15 1·47 1·49 

' .. .. .. .. 0·94 0·96 1·15 1·14 

A voraftO rooma per person in 0·91 0·88 1·02 105 
aU fomilieo .. .. 

In weighing the evidence as to the influence of housing 
on health, Robert L. Stevenson's words in Prince Otto might 
he taken ns a motto:-

And though we ehould be grateful for good housing, the . ..., is, after 
all, no h<'use like God's out-of-doon. 

Housing and Health.-The relation between housing and 
hllalth illustrates the intricacy of the corutection between any 
two connected social events. Is the excessive dMth-rate and 
sickness rate in small tenements due to th11 drifting of the 

I

. physi~ally and mentally inferior section of the people into 
20 
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these dwellings by a process of selection, or are the dwellings 
themselves responsible for the result t Doubtless the above 
and other factors are 'operating together, and skilled knowledge 
and much judgment are needed to disentangle the factors, 
which usually do not admit of more than elementary arith­
metical statement. 

Professor K. Pearson has no hesitation in ascribing chief 
importance to the physically aud mentally unfit parents in 
the inferior home!!, and as seen on page 546 finds little or no 
relation between home environment and such conditions as 
glandular enlargements, ear diseases, keenneSs of vision, 
eta. He says: "The Edinburgh statistics (p. 544) show 
that the effect of home influence is not one-tenth that of 
heredity," and adds a remark .M t~ the "relative insignifi-' 
canoe of nurture in influencing man's welfare." Medical 
officers of health have never accepted this view, and some­
times, perhaps, they may have magnified the influence of bad 
housing a.s a factor in causing ill-health. The following illus­
trations serve to bring out some of the chief statistical points. 

The ,results of an early investigation were publis~ed by 
Dr. J. Bum Russell, in 1888, and are summarized in the table 
below, showing for Glasgow in 1885 the death-rates in 
various sizes of dwelling per I 00,000 inhabitants :-

GLA!Iaow. 

. ' . ·. 
One and 

Two-room 
Houaea. 

Tluoe and 
Four-room 
.Ho~ . 

Zymotic cliae&IIOII .'; • • ••• 478 246 
Acute cliaeasea of the lunga ((inolucling 
· consumption) • • • • • • • • 985 689 
Nervous diseases and diseasea of nutri .. 

tion in ohildren • , • • , , 480 235 

l'l.ve RoQma 
and 

upwards. 

114 

328 

91 
Aooidenta a.nd syphilis in ohildren · , • 32 11 
Miaoellaneoua unoleaaiJied cliaeeaes • • 799 764 590 

1-----+-----~----
All oauaea . .. . . 2,774 1,945 1,123 

The above results, which are based on unstandardized and 
gro)lped death-rates, show the close relation between thess 
and size of dwelling. They are confirmed by more recent 
investigations by Dr. A. K. Chalmers for the same city.1 He 

· 1 '-'Tho' House ·aa a Contributory Factor in the Death-rate .. (Procetding• 
oJ lha B"'!oi Socioly oJ M«;~ic;no, 1913). 
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worked out standardized death-rates for different-sized tene­
ments, in which correction was made for varying age and 
sex distribution, finding that the correction only altered 
materially the death-rates for one-apartment dwellings. The 
standardized total death-rates per 1,000 living were as 
follows:-

One·room dwellings 
Two-room dwellings 
Three·room dwellinga •. 
Four rooms and upwards 

20·1 
16·8 
12·6 

.• 10·3 
' 

Special interest attaches to the death-rates ~ childhood. 

Number of Rooms: 
1. 2. 8. o& and over 

Deatb·rates per 1,000 { Under 1 210 164 129 103 
living 1-6 •• 41 30 18 10 

Relat.ivo mort.ality {Under 1 100 78 61 49 
1-6 •• 100 73 " 24 

The Glasgow experience confirms the experience for 
England (p. 358) that a high death-rate in infancy is asso­
ciated with a relatively high death-rate at ages 1-5. 

In regard t() (a) the chief infectious diseases of childhood 
and. (b) pneumonia, the death-rates were 16 and 6 in one­
roomed, 12 and 6 in two-roomed, only 7 and 2 in three­
roomed, a.nd 3 and 1 in four and more roomed dwellings. Here 
the influence of environment rather than any selective influ­
ence almost certainly preponderates. The same remark will 
apply to the death-rates from food infections and total 
diseases of respiratory organs, as sh()wn below :-

Number olllooma. • 
Doat.b.n~ ol Mal• under 1 pu 

1.000 -.u.ocl b7 
1. !. a. t aod 01V. 

Food lnfect.i ..... Including 
diarrhaoa ... d onfloritie 
... d other digeot.iva dia· 
ordoro . . . . .. 3!·8 25·8 14·9 16·8 

Dioordoro of ~ roopirat.or:J 
orpD8 . . . . .. 39·8 35·6 26·7 20·0 
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In this instance it will be noteq that. groups of disease! 
are employed in statistical comparisons (see p. 179). ThE 
paucity of data. almost necessitated this -course, a.nd in 
dealing with c'ontempora.neous comparisons in the sa.me city 
the likelihood of error is small. · 

Jhe relation of housing to p~onary tuberculosis is inti· 
mate, as Koch emphasized, laying special stress on bedroom 
.accommodation. When the composite experience of a. la.rge 
number of towns is examined, however, no consistent relation 
is found between the number of one- and two-roomed tene­
·ments and of overcrowded tenements and the magnitude of 
the local phthisis death-rate. Thus in 1911 :-

' • 
BeUaat,t Man· Liver· Blnnlna:· London. Edln· Dublln,l Glasgow. cheater. pool. ham. burgh. 

I_:_ --------------
Proportlo~ per 

cent. of total 
!f.Pulation 

vmg more 
than two lD 
• room 

Phthiaia doath: 5'5 7'0 9'5 9'8 18'8 81'1 87"9 5s·e 

rate per 1,000 
total popuJa-
tion .. 2·52 1"66 1·80 1'1C 1'35 0·96 2·80 '1·47 

1 The flg:urea for the two Irlah citiea relate only to tenements of less ·than 6 rooma .• 

Either the a.bove test of oyerorowding is unsatiSfactory; 
or overcrowding has not such an important influence as iS 
supposed, or its influence is counteracted-in a. measure which 
varies in each city-b,Y' !lduca.tion in sanitary precautions, 
and by home or hospital segregation of the infectious. sick, · 
or its influence. is concealed by. other counterva.iling circum-
stances. . 

Further light is forthcoming from separate vital sta.tistios 
for each kind of tenement. Fig. 39, taken from a. paper hy 
the la.te Dr. A. W. Williamson, Medica.! Officer of Hea.lth of 
Edinburgh, shows death-rates from phthisis in three Scot­
tish cities, arranged according to the size of dwelling. In 
a.ll these cities the phthisis death-rate is highest among the 
dwellers in the smallest tenements, and this experience may 
be regarded as genera.!. It is unlikely tha.t corrections for 
age and sex would have altered the relative positions of the 
different groups. Evidently then in Edinburgh there is a. 
relation between the amount of overcrowding and the phthisis 
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death-rate (on this see also p. 456). This might be caused 
by combinations to a varying extent of the following f&ctors :-

( 1) The selection which brings the weakest members 
of the community into the lowest stratum of society. 

(2) The drifting of persons already consumptive and 
unable to eo.rn good wages into less satisfactory homes. 

(3) The deficient nutrition of occupants of such homes. 
(4) The gener&! insanitation of these homes; or 
( 5) The greater exposure to intensified infection due 

to the intimate contiguities of a small dwelling. 

Elllr<o!BlJROM 1910 12 ~ 19U QlA!il:iOW 
DEo\llH~:ATE rr.Jm PHTHI'SI 

...,. 100.000 ol DOPulaUon 
ln ...W.t10n 1.0 ~o~r- of houM 

.. 

1

. tnua.aau 

•• 

]' 

· ~Do -·---

DEATH·RA TE from PHTHISIS 
0"'100.000 of OOIJUielion 
lnrw ... Uon to sl1• of hou•• 

ln..:hcl .. a 

OEATit RATe from PltTIU.sl" 
per 100.000 of oooul•liOil 
ln,...lillnlolli.uol houM 

- ioCKIIIOiaU 
! -

, ... r. 

•• 

Do M ' 

Fm. 39.-Phthiaia Death-rates in Three Scottish Towna, aecording to Size 
of Dwelling. 

The last-named item must play a large part in the general 
re.<mlt ; and the discrepant results of overcrowding in different 
communities are best explained by the varying extent to 
which overcrowding is limited to the healthy, owing to the 
b~d-ridden and speoi&!ly dangerous consumptives having been 
hospitu.Iized, and by the more cleanly habits of some sections 
of the population in circumstances of ov..-rcrowding. 

A further illustration of the difficulty in establie:ung 
relation between housing and tuberculosis is given by Dr. 
C. V. Cha.pin in his v&!uable work on The SO!Jrc& a11d Modes 
of ltife.-Jion, 1910. It refers to the much quoted "Lung 
Blocks" in New York City, a.nd his statistics a.re taken from 
the Report of the New York Department of Health for 1896. 
During 5 years, 42 per cent. of the deaths from tuberculosis 
in the city occurred in 5 · 25 per cent. of &!! the houses in the 
city. 



810 THE ELEMENTS OF VITAL STATISTICS 

In Ward IV, 55·8 percent. of the cases occurred in 10·5 per 
cent. of the houses in the ward. 

In W a.rd VI, 44 · 7 per cent. of the cases occurred in 
7·0 per cent. of the houses in the ward. 

The figures have been quoted as supporting the view that 
tubercle bacilli become attached to the interior of the. 
dwelling, apart from human carriers of infection, and that 
disinfection of premises is a if not tht most important item 
in the prevention of tuberculosis. To show that the tuber­
culosis of a large proportion of the occupants of these blocks 
was caused. by infection acquired in them would require an 
exhaustive inquiry into each case, especially as to the past 
history of prolonged exposure to ~ection ; and in such an 
inquiry it would be neceesary to attempt to differentiate 
between rooms supposed to . be infectious per se, and the 
much more common and abundant . source of infection fur­
nished by open cases. of tuberculosis in the same rooms. 



CHAPTER XXVII 

OCCUPATION IN RELATION TO SICKNESS 
AND MORTALITY 

01!' the many circumstances of man's environment which 
influence his hea.Jth, housing and occupation are two of the 
most influential, and measurement of their effect is an 
important branch of vita.! statistics. The coincident opera­
tion of numerous factors on hea.lth, for some of which no 
measure may be available, renders statistica.J statement 
difficult, and figures' need to be judged as more or less 
important, in proportion as they fit with inferences drawn from 
collatera.l branches of knowledge. 

In order to measure the connection between occupation 
and hea.Jth, as a fact-which may or may not be a causal 
relationship-the following statistica.J data are needed :-

1. A statement of the number engaged in the occu­
pation in question, distributed according to age and 

· sex, and if possible according to the duration of their 
engagement in this occupation. 

2. A statement of the number of days of sickness, 
amounting to incapacity to work, of the persons engaged 
in the oocupa.tion, and the character of the sickness. 

3. A statement of the number of deaths among the 
same persons similarly classified according to age and 
sex, and the cause of death in each case. 

It is convenient to dea.J first with-
Occupational 1\lortality.-The oensus returns give the 

nooded information as to occupation, and the instructions 
at the back of the census form (p. 607) indicate the chief 
methods of grouping occupations. The Register of Deaths 
similarly gives the occupation of the deceased, the infor­
mation being furnished by the " informant," usually a rela­
tive of the deceased. h is a question whether the informa~ 

IU 
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tion thus obtained has the same degree of a.ccura.cy as the 
il!formation filled in a.t the census by the head of the 
household. 

Methods of Statement.-Among the various methods of 
comparison between occupations. 

1. A comparison of mean ages a.t death has been -employed. 
This is very misleading, a.s the mean ages at death obviously 
will depend on the mean a.ge of the living. 

2. A statement of the death-rate per 1,000 engaged in a. 
given occupation ma.y, like 8. crude dea.th-ra.te for the general 
population, give fa.lla.cious indications. Thus in 1910-12 the 
crude dea.th-ra.te of farmers aged 15-75 was 11· 6, of coa.l­
miners 9 · 3 per 1,000, but the dea.tq-ra.te a.t ea.ch age-period 
was much higher for coa.l-miners than for farmers. 

AVEILAGE" ANNuAL DEATH-BATES, 1910-~2, PER 1;000 LIVJNQ AT EA.OB 
SUCOESSIVB AGB•PEBIOD • 

...... AUAaes. 

15-. 20-. 2ll-. Sll-. <ll-. 5ll-. Sll-. 1&-75. 

------------
Farmers 00 0·5 1·5 a:l 4·6 8·6 20·0 51•3 11·6 

Coal-miners 00 3·2 3·8 4·4 6·7 12•7 30·1 82·3 9·3 
0. 

The reason for this apparently discrepant result is 'that 
farmers a.re older men on. the a.vera.ge than coa.l-miners, &1!-d 
therefore, irrespecti"l(e of occu.Pa.tiona.l differences, experience 
a. higher crude dea.th-ra.te. . . 

3. Given adequate data., the best method is shown in 
the above table, the dea.th-ra.te of those engaged in one 
occupation a.nd of a. given a.ge being compared with the 
dea.th-ra.te of those engaged in a. second occupation and. of a 
corresponding age. 

4. But this method ma.y, when the numbers a.re limited, 
necessitate' the ca.lcula.tion of death-rates for ea.ch age-period 
based on scanty facts, and variations from chance are 
likely to arise. This objection is minimized by the ca.lcula­
tion of deaths in a standard population ; and apart from 
this point, a. standardized dea.th-ra.te, while eliminating in 
large measure arithmetical causes of variation, gives a. view 
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of the whole of the facts in a single figure, and thus enables 
comparisons to be easily made. 

The method employed in the Registrar-General's Report 
on Occupational Mortality is dual : (1) The death-rate at 
each age-period is given for males engaged in 132 occupa­
tional groups. (2) The number of deaths is given for each 
occupation in a. standard population of 71,005 distributed as 
follows:-

25-35 years oM 
35-45 
45-55 
51Hl5 .. 

. • 26,259 
• • 20,407 

14,748 
9,591 

71,005 

The population, the number of deaths from all causes, 
and from any single cause of death in a given occupation 
being known for each age-period, the corresponding death­
rates for this occupation are calculated. From these the 
number of deaths in each group of the standard population 
is ascertained. Among " All Males " in the official tables, 
the numbers are as follows :-

Dcatb tn Standard Population from 
A .... ])(lat.h·rate per 1,000 

at Racll Aa:e-perlod. 
AD Causea. Phlbllla. 

25- 4·80 126 «·7 
35- 7·99 163 42·6 
45- 14·65 216 33·8 
65- 29·69 .285 20·9 

790 142·0 

The total deaths in the standard population a.re also 
known a.s the Comparati~~ Mortality Figure. It is 790 for 
a.ll ~a.uses for All Males and 14.2 for Phthisis. For clergymen 
th~ corresponding comparative mortality figures are 443 a.nd 
45~ and the..-.e two sets of figures a.re exactly comparable. 

i
ssible weighting of results by this method owing to pre· 

p uderant influence of excessive morta.Ii.ty at one age-group 
i mentioned on page 225. This source of possible error when 
• e groups a.t each age-period a.re large is negligible. 

c Proportionate Mortality.-This term (see p. 202) may 
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be employed to denote the proportion of deaths from all 
causes · or. from any given cause, to total ,deaths. from aJl 

· causes, or to -total deaths from the given cause at all ages, ex 
a. . similar proportion for any age-period. In either case it 
implies a proportion between two variables A and B, ·which 
do not necessarily .change in unison. Hence comparison of 
A : B in various groups may have a variable causation, and 
is to be deprecated. To ensure comparable itexns each of 
the terms A 'and B should be stated in its ratio to the 
population concerned in the experience. But sometimes the 
population of the group under investigation cannot be ascer­
tained, and this is particularly apt to. arise in investigations 
of small occupational and social groups, and the choice 
lies between · abandoning the investigation and using an 
imperfect and sometimes faJlacious measure. · 

Some early investigations by Dr. William Guy, one of 
the ablest of early English statisticians, illustrate the value 
which may attach to investigations with imperfect data, when 
judiciously employed. 

In a paper entitled. "A Contribution to a Knowledge of 
the Influence of Employments .on Health" (Journal of the RoyaZ 
8to.ti8ticaZ Society, June, 1843), Dr. Guy, from a study of 
the hospi~al patients in King's College Hospital, showed that 
when the ratio of the cases of· phthisis to other less •severe · 
affections entered on the hcspit&J. books was obtained, this 
ratio in indoor occupations showed that phthisis formed a 
larger proportion of the total cases in occupations requiring 
little exertion than iD.. occupations requiring much exertion. 
Among letter-press printers 1. case in 5•12, and among 

. t!lilors 1 in 2 · 94 was phthisis. The pos'sible e,rrors of such 
a,n. inference were known to him, including ~bably the 
general objection stated above, as well as t fact·. that 
various occupations may be entered into at di rent ages. 
This he eliminated in some instances. His gener~ma.rks 
bear quotation even now, as indicating the impo nee of 
converging lines of evidence, no one of which is a eq¥-te 
or e~tirely. satisfactory. l\ 

Th~ rattos, he says, 

are ,n'ot employed as a ~ test of the tendency ~! ~erent .occu~ \· 
tione to promote Phthisis, but merely as a prohebility m CODJunctt, ~­
with others derived from analogous sources. 
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He adds:-

The o<>incidenoe of the probabilities established by two classes . of 
facts givee the strongest reason for believing that the conclusione 
which have been arrived at are in accordance with the true stats of 
the case. 

In a later paper (1843) he adds:-

These three concurrent probabilities must be admitted to have a 
force scarcely inferior to that of positive proof. 

The degree of reliance which may be placed on propor­
tionate mortalities has been investigated by Drs. M. 
Greenwood and A. E. Tebb (Medical Reeoorch Oouncil 
Special Reports, No. 22, 1919), who found that the corre­
lation at ages 35-45 between proportionate mortality from 
phthisis and the death-rate from phthisis in the Registrar­
General's Occupational Groups, 1900-2, was, 0 · 7 5 ± 0 · 04. It 
is emphasized by them that these results hold good for 
averages with fair accuracy, although possibly much in excess 
or defect of the truth in individual observations. 

The International Journal of Public Hecilth, Vol. II, No. 6, 
1921, contains an article signed F. Humbert, which, com­
ments on the occupational experience of the Prudential 
Insurance Company of America, 1907-12. The following 
table is extracted from this article :-

P&aoBNTAOB PROPORTION BBTWBBN' DuTJIS ~K Srmou.r. DISBA.SJCS AND 
· TOTAL Duma no11 ALL C&.uau m TKB GIVBN AGE·PBBIOD. 

15-24-
BakeN .. .. .. 
Draymon ond I<>IUDlltero 
Printere . . . . • . 
Fi.le-makere . . • . 

25-44-
BakeN .. .. .. 
Draymonandtoamatero 
Printer~~ • • • • • • 
File-maken •• • • 

Pbt.blala. 

U·4 
34·5 
47·0 
50·0 

35·0 
40·5 
48·1 
65·0 

7·8 
8·9 
8·6 

10•0 

14·1 
10·7 
9·1 

15·0 

AU Other ea-. 

67·8 
56·6 
«·4 
40·0 

60·9 
48·8 
42·7 
20·0 

All CaUBel. 

100·0 
100·0 
100·0 
100•0 

100·0 
100·0 
100·0 
100·0 

In the above article it is stated that "the relative danger 
of tuberculosis can ouly be determined for any given trade 
by expressing the tuberoulosis death-rate therein as a per­
centage of the total death-rate," and a further table is given, 
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as below, from which it is argued that clergymen are not 
so exempt from tuberculosis as are coal-miners, and that inn­
keepers and agriculturists do not sufier very differently in 
respect ol mortality from this disease. 

Coal-miners 
Clergymen 
Innkeepers 
Agriculturists 

Ttm:U.CULOSIS. 

Death-rate, 191G-12, Deaths per Cent. of 
per 1,000 Males Total Mortality 

.Apd 16-65. from all Cauaes. 

0·95 
0·65 
2·10 
0·81 

' 

ll·72 
13·85 
16•47 
15·77 

In these instances the statement. of liability to death from 
tuberculosis given in the first table and in the second column 
of the second table is obviously misleading, as a measure of 
the liability to tuberculosis of special groups of the population 
(see also p. 202). Given equal numbers at equal ages in 
the above groups, the above figures show that· the rate of 
mortality of coal-miners from tuberculOsis is 18 per cent. 
higher and of innkeepers is ~59 per cent. higher than that 
of agriculturists. 

The following table, derived from data in the Registrar• 
General's Occupational Report, further illustrates the relative· 
value of three methods of estimating occupational mortality_:-

PilTllllml: OOOUPATIONA.L !IIOR.,ALI'H" FrGUli.ES, 191(}..12. 
" .. 

.... . B • c. 
. -

Deaths In A'. B' . C'. 
1 _Death· Pro pol' 

tiona to- Standard rate.1 
Mortality.• PopulatJon.• 

-----
Agricultural labour-

100 100 100 era (Group 33) •• 0·99 15·1 71 
Coal-miners (36) 1·04 10·5 76- 106 70 lOS 
Stone-gettera ( 42c) • 6·25 29·0 415 632 193 581> 
Barmen (12fiG) .. _6•84 25·3 434 590 168 612 . 

• Per 1,000 Jiving at ages 25-65. 
' • Per 100 deaths from all oaueee -..t ages 25-65. 

! Comparative_ mortelity flguree as defined on page 313. 

:Xhe figures in column C are approximately comparable, 
those in column · A, being death-rates at all ages 25-65, 
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may be regarded as crude death-rates, while those in column C 
suffer from the _drawbacks already indicated. In columns 
A', B', C' these rates are stated proportionally; and C' 
being accepted as the standard, it is clear that A' closely 
approaches the accuracy of C', while B' (proportionate 
mortality) is extremely wide of the mark: 

6. Dr. Dunlop, in preparing the report on the Scottish 
Occupational Mortalities, has employed additional methods of 
statement, viz. :-

( 1) Grouping of the occupations according to whether 
their death-rates, loaded with their probable errors, are 
greater or less than or are not decidedly different from 
those of all males. 

(2) A comparison of the expectation of life during 
the working age-periods. 

(3) A compari~on of probabilities of reaching age 65. 

The first of these methods makes allowance for probable 
error due to paucity of figures, but, as Dr. Dunlop remarks, 
it does not show finer distinctions. The death-rates are cal­
cull\ted for ages 25-45 and 45--65, within each of which 
somewhat wide variations of mortality might in some instances 
be caused by different age-distributions of compared groups. 
These death-rates are more trustworthy for large than for 
small groups. 

A modification of Farr's short method of constructing 
lifo-tabll'S is employed by Dr. Dunlop for the second test; 
and for the third test, if the number at age 25 be taken to 
be 100,000, the probability of surviving a 10-year age-period 
is calculated thus :-

Population of period - l deaths in period 
Population of period + l deaths in period 

• 
the l'<'sult being raised to the tenth power. The survivors 
at agM 35, 45, 55, and 65 were estimated by successively 
applying the rot~ of probability of surviving through eaoh 
10-yoarly period. 

One difficulty runs through all the methods enumerated 
above. They pay no regard to survivore over the age 65. 
They ignore the fact that the efieot of a given oooupa­
tion on mortality may be postponed. No ideal method is 
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practicable ; the facts collected by any of ·these methods 
may give indications, though some methods a.re more accu­
rate tha.o others. Furthermore, it will be remembered that 
the da.ta., however obtained, represent the composite result 
of a. number of factors of 'which industrial occupation is one. 

A good illustration of this important point is furnished 
by the experience of hotel-keepers and of persons aged 25-65 
in the other occupations enumerated in the following table :-

0001ll'.,..ON4L EXl'BBDINCB, 191G-U. 

Exveetod Deaths Number of Deatbs In Standard PofWatlon trom All Causes (Compar&tive Mortality Ftpre w otA'/:'!-per ent. of 
.Number 1f Alcoholism Experience had 

All Caasi.. . been Same as Pht.hlall. and ctrrbosll 
•• .6J1 :Hales ... o1 Liver • 

Per. Cent. 
Gardenera .. 58·1 407 76. 7 
Agricultural labour-

era .. .. 59•0 470 71 5 
Clergy .. .. 59·7 443 40 4 
Coal-minera .. 91·2 727 76 9 
Butohera ... .. 110·5 835 127 48 
Brewers .. .. 129•5 1,023 181 49 
Waiters .. .. 133·8 1,050 281 35 
lim aervan!B .. 157·2 1,173 294 51 
lim hotel-keepera •• .160·0 1,265 198 156 

All males .. .. ,100·0 790 142 17 .. 
-

In the first three occupations enumera-ted in the above 
table we ml!-y see the combined result of an open-air lif11 
and of relative freedom from. alcoholism a.nd from syphilis · 
and other infections, including .tuberculosis. The favourable­
experience of coal-miners in respect of phthisis may possibly 
be related in part to infrequent industrial exposure to infec· 
tion. It .has been suggested that coal dust, possibly by 
exciting phagocytosis, exercises a beneficent influence ; and 
the contrast between phthieis in coal-workers a.nd in silica 
workers is striking. An initial selection of stronger men 
for mining, a.od a weeding out of weaker men, plays its part 
in the result. 

noes a. similar but inverse process explain the excessive 
mortality among brewers, waiters, innkeepers a.od inn ser­
vants 1 It may enter into the result, but the baneful 
influence of alcoholic excess, and its special effect ·in lowering 
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resistance to phthisis and in supplying more frequent oppor­
tunities for massive and repeated infections in public-houses, 
etc., must bear a much larger part in making the preparation 
and sale of alcoholic drinks a specially dangerous industry. 

Sources of Error in Occupational Statistics.-The 
pitfalls of occupational statistics are well known ; but their 
value as an index of the vitality of men of various social 
position is undoubted, always remembering that the influence 
of the occupation is not alone concerned, but that the non­
industrial circumstances, domestic and non-domestic, of the 
man's life play an important part in the st111tistical result. 

1. V aguene.s8 of Definiti0118.-The occasional vagueness of 
entry of occupation in census returns and still more in death 
registers has alrell!dy been mentioned. Only well-defined 
occupations should be made the subject of statistical. research. 

The Registrar-General points out that the instructiveness 
of the occupational classification is somewhat impaired, 
because it is, " on the whole, rather of an industrial than 
of a strictly occupational nature, and thus obscures in many 
instances the full effect of dangerous processes or opera­
tions." Thus it does not differentiate in the pottery trade 
between workers in lead glaze and others, nor in the cutlery 
trade between grinders and others, and the result is to dilute 
the mischievousness of certain industrial processes, and to 
lead to some understatement of the facts. On the other hand, 
to attempt to separate these portions of industries would, 
in many instances, result in scanty figures, and the effect of 
transfers from one process to another could scarcely receive 
correction. The most fruitful plan from the point of view 
of investigation of occupational mortality is to retain 
occupational clii!Ssification with an industrial framework. 

2. Changea of Occupation.-The most serious difficulty, 
and one which appears insuperable, is the original selection 
involved in the choice of an occupation, supplemented by 
outward selection, especially from laborious work, when 
unfitness declares itself. Those who follow the several 
industries do not start on equal terms as regards healthiness. 
A weakling will not become a navvy, but a shopman or 
tailor by preference. The occupations demanding great 
muscular strength and activity, to some extent then, consist 
of picked men, stronger at the commencement, and main-
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tained up to a certain standard by the fact that weaklings 
are drafted into lighter occupations. 

·Thus the death-rate of .the more laborious occupations 
is lowered by such selection as compared with the death-rate 
(a) of those engaged in lighter occupations, or (b) of those 
who are returned as having no occupation, or (c) of those who 
have to betake themselves to odd jobs, as general labourers, 
messengers, costermongers and street-sellers. 

3. Errors due to wrong methods of stating occupational 
mortality are described in previous paragraphs. 

4. The main error in occupational statistics is in the 
inferences drawn from them, from disregard of the factors 
mentioned above. 

The following statement from ~he official Report on 
Occupational Mortality, 1910-12,1 emphasizes the main pre­
caution which is required :-

It is not . . • by any means necessarily ill9gical or unecientifio 
to classify by reference to occupation alone the mortality whicb is 
due to all forms of human environment, so long, of course, as it is 
fully recognized that the attribution of mortality to oooupation can 
only be justified on the wideet construction of the facts, and that the 
naked figuree merely repreeent the mortality of the person following 
a given occupation. · 

The tables on page 321 are extracted from the Occu­
pational Mortality Report of · the Registrar-General issued 
in 1922. In the first table are displayed the compa.ra.tive 
mortality figures of five social classes and of three special 
occupational groups. The ·increasing total mortality with 
lowering of social position illustrates the composite influence 
of poverty (p. 295), as do also the phthisis figures. That 
rural life may more than counteract the influence of social 
position is shown by the phthisis figures for. agricultural 
labourers (71) and for upper and middle classes (121). The 
excess of cancer in unskilled workers is unexpected. 

In the second table on page . 321 is given a selection 
from the statistics of 132.occupations or occupational groups 
comprised in the Registrar-General's Occupational Report. 
Detailed comment is scarcely necessary, but the original 
report deserves study in detail. 

l· Supplement to the Seventy.FifthAnnual RepartoftheRegiatrar.General 
for England and Wales. Part IV. Mortality of Men in Certein Oooupet.ione 
in 1910-12. 
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DEATHS IN STANDARD POPULATION AT AGES 25-65 FROM 

Alcohol· 
All Phthlsls. ltimand Bron- Pneu- Cancer. Suicide. Causes. Cirrhosis chlti&. m@ia. 

o1 Liver. 

--- --- --- --- ------
All occupied and rcUred 

males •• .. . . 790 142 17 38 67 78 19 ---------
&Jclo.l l'Jnss-

I. IJJipcrnnd middle 
Clll!:ISI.l!J .. 695 121 33 16 47 78 20 

II, IntcrmcdlaOO 745 128 37 26 58 71 24 
Ill. SklUed workmcD.' 758 155 14 37 57 79 16 
JY, lntcrmcdlatc 785 181 18 38 62 76 18 

V. Unskilled work: ... 1,121 . !!15 20 71 115 102 22 
VI. Textile W~rkcni ' SUI 128 u 47 63 80 22 

VII, Miners 741 87 • 56 65 61 11 
vu1. Artcn'itur&·l 

abourot'l •• 470 71 • 14 39 54 12 

DEATHS IN STANDARD POPULATIOS AT AGES 25-65 FROM 

Alrohol· 
All PhthlBIB. lam nntl Bron- Pncm- Cancer. Suicide. A eel-

CaWiea. Cirrhosis chltls. monla. dent. 
of Liver. 

A. Prot~1io1u. 
Civil Scr\·loo ••• 06 17 •• 86 61 14 22 
('IN'KY, mlld~tf'l'll : : 448' .. 4 5 28 45 • 13 
U!lrrt.t.\<'1'11, eulll."ilora 6~7 58 28 7 45 77 29 25 
Ml:ldi\•BI pro.cti· 

tloncnt 603 65 27 • 66 70 83 29 
Schon I m"a"11 t e r's', 

t..•achen 506 70 12 11 •• 67 u 15 
B. Dtulll Ooeupatiol&l, 

('oal·mlurrw 7':!7 76 • 51 64 61 11 118 
lrou-mittllnl 6:1~ 73 • 37 76 56 16 •• 1'1n·mlnt'hl l,{>iU 1\ti-1.· 78 95 93 95 
IA~Il-rulnera J,lri-5 sa:> 50 <9 82 U6 
!;tom•·IJI.•UCN : 

Mwton• 
Toub, ar~t~1'8, oie', 0&1 237 13 80 66 " 18 87 

(1((1,, OlKkt'l'l 1,010 908 10 88 74 78 20 25 
•'llr·ru~kun 

ld$SO;.·. 
l,!l:!\J ••• 16 .. 127 78 28 28 

CutiN'!!., 
hl.llloa•ra 

~b 
1,285 <66 12 82 83 108 29 23 

TlUiliRt 8 
blllkl'111 .. 1,0i2 243 35 8< 83 97 29 25 

C. AlooAoUt lNIMlq,.w, 
('lt-ru, mlnla.teN 1,. ~43 •• • 6 28 •• • IS 

1- 1-l"'omntl.~n"lal lla\"'l!l· 
lt•rt 

(\:Nu•h, aab.' Omntb~ ~' 1:!1 25 21 6! 02 22 19 
••n·lt"l!, ~l<". 1):!1 170 23 

&t1lt'l~ll. U.,h~ 
6.1 73 D7 26 •• 

nt.•n and·· whMi 
1 10:! 141 

i)..wk 
22 67 105 88 • 103 

b\\"lUI'l'll 1,127 ... 30 
Mt~·~~~·N. p...trtt•1'8, 

8< 140 .. 15 100 
W~totdmtt"ll \lUll. 
ntJIWR)'),, .. l,lS7 2MI •• .. 107 118 20 47 

lltttrlwn .• .. ....., l:!i" •• ., 87 105 "" 25 
~11llbt ..... .. .. . ... •• •• ~; .. 47 15 35 
1\N-Wt'l"$ .. t.tl':!:t 1:-l.l •• .. 95 l:!:i "" "' lnnl.."""'brs .. l.::dl Ill$ 1 .. .. lot .. .. 35 
hm. ,tU~I. totC',. 

... na.u.t• .. 1.1':'3 ... 61 .. lOS .. 29 29 
1\arnwo .. .. l,i:;!-1 -&:t4 II:! " ·~ 1>7 43 •• l'lUIWit'.)' I~ PI .. 1,(11.\ ,.,. 50 66 .. 107 .. 47 

1 Ttus ('tllmun ti gaV'f"D. ht-re u a rontrol 
21 
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Occupational Sickness.-As stated on page 129, there is 
but little iuforma.tion as to the relation between the amount 
and character of sickness a.nd 'the pursuit of a. given industry. 
Most of the Industrial Insurance Societies are on a. basis 
which includes many occupations, . a.nd separate experiences 
for occupations have not been adequately investigated. 
Sir A. Watson in his investigation (ref. p. 149) found that 
the sickD.ess and mortality rates of Friendly Society experience 
were but little related to each other (p. 151), also that geography 
governed mortality .more than occupation, while the reverse 
held good for sickness. The explanation depends largely on 
the nature of the occupations ; some ca.n be continued during 
minor illness, others cannot. Sickness as measured by Friendly 
Society statistics does not 'measure ; the sickness of occupa­
tions completely, what is meaaured being " not pathological 
'sickness, but claims upon the funds for benefits in respect 
of incapacity for work" (Wa.l;son). 

A paper by Mr. E. A. Rusher, F.LA., on "The Statistics 
of Industrial Morbidity in Great Britain" (Journal of the Royal 
Statistical Society, vol. lxxxv, January 1922), gives a. val)la.b1e 
summary of this subject, including the history of various 
attempts at compilation of· experience. He concludes that 
(I) among the factors concerned, age has the greatest infl~­
ence on rates of sickness, and next to this occupa.J:ion. AI) 
suggested on page 320, occupatiOn is an index, higher occupa­
tional _mortality not being necessarily due to the occupation 
in question. (2) That occupation has_ more influence on 
health than either locality' or density of population. It is,. 
however, often not 'possible to dissociate the influence of 
density from that of occupation. One is obliged to confirm 
the conclusion stated by Sir A. Watson in the discussion 
on this paper, tha~ inasmuch as sickness certificates often 
give symptoms, and the recorda retain this first and often 
tentative diagnosis, this is " not the proper material on 
which to build a. huge statistical superstructure." This 
does not mean that information as to the total amount of 
recorded sickness, and comparison of this in different occu· 
pa.tipns, according to age, is without value. It will have 
greater value if it becomes practicable to divide the experi· 
ence of a. large industry into its constituent parts, showing 
the influence on sickness experience of the different parts 
and processes of the industry. 
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Industry in Females.-But little inform&tion is available 
as to occupational sickness and mortality in females. In 
their case the effect of influences, other than occupational, 
is probably greater than for men. · 

References.-Fuller information on the subject of this 
chapter is contained in the occupational volume of the 
Registrar-General's Decennial Supplement; in Dr. J. C. 
Dunlop's contribution .on." Occupation Mortalities" (Tran.s­
ac!ion.s of the Faculty of Actuariea, vol. v, 1911), in Dr. M. 
Greenwood's ~oy Lectures (Bri!iBh Medical Journal, 1922, 
vol. i, p. 667 et Beq.), and in fJollis and Greenwood's Health 
of the lndUBtrial Worker, 1921. Special papers by Dr. F. L. 
Hoffman, of Newark, N.J., may be consulted wit.h advantage, 
especially his study of " The Problem of Dust Phthisis in the 
Granite-Stone Industry" (U.S. Bureau of Labour Sta!iB!ics 
Bulletin, No. 293, 1922). 



CHAPTER XXVIII 

STATISTICS OF ALCOHOLISM IN RELATION 
TO THE PUBLIC HEALTH 

EXACT physiological experimentation has shown that ever 
small doses of alcohol have a de:teriorating influence or 
muscular and mental work ; but fo~ evidence as to the evi 
results of alcoholism we must in the main depend on statistici 
of destitution obtained by intensive investigation, and oi 
statistics of crime and di!'Elase. 

The national death-statistics give valuable• information. 
though for obvious reasons the mischief resulting from 
alcoholism is gravely understated in them. 

In the short list of diseases, alcoholism and cirrhosis ol 
the liver are placed in juxtaposition,• the number of death£ 
from these two causes in England and Wallls in 1920 be~~ 
216 and 1, 763 respectively. ~ the corresponding .~ong lis~ 
of the International Classification, Alcoholism (Acute and 
Cllronic) has 216 deaths debited to it, while Cirrhosis of the 
Liver is subdivided in tP,e. ,Registrar-General's Report into-

. 
Bumbu of Deatha . .. 

Male~~. l'emalel. 

A. Cirrhosis of the liver, not returned alcoholic 1,069 629 
B. Ditto, returned as al~olio . . . . . ~ 96 33 
0, DisNsea formerly cl&fiSed as " other diseases 

of liver and gall bladder " .. .. 16 21 

1,180 683 

•Prior to 1911, when the medical certificate of death gave 
some· organic disease attributed to alcoholism, the entry was 
made by the Registrar-General under the heading Alcoholism. 
In accordance with the international rules the two are now 

t In th& abort list on p. 179 and in th& Annual Review of the Registrar· 
General, 1921, Alcoholism is omitted. 

304 
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' 

separated, and it thus arises that the 216 deaths attributed 
to alcoholism in 1920 would have been 577 according to 
the old rules. Table 9 in the Registrar-General's Report for 
1920 gives the classification according to the old rules, and 
difficulty in continuity of comparisons is thus obviated.l 

The above figures do not represent the entire mortality 
from alcohol, and, on the contrary, an uncertain proportion 
of cases of cirrhosis of the liver are non-alcoholic in origin. 2 

Table lxvii in the Registrar-General's Report, 1920, gives 
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Fto. 40.-Englnnd and Walos: Average Annual Death-rates in Nine Quin­
quennial l'orioda 1866--70 to 1906--10, and for Single Yeera 1911-20 
from A, CirrhOtJia of Liver; B, Alcoholism (Acute and Chronio)-<lld 
Cl...U.tiootion. 

a total of 719 deaths, or 142 in excess of the 577 referable 
to the old heading. In 130 instances of deaths from violence, 
112 of hea.rt disease, 34 of pneumonia, 14 each of bron_chi.tis 
and neuritis, alcoholism also was mentioned. 

The total thus obtained is relatively insignificant. Stated 
as rates per million of the population, the death-rates from 
alcoholism and cirrho-'<is of liver are shown in Fig. 40. 

• The R.¢etJ"'U'-.GNlt'nt.l'e Statistical Review of England and Wales for 
1!1~1 (l>l•w Annual s._,n.., No. I), Part I, givee tl•e doaths from acute and 
('.lmJnio a.lt'OholitUn at-.,ord,ing to tho new classification for each YMr' 1911 
to 19:!1. In 1921 tbe numbt\r was lSi. 

• lu 19:!\).. 1·• por Ot'n'·· and in 1921. 8 pe-r oent. of the total deaths 
from oirrboais of lh-er i.n l~n~land and Wah ... \\"We rctumed a• alroholio 
in orif{in: but. th~ f4rtu•ea t'81UlOt be taken u 1'\'-pl'\*mting more than a 
lrat'tion of the total alroholie ciiThosia. 
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The upwil.rd trend of both curves till the end of the 
nineteenth century represents in part the final product 
of the increased drinking which in the past has been con­
stantly associated with increase of national prosperity i 
in the main, probably it represents an increasing accuracy 
of certification of deaths. The downward curve from 
1906-10 onwards, ciccurring in &BBociation with a con­
tinuance and increase of proportion of accurate certification, 
may be regarded as indicating a gradna.l improvement in 
the habits of the people. The remarkable drop in the war 
years is doubtless the result of restricted supply of liquor, 
its great cost, and restrictions in hours during which it was 
obtainsble. The above rates apply 'to persons. The death• 
rate from cirrhosis of liver in males in 1920 was 66 and in 
females 30 per million living, the corresponding rates for 
alcoholism in the two sexes being 24 and 7. In the following 
table are shown for the years ·since 1913 the death-rates 
(according to the older cla<:sification) f~ each sex separaiely 
from the two chief registered conditions, which are due wholly 
or in pari to alcoholic ex(:eSB. The death-rates for males 
apply only to .the civilian population • 

. . . . 
Year .• .. 1116 . 1016. 1911. 11U7. 1118. 1011. 1920. ,IJI21. 

- --
Alcoholism, delirium • I '" I 

fl'emel1&-
Male .. .. M 63 "40 26 17 17 24 -
Female .... . .. 43 35 21 u 5 6 7 -

()jnh.,.;.. of li--
Male .. .. 130 133 123 105 79 57 66 72 
Female .. .. 96 Bl 62 44 32 27 30 33 

Some doubt attaches to the male death-rates, owing to 
the large military population and the non-inclusion of their 
deaths in the statistice, but the sinrilarity of trend in male 
and female death-rates is seen in Fig. 41. 

The statement of consumption of proof spirits and 
standard barrels of beer retained for consumption in the 
United Kingdom in each year in this figure is taken from 
official returns. The amount of spirits in 1914 was 32 and 
of beer _34 million gallons. Each of these is stated as 100. 
One drawback to the statement of relative mortalities as in 
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Fig .. 41 will be noted. It must not be inferred from the 
diagram that the female is as high .as the male death-rate. 
The only legitimate comparison is of relative amounts in 
each curve in any given year in relation tq the amount in the 
initial year. 

The curves of death-rates from cirrhosis and alcoholism 
in males and still more in females show a remarkable declension 
following on the reduction in consumption of alcoholic drinks ; 
and as might have been expected, the mortality curve lags 
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Flo. 41.-Englaud and Walee: Relative Mortalit.ieo and Alooholia Con· 
eumption of ~r and of Spirits in 191• to 19:!0 (t.he amoun& under 
each heading iu 1911-100). 

behind the curve of consumption. The 1915 figures for 
male cirrhosis show no decline, unlike all the other mortality 
curves, and this may possibly be associated with the increased 
consumption of ~pirits in that year. There is little doubt 
that the nl'xt fow ye&rB' returns under the heading both of 
mort.Uity aml consumption will confirm the results shown in 
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the diagram in an inverse direction, in view of the diminishe~ 
stringency of regulations for the sale of intoxicants. In ordeJ 
that this may be tested, the notes as to changes in classification 
in the Registrar-General's reports must be regarded. 

With the death-rates in Fig. 40 may be compared the 
following American death-rates : 

U.S.A. DEATH REGISTR&.TION SrA.'l'ES. 

DeaQa.I'<Jiu 1'"" MilliOJl PM'~~&M. 

Average Averalle 1915. 1918. : 1917. 1918. 1919. 1920. 1901-0S. 1906-10. 

---- -'-------• Alcoholism (acute 61 68 44 68 52 27 16 io 
and chronic) 

Cirrhosis of the 
liver " .. 144 143 125 123 114 95 79 71 

From a table in "Mortality Statistics," 1918, can be 
gathered information as to 5,363 deaths in the United States 
Regi~tra.r area · in which alcoholism was returned as a 
contributory cause of death. This occurred in 313 deaths 
from tuberculosis, 249 deaths from apoplexy, 911 deathS' 
from diseases of the circulatory. system, 1,117 deathS from' 
pneumonia, 729 deaths from nephritis, 100 deaths fr.om 
suicide, 714 accidental deaths, and 13 homicides. The total 
deaths ascribed to alcoholiSm as a primary cause in the same 

' year numbered 2,193: 
Estimate of_ Mortality Due to Alcoholism.-In 1913 

alcoholism and cirrhoSis of the liver, which is mainly alcoholic 
in origin, caused 5,527, and in 1920 these two conditions 
were the registered cause of 2,175 deaths in England and 
Wales. These figures greatly understate the total mortality 
attributable to alcoholic indulgenee, directly and indirectly by 
favourin~ ~he· oocurrenee of or a fatal termination to other 
diseases, such as pneumonia, tuberculosis and erysipelas. It 
is not improbable that five or even ten times as many deaths 
as are returned under headings recognized as alcoholic are 
caused by alcoholism ; and this proportion would not include 
the· mortality caused by destitution and neglect, especially 
of infants due to alcoholism. 

A very considerable proportion of accidental deaths, 
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~specially in traffic and in industries, is caused by alco­
holism ; and a large proportion of homicides and of acts 
of violence against other persons are due to the same cause. 
A large proportion, by some surgeons stated to be one­
half of the infections with syphilis and gonorrhooa, are 
received when the person infected is under the influence 
of alcohol. The abolition of intoxicants would probably 
effect as much as any other single reform in diminishing 
these diseases. 

Occupational Mortality due to Alcoholism.-For ex­
planation of the term " comparative mortality figures " see 
page 313. The figures of occupational mortality in the 
report of the Registrar-General on " Occupational Mor­
tality" are not comparable with figures published in 1908 
for 10 years earlier. 

The following figures relate to males engaged in the 
specified occupations aged 25-65, and give relative mortality 
rates for the period 1910-11-12:-

ENOLA.ND AND WALES, 

D<JOIM in Slandard Popu/OOon (Oompatuti .. Mortalily Figuru), 1910-12. 

ALL AIALJOa 
Clergymen .. 
GArdent\1'8 .. 
?tlodiool profeasion 
Commercial travellera 
Dock Inbourera .. 
t"oetonnongera 
But.chon .. 
Boerbottlera, ~armen 
Brewere •. 
'\\'nit~rlll •• 
Inn. hott\l fiW'VMbl 
Innkot"pers, puLHcans .. 
Bannoo .. 

All CaUB68. 

790 
443 
457 
693 
724 

1,127 
1,507 

886 
968 

1,023 
1,050 
1,173 
1,2M 
1,724 

AloohoUam and 
Clrrhoaia of L1 ver. 

17 
4 
7 

27 
26 
30 
35 
48 
68 
49 
35 
61 

156 
112 

Th('l ci<X'e connNltion betwren special occupations and ex­
m.>s..<dve mortality from alcoholism is evident (see alsop. 321). 

In the following table the influence of specially aleoholio 
occupations in increasing the death-rate at successive ages is 
~hown. For clearness the corresponding death-rate for all 
males at f.'nch age-period is given as 100 :-



330 THE . ELEMENTS OF VITAL STATISTICS 
ENGLABD AND WALES. 

Bale of Mtwlality from All Oa.wu of ThoH Engaged in Ma.nvflldu,.. a.nd 
Sa/a of Alcoholic Drinlc& <a F""" Ags.GnJupo, ;,. Proporlion 1o lha.l of 
AU Malas (•dOO). 

25-. as-. 45-. 55-. 

ALL MALJ:s . . .. 100 100 100 100 
Mal latera .. . . 48 67 65 94 
Brewers .. . . .. 140 124 137 121 
Publicans .. .. 167 178 167 140 
Barmen . . ... 266 281 232 150 

In the following table is similarly shown the relative 
mortality from certain disease<! ana groups of diseases, 
that of " all males " for the same cause at all ages being 
stated as 100 :-

ENGLABD AND WALES, 1910-12. 

Mtwlality from Omam Dissa.sss in Va.l'iovo Oocupalion.s, in Proporlion 1o 
lha.l of AU Malas ( = 100). 

Dl~IIIO!II 
AU Alcohol .. Clrrboala of Clrcu- Pneu· Phlhlsill. Sulcldo. es ..... lam. of Liver. Ia tory monla. 

Syatem. 

ALL MA.UB 100 100 100· 100 100 100 
. ; 100 

IJ '1.\'!' aad mid: " 
e olaas •• 88 100 . us 811 71' 88 1~ 

Skilled work-
men .• .. .. 75 M 95 88 109 M 

Coal·mtnen 9ll ro 54 98 97 53 68 
Textile worlre~ 101 75 .,M 107 95 90 116 
Fannon .. OS 75 88 61 85 to 105 
UDBkilled. iso labourers 142 107 1<0 174 151 110 
Dealen In tood" .. 125 1 .. 95 .. 7? 128 
Allsbopkeepel'IJ 90 ... ua · .. .. 88 121 
Baa:lne and 

95 ro M 98 94 •• 74 boller-m&ken 
llaltaten .. 78 75 161 97 77 .. 79 
Brewen .. 129 100 800 119 1<4 127 116 
PubliOMUI .. 180 soo 900 185 167 189 200 
Barmen .. 218. 680 ... 228 280 805 220 

In the table all diseases of the circulatory system are 
grouped. together, and for contemporaneous comparisons 
useful conclusions may be drawn. The table shows the 
striking excess of mortality under each of the above headings 
experienced by those engaged in the manUfaCture and sale 
of alcoholic drinks. 

'The a.bove a.re relative figure'!. Death-rates per 1,000 
living at variou, age-periods ,show similar results :-
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ENGLAND AND WALES. 

Average Annual Deatk·ratu from AU Ca ..... per 1,000 at Eacll Ag .. Periocl, 
1910-12, tn Variou.B Occupation,. 

....... 85-. . .... 55-. 65-76 . 

ALL MALES •• . . . . 4·8 8·0 14·7 29·7 63·1 
Skilled workmen . . .. 4·2 7·3 14·3 30·1 69·6 
Coal-miners .. . . . . 4·4 6·7 12·7 30·1 82·3 
Textile workers .. 4·2 6·9 14·7 34·7 88·0 
Agriculturo.l 11\bourera .. 3·2 4·9 8·1 17·3 41;·6 
All shopkeepers .. 4·1 7·0 13·1 27·4 63·9 
Publican!!, innkeepora .. 8·0 14·3 24·5 41·8 85·4 
Inn, hotel aervante .. 8·3 14·4 23·1 33·6 60·2 

According to tho census figures for England and Wales, 
in 1911, 38,170 persons were engaged in the manufacture 
of alcoholic drink~, and 214,461 persons were engaged in 
their sale, to which number should be added 50,544 non­
domestic waiters. The Registrar-General's figures deal with 
168,900 men between 25 and 65, engaged as ma\tsters, brewers, 
publicans, waiters, barmen, beer-bottlers, cellarmen, etc. 
The number of deaths that would occur among 168,900 men 
of the entire community, distributed according to age like 
the members of the liquor trade, would have been 5,795 in 
the three years 1910-12. The actual number of deaths was 
8,649, an excess mortality of 951 per annum. This, so far 
as men in the working tears of life are concerned, is a minimum 
statement of the cost in life of making and distributing 
al(loholio drinks in England and Wales in the circumstances 
of 1910-12. 

Relation of Alcoholism to Tuberculosis.-The occupa­
tional mortality figures of the Re-gistrar-General show how 
excessive is the death-rate from phthisis among those engaged 
in the manufacture or sale of alcoholic drinks (see table on 
p. 321}. The death-rate (corrected for age) is three' times 
as high among barmen 88 in all males, and is relatively high 
(t!xcess of 27 and 39 per cent. respectively) in brewers and 
publicans. In other occupations, e.g. in that of unskilled 
labourers, phthisis is excessive, and this cannot Le dissociated 
from tl1e alcoholic habits of unskilled labourers. To obtain 
comparable high figures we need to compare the above with 
figures for occupations in which the workers are exposed 
chronically to the eff~t. of irritating dust (p. 321 ). The 
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influence of alcohol is twofold, lowering the resistance to 
infection, and increasing opportunities, in public-houses, 
etc., of eposure to frequent infection by tubercle bacilli. It 
is conceivable, though not in accord with common expe­
rience, that the average barman chooses that occupation in 
part because of his relative physical inferiority, and that 
this may explain some of the excess• of mortality; but 
comparison with the statistics of workers in other light 
occupations does not s•1ggest that much weight need be 
attached to this consideration (see also p, 319). 

Evidence from Life Insurance.-In an investigalion of 
the experience of the United Kingdom Temperance and 
General Provident Institution, which consists of abstainers 
and non-abstaining illilured persons,' the death-rates among 
non-abstainers {A) and abstainers (B) were as shown in 
Fig. 42,- in which the death-rate in non-abstainers for each 
age-period is assumed to be. 100, and the death-rate for 
non-abstainers (B) is stated in proportion to this. Except 
at ages under 20 and at ages 75-79, the .abstainers show great 
superiority in prospects of continued life. Was this a real 
superiority due to the insured persons' habits as regards 
alcohol! · 

In Mr. Moore's paper is given a further table showing 
the rate of mortality for each qUinquennial age-period among' 
abstainers and non-abstainers respectively as compared with 
that of the Ou, table of the Institute of Actuaries. The 
earlier and later ages have 'been omitted from Fig, 43 based 
on this table. The figure. deals with the 290,226 abstainers 
and the 338,262 non-abstainers exposed to risk during nearly 
60 years, between the ages of 20 and 85. In order to eliminate, 
in part at least, the influence of selection at the time of 
insurance, the table from which Fig. 43 is taken excludes 
the first five years of assurance for both abstainers and non­
abstainers. 

The superiority of .the experience of abstainers at nearly 
all ages 1s evident. ' 

lbere remains the possible .source of error that the 
abstainers may represent to a larger .extent than non­
abst&iners the experience of recent years, which would in 
itself mean a relatively low death-rate for them. A table on 
page 230 of Mr. Moore's paper, which compares the experience 
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of the recent years 1889-1901 among abstainers and non· 
abstainers respectively sets this doubt at rest. 
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1-'ro 42.-~lat.ive Mortality Experience of Abstainers and Non·Abstainera, 
1846-11101, at Suecoooive Aile-periods, that of Abotainera at Each Ase• 
period being eta""' ao 100. 

1110- d ... th-rata for oaeh age in Non-Abstainers. 
Co.,...ponding 6iaath-rata in Abotainora ohown in the curve. 

Various factors may conceivably have contributed to the 
remarkable result shown in the two diagrams. 
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1. It may be that the decision to be an abstainer 
is determined by the superior health of members of this 
group, this constituting an initial selection. 

2. Possibly when a person fails in health he becomes 
a non:abstainer, and is transferred from the abstaining 
to the non-abstaining group. · 

3. The non-abstaining group may be handicapped by 
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FIG. 43.-Relative MOrtality E:o:perience of Abstainers 811d Non-Abstainers. 
1846-1901, at Suoceaaive Age-periods, tho E~enoo of tha 0,.0 Table 
of tho Institute of Aotuarioo for Each Aga·ponod being ototod ao 100. 

the. inclusi<?n of a number of intemperate persons, whose 
life record will necessarily be unfavourable. 

4 .. The two groups may belong to different strata of 
society. · 

These objections, except possibly the 6rst partially, have 
been met in Mr. Moore's paper, and there appears to be no 
reasonable doubt that the difference between the two groups 
shown in the figures is due in the main. to the difference in 
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their alcoholic habits, or to some associated difference which 
runs parallel with these habits. For fuller details see the 
following papers :-

1. " On the Comparative Mortality ·among As~ured 
Lives of Abstainers and Non-abstainers from Alcoholic 
Beverages," by R. M. Moore, Actuary. (Journal of the 
Institute of Actuaries, November 30, 1903.} 

2. " The Possible Association of the Consumption of 
Alcohol with Excessive Mortality from Cancer," by 
A. New•holme. (British Medical Journal, December 12, 
1903.} 

Alcoholic Consumption and Cancer Mortality .-In the 
contribution just quoted I· analysed the experience of the 
National Provident Institution, whose experience has been 
quoted in the preceding paragraph for the three years 1891, 
1896, and 1901, and the analysis may be quoted here as 
an example of a. method of obtaining standardized death­
rates. The number of years of life at risk in the abstainers' 
and non-abstainers' section is shown in the following table. 
DltA.TB·RATB FROM CANCER PBB STANDARD MILLION IN (A) ABSTA.INEBS1 

AND (B) NoN-ABSTAINERS' SECTION OJ' TBlll UNITED Kl:NOOOII AND 
GENERAL PROVIDENT INSTlTU'l'ION. 

A. Ab.ttainer.t' S~ion. 

Actual Calou· 
Number of Number Ia a Number of lated 

,Aae. Lh'68 at St~mdard. Deaths from Number 
Rlak. llllllon ol Cancer ot Deatbl 

Populauoa. among the lrom 
Llvee at BJak. Cancer. 

- -- --
25- 8,926. iat.o 260,259 aa 0 iat.o 0 
35- 10,184 

" 
!32,106 

" 1 " 22·8 
45- 11,884 

" 
199,912 .. u .. 235·6 

65- 9,182 .. 168,812 .. 13 .. 224·8 
65- 4,912 .. 102,196 •• 13 .. !70·5 

7 5 a: upwards 1,433 .. .6,715 .. 6 .. 195·6 

.3,521 .. 1,000,000 47 .. 0.9·3 

25- 2,980 ia to 260,259 .. 0 iat.o 0 
3:1- 7,055 .. !32,106 .. ' .. 131·6 
'-'1-- 10,764 

" 
199,913 .. 12 

" !2!·9 
65- 10,88! .. 158,813 .. 25 

" 
3&1·8 

65- 6.•ooo .. 10~.196 .. 33 .. 518·8 
7 5 &: upwards 1,82:1 .. 46,715 .. ' .. 102·6 

•o.oos .. l,OCKl,OOO .. 78 .. 1,St0·8 
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Then follows a statement of the number of deaths from cancer 
at each age-period in each of these sections. In another 
column is given the standard population of the English Life­
Table, No. 3, Persons. The nuniber of deaths from cancer 
at ages 45-55 among abstainers being known to be 14, and 
these having occurred among 11,884 persons, it is easily 
calculated that the corresponding deaths from cancer among 
the 199,912 persons aged 45-55 in the standard population 
would be 235 · 5 ; and so for other age-periods. It will be 
seen that the death-rate in a standard million was ()· 95 per 
1,000 for abstainers and 1· 34 for non-abstainers. 

Similarly, it was found that the death-rate from all causes 
among the abstainers was 17 ·13, among the non-abstainers 
23 ·52 per 1,000 lives at risk. ~ 

The facts which appear to show excessive mortality from 
cancer among non-abstainers are scanty, and no dogmatic 
conclusion is justifiable from them. There is need for 
further inquiry on similar lines, especially with a view to 
show whether the excess cancer occurs chiefly in the upper 
part of the alimentary canal. Alcohol increases cell-pro­
liferation generally, predisposes to eczema, and lowers tissue 
vitality. Statistically the cancer figures are consistent with 
the figures for total death-rate. The original paper quoU:d 
above may be consulted for fq.rther particulars:_ 

ILLUSTRATION. 

- Example 13-Avera~e Age at Death.-Some years ago as the 
result of a collective investigation organized by the British Medical. 
Association it was fowid that the-

. Average age at death of total abstainers was 51 years and ·a few 
daye. · 

Average age at death of persons habitually temperate was 63 years 
and a. few days. -

Average age at death of careless drinkers was 69 years and some 
days. 

Average age at death of free drinkers was 57 years and 69 days. 
This information naturally was distributed as a circular by a firm of 
distillers. and exhibited in public-house windows, etc. 

Obs.....,..,.ono.-The method of statement is erroneous (see p. 243). 
Total abstinence is much more common in younger than in older 
men, and such deaths as occurred among abstainers would therefore 
occur at an earlier age. Similarly, the average age at death of curates 
would be lower than that of deans or canons, but no inference could 
be drawn as to the relative salubrity of these three offices in the 
Church. 



CHAPTER XXIX 

THE MEASUREMENT OF CHILD MORTALITY 

IN this country and in the United States the death-rate per 
1,000 living in any given quinquennium of life is higher at 
ages 0-5 than at any later period before 65 (p. 204). The 
mortality for these five first years after birth needs further 
consideration. It is at this period that the greatest saving. 
of life is possible in proportion to the number exposed to 
risk, because so large a portion of disease at this age-period 
is preventible ; and also because in this country, with the 
possible exception of recent post-bellum experience, the 
age-group 0-5 comprises a larger number of human beings 
than any subsequent quinquennium of life. In England 
and Wales in 19ll of a million persons of all ages, there were 
100,857 at ages 0-5, 102,488 at ages 5-10, the number then 
steadily declining as shown in Fig. 4 p. 59. There is the 
further motive for exhaustive study of the sickness and 
mortality rates of childhood that illness at this period of life, 
even when recovery occurs, is apt by its sequelm to impair 
efficiency or health in later life. In fact, if to the consideration 
of child morbidity and mortality be added a similar study 
of the mother in pregnancy and parturition, we are concerned 
with the greatest potentialities of preventive medicine. 

In studying child mortality a further subdivision of ages 
is needed if valid conclusions are to be drawn, comparable 
with results of other observers. This is necessary owing to 
the rnpid decline of death-rate from the first week a.rd the 
first month after birth to the end of the first year of post-natal 
life, and the further rapid rate of decline in the next four 
years of life. The table on page 338 illustrates these 
points. 

Thl're were nearly as many deaths on the day of birth 
as in the next six days, and nearly hioo as many in the 
first week as in the next three Weeks. Stated otherwise, of 

22 
.., 
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the total deaths in infancy deaths in the first week formed 
27·0 per cent., in the next three weeks 15·6 per cent., in 
the next two months 18·0 per cent., a total of 60·6 per cent. 
in. the first three months ; in the second trimestrial period 
16·9 per cent., in the third 12·2 per cent., and in the fourth 
trimestrium 10· 3 per cent.· 

Deaths in Proportion to Births.-The reduction in the 
birth-rate has rendered it inipracticable ·to estimate the 
number living at ages o-5 by reference to the census 
enumerations, and the official method of estimating popula-

El<QL.UOD AND W ........ 1921. 

N- oJ Df!OI1to i11 Bot:la Part oJ I'lf- Gild During 1/ae NozJ Four 
Y-. of Life. ~ -

liumbu al DoaUl8. Deatb-nte per 
1,000 Bil1ba. 

Under one day . . .. . . 9.150 } 1-7 daya •• . . .. . . 9,873 35·25 
1-4 weekB .•• . . .. . . 10,909 
4. weekB to 3 month• .. . . 12,698. 14·84. 
~8 months •• .. . . . . 11,897 14·02 
1-8 moutha .. .. . . . . 8,544 10·07 
&-Ill months . . .. . . 7,279 8·58 

70,250 82·76 

1-1 )'88111· 15,636 
.. .. . . . . . . 

2-3 )'88111 . . . . .. . . .. 4,994. 
3-4.- .. . . .. . . 3,177 

- )'88111 
. . . . .. . . 2,584. 

TotaJ. under 6 )'88111 
. . . 96,641 .. 

Deaths at AU Ages .. ' . . 468,629 
" 

tions at each year of age o-5 depends on births and deaths 
alone. Census figures for these ages have always been 
relatively untrustworthy, in part owing to the frequent 
confusion between age next birthday and last birthday. 
From Mr. George King's life-table investigation it would 
appear alSo that there is considerable failure to enumerate 
children in the first two years of life. Births have a great· 
advantage over estimates based on census enumerations, as 
they are always on record and up to date. 

Infantile Population.-The universally. adopted method 
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is to state the deaths under one year per I ,000 births in 
the same year. Theoretically a proportion should be taken 
between the births of the current and of the preceding year, 
as about 70 per cent. of the infants under one dying in one 
year were born in the preceding year, but in normal times 
the number of births does not change rapidly from year to 
yea.r, and the usual method as stated above should be 
adopted. 

Either births or estimated population of infants serve to 
measure the infant death-rate ; but if, as is recommended, 
the rate is based on births, it is considerably lower than when 
based .on population, and the rate thus obtained is not comparable 
with death-f'atu at higher age&. 

The method has temporarily given inaccurate results as 
the result of the Great .War, the number of births in England 
and Wales in each of the years 1914-21 inclusive having 
been approximately a& follows (in thousands): 879, 815, 
786, 668, 663, 692, 958, 849. It consequently became necessary 
to correct the infant mort.ality rates to allow for the rapid 
change in the annual number of births. · The method of doing 
this is described in the Annual Report of the Registrar-General, 
.1920, p. xxxi. 

The possible extent of distortion is shown partially in 
the following comparison of standardized and crude rates for 
the ,years 1913-1920, taken from the same report:-

1913. 

Crude .. lOS·· 

St•ndardize.d. 108·9 

ENOL&ND j.ND w ALII:B. 

lrif- Morlal"y -· 

lUU. lOU. 191&. 1017. 

------
10.·6 109·7 91·1 96·5 

10.·· 105·8 91·1 91·1 

1018. 1010. 1020. 

------
97•3 89·1 79·9 

97·9 93·% s'·s . 
It is displayed more accurately in the following statement 

illustrating the misleading character of the conventional 
infant death-rate in England and Wales in the ex<'eptional 
cireumstanl'e8 of the four quarters of 1920 (Annual Report 
of t ht> Registnu-C'rt'llf.'rnl, 1920, p. xxxi), e-spel'ially in its first 
I}URrtf.'r :-



340 THE ELEMENTS OF VITAL STATISTICS 

Flrot Second Third Fourth Year. Quarter. Quarter. Quarter. Quarter. 

Con..,tioDBI rate .. .. 88 81 64 85 80 

Corrected rate .. .. 109 87 63 79 85 

These circums~nces are exceptional, and for all practical 
purposes the use of the births of the current year as the 
denominator in obtaining the infant death-rate ill satisfactory. 
Thu8, if in a given community 5,000 births occur in a year, 
and in the same year 250 infants die under one year of age, 
the rate of infant mortality 

I 
250 

X 
1
'
000 - 50 I 1 000 b 'rths - 5 000 - per ' 1 • • 

Reference should be made to page 81 as to exclusion 
of still-births from the calculation and as to the definition 
of live-birth. ' 

If the registration of births is incomplete, the infant 
death -rate cannot be accurately stated in terms of births (p. 7 5) ; 
a high. rate may mean not a heavy mortality but poor birth 
registration. Hence the attempt to state infant mortality 
in proportion to total mortality at all ages. This is au ,unsatis.­
factory method, for 'either element in the proportion may 
change singly, or they may both change simultaneously; in 
the same or in opposite directions, and the interpretation 
of the proportion betwee'n 'the two is therefore dubious • 

Year. Total Deaths 
at AIIAaea. 

1911 527,810 

1918 - 611,861 

' 

. ' . 
ENGLAND """ WALBS. 

lflf""' Moreal"ii 8laWJ -

Pro~onof Deatba under Births. Dea under 
1 Year. 1 Year tot 

Total Deaths. 

114,600 881,138 
Per Cent.. 

21·7 

64,278 662,661 10·5 
A 

Deaths under 
1 Year per 

1,000 Blrtbl. 

125 

97 
B 

The true infant mortality (column B) had declined 
(125-97) X 100 _ 

22
:
4 

125 
- per cent. 
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The infant mortality stated as in column A had declined 
{21·7-10·5) X 100 ' 

2 
= 51· 6 per r,ent. 

1·7 

The greater apparent decline shown in column A is due to the 
facts that in 1918 (a) the total births, and therefore ceteris 
paribus the deaths in infancy were much fewer than in 1911, 
and (b) a most fatal epidemic of influenza occurred, causing 
a vast increase in total deaths at ages beyond infancy. The 
only safe plan for the elementary statistician is to avoid 
altogether comparisons based on .ratios of 

deaths in group a 
deaths in total population 

whether dealing with infant mortality, with occupational 
mortality, or other ratios. 

Infant Death-rate in Different Parts of lnfancy.-In 
order to ascertain and interpret the possibilities oi preventive 
medicine, a further analysis of infant mortality is called for. 
Infancy can be conveniently divided as in the table on page 338, 
and the deaths in each of .these sections of infancy· may be 
stated per 1,000 births in the same year. This plan has 
been adopted in the English Registrar-General's Report for 
several years, and it thus becomes practicable to compare 
progress in more complete detail. The mortality in the 
first month is sometimes described as neo-natal, it being 
assumed that ante-natal circumstances or circumstances of 
birth itseU are the chief causes of deaths at this period. The 
supposition is only partially correct, and it appears better 
to describe tllis death-rate as the death-rate of infanta under 
one mo11th per 1,000 births, a clumsy statement, but free from 
ambiguous hypothesis. 

Every medical officer of health's annual report should 
give for a. sl'ries of years the total death-rate in infancy and 
the death -rate Ullder one month per 1,000 births. 

American Infant Mortality Statistics.-These are given 
in a st>pa.rate volume from "Mortality Statistics," being issued 
from the Bureau of the Census in a. volume entitled Birth 
8/alislic.a for the Birth Regi.stralitm Area of the United 
Stales. The volume for 1920 is the Sixth Annual Report. 
This volume gives for the birth-registration art>& the infant 
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Flnt Second Third 'Fourth Year. Quarter. Quarter. QQarter. Quarter. 

Conventional rate .. .. 88 81 64 85 80 

Corrected note . . .. 109 87 63 79 85 

These circumstances are exceptional, and for all pra.ctice.l 
purposes the use of the births of the current year as the 
denominator in obtaining the infant death-rate is satisfactory. 
Thu8, if in a. given community 5,000 births occur in a. year, 
and in the same year 250 infants die under one year of age, 
the rate of infant mortality 

I 

250 
X 

1
'
000 = 50 r' 1 000 births - 5 ooo pe ' ' 

' 
Reference should be made to page 81 as to exclusion 

of still-births from tl?-e ce.lcula.tion and as to the definition 
of live-birth. 

If the registration of births is incomplete, the infant 
death-rate cannot be accurately stated in terms of births (p. 75); 
a. high. rate may mean not a. heavy mortality but poor birth 
registration. Hence the attempt to state infant mortality 
in pt"oportion to total mortality at all ages. This is an .unsatis­
factory method, for either element in the proportion may 
change singly, or they may both change sinlulta.neously; in 
the same or in opposite directions, and the interpretation 
of the proportion between 'the two is therefore dubious. · . 

-Year. Tolal Deatbs 
at AU ....... 

1911 527,810 

.1918 611,861 

. . 
ENGLAND AND. W.&LB& 

1'1/o.nl Morl<Jll4if Blal«l a.o-

ProJ:::rflon o! 
Deaths under Blrtbs. Dea s undet 

1 Year. 1 Year to1 
Total Deatbll. 

Per Cent. 
114,600 881,138 21·7 

64,278 662,661 10·5 
A 

Deaths undei' 
1 Year per 

1,000 Birtba. 

125 

97 
B 

The true infant mortality (column. B) had declined 
~· (125-97) X 100 __ 

22
:
4 

125 - per. cent. 
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The infant mortality stated as in column A had declined 
(21· 7-10· 5) X 100 ' 

21
.
7 

= 51•6 per eent. 

The greater apparent decline shown in column A is due to the 
facts that in 1918 (a) the total births, and therefore ceteris 
paribus the deaths in infancy were much fewer than in 1911, 
and (b) a most fatal epidemic of influenza occurred, causing 
a. vast increase in total deaths at ages beyond infancy. The 
only safe plan for the elementary statistician is to avoid 
altogether comparisons based on .ratios of 

deaths in group a 
deaths in total popnlation 

whether dealing with infant mortality, with occupational 
mortality, or other ratios. 

Infant Death-rate in Different Parts of lnfancy.-In 
order to ascertain and interpret the possibilities of preventive 
medicine, a further analysis of infant mortality is called for. 
Infancy can be conveniently divided as in the table on page 338, 
and the deaths in each of .these sections of infancy· may be 
st&ted per 1,000 births in the s&me year. This plan has 
been adopted in the English Registrar-General's Report for 
sever&l ye&rs, and it thus becomes practic&ble to compare 
progress in more complete detail. The mortality in the 
first month is sometimes described as neo-natal, it being 
assumed th&t ante-n&tal circumstances or circumstances of 
birth itself are the chief causes of deaths at this period. The 
supposition is only pa.rtia.lly correct, and it appears better 
to describe this death-rate as the deatl1-rate of infants under 
011e month. per 1,000 births, a. clumsy statement, but free from 
ambiguous hypothesis. 

Every medical officer of health's annual report should 
give for a. series of years the total de&th-ra.te in infancy and 
the death-rate under one month per 1,000 births. 

American Infant Mortality Statistics.-These are given 
in a sl'parate volume from "Mortality Statistics," being issued 
from the Bureau of the Census in a volume entitled Birth. 
Stali<~li~ for lhe Birth. Registralicm Affil of lhe Uniled 
Stalu. The volume for 1920 is the Sixth Annual Report. 
This volume gives for the birth-registration area the infant 
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death-rate per 1,000 births, for each of the first three days 
after birth, for the next three days together, for each week 
of the first month, and for three-monthly periods. For the 
possible errors associated with imperfect birth registration, 
see page 74. 

For a comparison of infant death-rates in England, Scot­
land and Ireland, see page 348. This comp&.rison may be 
further illustrated by a comparison of the average infant 
mortality (A) in 1891-1900 with that in 1921 (B). In England 
and Wales A was 153 and B 83, showing a reduction of 45 per 
cent. ; in Scotland A was 128 and B 90, showing a reduction 
of 29 per cent.; and in Ireland A was 104 and B 77, showing 
a reduction -of 25 per cent. Th~ figures illustrate inci­
dentally the importance in making comparisons between 
different communities of considering the percentage change 
in relation to the magnitude of the death-rate from which 
the change is calculated. · 

Death~rates at A2es 1-5 Years.-In the Annual Report 
of the Registrar-General, 1916, p. xxii, the following statement 
is made:- · 

This ovmstatement of population at 0--5 is due' to the fa.ilure of 
the methods of estimation in use prior to 1916 to allow for the decrease 
in the proportion of the total population formed by children of theSe 
ages, as a consequence of the fall in the birth-rata. The population 
at these ages has accordingly heen • re·estimated for each year from 
1911 onwarde on a survivorship basis, starting with the births in the 
twelve months preceding the middle of each year and deducting the 
deaths of these infants during. the eame twelve months (which "''!' 
found in all years to hs little under or over 70 per cent. of the total , 
infantile deaths of the ):>eriod) to ascertain survivors aged 0-1, and 
similarly for Jatar years of life, in "(]jich the deaths have to be taken 
as eveuly distributed. This method, which entirely ignores the census 
enumeration, fa.ils to allow for migration. and in the absence of aoy 
precise 1'6COrd of the ages of migrants no- correction for the effects 
of migration can hs apfllied to it. Prohsbly, however, these e.!Iects 
are normally of minor importance in the first five years of life, and 
at the present time they must hs especially insignificant. 

The. death-rates quoted in the following table are based 
on ~timates of population thus obtained, giving the living 
at the middle of each year of life, and must not be confused 
with infant death-rates (under one year of age) per 1,000 
birthS, or 'With death-rates for each of the next four years of 
life based on the. numbers surviving at the beginning of each 
year. 
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ENGLAND AND WALES, 

Mori<Jiity p<r 1,000 Living in Each of 1M Firal Fivs Year. of Life: 

Aaea o-1. 1-2. H. H. H. 

M. F. M. F. M. F. M. F. M. F. 
I 911-14 I 32· I 104·5 35·1 32•4 13·7 13·4 8·3 8·1 6'•1 6•1 

1919 121·4 91·6 26·0 23·0 12·3 ll·8 8·1 8·2 6·3 6·4 
1920 100·5 76·4 27·7 25·3 11·0 10·5 7·2 7·0 5·9 5·7 

In several official reports on " Child Mortality " 1 I stated 
the aggregate death-rate at ages l-5 per 1,000 survivors at 
the age of one, this number being a.scertained by subtracting 
infantile de<1ths from births. In a later report 2 the period 
1-5 was subdivided, the death-rate at ages 1-2 being stated 
per 1,000 survivors to age 1, and the death-rate at ages 2-5 
per 1,000 survivors at age 2. 

The following table is taken from the last-named report 
(p. 16) :-

Av&UAOI!l ANNUAL DEATH·IU.TES• 1911-14. 

E~and 
and 'ales. Larger ToWill. RU1'111 

:Dlatricte. 

Infant mortality per 1,000 births llO 122 90 
l>eGth-ro.te por 1,000 survivors at 

eaoh age-
1-B .. .. .. .. 33·4 41·8 20·6 

• !1-3 .. .. .. .. 13·6 17·2 8·3 
3-4 .. .. .. .. 8·4 10·3 5·5 
6-a .. .. .. .. 6·3 7·6 4·6 

Death-rate per 1,000 births a' all 

- ()..6 
.. .. .. 164 188 125 

The rates, when thus ca.lculated, should be lower than 
rates for the same period calculated on the population in 
the middle of each Jl'llr of life. In the use of comph.rntive 
statist.ics, the particular method adopted in calculating 
()hild dl'&th-rnt~ should be defined, and care exercised to 
avoid comparing rak's calculated on different bases. 

' lt&port by tbo Modica! om ... r of tho Local Oovemmen' lloud on 
u Infant and Child Mortality, 1910" (Cd. 6263). 

!'<rond &porl by Ditto, 1913 (Cd. 6909~ 
'l'hud &port hy Ditto, and by Drs. Copeman, Farrw, Manby, and 

J..ln•-CIA)-pon, 1914 (Cd. 7611~ 
1 Rei"'"' on "Child Mortality &l A@<'l ()..5, 1916" (Cd. 8496). 



344 THE ELEMENTS OF VITAL STATISTICS 
ILLUSTRATIONS. 

· · Infant Cllnlcs.-In a discussion with the Willesden Borough 
Council aa to the value of their municipal clinics, the local branch ol 
the British Medical Association chided the Council for having founded 
a statistical argument on an isolated 1igure, and stated that " the 
full mortality statistics for the last three years are as follows :-

Clf!>lo Bables. Non-clinic Babies. AllBablea. 

1918 46•1 161•6 97·0 
1919 38·6 ll0·1 82·8 
1920 43•0 . 75·0 65·0 

"Thus the reduction in the infant mortality rate in 1920 has occurred 
entirely amongst babies not attending ·the clinics, while there has 
been an actual increase in the rate amongst the clinic babies. The 
Association does not suggsst thet the increased mortality in 1920 is 
caused by the aotivities of th<> clinics. Statistics are double·edgsd 
weapons. The apparently higher mortality among non·clinio habies 
is due to the inclusion of babies under four weeks which obviously do 
not attend the clinics. If th<>Se are excluded the non-clinio baby 
death-rate is much lower than the clinio baby death-rate." 

This quotation shows that the writers had some knowledgs of the 
fallaci<>B involved in comparing two groups of infante, without knowing 
the age (in weeks or months) of the infante in eaoh group. A com· 
parison like the above is also unjustifiable. The same objection does 
not hold to an equal extent against the Council's reference to the 
total infant mortality in the borough of 66 per 1,000 births, as failing 
to support the Association's statement that " the Council's pr<>Sent 
arrangements tend to neglect the preventive aspsct of health work' 
for the curative." · ' 

To justify a comparison between clinic and non-clinio infant.!,' it 
would be neceaeary to know the age in weeks of every infant who had 
died, whether it attended the· clinic or not, and to compare this number 
with the total number pf the sam~ age attending the clinic or not 
attending the clinic, as the case may be. Evidently such data are 
difficult to secure ; but in their absence argument may more propsrly 
be conducted without statistics. 

Infant Milk Depot.-In a report on a Municipal Milk Depot, 
it -was stated thet 849 infante and children had been fed on its milk. 
The deaths were 59 or 69·6 per 1,000; but taking'on!y those fed on 
the milk for as long as six months, the death-rate was 22·7. The 
general infant death-rate ve,ried in the different wards of the borough 
from Ill to 200 per 1,000 . 

. ObsertXIIionB.-1. The death-rate for children reosiving the milk 
from the depot is stated per 1,000 of these, the general infant death. 
rate per 1,000 births. It is not justifiable to compare the two rates, 
as infante under one, or even under three, months of age are not likely 
to be fed with depot milk. 

2. There is no statement of the age of the children fed from the 
depot ; some probably were over 1 year old, few probably agsd 
0-3 months, when infant mortality is highest. 

3. The death-rate ( 22•7) for infants who had attended at least 



THE 1\<IEASUREMENT OF CHILD MORTALITY 845 

six months must have related chiefly, if not solely, to infants who 
began attendance when more than a month old. For England and 
Wales in 1919 the annual death-rates per 1,000 births were 17 at 
ages 4 weeks to 3 months, 13 at ages 3-6 months, and 21 at ages 
6-12 months, and the figure 22 • 7 gives no evidence that the experience 
of the infanta receiving the depot milk was favourable. 

The statistical measurement of results of infant feeding on publicly 
supplied milk is beset with difficulties. Any statistical statement 
should be based on a preliminary list stating the age of each infant 
at the first and last attendance, whether attendance was regular or 
intermittent, and other facts bearing on each case; There is the 
further difficulty that the infants municipally supplied with milk 
may not be and probably are not legitimately comparable with the 
average infanta of the town, but are likely to comprise an excessive 
proportion of delicate infante. The general rule is that the special 
group must be compared with some other special group circumstanced 
similarly except in respect of the item under 1investigation, or must 
itself be, so far as can be ascertained, an average sample of the general 
infantilE' population. 

Comparison of Incomparable Data.-In the year 1917 infant 
mortality in New York was 89 and in Washington, D.C., was 97 per 
1,000 birthe. Are these rr.tes comparable ? 

Remarks.-Infant mortality is known to be higher in negro than 
in white families, and the true differences between these cities are 
shown as follows :-

Numbor ot Dlrtht. Deathl under Death-rate per 1,000 
1 Year. Blrtbs. 

Whl ... Coloured. Whl ... Coloured. \Vhl ... Coloured· Total. 

No\\' York City 138,231 3,003 12,039 529 87 176 89 
\Vaahington, 

D.C. .. "·250 2,233 372 357 71 160 97 

The infanL mortality is at a lower rate, both among white and coloured 
infante, in Washington than in New York, although the death-rate, 
irl't'Bpcctive of oolour, shows a reverse position. 

Infant Mortality and Order of Blrth.-In an investigation 
in 1913 of the reproductive history of 1,491 married mothers who 
had 5,617 births (Johnstown, Pa., U.S.A.) the following results 
ap~:-- • 

ChUdraa.. :n...u .. per 1,000. 
I•• and !nd born 138·3 
3rd and 41h bom 143·1 
5th and 6th born 177 · 0 
7th and 81.11 born 181•5 
9th and law born 201·1 

R-b.-The table shows a much 1o...,.. death-rate among 
fust and """""d born titan among later members of tha family. The 
qm~tion wht'tht'r Nll'li£!o.r born children in a family ha\te superior 
pro.•pocta of lifo should, strictly speaking, bo decided by statistics in 
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which first-born are compared with first-born, second-bon! with 
second-born, and so on for larger families, the families selected! so far 
as can be ascertained, being equal in other circumstances in&encing 
health, as social position, parental care, etc. The figures to be com· 
pared should be derived from completed families. ,' 

Infant Mortality and Slze of FamUy .-Dr. Alice Hamilton 
published the results of a study of 1,600 families in Chicago in 
1910. The numbar of children live-born was compared with the number 
of children who reached the age of three. A table ea.lculated from 
the data of all the families shows an asoending mortality -rate :-

NumberiD J'a.mJ.}J'. 

' children and lOBS 
6 eh.ildren and more 
7 children and more 
8 children and more 
9 children and more 

Child MOrtallty·rate. 
118 
267 
280 
291 
303 

Remark.o.-Unleas in all C8BOB completed families were dealt with, 
or families completed to a corresponding extent, these figures are not 
completely comparable. Further similar remarks apply as in the 
last example. It is, of course, not improbable that smaller families 
may have better life-prospects, in so far as this implies the ability to 
aeoure improved nurture for each individual child. 

Erroneous Propa~anda.-The following statement from an 
English publication is quoted as purporting to come £rom an oflioial 
American Health Bulletin :-

"The m~st striking evidence of the value 'of public health 
supervision is the decrease in the death,rate among children (in 
New York). Up to 1891 deaths pf children under 6 Y08l'!' of 
age averaged about 100 per 1,000 of the population living at 
these ages. This means tbet a)>out 10 per cent. of the. children. 
died before they were 6 years of, age. 0 

It is improbable that the death-rata at 0-6 in New York reached 
100, unless the rate was stated per 1,000 births. The highest in England 
was 69•1 per 1,000 populatibrr living at these ages in 1861-65. · In 
1900 the death-rate 0-5 jn the Reg!stration Area, United Stetes, was 
49·9, and in 1920 it was 29·1. According to the Life-Table for New 
York City, based on the deaths in 1909, 1910, and 1911, out of 1,000 
male children at birth, 80 I survive at the age of 6 years. 



CHAPTER XXX 

CHANGES IN CHILD MORTALITY 

Infant Mortality .-Inquiry into historical changes in the 
rate of child mortality are a preliminary necessity to a study 
of the main influences affecting it. This historical statement 
should throw light on the factors of decline, though it will 
need to be followed by a contemporaneous comparison of 
child mortality under varying circumstances. Fig. 12 shows 
the experience of England and Wales, and the text accom­
panying that figure discusses fully the relationship between 
birth-rate and infant mortality rate, one of the fundamental 
considerations in the study of this subject. 

The course of infant mortality is further summarized by 
the following annual rates for quinquennial periods per 1,000 
births:-

148, 167, 156, Ui2, 151, 157, 153, 145, 139, 145, 151, 156, 138, 
117, 110, 90. 

·The first figure, 148, relates to the quinquennium 1841-45, 
the last figure, 90, to 1916-20, and the intermediate figures 
to intermediate quinquennial periods in succession. 

Since the end of last century a marked and continuous 
reduction of infant mortality has boon experienced. 

In the following figure the experience of the three parts 
of the British Isles is compared. In the uppermost three 
curves are shown the rates of infant mortality in each country. 
In the middle series the initial rate for the year 1896 in all 
tlm.>e countries is stated as 100, and subsequent rates are 
given in proportion to this. These curves give relative changes 
Mho wing the decline or increase year by year, but not the 
mte of declille or increase of these infant death-rates, which 
are shown in logarithmic curves in the lowest series (see also 
p. 585). The two upper series have been drawn to show the 
course of events on an approximately equal scale, and in the 
t bird series the l"l\llge of curves for Ireland and Scotland ... 
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comes within similar limits ; but to show the greater rate of 
fall of infant mortality in England, a large extension of the 
vertical scale is required. 

In Ireland, and to a less extent in Scotland, there has 
been a smaller decline than in England, both those countries 
having started with a lower death-rate than England (in 
1896 rate of infant mortality: Ireland= 95, Scotland= 115, 
and England = 148). 

Ireland as a whole, with the lowest sanitation, has until 
recently had the lowest infant mortality. Now, however, 
the rate in England is slightly lower than that in Ireland. 
Scotland, which at an earlier period had a more favourable 
experience, now has a higher death-rate than England. There 
can be little hesitation in relating the relative position of 
the three countries prior to 1900 to the relative amount 
of rural and urban life in the three countries. This is con­
firmed by the experience of the chief towns in the three 
countries. 

In Australasia and in t.he United States the reduction 
of infant mortality has been as marked as in Great Britain, 
and the following table derived from the A nmtaire Inter­
nationale de Statistique II, Mouvement de la Population, 
Europe, 1917, tells a similar story for European countries. 
It will be noted that the rates in this table are based on 
es~imates of population from the various census enumerations, 
and are not therefore comparable with rates stated in terms 
of birth or stated in terms of survivorship from births, as 
given in the lower table on page 343. The general course of 
events is indicated by the table on page 350. 

Death-rates 0-5 and 1-5.-The course of the death-rate 
at a.ll ages under 5 per 1,000 of the estimated population at 
this age-period for England and Wales is given in Fig. 45 for 
the two sexes together. For further details see Table 3 of 
the Annual Review of the Registrar-General, 1921, Part I. 
The death-rates given in the diagram are relative, the average 
death-rate G-Il for the period 1838-1920 ( = 56·4) being taken 
as 100. IQ. tho same diagram is shown the relative infant 
mortality for each successive quinquennium, the average infant 
death-rate per 1,000 births ( = 141) for 1838-1920 being taken 
as 100. From the scale and the two rates given above, the 
actual dt'atb-rate for any period can be calculated. Thus 
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Death-raiU per 1,000 Inhabilanl<t <11 Each Age. 

Periodl. Q-1. 1-,6. 

··{ 
1876-85 275 . 37 

Prussia 188~05 258 33 . . .. 
189~1905 236 23 
1906-14 189 18 

··{ 
1876-84 IRII 20 

Denmark 1885-94 161 20 . . .. 
189~1905 138 ll 
190~15 108 7 

--{ 
1877-86 228 29 

France 188~95 218 27 .. .. 
189~1908 I 188 18 
190~13 • 128 13 

--{ 
187~85 167 29 

England_and Wales 188~95 176 26 
189~1905 172 22 
190~15 130 16 

--{ 
1876-85 136 20 

Scotland 188~95 143 27 .. .. 
189~1905 . 143 22 
190~15 ·130 19 

--{ 
1876-85 liS 20 

Ireland 188~95 ll7 19 .. .. 
189~1905 123 17 
1909-12 U1 14 

--{ ~=~~:. 271 -84 
Italy 244 55 .. .. 189~1905 192 39 

1907-1914 168 31 

--{ 
1881-85 106 24 

Norway 
. '1886-95 102. 20 . . .. 
1896-~905 92 12 
1906-15 72 8 

.. { 1876-81' 216 so 
Netherlands 1885-84 194 26 .. 1895-1904 168 18 

1905-14 119 13 

··{ 
1876-85 136 28 

Swodon 
188~95 115 19 .. .. 1896-1905 102 15 
1906-13 79 9 

.. { 1876-85 233 20 

Switzerland' 1886-95 198. 17 .. 1896-1905 169 . 12 
1906-15 124 9 

--{ 
1876-86 425 31 
1886-96 368 31 

Bavaria . . .. 1896-1905 321 20 
1907-14 241 15 
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in 1896-1900 the relative infant mortality was 111, the actual 

Ill X 141 . 
infant death-rate was = 156. In the same penod 

100 
56·4 X 102 

the death-rate Q-5 was = 57· 6. 
100 

The curve for Q-5 shows the influence of the infant 
mortality curve on the total death-rate, 0-5 ; but even so, 
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p<IP 1,000 BirtJ11 and Death-rut.. 0-6 per 1.000 Living, lor QuinqU8Dilial 
l'oriod• 1841-6 to 1916-:!0. 

t ht> great decline at "bTtlS <Hi beginning 18; 1-7 5 is not followed 
by appl'('('iable increa...-.e in the last decade of the nineteenth 
e<.>ntury, unlike the curve of infant mortality. It may be 
inferred tht\t circumstances favouring reduction of mortality 
at agt-s over one arose earlier than and are to some ext.,.nt 
srparate from circumstances favouring a low infant mortality. 

This is brought out more cll'arly by the following diagram 
(Fig. 46). which give relative mortality figures for each of 
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the first five yea,rs of age in nine successive quinquennia. 
Note that these are relative figures only, the death-rate in 
1871-75 for each year of age ,being stated as 100, and subse 
quent years in proportion to this. 

The actual rates on, which these relative morto.Iity 
figures are based were as shown in table on page 353 . 

"' .. .... 0 .... 0 .... ... ... "' "' !!! 
' ' ' • ' ;-

. ...... t=: te .. ... a; "' I 

!!!! 
... a 

FIG. 46.-England and Waloa: Relative Death-rates for Each of the First 
Five Years of Life, in Quinquennial Periods from 1871-75 to 1911-15, 
the Death-rate at Each Age in 1871-75 being atated~ae 100. 

· T~ figure shows that the decline of the death-rate in the 
third, fourth, and fifth years of life began earlier, and was 
much greater than in the first year of life, and that the 
experience of the second year of life was intermediate between 
these.. The figures for 1921 show that. the morta.Iity at ages 
1-5 continues to fa.ll with great rapidity. 
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ENGLAND AND WALES. 

Auerage Dealh-ralu for Eaclr. of the First Fi .. Y earo of Life per \,000 
a1 Eaclr. Age.' 

Period. 6-1. 1-2. 2-3. ..... <-5. 

1871-75 154 59 28 19 14 
1876-80 145 58 27 17 13 
1881-85 139 53 23 15 12 
1880-90 145 63 22 14 10 
1891-95 161 52 21 14 . 10 
ISPS-1900 156 49 19 13 ',9 
1901-05 138 41 16 II 8 
1906-10 117 35 14 9 7 
1911-1915 110 35 14 9 7 

1921 85 19 9 6 4 

J From Report on "Child Mortality ., (Cd. 8496), p. 12, except figures 
lor 1921, which are ,to.ken from the Registrar-General's Report. 
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•·•a. <17.-England and W.U...: &lative Death-ratea lor Ageo 0-3, 3--8 
and 6-1::1 moutlll in Quinquennial l'eriodo 1881-85 lo 1916-211. 

NoTE.-For 1881-U death-rate 0-3 moatho = 67}~--L 1 th . to.k S-6 28 .E.ftUU o eae 11 en 
6-13 :: : « aa 100 in the d.ia~ 
per 1,000 Birtha 11"""-

23 
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Distribution of Decline of Infant Mortality According 
to Age.-· The steady decline of infant mortality in Englanft 
began in 1902 {Fig. 12). How is this decline distributed in 
the various months of infancy ! A table on page xxvili of 
the English Registrar-General's Annual Report, 1920, gives 
the death-rate per 1,000 births in each week of the first month 
after birth and for each ·of the twelve first months of extra­
uterine life, and a similar table appears in several earlier 
reports. With this table may be compared a corresponding 
table of American statistics, e.g. on page 29 ot " Birth 
Statistics," 1920. • 

But to obtain a bird's-eye view, more compact figures 

YMr19'J5 08 Of aa 09 10 " 11 13 " : 15 1a "' 18 19 zo Zl 

... ,,. .. ~~ 'v ~ 
• 

DO 

\ ~~ 
1![0_, -- ,0!_ --- -- -- --- f- -- ___ , '~!- ---

" 
00 \ 98 I 1\ .. .. \ , 95 ~ v: \\ k( " ........ 1/ \ \ , 93 .. .. .. I ; \ \ I l .. 90 .. .. 

i \ II I -85 I 8S .. \ I 
u "'"' 

.... .. I .. .. 
~ .. I '• " I I .. .. I .. .. I 1\ 

" 
.. .. I"' \ . .. 18 18 .. .. ' .. .. 

" 
... ' ... la3 roo•" ~--' FIG. 48.-England and Wa!eo; Relative Deoth-ratea for - undar 4 

weeks, and 4 weeks to 3 montho, from 1905 to 1920, each death-rato 
in 1905 hoing taken ... 100. . 

Non.-The death-mte under 4 weeks in 1905 wao 41, and at - 4 
~ks to S montho wao 25 per 1,000 birtho. 

are needed, as well as figures for a longer series of years. A 
table on page xxxix of the Registrar-General's Annual Report, 
1920, gives the necessary material. First we may compare 
the course of infant mortality in the first three, the second 
three months and the last half of infancy. This is done 
in Fig. 47, in which the average death-rate for each 1>f these 
three periods in 1881-85 is stated as 100, and death-rates 
for subsequent quinquennial periods in ratio to this. 
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Evidently the death-rate at ages 0-3 months has declined 
much less than that in the rest of infancy, while the course 
of events at ages 3-6 is almost the same as at ages 6-12 months. 
Between 1881-85 and 1916-20 the decline s.t 0-3 months 
was 18 per cent., and in s_uhsequent months 46-48 per cent. 

The Registrar-General's table already quoted enables a 
further comparison to be made for a short series of years 
between infant death-rates under 4 weeks old and 4 weeks 
to 3 months old (Fig. 48). 

In the aggregate of the second and third months of infancy 
the rate of mortality decwied between 1905 and 1920 to the 
extent of 36 per cent. The decline for the first four weeks of 
infancy was 15 per cent. for the same years. The great rise 
during 1919 in infant mortality for the first four weeks is 
discussed by Dr. Stevenson in the 1919 Report of the Registrar­
General. It may have been partly due to the influenza 
pandemic, or to some post-bellum condition. That the cir­
cumstances causing it were temporary is shown 'by the 
markedly lower death-rate both in the first and in the next 
two mont.hs of life in 1920. ' 

Preventibility of Early Infant Mortality.-The decline 
tli$p)ayed in Fig. 48 proves that the mortality in early infancy 
is partially avoidable, although, so far, the change expe­
rienced in early infant mortality is relatively small. More 
Pxhau•tive statistical examination confirms this conclusion, 
as it. shows that the death-rates in the first week of life and 
in the first month of life . vary greatly in communities all 
possessing a complete system of registration of births and 
deaths. The following examples may he given. A complete 
study is embodied in my Second Report to the Local Govern­
ment Board on "Infant and Child Mortality" (Cd. 6909). 

DEATB•&.\TES :P&Jl 1,000 Bill'l'Jl8. 

JD. ltn.t Week aRu Btrtb. 

n. .... buey 
BatJ•y .. 
Bradford 

• 
St..pney 
ToytOD •• 
Horn .. y 

41·· 
37·3 
30·7 
• 

20·3 
17·8 
16·1 

lD l'lnt Koa.tb after Bbtb. 

Workingt<>n 
Blyth •• 
Todmorden 

• 
Donoaster 
Penge .. 
Watford 

61·0 
68·0 
64·7 
• 

31·0 
27·1 
U·8 
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Stated otherwise, the dea.th-ra.te for the first week ii 
241 urban a.rea.s varied from . 70 per cent. above to 33 pel 
cent. below the average ; for the first month it varied fron 
52 per cent. above to 36 per cent. below the a.vera.ge. 

A va.lua.ble later study of these loca.l variations in ea.rll 
infant mortality is given on pa.ge xlii of the Annua.l Repor1 
of the Registrar-Genera.!, 1920. The summary ma.y be quoted 
here, but the dea.th-ra.tes for ea.ch county a.nd county borough 
should be studied by the public health offi.cia.ls concerned. 

ENGLAND AND WALES. 

In,{- Mortality 1'"" 1000 Btrlha in lha Firlll Week tmd ll1e Firlll Four 
WMk.o ajler Birth in 1920 in Variow Di!MiOM tmd Std>di!MiOIIB of II" 
COI#IJ,ry. . ' 

All Areas .. 
County Boroughs 
Other Urban Dis-

triots , . 
Rural Districts . . 

. 

North. 
i 

Midland., Soutb. 

A. B. A. B. A. B. 

-- -- --------
24·8 40·7 21·1 33·5 18·8 29·4 
24·5 40·9 22·8 35·2 19·3 30•3 

25·0 40·8 20·1. 31·9 19·1 28·9 
25·4 39·8 21·8 33·5 20·0 29·6 

A = death-rate under 1. week of age. 
B = death-rate under 4 weeks of age. 

Wales . . 

A. B. 

----
23·0 37•5 
21·6 36·0 

22·5 37·7 
24·9 38·0 

.. 
· Both in town a.nd country· the northern a.rea.s ha.\>'e a. mubh 

higher morta.lity than the other divisions. The exte~t of 
the difference between north a.nd south a.nd between urban 
a.nd rura.l a.rea.s, a.lthotrgh grea.t, is pa.rtia.lly hidden in the 
a.vera.ge rates for a ·large number of a.rea.s given in the table': 
and to derive the public hea.lth ·lessons thus concea.led it is 

·necessary to refer to the dea.th-ra.tes for individua.l a.rea.s 
given later iii the same report. Thus the death-rate of 
'infants under 4 weeks varied from 19 per 1,000 births 
in Oxford to 56 in Ba.rnsley, from 43 in the aggregate rural 
districts of Middlesex to 109 in those of Durham, where the. 
population is collected largely ii). mining villages, with some: 
of the -worst, though steadily improving, urban characteristics. 

Similar differences are seen in the United States. Thus, 
i'in a. paper 'by Dr. L. I. Dublin on "The Morta.lity of Early 

Infancy" (American JrYUrna! of Hygiene, vol. 3, Ma.y 1923), 
infant dea.th-ra.tes in the first month are given for various 

• 
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American cities varying from 34 to 54 per 1,000 births ; and 
the importance of the time element is emphasized, there being 
much more room for the play of environmental factors in the 
subsequent eleven months than in the first month. 

Relative Infant Mortality in the Two Sexes.-The 
following table enables a comparison to be made between 
death-rates in male and female and in legitimate and 
illegitimate infants. 

• ENGLAND AND WALES. 1920 • 

lnfanJ Morlality by St» and Legitimacy. 

Deatha per 1,000 Births. Percentage Excess of-

MortaUty of Mortality of 
Legitimate Dlegitlmate Illegitimate Male over over that of lnfanta. lnfmta. Leidtlmate Female 

Infanta. Infaata. 

Male. Fem. Mille. Fem. Male. ll'em. Legit!- Dlegltl· 
mate . ...... ----------------

~{Under C w,.ko .. .. 88'8 29'2 69"0 65'6 + 80 + 91 "+81 +•• 
t weoke-8 monthl .. 17'8 12'2 87'6 28"8 +117 +131 H1 +88 

(j 8-6 month1 , , .. 13'] 10"2 31"8 26•2 +138 +149 +SO +U = 8-9 monU1s •• .. 9•7 7•8 19'8 19'1 +lOf -1:148 +2< + • 
-41 ~11: monUll , • .. 1'6 ••• 18'8 12"2 + 79 + 91 +19 +12 

Total UQder 1 f8al , , .... 66'8 1;-n:o 
ltO'' + 99 +US +31 +22 --

~ 
Whoopl.ns couah .. • •• .. , ••• ••• + .6 +ct -17 _,. 
ou~r common lnfectloua 

dhM'IIUM!. .. .. z·o 1·8 ••• s·s + 78 + 81 +U +12 
Jnthu•naa •• o·7 .. , o·6 • •• -20 +42 H< -17 

~ lllu.rrhron and eni&rltlt :: 8·6 ••• .... 18'8 +163 +207 +42 +22 
Promaturo blrt.b., .. 19'2 a·o 31·0 2o·o + 81 +90 +23 + 6 • Co11it"uital dllff'cte ··1 6•0 7'2 o·o + 17 + •• +•• +8 

~ Atro1ahy, deb1UtJ, .aid 
ll\IU'Uffi\W .. .. g·o o·s 2fo'8 10"8 +1511 +149 +42 H6 

It Tubct\'uloall .. .. 1·o , .. s·1 s·o + Dl +lb:! +37 + 3 
COD\'Ui~IOIU ••• •·o 10'6 8·• +11 +88 +36 +2S .. Hronl•hlUI- u.d poeumo· 

;: nla .. .. IG'$ u·• 29'2 .... + 61 +6< +S< +31 
OthllrcaUei .. .. 10'7 , .. se·o 27'7 +2a7 +211$ +to +30 

The foregoing table shows that at all periods of infancy 
the rate of inftl.llt mortality is higher for male than for 
female infants. This applies even during the first week,P.fter 
birth (see table on p. 207). It will seem also that this excess 
holds good for nearly every cause of death, the chief exception 
being whooping cough. The rule applies to both legitimate 
and illegitimate inftl.llts. During the next four years of life 
the death-rates for the two sexes approximate. 

At agee 6-10 (see p. 204) the death-rate of males in 
1911-14 ""as 2 per cent. higher, and at ages 1Q-l5 was 4 per 
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Stated otherwise, the death-rate for the first week i.J 
241 urban area.s varied from 70 per cent. above to 33 pel 
cent. below the average ; for the first month iJ; varied fron 
52 per cent. above to 36 per cent. below the average. 

A valuable later study of these local variations in earl) 
infant mortality is given on page Xlii. of the Annual Repor1 
of the Registrar-General, 1920. The summary may be quoted 
here, but the death-rates for each county and county boroug~ 
should be studied by the public health officials concerned. 

ENGLAND AND WALES, 

In/ant Monality per 1000 BirU.. in tho First Woe.!: and tho Firlll Fow 
Woe.l:o qftor Birth in 1920 in Various Diuioiono a11d Subdiuioiono qf 1/u. 
OOI.fflky. . ' 

All Areaa 
County Boroughs 
Other Urban Dis-

triots •• 
Rural Districts . . 

North. lllldlahd. ( South. 

A. B. A. B. A. B. 
-- -- --------
24·8 40·7 21·1 33·5 18·8 29·4 
24·5 40·9 22·8 35·2 19·3 30·3 

25•0 40•8 20·1. 31·9 . 19·1 28•9 
25·4 39·8 21•8 33·5 20·0 29·6 

A = death-rats under 1 week of age. 
B = death-rats under 4 weeks of age. 

Walea . . 

A. B. 
----
23·0 37·5 
21·6 36·0 

22·5 37·7 
24·9 38·0 

.. 
- Both in town and country 't!he northern areas have a much 

higher mortality than the other divisions. The extent of 
the difference between north and south and between urban 
and rural areas, although' great, is partially hidden in the 
average rates for a i.arge number of areas given in the table"; 
and to derive the public health lessons thus concealed it is 
·necessary to refer to the death-rates for individual areas 
given later in the same report. Thus the death-rate of 
infants under 4 weeks varied from 19 per 1,000 births 
in Oxford to 56 in Barnsley, from 43 in the aggregate rural 
districts of Middlesex to 109 in those of Durham, where the 
population is collected largely in mining villages, with some 
of the 'worst, though steadily improving, urban characteristics. 

Similar differences are seen in the United States. Thus, 
in a paper 'by Dr. L. I. Dublin on "The Mortality of Early 
Infancy" (American Journal of Hygiene, vol. 3, May 1923), 
infant death-rates in the first month are given for various 
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American cities varying from 34 to 54 per 1,000 births ; and 
the importance of the time element is emphasized, there being 
much more room for the play of environmental factors in the 
subsequent eleven months than in the first month. 

Relative Infant Mortality in the Two Sexes.-The 
following table enables a comparison to be made between 
death-rates in male and female and in legitimate and 
illegitimate infants. 

, ENGLAND AND WALES, 1920, 

1 nfanl M orlality by Be:t: and Legitimaey. 

Deaths per 1,000 Blrthl. Percentage Exeeas of-

Mortallty of Mortality or 
Lflsrltlmate lliegtttma~ lUegitlrnnte MILle over over that of Infante. Infanta. Legitimate Jo'emale 

Infanta. lDian ... 

Male. Fem. Male. Fem. Male. l'em. Legltl· lliegttl· ... ... ""''"· ----------------
~{Under' ,...ka .• .. ss·s 29'2 oo·o 65'8 + 80 + 91 ~+81 +24 

'wt~okll-8 rnontbl .. 17'8 12'2 37'6 28'S +117 +lSI +41 +33 
~ 8-6 montJll , , .. 13"1 10"2 81"8 2o·2 +138 +149 +80 +U = 6-0 montha .. .. 0"7 7•8 19'8 10' 1 +lOt +143 +2< +' 
~ g...12 montJ11 •• .. 7•6 ••• 18'6 12'2 + 70 + 01 +10 +12 --

Tot&l under 1 year .. 86'0 80"8 171'2 ltO'' + 00 +US +81 +22 -- I ....... --
~ 

Whooplnll: couab .• •·o • •• a·• + ,. + .I -17 -I· Otltt•r 001WilOO. lnfcctlout 
dllllt'tut'l .. .. •·o 1"8 s·e 8"2 + j8 + 81 +14 +12 

lnOu"'nu .. 0•7 o·• o·a o·o -20 + f2 H< -17 
~ Ularrhroa aod en~riUt : : ••• o·o 22•8 18'0 +163 +207 +•• +22 

Preauaturo blrf.b .• .. 10"2 u·8 81"0 29'8 + 81 +00 +23 + 6 • t.~~nltal defl'ct. 0"1 6"0 7'2 ••• + 17 +S:! +23 +8 

~ Atrophy, doWUI-J, uid 
Ulllf1UI.IDU8 .. .. o·o o·8 0."8 10"8 +15fl +149 +•~ +48 

J 
Tubon)ulotda .. .. 1"8 1"2 3"1 3·o + 91 +H•2 +37 + 3 
l".OU\'Uhdt'IWI ••• , .. 10"5 s·e + 71 +88 +86 +23 
Dron~;~htU. and paeumo· 

= nla .. . . 19"3 u·c !9'2 22"3 + 61 +M +S< +Sl .. 0\htlroa~ .. .. 10'7 7"0 ao·o :!:7' 7 +237 +263 HO +30 

'l'he foregoing table shows that at all periods of infancy 
the rate of infant mortality is higher for male than for 
ft•male infants. This applies even during the first week ollofter 
birth (see table on p. 207). It will seem also that this excess 
holds good for nearly every cause of death, the chief exception 
bcing whooping cough. The rule applies to both legitimate 
and illegitimate infants. During the next four years of life 
the death-rates for the two sexes approximate. 

At ages IS-10 (see p. 204) the death-rate of males in 
1911-14, was 2 per cent. higher, and at ages 10-15 was 4 per 
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cent. lower than that of female children. At subsequent 
ages the excess of male over female mortality increased, until 
the period 65-75 was reached. 

Mortality in Ille~itimate Infants.-The table on page 357 
further shows the great excess of mortality among illegitimate 
infants. For the entire year it is more than double that for 
legitimate infa.nts. The .distribution of the excess . among 
va.rious ca.uses of death is shown in the table. The ·study 
of this excess ha.s grea.t public health importance. No 
a.rra.ngements for the ca.re of the infa.nts of unmarried mothers 
ca.n be rega.rded a.s satisfa.otory which do not, whenever 
possible, by subsidized efforts if necessa.ry, retain the mother 
as nurse of her own infa.nt. 

Relation of Infant Mortality to Mortality at Hi~her 
A~es.-In the first official report, a.lrea.dy quoted, page 343, 
it wa.e shown tha.t the English counties ha.ving high infant 
mortalities continue in general to suffer somewha.t excessively 
throughout the first 20 years of human life, and that 
counties ha.ving low infa.ntile morta.lities usually continue to 
have relatively low death-rates in the. first 20 years of life, 
though the superiority is not so grea.t a.t the la.ter as a.t the 
ea.rlier ages. 

The general conclusion, uaing the county of Durham in 
illustration, was stated a.e follows : " If natural selection 
during infancy in the county "Qf Durham has left a 'juvenile' 
popUlation less prone to disease, the effect of this sele~tion 
is most effectively and completely concealed by the evil 
environment in tha.t colin~y. which ca.uses the hypotheticallY, 
.stronger survivors to suffer ·from excessive mortality, so 
long as they can be tra.ced tluough life." Mr. Udny Yul~ 
Clontributed to the sa.me report a ma.thematica.l study of the 
data which may be ·consulted with advantage. He concluded 
that there was little evidence of selection beyond the second 
year of life, and tha.t after the third year environmental 
influences appeared to prepondera.te over any possible 
selective influence. Professor K. Pea.rSon has written on the 
sam~ subject in "The Inte1isity of Natural Selection in 
Man." (ProceedingB of the Royal Society, B., Vol. 85, 1912), and 
the considera.ble discussion· of th!l problem which has since 
appeared is sllDlmarized in a paper by Dr. J. 'Brownlee on 
"The Relation of Infantile Mortality to ·Mortality in 
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Subsequent Life" (Journal of the Royal Statistical Society, 
March 1917). 

I have discussed some errors in Professor Pearson's com­
munication in my Second Report on "Infant Mortality," 
p. 48 (Cd. 6909), which may be consulted by those interested. 
They arose from not bringing information as closely up to 
date as was possible, and from comparing rates obtained on 
a differing basis. 

The statistics so far mentioned gave the actual experience 
of communities at succeeding age-periods, and failed to trace 
the same groups of individuals at successive ages. Even 
were this practicable, there remains the further difficulty of 
ensuring that these individuals were subjected to a constant 
environment. 

Dr. E. C. Snow (Draper's Research Reports, VII) has 
attempted to trace children at successive ages ; but it is 
noteworthy that Dr. Snow and Dr. Brownlee (Journal of the 
Royal Statistical Sociely), after elaborate inquiry, have obtained 
the one negative and the other positive correlations between 
death-rates 0-1 and 1-5. Dr. Brownlee concludes that the 
result of his inquiry " has been to throw doubt on every 
method which has been proposed to measure the influence 

· of the death-rate as a selective agent." He rightly emphasizes 
the fact that previous investigators have failed to give weight 
to the epidemiological concomitants of different years. 

There the matter may rest for the present. But the 
conclusion arrived at in my official report stands. Environ­
ment has a preponderant influence in determining the mag-· 
nitude of infantile and child mortality in a community; and 
the increasing efforts of hygienists to improve environment 
need not be embarrassed by suggestions that such efforts 
may exert an inimio&l influence on the quality of mankind. 

The Causes of Child 1\lortality.-Hitherto the individual 
diseasM causing death, in childhood as in the rest of life, 
have not been discussed. They form part of the study 
of epidemiology, whi~h is concerned with the investigation 
of the statistical incidence of disease on communities. Child 
mortality, as a chief enemy of public health, cannot be fully 
considered without a short analysis of the main causes of 
death in childhood, and of the conditions producing them ; 
thi• is givt'n ooJow. Although dMth is mt'rt>Jy the end-
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produ.ct of unfavourable conditions of .life; investigation of 
the pathological conditions causing death enables measures 
to be taken to prevent sickness, which may or may not prove 
fatal, and thus· tends to elevate the general standard of 
health. There is no adequate justification, under the cul­
cumstances of civilized life, for the belief that modern 
medicine and surgery, by enabling a large proportion of the 
population· to survive to and beyond early adult. life, has 
lowered the average health of the community. But beyond 
the work of curative medicine, and of preventive medicine 
so far as it concerns itself merely in the prevention of endemic 
and epidemic diseases, there are also possibilities of increas­
ing human resistance to disease by diet and other hygienic 
measures on a physiological basis, some of whicll. are becoming 
realizable. These do not at present lend themselves to 
statistical statement, and under present condi~ions the 
greatest potentiality for raising the national standard of 
health consists in measures for diminishing current diseases. 

Although the . consideration of causes of infant mortality 
anticipates later chapters in this volUll).e, a short resume of 
more important items may conveniently be given at this point. 

The social causes or alleged causes of excessive infant 
mortality are mentioned in other' chapters. For the infiuence 
of the birth-rate see page i 12 ; on race see page 265 ; on 
density of population and ov\'lrcrowding see page 'l!75; on 
poverty, page 292 ; on housing, page . 307 ; on alcoho&m, 
page 324. The most important of all is social status, as 
evidenced by occupation ' of the parents, on which see 
page 112. • · ' 

The· chief diseases producing infantile death. are given in 
the ·table on page 361. The largest single headings in 1920 
were bronchitis and pneumonia 19·3, premature birth 19·2, 
and atrophy, etc., 9· 6 deaths of male infants per 1,000 male 
legitimate births. 

Tables 9-13 in the Registrar-General's Annual Report 
for 1921 give very full informatioxr, and Tables II and lll 
in "Bi:rth Statistics " .United States for 1920, give similar 
information for •the birth-registration states. In the corre­
sponding volume of " Mortality Statistics " (p. 67 of vol. for 
1920) are given simQar statistics stated "per 1,000 estimated 
mid-year population under one year of age." 
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The following table taken from the Registrar-General's 
Annual Report, 1921, summarizes for reference the chief 
groups of diseases, which should be supplemented by study 
of the death-rates for each disease :-

ENGLAND AND WALEs, 1921. 

Proportion of Deaths to 1,000 Bi1th8. 

4 Weeki Total 
Under 8-6 6-9 11-12 under 

4 Weeks. to Months. Months. Months. 1 3Monthll. Year. 

-----------
Common Infectious 

di~Bfle&,, .. O·Il 0·67 0·72 0·93 1·20 3·63 
Tuberculous diaeas68 .. 0·02 0·15 0·43 0·48 0·46 1·54 
Diarrhcsa. a.nd enteritis .. 1·19 3·33 4·85 2·74 1·68 13·79 
Dovolopmento.l B.nd wat~t-

26·17 4·36 1·67 0·52 0·28 33·00 ing di808888 . . .. 
Bronchitis and pneu-

1·23 3·16 3·61 3·45 3·33 14·78 monia .. . . 
Other caUHea (remainder) 6·53 3·17 2·74 1·95 1·63 16·02 

All O~U808 .. .. 35·25 14·84 14·02 10•07 8·58 82·76 

The group of " Developmental and Wasting Diseases " 
comprises a number of miscellaneous conditions, some ill­
recognized. It may be divided into three : the first group 
comprising " debility, atrophy and marasmus," which merely 
veil lack of knowledge ; the second congenital defects ; the 
third premature birth. There has undoubtedly been trans­
ference between those three groups in the course of years, 
a fact strongly suggested by the diagram on the next page. 
The first and third of these groups are now placed in the 
International List under the title of "Congenital Debility, 
Icterus and Scleroma." 

The course of events according to death certifioe.tes does 
not justify the conclusion, sometimes ste.ted, the.t death from 
prematurity is becoming more common ; the e.ppa.rent i,rocree.se 
may be due to the fact that the recorded death-re.te under 
the heading of vague terms is decreasing. Furthermore, 
in 19!!0 the dooth-re.te under the hee.d of preme.turity was 
lower the.n in e.ny previous recorded ye-e.r. It is unfortune.te 
that our knowledge of the pathology of mortality in the 
first week and month after live-birth is so imperfect ; for 
the pl'l'~l'nt, in vi~w of tlus defective knowledgl', the tote! 
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etc., from Congenital Defects. antijfrom Premature Births in quinquE~nnial 
Periods 1880-90 to 1911-15, in Sinsle Years to 1921. 
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death-rate in the first week and first month of life is much· 
' more trustworthy than any differentiation by causes of 

death ; and the general course of events for the entire country, 
including the great variations in local total death-rates for 
the first week and the first month after birth indicate the 
preventibility of a. large share of this early mortality. 

Death-rates at Ages 1-5.-The rapid decline of the death­
rate after the first year of life is seen in the table on page 353. 
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Tho extent to which sowe of the more common causes of 
death contribute to the death-toll in each year of age is 
shown in Fig. 50. 

At all ages under five, the greatest number of deaths are 
caused by congenital conditions, diarrhwa and enteritis and 
pneumonia ; bronchitis, measles and tuberculosis also being 
S<'rious causes of death. The greatest mortality from con-
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genital conditions and diarrhma is in the first year of life ; 
in the second year pneumonia takes the lead, followed by 
measles and diarrhma ; and in the next three years of life 
measles commonly heads the list, pneumonia and tubercnlosis 
coming next. 

ILLUSTRATIONS. 

1. Fallacy of Averaae Rates.-tir. Brend, in HealiA and 1M SlatiJ. 
gives tables derived from the Annual Report of the Registrar-General, 
1911, showing that per 1,000 births the death-rate of infants from prema­
ture birth and other developmental conditions is "remarkably constant 
throughout - • • and th...e appear to bear almost no relation to the 
external environment of the mother.u 

C""""""'".-The death-rate from premature birth in 1911 was 
20·0 in county boroughs and 17·1 in rural districts; it was 13·8 for 
tbe upper and middle classes, and 20·3 for miners. Tb...e are not 
insignificant differences, and they suigesf;t a marked environmental 
influence. There is no u constancy " in the death-rates. All the above 
quotsd rates are averege ratee, repreeenting the fusion of bigber and 
lower rates ; and wben farther subdivided for locality and for social 
oonditions, mucb more marked difierences are seen (p. 355). Tbe 
facts available do not justify any stetsment farther than that the 
range of preventibility for infantile deaths in the first month after 
birth appears to be less extensive than for that in the later months 
of infancy_ 

ll. Are Infant Centres Very Useful ?-Dr. L Findlay, in a 
contribution to u. The Mortalities· of Birth, Infancy, and Childhood " 
(Special Report Series, No. 10, 1918, Medical Reeearcb Committee), 
stetes: "During the past 10 or 15 yeam several municipalitieS 
have inaugnrstsd ecbemes for Milk. Depots or for Infant Oliniques, · 
with the hope of reducing the infant mortality. A study of the 
infantile death-rates in towns wbere sucb measures have been adopted, 
e.g. Liverpool, Bradford, Poplar, and Glasgow, does not, however, 
support the contention thst. tl>!l68 methods are of much value in. 
seriously deereasing the evil. . • • Tbe varioue curves (for England, 
Scotland, and Ireland) follow practically the same couree and are 
unallectsd by the introduction of thp measures above mentioned." 

. Commmts.-As to the last stetement eee p. 348. 
The stetement 88 to Milk Depots and Infant Cliniques implies 

failure to appreciate the difierence between kind and amount of a 
given effort. To adduce the stetistics of an entirs city is to submerge 
the point at issue in a mass of con11icting eircumstences, and some 
d.issection must be made before the question of " much n or little 
"value " can be decided. To justify this stetement, comparison between 
infants attending these centres and other infants must confirm it ; 
the comparison must, furthermore, be made between infanta circum· 
ataqced similarly e"cept 88 regards these centres. 

· 3. Air Pollution and Infant Mortality.-" Dirtinees of the air 
appears to be the one constent accompaniment of a high infant 
mortality ; purity of the atmosphere is the one great advantage wbicb 
the agricultural labourer of Wiltshire, etc., enjoys over the resident 
in the town .... 
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This statement is derived from page 16 of a contribution by Dr. 
W. A. Brend to the above-quoted report, which gives infant death­
rates for & number of towns and other areas in support of the state­
ment. The statement is not justified by accurately arranged differ­
entia.! statistics, which show (a) enormous differences in infant mortality 
in areas in the same town exposed to the same dirtiness of air ; 
(b) similar differences in towns and districts of semi-rural character; 
(c) German and other experiences with a higher rura.l than urban 
infant mortality. 

Atmospheric pollution and resultant loss of sunlight are doubtless 
inimical to health ; but other factors, as thriftlessness, ignorance, 
alcoholiem, overcrowding, and opportunities for human organic poisoning 
and infection can be shown to have greater potency than dirty air. 

4. Inherited Conditions the Chief Cause of Excessive Infant 
Mortality .-In connection with the genera.! thesis that environment, 
including domestic sanitation and food, have re]atively little influence 
in determining the amount of infant mortality, it is suggested that 
the exceBBive death-rate in artificially fed infants is due to inherited 
weakness. 

Remarks.-It cen be agreed (a) that the infants of wea.ldy parents 
are severely handicapped. How much is due to their ante.natal 
environment and how much is strictly hereditary is difficult to deter­
mine. It can be agreed (b) that infants born prematurely from any 
cause. or whose mother has died in confinement, or who are twins, 
o.re likely to have their chances of survival much reduced. Also 
(c) that statistics are seldom satisfactorily compiled comparing infants 
artificially fed and infants naturally fed, whose other circumstances 
&l'e. so far as can be ascertained, equal. An approximation to such 
tlguros is comprised in a paper by Dr. R. M. Woodbury on "The 
lwlation between Breast and Artificial Feeding and Infant Mortality " 
(Amarican Journal of HygieM, vol. ii, November 1922), which should 
be consulted. 'J.'he investigation is concerned with 22.422 infants, 
the number of months lived by infants receiving each type of feeding 
being stated. The figures show a mortality 3·9 times as high among 
artillcially feel as among breast-fed infants. \\"hen plura.l births, 
pi"E'm~turely born, and orphans were excluded, the excess mortality is 
only reduced to 3·' times. 

Although impeccable statistics are deficient, no experienced 
physician would ht>Sitate to state that artificial feeding is an important 
footor in prejudicing nutrition and in increasing the risk of death for 
infants who "'" in no wise handicapped by inherited weakness or by 
maternal wt>a.lmess, This iB strikingly seen in the experience of 
aucet'SSive children in the same family subjected to difierent methods 
of ff'eding, in whom the food appears to be the sole varying factor. 

This subject is discussed in a " Study of the Data provided by a 
Baby Clinic in a L&.r!le Manufooturing Town," by Mary N. Kr.m and 
K. l'Nu-son, F.R.S. (Studio~ in .Natiollal Deterioration, z, 1022), and 
the conclusion l't\&Ched is that " the infiuent'e of breast~ feeding on 
baby's hoal.th is not so important as is genera.lly asserted; it is largely 
a llt'Nndary ,...ult of artificial feeding being associated with poor 
hl"alth in the motht"'r. n 

The """""no for artificia.l feeding of infants vary greedy, and 
Atl\t i~t it'S wbi('h do uot di~tinguiNh ht1t\\"t'eD artiticial ft'eding Den'tiSitatt'<l 
by d""h or illn"'"" or ill-hoal.th of the moth~r. and artificial ff'eding 
arising from fashion or SOl'ia.l or Ol"Cupat.ional differences, can scareeoly 
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give trustworthy indications. Hence the importance of the individual 
experience of medical practitioners, which can scarcely receive 
numerical expreesion, but which is nevertheleBB )eBB unsatisfactory 
tban meBBOd stetisties in wbioh the many factors involved are not 
and often cannot be eegregated from each other. The dubious 
character of the dat& on which the st&tement quoted above is made 
is euggested by the further st&tements of divergent reslllte in the 
two sexes : "The female infant's weight is more intimately associated 
with the method of feading than that of the male infant. • • • Its 
weight is more closely associated with its feeding than its health is, 
exactly the reverse of what we find in the oeee of boys. • • • It 
appears as if girls were more eubject to environmental in11uenoes" 
(than boys). 



CHAPTER XXXI 

CAUSES OF DEATH 

IN preceding chapters vital statistics have been discussed, 
in the main, irrespective of individual causes of death. In 
dealing with these the principles laid down for general death­
rates from all causes should be followed. The death-rate 
for .any given disease must be stated in terms of the population 
at risk ; and whenever practicable, the death-rate should be 
stated for each age-group in terms of the population at that 
age-group. If a composite picture is required of the death­
rate from a given disease at all ages in contrasted communities, 
this should be for a standard population, the ·direct method 
boing usually employed (p. 222). If the factorial method 
(p. 228) is employed, a different factor is required for each 
comso of death. For some causes of death standardization 
makes much and for others little difference in rates. If 
such standardization is impracticable, the possibility of. a 
considerable margin of error in comparisons should be 
rempmbered. 

The magnitude of each cause of death is measured by the 
death-rate caused by it at all ages and at each age-period. 
But for comparisons between deaths from different causes 
i11 tl1e same community, it is sometimes convenient to know 

deaths from the given cause X 100 
total deaths from all causes 

and for some purposes it is also desirable to know 

deaths from the given cause at age z- y X 100 
deaths from the same cause at all ages. 

The above fractions merely state the proportion of deaths 
from any cause per cent. of deaths from all causes, and of 
deaths at any age-period per cent. of deaths at all ages. 

36T 
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Such ratios cannot be -employed safely for comparing the 
weight of a given cause of death in two communities (see 
p. 202), but they are useful in considering the relative 
importance of different causes of death in a given community. 

The first of the two processes is illustrated in the following 
table:- · 

ENGLAND AND WALES, 1920, 

Death-rate per MllliOD Proportion per Cent. Pereons from Certain 
Causes or Grou111 of Total Mortallty 

of Causes. from All Causes. 

Cancer .. .. .. .. 1,161 9·4 
Tuberculosis (all forms) .. :: 1,131 9·1 
Pneumonia .. . . .. 991 8·0 
Bronchitis .. .. .. 992 8·0 
All other teepiratory diseasea .. I 164, 1·3 
Heartdiseasea .. .. .. ),413 11·4 
Diseases of bloodv..,sels .. .. 1,097 8·8 
Diarrhceal diseeaea .. .. .. 303 2·5 
Meaalea .. .. .. .. 191 1·5 
Diphtheria .. .. .. .. 150 1·2 
Wbooping cough .. .. .. 117 1·0 
Enter1o fever .• .. .. .,. , 14 0·1 
Violence .. .. .. 474 3·8 
All other causea .. .. .. 4,19P 33·9 

12,388 100·0 . 
' 

The above table contrasts the most common causes -of 
death and the more fatal acute infectious diseases . ., Cancel' 
heads .the list, tuberculosis colliing second, and p~eumonia­
to which should be added a share of the deaths attributed 
to bronchitis (p. 183)--.-..comes third. These three diseas!lS 
as registered caused, in 1920, . 26 · 5 per cent. of deaths from 
all causes. In 1921 the corl'll}lponding proportion was 26 · 9 
per cent. Syphilis, which does not appear in the above list, 
"On Osler's authority (p. 482),- ought to rank with these three 
as one of the four chief causes of death in this country, were 
it practicable to assign each death to its original cause. It 
will be noted that the four chief infectious acute diseases 
of this country only caused 6 · 2 per cent. of the total deaths 
in 1920. . 

Heart diseases might be added to the above four. It is 
regarded as so far an entity that the International List 
groups nearly all deaths from cardiac diseases under one 
heading, "organic heart disease." On this see page ~80. 
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Deaths in different stages of life represent unequal loss 
to the community. Deaths between 20 and 55 may be 
regarded as representing the greatest loss. The contrast 
between tuberculosis and cancer in this respect is shown in 
Fig. 51, and in Fig. 52, p. 370. 

In Fig. 51 is shown for tuberculosis and for cancer the 
male death-rate at each successive age-period as indicated 
in the diagram. Incidentally the diagram shows the decrease 
and the age-incidence of the decrease in the II)ale death-
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F1o. Gl.-FJ>gland and Waloa: Death-rate per Million Maloa at Difte..,nt 
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A, Tuberculoaio (aU forma). 
B. Cancer. 

rate from tuberculosis, and the increase and the age-incidence 
of the increase in the male cancer death-rate. In this figure 
the dt>nths are stated per million living at each age-period. 

For some purposes, however, it is necessary to know the 
proportion of total dt>aths from a. given disease which occurs 
in each period of life. This is shown for tuberculosis and 
cancer during the decennium 1901-10 in Fig. 52. 

2-& 



370 THE ELEMENTS OF VITAL STATISTICS. 

In A is shown the percentage of total mortality from each 
cause at each successive age-period, the maximum number 
of deaths from tuberculosis occurring at; ages o-5 and 25-35 
and from cancer at ages 55-65. Thus tuberculosis evidently 
has a double maximum in childhood and in early adult life ; 
while cancer kills chiefly after middle life. In B this is shown 
JIIOre clearly. In this diagram the aggregate percentage of 
total deaths at all ages is shown for all ages below the period 
indicated on the diagram. Thus by the time the age 45 

A B 

. Tuberculosis 

. . 

·Flo. 52.-England and Wales, 1901-10':' A, Percentage of total male doatha 
at aJ1 ages ·from Tuberculoaia and Cancer which occur at oacb Age·period. 
B, Ditto at oacb and .. aJI lowar Age-periods. 

has, been reached tuberculosis has already caused 74 · 3 per 
cent. of the total deaths from this disease ; at the same age 
·only 11· 2 per cent. of the total deaths from cancer have 
occurred. 

For convenience a table is given here, showing the relative 
incidence of deaths at different age-periods from diseases in 
which' public health administration is or should be largely 
concerned. 
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ENGLAND AND WALES, 1901-10. 
Proportion of Total Mal~ DeatluJ from E""h Diseaoo Occurring at 

Di.fferenJ. A g ... 
-

Under 5-15. 15-25. 26-45. 4H5. 65 and All 
5. over, Agee. 

---- ---------
All causes . . .. 35·0 3·6 4·2 12·6 20·8 23·8 100 

--------
Meaeles .. . . 94·0 5·6 0·2 0·2· - - 100 
Scarlet fever . . .. 60·7 32·5 4·4 2·1 0·3 - 100 
Whooping cough .. 97·5 2·5 - - - - 100 
Diphtheria . . .. 61·7 3fi·O 1·6 1·1 0·5 0·1 100 
Enteric fever . , .. 3·3 12·0 27·2 42·8 13·3 1·4 100 
Diarrhmal diseases .. 88·2 1·0 0·6 2·0 3·5 4·7 100 
Pneumonia (all fonns) 1 45·9 3·2 4·0 14·2 19·9 12·8 100 
Pulmonary tuber· 

culoais . . .. 4·7 2·8 14·7 45·2 28·5 4·1 100 
Total tubereuloaia .. 18·8 6·1 13·5 35·9 22·4 3·3 100 
Rheumatic fever .. 3·7 26·3 20·9 29·0 16·1 4·0 100 
Cancer .. .. .. - - 0·2 8·2 50·5 U•1 100 
Bronchitis .. .. 37·7 0·6 0·4 2·9 19·4· 39·0 100 
Cirrhosis of liver .. 0·2 0·3 0•5 18·7 59·6 20·7 100 
Valvular disease of 

heart~ .. .. 0·5 3·8 5·8 16·8 37·.6 35·5 100 

1 The proport1on of tot&l dee.ths under 6 years of age from lobar pneumonia 
woa 2.2·9, from broncho-pneumonia 79•1 per cent. 

The ·converse of the above . table, showing the relative 
importance of the chief causes of death at different ages, is 
Ret out in a table on page clxxv of the Decennial Supplement 
of the Registrar-General, 1901-10, and should be studied with 
the .above table. 

Death-rates from Groups of Dlseases.-ln past official 
l't'ports a statement of the death-rate from the seven chief 
infectious diseases, known as the zymotio death-rate, has 
figured prominently, and comparisons have been made 
between the experience of different years and places on the 
basis of this rate. It is evident, however, that a rate com­
prising deaths from measles and enteric fever, from small­
pox and whooping cough, along with other diseases, gives a 
different view of the sanitary condition or administration 
of the art'& concerned, according as the excess of mortality 
is caused by one or other of these diseases. Happily, this 
oongloml'r&te rate is now seldom stated, and it disappeared 

'from the Registrar-General's l't'tums some years ago. 
As stated on page 183, similar objections hold to a varying· 

dt>gree against inferences drawn from the course of the death­
mte from the sum of nt>rvou•, or of respiratory, or of 
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circulatory diseases (p. 179). This may be illustrated by 
the following list, in which . the pre-1911 classification is 
adopted in both columns :-

ENGL.&.ND AND WALES. 

Orutle Annual Demh·ratu per Million Liuing. 

1906. 1920. 

Diseases of the nervous system 1 
:Pieeasea of heart , . . . 
Diseases of bloodvessels • . . . . _ 
Diseases of respiratory system (excluding 

pneumonia) • . . . . . . . . 
Diseases of digestive eyetem .. 
_Causes ill-defined or not specified 
Old ago 

1,032 
1,420 

874 

1,263 
870 

1,475 
970 

574 
1,413 
1,097 

1,156 
646 
905 
668 

• Excluding cerebra.! h.,.orrhags, apoplexy, hemiplegia. 
1 , Including cerebral hlBIIlorrhage, apoplexy. hemiplegia. 
1 Excluding diarrhma, but including gastro-enteritis o.nd enteritis not 

returned as infective. · 

The four largest changes in death-rates shown in the 
above list are due mainly to improvements in certification. 
The fall in nervous diseases· is chiefly_ in respect. of " con­
vulsions " ; the increase in diseases of bloodvessels probably 
inea.ns transfer from the two last items in the list, old age 
and other ill-defined causes of death. ']'he faJI in disea.s.es 
of the digestive. system is 9Jie to miscellaneous. , cause~. 
For respiratory diseases the group may be more accurate than 
its separate constituents (see p. 183). 

In the Intemation!IJ. .. List, cerebral hmmorrha.ge and 
apoplexy, which are respectively newer and older terms fo~; 
the same condition,' as well a8 cerebral embolism, are tabu, 
la.ted. among nervous diseases, in the Registrar-General's 
reports among circulatory diseases. In 1906 under the first 
heading the death-rate per million was 459, and under the 
second 257; the corresponding rates in 1920 being 583 and 
146. Cerebral embolism is commonly due to valvular heart 
disease, another instance of difficulty whether the isolated 
condition or the group to 'which it is apportioned is uSed 
statisticaJiy. In England a large number of deaths which 
formerly would have been certified as apoplexy are now 
returned as arterio-sclerosis. The entire group of circulatory 
diseases (heart .and bloodvessels) is. heterogeneous. It 
includes a. large amoUIIt of disease due to syphilis (p. 484), 
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to the rheumatic fever virus, to septic infections, and to 
the retention of toxic tissue products ; and to draw inferences 
from the group as a whole is to invite confusion. 

DEATH-RATES FROM CERTAIN SPECIAL CAUSER OF MoRTALITY. 

Arterio-sclerosis.-The 1916 Annual Report of the Regis­
trar-General gives a study of this disease as illustrating the 
influence of vogue in • certification. The title was only 
included in the official classification in 19ll, as a subdivision 
of No. 81 in the International List; but in 1911 there were 
3,675 and in 1916 there were 8,012 deaths attributed to this 
cause in England and Wales. Dr. Stevenson of the General 
Register Office has suggested that this may in part be due 
to the attention drawn by me to arterial disease in my 
Annual Report to the Local Government Board 1912, or to 
the interest in the subject which this report illustrated. 
The transfer to this heading is in part also ascribable to the 
realisation by doctors of the inadequacy of " old age " as 
a form of death certificate. In 19ll the male deaths in 
England per 1,000 total deaths at ages over 75 which were 
ascribed to old age were 346; in 1916 this proportion had 
become 267. 

An illustration of increasing accuracy in certification and 
possibly also of actual increase in the disease is furnished 
by 

Diabetes.-This subject is discussed by Dr. Ii'. L. Hoffman,' 
who quotes death-rates from diabetes per million of popnlation, 
varying from 38·4 in 1\!alta, 16·4 in the United States 
regi•tration area, 14 · 6 in New Zealand, and 11 · 8 in England 
and Wal.,s, to almost niZ in other communities. 

The English statistics are as follows :­
ENoLANo AND ·w A.LES. 

Ann11al Death·rak from Diab<tu Mellilw p<r MiUion of Populolion 
(Sttmdatdiud). 

1861-'ro. 1871-80. 1881-90. 1891-1900. 1001-10. 11)11-20. 

MaJ .... .. 43 6' 74 90 104 135 I 

Ji'emu.los .. 21 28 46 64 84 117. 

l "Tho Mortality from Diabetes," B- Medical a•od Surgical Journal, 
J\11)• 27. 19U. 

• ('rude ratec. 
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Though the absolute amount is less, the increase in thE 
registered death-rate has been much greater for females tha.r 
for males, the former rate having quadrupled, while the lattel 
has increased about 21 times (standardized rates). 

That much of this great increase is fictitious, being duE 
to improved diagnosis and certification, is suggested by thE 
specially great increase of registered. diabetes in old age 
a period of life at which death certification has. been les1 
satisfactory than at any part of life except in infancy. A 
relation between !1-SSUmed increase' of stress and stra.ll:! ii 
modern life and the increased mortality from diabetes hll.l 
been suggested'.' This is not .confirmed by the very definitE 
excess of .mortality from this disease in the rural counties ol 
England. , 

It may be suggll!lted that retirement of invalids tc 
the country m~y pa.rtia.lly explain this rural excess ; bu1 
there are muon stronger reasons inducing tuberculoUI 
patients to live (and die) in the country, where, never· 
theless, the tuberculosis death-rate is lower than that ii 
towns. 

Appendicitis is a disease now much more frequentlJ 
diagnosed than in the past. . It was first separatelY' tabulatec 
in the Registrar-General's Reports in 1901, and in thE 
following table is given the crude annual dea.th-ra.te fron 
this disease and from peritopitis (non-puerpera.!). for con 
secutive quinquennial periods. Non-puerperal peritonitis itset 
is an indefinite cause of death. It- may be pneumococcal 
or be due to unrecoghilled tuberculosis or cancer of thE 
peritoneum, more often to perforated gastric or duodena 
ulcer; or to appendicitis, which may be regarded ll.l 
synonymous with perityphlitis. Much of the decrease undeJ 
the heading of peritonitis is due to transfer to various forDll 
of infection, especially puerperal. Some of the decrease il 
probably caused by transfer- to appendicitis. 

It would be easy to conclude from the following table tha.· 
most of ~he increase in mortality registered from appendiciti1 
is due ·to transfer from other headings, and especially fron 
peritonitis. This would ignore the important fact tha· 
appendicitis is now usually recognized in a.n operable am 
curable stage, and that even a stationary death-rate probablJ 
. means a large increase in the case-rate for this disease 
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Clinicians are generally convinced that appendicitis has 
greatly increased, and hospital statistics confirm this opinion. 

ENGLAND AND WALBS. 

Auera:ge Annual DecJth.ratu per Million Pers01111 from Periton.iti.t and 
· Appendiriti8. 

1891-05. 1896-1900. 1001--QS. 1906-10. 1911-15. 1916-20 •. 

Peritonitis (not 
15 . puerperal) .. 79 63 33 19 12 

Appendicitis .. - - 50 62 691 67. 

1 The above :rates are for persons. As some doubt attaches to rates 
for ma.ISB for this period, owing to uncertainty as to the male civilian popula­
tion, it may be added tha.t the female death-rate from appendicitis in 1911-15 
Wll8 67·9, and in 1916-20 it W118 57·2. 

The following statement of proportionate age distribution 
of deaths (not death-rates) from appendicitis and peritonitis 
is taken from the Decennial Supplement of the Registrar· 
General. 

ENGLAND AND WALES. 

Of 1M Total .Vole Dwho in 1901-10 Jrmn Eado Ca...., 1M Proportion per 
Cent. below 1M Slal<d Ag .. IDall ae foUOWII .~ 

Tho Proportion Dylno before 
RoachlDa lobe Aao of- Apponclloltll. 

3·6 
31·5 
46·6 
71·4 
81•3 

Port toni Ill. 

22·9 
37·5 
44·0 
66·1 
63·6 

Appendicitis as a fatal disease occurs chiefly in youth and 
early manhood. . 

Appendicitis in U.S.A.-With the preceding death-rates 
per million the following average annual death-rates for the 
registration area of the United States may be compared :-

1901-6 .. 
1906-10 
191$-18 
19:!0 .. 

hrlod. AppelldldU.. 

110 
llll 
1!4 
13& 

108 
61 
!I 
19 
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The higher figures. for the United States registration area 
than for England tend to confirm the view that appendicitis 
is an increasing cause of mortality. notwithstanding the vast 
number of cases which are diagnosed during life and/ are 
prevented by operation from adding to the mortp.lity 
statistics. ! 



CHAPTER XXXII 

DEATHS FROM VIOLENCE 

INJURY may be said to cause all deaths, excepting death 
from normal old age. Infectious diseases and diseases caused 
by errors of metabolism and by cancer alike produce death 
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Flo. 63.-Englond &nd Waleo: Annual Death-rate from Violence, 1901-10, 

por Million lJviDg a\ Each Age-period in Each Sez. 

by injury. Violence produces death by injury, as the result 
of acci<lt>nt, battle, suicide or homicide ; and it is with violence 
in this limiwd sense that the present chapter is concerned. 
The plaee of violence in the international cla..<:Sification can 

3T1 
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be seen on page 380. Deaths from suicide, which a.re includ~· 
in the following table, are also discussed separately (p. aso: 

ENGLAND AND WALliS. 

Annual &andardiud Death_,., from Violence per Million Livi"9j 
a1 AU Agu. · 1 

1881-70. 1871-80. 1881-DO. 1891-1900. 1~1-10. 

Malee .. .. 1,169 1,108 957 934 ,827 

Femaleo .. .. 349 340 323 357 329 
I 

In 1921 the rates per million from various forms of violenc• 
were as follows :- · 

ENGLAND ...., W£LBS. 

0"""' Annual Dealh-ralu ~.,. Million Limng of Eaeh 8e~~; al AU 
Agu from Voriouo F~ of Violenc& 

"· 
·Suicide-

Poisons and corrosive aubstanoes .. 
Poisonous gas . . . . . ·. 
H~g or atrangula~on . • . • 
Drownmg .• •. .• •• 
Firearms • • • • • • • • 
Cutting or piercing inat1")1IIlenta •• 
By other means • • • • • • 

Non - suicidal and · non • ho!Dioidal 
violent deaths- .. 

Poisoning •.• • • .. •• 
Bums.. .. .. .. 
Mechanioal auitooation . . . • 
Drowning . . : .• • • . . . • 
Injury by fall • • • • .. 
Injury in minM ·and quarriea •• 
Injury by maobinery ••• , •• 
Injury ,by other forma of oruahins 
Wounds of war . . . . . . 
Ex08!l8ive heat • • • • . • 

Homicide . . . . • . 
Other external violenoe • . • • 

Male. Jromale. 

11 
13 
37 
32 
14 
33 
13 

9 
7 
8 

16 
1 
6 
3 

153 60 

7 
38 
23 
86 
83 
37 
11 

154 
8 
7 
7 

10 

' 6 
45 
15 
17 
56 

0 
0 

36 

8 
7 
3 

1-----1---
621 241 

\ The age-distribution in each sex of deaths from violence 
in_~ding suicide and ,execution in 1901-10 is shown in 
Fig. 53. . 

The' ·~ge-incidence varies greatly for various forms of 
violence. Falls are especially fatal in old age, burns and 
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scalds in childhood, vehicles and horses in youth and up 
to middle ages ; drowning also is a cause of death chiefly 
at the same ages as vehicular traffic. 

In the following table American and English experiences 
are compared:-

RATES PEB MILLION o• POPULATION, 1920. 

Uolted States 
En~ndand 

Number of Entry 
Registration ales. 1D International 

Area. Llat, uno. . 
Suicide . . .. .. .. 102 91 155-163 
Accident, or undefined 1 .. .. 714 374 164-181 

&nd 185-6 
Homicide .. .. .. .. 71 8 182-184 

Burna and scalds .. .. .. 76 47 167 
Drowning .. .. .. .. 57 50 169 
Fall .. .. .. .. .. 118 77 172 
Millet~, eto. .. .. .. 26 26 173 
Cru•hing by .. .. .. 225 102 175 

Railways .. .. .. 73 18 -
TramC&l'B .. .. .. 20 5 -
Motor cars .. .. .. 104 51 -
Other vehicfea .. .. 19 20· -

.. 1 " Undefined " 18 the eqwvalont of " open verdict, e.g. m CBSel of 
" found drowned." In both countries auch cases are classed as accident. 
Their numbers &1"8 given aeparately in the English report. 

The difference in respect of homicide is striking. So 
also is the doubled death-rate in America from accident. 
Some of the causes of this excess are shown above. The 
neltrly equal death-rate. from drowning in the States, in view 
of its continental extent, appears to represent a much higher 
rate of accidental drowning among those exposed to the 
risks of water than in England. 

A report of the American National Safety Council (quoted 
in the Stati&tical Bulletin of the Metropolitan Life Insurance 
Company) gives the following statistics relating to 5,600 deaths 
in 1921 and 5,779 in 1920 from traffio accidents:-

DuT&·RAT"U PER 'MILLION Ltvnro IN GO AMRRIOAN enms: 
ln1UJ7 b)'-

A.utomobllel. StJMt s ... m Other I AU Vebleleo. &lh•>7. R.aJ.hrQ. Vehlcleo. 

18:10 !50 3~ « 12 I 238 

18~1 155 21 S& 13 228 
I 
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be seen on page 380. Deaths from suicide, which are includerl 
in the following table, are also discussed separately (p. 380). 

ENGL&ND AND W ALB&. 

Annual Bl<lndmdiutJ .DoaUwoto from Vioknoo per Milli<m LWingj 
"'All Agu. ' 

1881-70. 1871-80. 1881-90. 1891-1900. 11101-10. 
. . 

Malea .. .. 1,169 1,108 957 93, 827 

Femaloo .. .. 3'9 340 323 357 329 

In 1921 the rates per million from various forms of violence 
were a.s follows :- · 

ENGr..um .&ND W AioBS. 

Orvd8 Annual DeatlHutu per Million Living of EocA s.., al AU 
Agu from Varioul FO'IfM,of Violme& 

-Suicid&-
Poisona and corroaive substances .. 
Poisonous gas . . . . . ·. 
Hanging or atra.ngulation • • • • 
Drowning .. .. · .. .. 
Firearms .. .. .. .. 
Cutting or piercirig instruments .. 
By other mOIUUI .. ·.. .. 

Non .. suicidal and noD.- hol¢.cidal 
violent deaths-

Poisoning . . . . . . 
Bums.. .. .. .. .. 
Mechanical auflocation • • • • 
Drowning . . . ,. •.... . • 
Injury by fall .. .. .. 
Injury in mineo •and quarri• •• 
Injury by mechinery • • • • 
Injury ,by other forms of cniahing 
Wounds of war . • . • . • 
Exoessive heat . . . • . . 

Homicide . . . . . . . . 
Other external violence • • • • 

llalo. l!'emalo. 

11 
13 
37 
32 
1' 
33 
13 

9 
7 
8 

16 
1 
6 
3 

153 50 

7 
38 
23 
86 
83 
37 
11 

15' 
8 
7 
7 

10 

622 

' 8 
41; 
16 
17 
58 

0 
0 

38 

8 
7 
3 

241 

\ The .age-distribution in each sex of deaths from violeilce 
inaluding suicide and execution in 1901-10 is shown in 
Fig. 53. ' . 

The · ~ge-incidenoe varies greatly far various forms of 
violence. ' FaJls are especia.lly fatal in old age, burns and 



DEATHS· FROM VIOLENCE 379 

scalds in childhood, vehicles and horses in youth and up 
to middle ages ; drowning also is a cause of death chiefly 
at the same ages as vehicular traffic. 

In the following table American and English experiences 
are compared:-

RATES PEa MILLioN O'B Pol"ULATION, 1920. 

United States En~andand 
Number of ED.t 

Regtatrat.ioa alea. 1D International 
Area. Llat, 1910. 

Suicide .. .. .. .. 102 91 155-163 
Accident, or undefined 1 .. .. 714 374 164-181 

and 185-6 
Homicide .. .. .. .. 71 8 182-184 

Burna and acalda .. .. .. 76 47 167 
Drowning .. . . .. .. 57 50 169 
Foll .. .. .. .. .. 118 77 172 
1\line~~, etc. . . .. . . 26 26 173 
Cruahi::Jf by .. .. .. 225 102 175 

RW ways .. .. .. 73 18 -
Tramoa.ra . . .. .. 20 5 -
Motor care .. .. .. 104 51 -
Other vehicles .. .. 19 20 -

1 .. Undefined" 18 the equivalent of 11 open verdict," e.g. m cases of 
.. found drowned." In both countriea such cases are claaaed as accident. 
Their numbers are given aeparately in the English report. 

The difference in respect of homicide is striking. So 
also is the doubled death-rate in America. from accident. 
Some of the causes of this excess are shown above. The 
nearly equal death-rate from drowning in the States, in view 
of its continental extent, appears to represent a much higher 
rate of accidental drowning among those exposed to the 
risks of water than in England. 

A report of the American National Safety Council (quoted 
in the Stati&tical Bulletin of the Metropolitan Life Insurance 
Company) gives the following statistics relating to 5,600 deaths 
in 1921 and 5, 779 in 1920 from traffic accidents :-

DBAT&·RATES PBR MILLION LIVING IN GO Alfl£RI04N en-m;. 
lnJuey br-

Au.tomobllea. StMt Stnm Otbor I AU Vebleleo. Ballwq. Rail-. Vobleleo. 

1820 160 33 44 12 I 238 

19U IM !' u 13 H6 
I 
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For the whole of England and Wa.les the number of deaths 
occurring in connection with vehicles and horses in 1920 
wa.s 94 per million persons. The magnitude of vehicular 
accidents a.s a cause of death, is seen by comparing 94 with 
191 for measles, 150 for diphtheria, 14 for enteric fever, 
cancer 826, pneumonia 991 (per million living in each case). 
In 1920, 32·9 per cent. of the tota.l deaths from automobile 
accidents in the United States were of children under · 15 
years of age'; showing that additiona.l. safeguards for the 
pedestrian a.s well a.s caution on his part are needed (" Mortality 
Statistics," 1920, p .. 63). . 

Suicide.-From the study of suicide included in Part III 
.of the Supplement to the Seven);y-fifth Annual Report of 

' .. 
• .. . .. 
.:. 
' .. 
! 
• 
• -• • .. 
• .......... .............. 

:FIG, 6'--England and Wales: Annual Death-rate per Million Living of 
Each Su from Suicide in Age-period&, 1901-10. 

the Registra.r-Genera.l ( 190 i .:.10) the following particulars aie. 
taken:- '· · 

ENGLAND ..u11> WALES. 

Annual 1JflJIM from Suicide fJ8" MiUitm Living al AU Agu (Simldaniiad) 
in Suce<Hiuo D...,.nial Period8. 

1861-70. 1871-80. 1881-90. 1891-JGOO. 1001-10. 1911-!0. 

Malee .. 106 115 128 14\l 167 117' 

Femaleo •• 36 36 so " 47 42 1 

1 Approzimate. 

In 1914 themale-ratewa.s 157, the female 48; in 1917 the ma.le­
tate wa.s 100, the fema.le 38; in 1920 the male-rate wa.s 135, 
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the female 51 ; in 1921 the male death-rate was 153, the 
female 50 per million living. The age incidence of suicide is 
shown in Fig. 54. 

The highest suicide-rate . occurs at ages 55-65. The 
difference in the suicide-rate of the two sexes increases with 
age. At ages over 75 in 1901-10 the male-rate was nearly 
eight times that of females. Prior to the Great War there 
was a fairly steady but diminishing rate of rise in the suicide­
rate. Comparing 1861-70 with 1909-10 the following increase 
per cent. of the suicide-rate occurred at successive ages :-

ENGLAND AND WALES. 

Percentage lncrMBo of Suicide·rale Comparing 1861-70 with 1901-10. 

All Agea. !o- Iii- 20- 26- 36- ,5_ 
~~ 76-

M"let .• .. H• 0 +20 H• +63 +55 +51 H2 +52 

Femalca .. +3. 0 +10 H5 +00 HI +30 + 8 -30 

In the United States death-registration area in 1920 the 
suicide-rate for persons was 102 per million of population, 
as compared with 160 in 1910. Attention is drawn in 
" Mortality Statistics " to some possible transfer to silicide 
from indefiuite headings. Some of the chief forms of suicide 
are stated on page 378. 

The Decennial Supplement already quoted gives for 
190i-10 the following information as to the proportion of 
deaths from suicide by different methods. 

ENGLAND A.ND WALES. 1901-10. 

Proporlio" oul of 1,000 DetRM from Suicide. 

Caused b:y- Male•. Femalea. 

Rnihvay and other vehiclea .. .. 61 2f 
'W eapona and implements .. .. 278 117 
Burns, aoa.lds. explosion . . .. I 7 
Poisona and poisonous vapoura .. ua 277 
Drowning .. . . .. .. 188 3~7 
Suffooatian (hanging, eto.) . . .. 288 182 
Jumping from height .. .. .. Jl 36 
Otherwise or no' stated .. .. 31 30 

1,000 1,000 
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Women resort more often than men to suicide by poisonin~ 
and by drowning, the more passive forms of suicide ; a.nd les~ 
than men to suicide by weapons, e.g. firearms, which theyi 
have less at ·command than have m!)n. : 

The occupational incidence of suicide varies greatly. Among 
coal· miners the number of deaths in the standard population 
1910--12 (p. 321) was 11, in printere and in agricultural 
labO\Irers 12, in teachers 14, in builders 18, in brewers 22, 
in inn-servants and lawyers 29, in doctors 33, in publicans 38, 
in druggists 40, and in barmP.n 43. 



CHAPTER XXXIII 

THE STATISTICS OF INFECTIOUS DISEASES 

INFECTIOUS diseases have been the chief study of epidemi­
ologists, and the material in this department of vital statistics 
is exceptionally rich. In the study of the epidemiology of 
an infectious disease and in forecasting the likelihood of its 
recurrence a long aeries of atatisties of annual incidence of 
&he diseaae ia indispenaable ; and it is unfortunate that this 
need is commonly not met in statistical reports. Such 
statistics should be available for every sanitary area, as well 
as corresponding information of seasonal incidence. Aggregate 
rates for counties and still more for the entire country often 

· repreaent the fusion of a number of epidemic curves, the 
peaks and troughs of which do not coincide, and differentiation, 
not average statement, is needed most in an epidemiological 
study. 

Summary statements for groups of years or for groupe 
of communities are necessary as expressions of experience, 
but they throw relatively little light on epidemiological 
problems. 

Methods of Stating Experience.-This depends on the 
object in view. 

( 1) For medical purposes the _proportion of deathB to 
peraona attocl:ed by a given disease is often required. By 
this means the degree of violence of t.he diE~ease can be ar.cer­
tainod, and indications may be obtained 118 to the effect of 
particular methods of treatment. Certain cautions are needed 
in inferences from percentages thus obtained. 

(a) The number of facts included in tho experience is 
often so small 118 not. to warrant exact conclusions. Con 
elusions either 118 to virulence of a disease or as to 
therapeutical lt'Sults advanced on the strength of perrentsges 

lSI 
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from a small number of cases must be accepted with cauti<a­
(see also p. 606). 

The proportion of deaths to cases is sometimes erroneous)) 
called the death-rate. It should always be described as thl 
caa& mortality or fatality of the disease. 

,(b) The fatality of nearly all diseases is largely inlluencell 
by the age and sex of the patients, and especially by agEl 
Thus in Murchison's Treatise on Continued Fev&rs, 1884 
typhus fever is stated to .have a fatality varying from 2 · 2!1 
per cent. at ages 10-15 and of 3·59 at ages 5-10, to 49·6:11 
per cent. at ages 50-55, and still greater at higher ages 
Sinillarly, the fatality of enteric fever varied in the sa.miJ! 
experi~nce from 11·28 per cent. at ages 5-10, to 26· 61 at ages 
40-45,, and 45 per· cent. at ages 55-60. Agaili, whooping 
cough is more fatal among female ~han lmlong male children 
(see p. ~57). , 

Hence fatalities should for purposes of accurate investiga­
tion be stated for males and females of corresponding age­
:periods, and this is now practicable, as the ·regulations for 
notification require age and sex to be stated. 

(c) When this ·is done the number of individual facts 
at each age-period is reduOOd, and thus the fallacy due to 
paucity of data may be introduced, a possibility which is 
preferable to the lumping together of incomparable facts, 
In stating percentages the numb&r of fads on whiM· they are' 
frru:ndul shoold always be 11iveti; as their trustworthiness .c;an 
then be gauged. 

Changes in the fatality of a disease at all ages in the. 
aggregate sometimes ocelli"' during the course of an epidemic. 
These changes may .be due either to changes in virulence 
or in the age-incidence of attacks ; to test this point it is 
n~essary to give· fatalities for age-periods, in which the 
experience of different parts of a great epidemic is separately 
stated. 

Fatality rates for all ages and for age-periods depend for 
their accuracy on the completeness with which cases of the 
disease in question are notified. The importance of the 
above points is empha&zed in the following extract from the 
Public Health Reports of the Unite<\ States Public Health 
Service (June 9, 1922), "!hich give a large number of fatality 
statistics :-
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It should be kept in mind that a relatively large number of reported 
cases of a communicable diseaee ae indicated by a high caee-rate (and 
mor01 especially when accompanied by a relatively small number of 
deatbe, ae indicated by a low fatality-rate) usually means that the 
health department of that city is active, and that the cases of thediseaee 
are being well reported by the practising physicio.ns. It does not 
usually mean that the disease is more prevalent in that city than in 
other cities. A high fatality-rate may mean that the diseaee was 
unusually virulent in a city, that the physicio.ns did not treat the 
disease in that city with the success usual elsewhere, or that the practis­
ing physicio.ns did not report all of their caees to the haalth depart­
ment. On the other hand, an unusually low fatality-rate may be due 
to the fact that the diseaee in the city wae unusually mild, that the 
physicians treated it with unusual success, that the practising physicians 
reported their caees satisfactorily, or that the registration of deaths WIIS 

incomplete, or the aesignment of tho causes of death inaccurate. 

In the South of England the fatality-rate of diphtheria 
is always much lower than in the north. This may be due 
to more complete notification of slight and "carrier " cases in 
the south, or to the prompter administration of diphtheria 
antitoxin, or to the occurrence of a milder type of disease, or 
to all of these factors. 

(2) The mortality from a given disease may be stated 
by its proportio>tate mcrtality. This method constitutes a 
form of the error discussed on pages 202 and 340, and should 
only be adopted in default of the possibility of using other 
methods. The two factors concerned between which a 
ratio is sought-the mortality from the disease in question 
and the mortality from aJl other causes-are both variable. 
The possibility of error is illustrated in the following 
theoretical example :-

ToWD. A. Towa B. 

Population .. . . . . . . .. 100,000 100,000 
ToW dMtba in year . . . . .. 2,000 1,250 
Deaths from phtJliai• .. .. .. 200 125 

• 
<1tl!\et'al dMth-rata per 1.000 .. .. 20·0 12·6 
U...ll>·"'"' from pllthiaio per 1,000 .. 2·0 1·25 

P"'port.ionate rnot'I.Aiity from phthiaio 
per coni. •• .. .. .. .. 10·0 10·0 

The two towns, as concerM phthisis-.assuming the same 
25 
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from a small number of cases must be accepted with caution 
(see a.l&o p. 606). 

The proportion of deaths to cases is sometimes erroneously 
called the death-rate. It should always be described as the 
case mortality or fatality of the disease . 

.(b) The fatality of nearly all diseases is largely influenced 
by the age and sex of the patients, and especially by age. 

·Thus in Murchison's Treatise on Continued Fevers, 1884, 
typhus fever is stated to have a fatality varying from 2•28 
per Cent. at ages '!6-15 and of 3·59 at ages 5-10, to 49·62 
per cent. at ages 50-55, and still greater at higher ages. 
Siniilarly, ~the fatality of enteric fever varied in the same 
experience-from ll· 28 per cent. at ages 5-10, to 26 · 61 at ages 
40-45, , and 45 per" cent~ at ages 55-60. Aga.Ui, whooping 
cough is more fatal among female tiuk '&mong male children 
(see p. g57). " 

Hence fatalities should for purposes of accurate investiga­
tion be stated for males and females of corresponding age­
_periods, · and this is now practicable, as the ·regulations for 
notification require age and sex to be stated. 

(c) When this is done the number of individual facts 
at each age-period is reduced, and thus the fallacy due to 
paucity of daia. may be in~roduced, a possibility which is 

· preferable to the lumping together of incomparable fact~, 
In stating percentages the number of facts on which .tfiey are. 
founded should always be ·given,-· as their trustworthiness can 
then be gauged. · • 

Changes in the fatality, of a disease at all ages in the 
aggregate sometimes ,occur d~g the course of an epidemic!. 
These changes may be due either to changes in virulence 
or in the age-incidence of attacks ; to test this point it is 
necessary to give fatalities for age-periods, in which the 
experience of different parts of a great epidemic is separately 
stated. 

Fatality rates for all ages and for age-periods depend for 
their accuracy on the completeness with which oases of the 
disease . in question are notified. The importance of the 

, above points is empha.sized in the following extract from the 
Public Health Reports of the Unite<\ States Public Health 
Service (June 9, 1922), which give a large number of fatality 
st,atistics :- • 
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It should be kept in mind that a relatively large number of reported 
cases of a communicable disease as indicated by a high case-rate (and 
mor~ especia.lly when accompanied by a relatively small number of 
deaths, as indicated by a low fatality-rate) usua.lly means that the 
health department of that city is active, and that the cases of the dieeiiSe 
are being well reported by tbe practising physicians. It does not 
usua.lly mean that the disease is more prevalent in that city than in 
other cities. A high fata.lity-ra.te may mean that the dieeiiSe was 
unusua.lly virulent in a city, that the physicians did not treat the 
disease in that city with the success usual elsewhere, or that the practis· 
ing physicians did not report a.ll of their cases to the health depart­
ment. On the other hand, an unusua.lly low fata.lity-rate may be due 
to the fact that the disease in the city was unusua.lly mild, that the 
physicians treated it with unusual success, that the practising physicians 
reported their CBSes eatisfactorily, or that the registration of deathe was 
incomplete, or the asaignment of the causes of death inaccurate. . 

In the South of England the fatality-rate of diphtheria 
is a.Iways much lower than in the north. This may be due 
to more complete notification of slight and " carrier " cases in 
the south, or to the prompter administration of diphtheria 
antitoxin, or to the occurrence of a milder type of disease, or 
to all of these factors. 

(2) The mortality from a given disease may be stated 
by its propcn-tionate mortality. This method constitutes a 
form of the error discussed on pages 202 and 340, and should 
only be adopted in default of the possibility of using other 
methods. The two factors concerned between which a. 
ratio is sought-the mortality from the disease in question 
and the morta.lity from aJl other causes-are both variable. 
The possibility of error is illustrated in the following 
theoreticaJ example :-

ToWD A. Towu. B. 

Population .• . . . . . . .. 100,000 100,000 
Totnl dea.tha in J::! .. .. .. 2,000 1,250 
Doat.ha from ph ioia .. .. .. !00 125 • 
o ..... rul d.ath-rate per 1,000 •• .. 20·0 1!·6 
l>l'AtJl·n.te from phtb.iaia per 1,000 .. 2·0 1·25 

Proportionate mortality !rem phthioia 
por cent.. • • .. .. .. .. 10·0 10·0 

The two towns, as concerns phthisis-assuming the same 
25 
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' sex ·and age distribution of population-have a relative 

position shown by the difference between 2 · 0 and 1 · 25 ; 
by the proportionate mortality method they appear to be 
equaL 

It is useful to know the proportionate weight of a 
given cause to all causes of death (see p. 368) ; but this 
method cannot be employed without risk of error in com­
paring one community with another, and not very safely 
in comparing the records of the same community in successive 
years. 

(3) The orude rate per 1,000 of thR. population may be given 
either for notified cases of or for deaths from each infectious 
disease. Tables on this basis are found in the Registrar­
General's reports. Table 5 in his Annual Review for 1921 
gives the death-rates per million living for males, females, 
and persons for every infectious disease separately, and for 
a number of other diseases, and for 11 years in succession. 
By reference to older reports, a long series of death-rates can 
be obtained ·for each disease. Table 6 in the same report 
gives similar rates for the chief epidemic diseases from the 
commencement of registration onwards, those for the last 
50 years being stated for individual years. 

Local reports of medical officers of health often contain 
similar long period series of death-rates for special infectious 
diseases, and a collection of series of this nature is indis­
pensable for epidemiological studies. When the object is to 
determine the broad trend of epidemic waves, the detailed 
rates for age-groups mentioned in the next paragraph are 
not needed. 

When case-rates and death-rates from a disease are 
given, always state the numbers on which they are based. 
In a hamlet with 200 inhabitants, one imported fatal case 
of typhoid fever would imply a death-rate of 5 per 1,000, 
which to the uninitiated would suggest a devastating 
epidemic. 

(4) For accurate comparisons, it is necessary to state 
the deaths or cases of an infectious disease per 1,000 of the 
population living at the same age-group as the patients. The 
importance of this rule will be appreciated from a study of 
the following table, in which this rule is not followed :-
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ENGLAND AND WALEs, 1901-lO.' 

Proportion Betw..,. Deaths in SOm< .A.ge·period8 and Total Deaths at All 
Ages from Oertain lrifectioua Diseaeu. 

0-5. 6-10. 1Q-16. 16-25. All higher Total. Agea, 

Measles .. .. 94·0 5·3 0·3 0·2 0·2 100 
Scarlet fever .. 60·7 26·9 5·6 4·4 2·4 100 
Wboopinl! oough .• 97·5 2·4 '0·1 - - 100 
Diphthena .. 61·7 29·9 5·1 1·6 1·7 100 
Dio.rrhmal diseases 88·2 0·7 0·3 0·6 10·2 100 
Enteric fever .. 3·3 5·2 6·8 27·2 57·5 100 

.. 
This table indirectly shows why comparison of the death­

rate per 1,000 at ail ages from measles or whooping cough in 
a residential district in which there are few young children 

· with the corresponding rate in an industrial town with a high 
birth-rate would introduce an element of error. For purposes 
requiring great accuracy it is necessary to know the population 
at risk and tho number of deaths in each age-period, and 
base rates on these data, or to give standardized rates for all 
ages from such rates. 

The Registrar-General in Table 6. of his Annual Report 
gives death-rates per million living from each of the chief 
epidemic diseases in this country, and in addition death­
rates from :-

Moaslea } Scarlet fever Per million living at ages 
Diphtheria and whooping under 15 y..ara. 

oough 

The standardized death-rate takl"8 account not only of 
differences in compared populations at ages 0--5, at which 94 
to 08 JX'r C«>nt .. of the total d!"aths from ml"asles and whs>oping 
t~ough oc.cur, but at other ages also. In the following table 
are shown death-rat{IS from these disea..."t's, (a) crude, and 
(b) standardized for all ages, (c) for ages 0--5, and (d) for 
ages 0-15 pt'r million living at these ages, and the accuracy 
of the m«>thods (a), (c), and (d) can be tested by a comparison 
of the diffi.•rent JX'I"t't'Dtage declinea of death-rate in the lowest 
line of tile table :-



886 THE ELEMENTS OF VITAL STATISTICS 

sex and age distribution of population-have a relative 
position shown by, the difference between 2 · 0 and 1· 25 ; 
by the proportionate mortality method they appear to be 

. equal. '• 
It is useful to know the proportionate weight of a 

given cause to WJ. causes of death (see p. 368) ; but this 
method cannot be employed without risk of error in com­
paring one community with another, and not very safely 
in comparing the reiiords of the same community in successive 
years. 

(3) The Crude rate per 1,000 of the poPulation may be given 
either for notified cases· of or for deaths from each infectious 
disease: . Tables on :this basis are found in the Registrar­
General's reports. Table 5 in his Annual Review for 1921 
gives the, death-rates per million living for males, females, 
and persons for every infectious disease separately, and for 
a number of other diseases,' and for 11 years in succession. 
By reference to older reports, a long series of death-rates can 
be obtained ·for each disease. Table 6 in the same report 
gives similar rates for the chief epidemic diseases from the 
commencement of registratioq onwards, . t~ose for the last 
50 years being stated for individual years. · 

Local reports of medica.! officers of health often contain ' 
similar long period series of death-rates for special infootious 
diseases, and a collection of series of this nature is indi,s~ 
pensable for epidemiological studies. When the object is to 
determine- the broad trend of epidemic waves, the detailed 
rates for age-groups mentioned. in the next paragraph are 
not needed. 

-When case-rates and death-rates from a disease are 
given, always sta.te the numbers on which they are based. 
In a hamlet with 200 inhabitants, one imported fata.I case 
of typhoid fever would imply a death..rate of 5 per 1,000, 
which· to the uninitiated would suggest a devastating 
epidemic. · 

(4) Fo:r accurate comparisons, it is necessary to state 
the deaths or. cases of an infectious disease per 1,000 of the 
population living at the Bame age-group as the patients. The 
importance of this rule will be appreciated from a study of 
the following ta.ble, in which this rule is not followed :-
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ENGLAND AND WALES, 1901-lO .• 

Proportion Betw..,. Deaths in Some Age-p<rio.U and Total DeaJhs al All 
Ages from Certain lnJ<Cmm• DiBeasu. 

..... 6-10 . 10-15. 16-25. All higher 
Ages. Total. 

Measles .. .. 94·0 5·3 0·3 0·2 0·2 100 
Scarlet fever .. 60·7 26·9 6·6 4·4 2·4 100 
Whooping cough .. 97·5 2·4 '0·1 - - 100 
Diphtheria 61·7 29·9 5·1 1·6 1·7 100 
Diarrhmal diseases 88·2 0·7 0·3 0·6 10·2 100 
Enteric fever .. 3·3 5·2 6·8 27·2 57·5 100 

This table indirectly shows why comparison of the death­
rate per 1,000 at ail ages from measles or whooping cough in 
a residential district in which there are few young children 
with the corresponding rate in an industrial town with a high 
birth-rate would introduce an element of error. For purposes 
rcqu!ring great accuracy it is necessary to know the population 
at risk and the number of deaths in each age-period, and 
base rates on these data, or to give standardized rates for all 
ages from such rates. 

The Registrar-General in Table 6 of his Annual Report 
givl".s death-rates per million living from each of the chief 
l'pidt>mio dis!"a.ses in this country, and in addition death­
rate.s from :-

llleaslee } Scarlet fever Per million living at ages 
Diphtheria aod whooping under 15 years. 

oougb 

The standardized dl'ath-rate takes account not only of 
difft>renct's in compared populations at agps 0-5, at which 94 
to 98 pl"r Cl'nt .. of the total deaths from ml"asles and whPOping 
l'ough OC<.'ur, but at other agps also. In the following table 
are shown death-rates from these dise&c"'"s, (a) crude, and 
(b) standardired for all ages, (c) for ages 0-5, and (d) for 
agt'S 0-15 pl"f million living at these agps, and the accural'y 
of the ntl"thods (a), (c), and (d) can be tested by a comparison 
nf the diffi.•rent pl"f('('ntage declines of dt"ath-rate in the lowest 
line of the table :-
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1861-70 

1901-10 

ENGLAND AND W A.LBS. 

D<ath-ral&! p<r MiUion. 

lleilles. Wboop!Dg Cough, 

AllApa, AU A.geo. 

o-5. D-15. IJ-5. 
Stan~_!U'd' Crude. Crudo. Standard-

i.zed. ... .. . 
448 877 3,011 1,221 580 t50 3,782 

809 . 818 . 2,801 973 277 286 2,426 

D-16. 

--
. 1,475 

876 

PenleD.tage 
so '18 IS 20 ., 88 40 decline 88 

The standardized death-rate being taken as the basis of 
comparison, it is evident:rthat the, crude death-rate from 
both measles and whooping cough~ greatly overstates the 

, decrease in the death-rate between 1861-70 and 1901-10, 
a result' following. naturally from the decreased birth-rate 
and older population. The death-rate based on population 
and deaths at ages 0-15 for measles and whooping cough 
also overstates the decline, but to a smaller extent. The 
death-rate at ages 0-5 .states approximately the general trend 
of events. 

The ·International Rule · for Classification of Diseases 
separates deaths from " Diarrhcea and Enteritis under 2 
Years " from deaths similarly certified at all ages,· and these 
deaths in the Registrar-General's ·reports are stated in terms 
of births, as the most convenient indication of the population 
at risk (see also p. 338) •. · .. 

The following dea~-rates a~e stated per 1,000 birtM :-

1. Total deaths and deaths from individual diseases 
under 1 year of age. 

2. Deaths from diarrhcea and enteritis under 2 years. 
3. Deaths of mothers from diseases and accidents of 

pregnancy and parturition. 
4. Deaths from puerperal· sepsis separately stated . 

. Attention is drawn on page 371 to the undesirability of a 
combine<£ rate for a number of infectious diseases, sometimes 
called the zymotic death-rate. 

Periodicity· of Epidemic Diseases.-Although it is 
im:practicable within the scope of this work to give more than 
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a few references under the head of different diseases, the study 
of the laws governing the prevalence of various infectious 
diseases by statistical methods is perhaps the most fascinating, 
as it is also the most elusive in vital statistics. Ransome, 

ANNUAL MottTALtTY PER MILLION LIVINo. MAnMOM AND :MIN'IMt7M 
IN EACH DEOENN:n:n.t:. 

England and W alu. 

1871-80. 1881-DO. 1891-1900. 1901-10. 1911-20. 

lla.x. Min. M&z.. Min. Max. Min. Max. MiD. Max. Min. 
-- -- ---- -- ---- ----

{ 1,012 21 119 0 49 0 75 0 1 ·0 
Smallpox in in in in in in in in in3 in7 

1871 1879 1881 1890 1893 1897 1892 1908 years years 

{ 517 2~7 602 347 570 314 392 232 462 96 
Measleal in in in in in in in in in in 

1874 1875 1887 1888 1896 1899 1902 1910- 1915 1919 

Scarlet { 1,050 515 548 218 235 113 148 66 77 22 

fever 1 in in in in in in in in in in 
1874 18;72 ISS I 1886 1893 1898 1902 1910 1914 1917 

Diphtheria' { 
150 93 189 121 318 173 273 120 165 118 
in in in in in in in in in in 

1874 1872 1889 1881 1893 1891 1901 1910 1916 1912 

Whooping { 710 411 579 393 468 315 353 203 296 71 
in in in in in in in in in in 

cough • 1878 1873 1882 1883 1891 1895 1904 1909 1918 1919 

Typhus { 121 21 36 6 5 I 2 0 0 0 
in in in in in in in in 

f~ver 1871 1880 1882 1890 1891 1900 1902 1910 

Enteric { 377 231 236 172 229 137 155 53 67 14 
in in in in in in in in in in 

fever 1872 1879 1884 1888 1893 1892 1901 1910 1911 1920 

Untud Slat .. Dealh Regillralion A,..., Avemgo Annual Dealh·rolu 
per M iUion living. 

1901-&. 190&-10. 1920. 

Small pol< .. .. 34 2 6 
M6881oa . . .. 90 108 88 
Sl"'.arlet fever •. .. 110 106 46 
Dlphtheria &nd croup 296 224 153 
Whooping oough .. 109 115 125 
Typhus fever .. lese th IUl 1 rr million 
F.nt-eric fever .. 320 25 78 
D~--aentery .. .. A6 M 41 
Tetanua . . .. 35 !7 17 

l ln tho Re~i!tt-rar-Gene-ral'a Annual Report are 'l:iVE'n annual dcath-ratra 
for Ulese four d1111i10ae8 for 60 year&. enabling a more accurate comparison to 
be made. 
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Whitelegge, Brownlee, W. H. Frost, Greenwood, Hamer, and 
otherS have done much to render this study more scientific, 
and their'. contributions, as well as numerous papers in the 
Proceedi1VJ& of the Ep@,emiologicaZ Section of the RoyaZ Society 
of Medicine and 'in official reports deserve careful study. In 
such 'studies in epide,miology it is particularly dangerous to 
compare the ·.mean death-rate of two cities or other places 
for periods of years which do not coincide in the two instances. 
Even when 'an average is struck for the same periods in the 
two places, there remains the fallacy that one place may have 
happened to have, say, three epidemics and another four 
during the given term of years. It might thus happen, for 
instance, that if two or three additional years had been added 
to the series, ·the· place (if the twq cities would have been 
reversed as regards their average death-rate from the disease 
in que~ation (see Fig. l7, p. 434). 

As already pointed out, average case-rates or death-rates 
should not ·be trusted alone, and for certain purposes it is 
necessary to know no~ only the annual but also the weekly 
or monthly incidence of the infectio~ disease under study. 

In the tables on page 389 the mortality from some of the 
chief infectious diseases in England and in the United States 
is shown. 

For the English decennial periods the maximum a.D.a 
minimum death-rates are stated rather tha.n average deatli-' 
rates ; for the United States thiS has not been practicable. , 

The Animal Reports of the Metropolitan Asylums Board 
give valuable information· as to the experience of Londoll. 
The following table .gives a. comparison between early and' 
'recent years :-

Mortallty per Cent. (Fatall\[j ol London Death-rate per 1,000 ot 
Patienta Treated ln .M.A . . Estimated PopulatiOD. from Each 

lloapltala. D ....... 

Searl6t Diphtheria. Enteric Scarlet. Diphtheria. Enteric 
Fever. Fever. Fever. Fever. 

1870-7~ 10·5 - 16•1 0·73 0·09 0·26 
1876-79' 13·5 - 21·3 0·67 0·13 0·24 
1880-84 11·7 - 18·4 0·55 0·20 0•23 
1886-89 9•1 39·1 14·8 0·24 0·28 0·10 .. 
1918-1920 1·4 8·0 12·7 0·03 0·14 0•23 



THE STATISTICS OF INFECTIOUS DISEASES 891 
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Fta. M.~ lllor.tality (Fatality) from Searl•• Fewr, Diphtheria, ond 
F.ulono FoVM m LondOD, 1901-20. (By courtesy of tha lllotropoli­
Aayluma Board.) 

In thtt above table the fatality experiences in successive 
periods may not be entirely comparable. Possibly in the 
earlit>r Y!"&rs, wht>n a smallt>r proportion of the total ca..<~es 
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was isolated in hospital, this proportion included chiefly the 
more severe cases. In view of this possibility the fatalities 

shown in Fig. 55 are to be preferred, as they include the 
experience of patieD.ts treated at home and in institutions 
·other than those of the Metropolitan Asylums Board.· They 
represent, however, the combined experience of all ages. 
The change in fatality among all known patients sufiering 
from these three diseases from 1901 onwards is shown in 
Fig. 55. 

Fatality in. Hospital and in Home Experience.­
Hospital treatment gives better nursing and medical tre(!.t-

-~ 

~· 

•• ' -
""'' ' 

' I 

·.x.r ... 
' .. 

• -- - -- --~- - 1- - ·- 5\" 
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' • 'li • 
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• 
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Ft<!. 56.--England and Wales: Caaea of and Deaths from Enterio Fever 
and from Scarlet Fever, 1911-21, per Million of Population, tho Average 
Caae-rate and Death-rate in 19ll--21 each being stated aa 100. 

ment than home treatment in the majority of cases. On 
the other hand, hosp~tal treatment implies some risk of inter­
current infections. In comparing hospital with home experi· 
ence, it is important that the groups compared should be 
of Similar social status, have an equality of distribution 
according to' age and sex, and that they should relate to the 
same epidemic. . 
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Infectious Diseases-Notifications and Deaths.-That 
mortality statistics give an imperfect view of the changes 
in the incidence of an infectious disease may be seen in the 
comparison of cases of and of deaths from scarlet fever 
in England and Wales in 1911-21., The degree of corre­
spondence between the two is shown in Fig. 56, in which 
the number 100 represents the average annual number of 
cases (2,884) and the number of deaths (46) from scarlet 
fever in 1911-21, and the rates in each year are stated 
in proportion to these average rates. Similarly, the average 
death-rate from enteric fever in 1911-21 was 33, and the 
case-rate 180 per million of population. 

The average death-rates and case-rates which are given above for 
acarlet fever and eD.terio fever, in conjunction with the data .in the 
diagram, will enable the student to calculate the case- and death-rates 
for each year and from these the oorreoponding fatality. 

For each of the 10 years, dE:ath-rates and case-rates for 
enteric fever are related with fair uniformity to each other. 
This is so also for scarlet fever, except in 1920-21, when a 
great increase of cases notified occurred coincidently with 
no commensurate increase in deaths. To ascertain whether 
this difference in 1920-21 is due to attenuated virus or to 
a.ltered a.ge-incidence of the disease would require detailed 
sta.tistios of age-incidence of oases and deaths. 

It would be a mista.ke to infer from Fig. 56 .that there 
is a .fairly steady relationship between deaths and cases of 
infootious diseases. Smallpox varies greatly in fa.ta.lity in 
different epidemics, whether in vaccinated or unvaccinated, 
though the differences in fatality between these two selected 
popula.tions persist, as do also the differences in fata.lity 
according to age. Scarlet fever and diphtheria both have 
remarkable CM11{lt4 of fatality, however produced ; enteric 
f~ver, on the other hand, has varied relatively little in virulence. 
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evidence and nine volumes embodying reports of special 
inquiries made on behalf of the Commission. The final 
report of the Commission (Cd. 8270) was issued in 1896, 
and comprises a complete account of the most impor1;ant 
statistics as to smallpox. 

The annual death-rate from smallpox in England and 
Wales since 1881 is given in Table 6 of the Annual Report 
of the Registrar-General, and for years since 1837 in earlier 
reports of the Registrar-General, and on page 32 of the 
Final Report of the Royal Commission. A summary of 
some of the more important statistics is given in Half a 
Century of Smallpox and Vaccination, by Dr. J. C. McVail (1919); 
and Dr. McVail's earlier work, Vaccination Vindicated, may 
still be consulted with advantage. No disease exemplifies 
better than smallpox the error caused by arguing from 
average death-rates for series of years. Smallpox is a 
disease the spread of which is subject like influenza to 
cyclical influences of unknown character, causing violent 
'Xplosions of disease on a large scale. In the past the infec­
tion of smallpox, which in these pandemics presumably thus 
became enhanced in infectivity and virulence, was endemic 
in this country ; in recent years it has always been of 
imported origin. For influenza, it is still debatable whether 
' influenza needs to be reinforced by exotic infection 

produce a serious epidemic or not. 
The death-rate per million from smallpox in England 

as follows, maximal and minimal years being 

Maxima. 

400 (in 1848) 
400 (in 1852) 
370 (in 1864-) 
1,012 (in 1871) 
119 (in 1881) 
49 (in 1893) 
75 (in 1902) 
1 (in 3 years) 

Minblk't. 

170 (in 1842: records of 4 years wanting) 
120 (in lHR6) 
70 (in 1861 and 1869) 
21 (in 1879) 
0 (in 1890) 
0 (in 1897) 
0 {in 1907 and 1908) 
0 (in 7 years) 

in the age-incidence of smallpox mortality are 
page 398. 

nallpox in the Pre-registration Period.-A curve 
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Measles and whooping cough are negligible as causes of 
death over 10 years of age. Both scarlet fever and diphtheria 
have taken their chief toll of life below 10, though they 
remain serious up to early adult life. Enteric fever causes 
its highest death-rate at ages 15-45; and smallpox at the 
present time is chiefly a cause of death in adults. 

As regards sex, measles, whooping cough, and diphtheria. 
(enteric fever to a less degree) cause a higher death-rate 
at ages 5-10 in female than in )IIale children. The same 
holds good for whooping cough at ages under 5. The 
comparison can be extended to individual years of early 
life iH the Registrar-General's reports. 

Changes in Age-Incidence.-The proportionate mortality 
at various ages for a number of diseases is given on page 387. 
The death-rates for ea.oh age-group in successive decennial 
periods are given for England and Wales in the Decennial 
Supplement, and from the tables in this report, the table which 
follows and the diagrams in the following pages are drawn. 

The standardized death-rate at all ages for each disease 
in each decennium is taken as 100, and the death-rates at 
each age-period given in the Decennial Supplement are stated 

'in proportion to 100. In the last column of the table are 
given the standardized death-rates for each disease at all 
ages ; and from these the corresponding death-rate at any 
:\go-period can be calculated. Thus it is required to find 
the death-rate at ages 5-10 from smallpox in 1861-70 :-

100 is equivalent to 149 

149 X 98 
.. 100 = 146 98 .. .. 

which is the requirt'd death-rate from sma.llpox at age 
0--j) in 1861-70. 

An alternative method of stating the relative mortalities 
would have been to state the death-rate, ,say, at age Or5 as 
100, and give the death-rates at. other age-periods in pro­
portion to 100. But this would take no account of the sizes 
of the age populations to which the rates apply. 

Meas.l..a and whooping cough persist as special children's 
dist>ases. It is only in communities from which these diseases 
have been absent for many years that thl'y become serious 
diselloSI's of adults. 



CHAPTER XXXIV 

AGE AND SEX IN INFECTIOUS DISEASES 

No statistics of infectious diseases are 'satisfactory whicl 
do not differentiate age and sex, even if the study be mere! 
from the' administrative standpoint. Thus, if in an outbreal 
of enteric fever a large number of cases occurred unde 
15 years of ·age, o~e common source of infection, oystent 
might be ruled put ; ~nd an excess of cases of scarlet feve 
among women and children in .a given area. may sugges 
an investigation of nrilk supplies. ' 

Death-rates Accordin~ to A~e and Sex.-Although fo1 
determining tlie weight of mortality from a given diseasq 
in relation to tqtal mortality from all causes in the samq 
age-period, a statement of proportionate deaths is valuablE! 
(p. 368), for accurate work and for. comparison with othe~ 
areas death-rates according to age should be calculated 
The Decennia.! Supplement of the Registrar-General is th~ 
most valuable _reservoir of information for this a.nd m.¥1Y 
other purposes (1901-10, Cd. 8002). . , 

The following comparison. of age and sex distribution of 
death-rates relates to 1901-1,0 :- · • 

ENGLAND AND W ALBS, 1901-10. 
Auorage -Annual Dealh-n>~a j,.;. MiUion Liumg a1 AU Ag .. and al gk.,,. 

Groups, of Ag .. for p.,...,.. of Eoclo Sez. 

Smallpox. Me Diles. SCarlet Whooplna Diphtheria. Enteric 
Fever. Cough. Fever. 

ADA ... Ill. F. Ill. F. M. F. M. F. M. 1'. M. F. 
(atandard· --!zed). 18 10 327 809 110 10? 254 817 178 189 109 74 

o- .. 21 ~ 2,695 2,507 586 6.3 2,170 2,68S 961 942 32 so 
5- .. 8 7 160 188 275 273 60 91 ••• ... 62 69 

lo- ·-· 0 6 10 10 .. 60 I 8 '88 96 71 81 
15- .. 7 6 • 6 34 •• 0 I 20 20 187 100 
20- .. 11 7 2 • 17 18 0 0 11 10 170 90 . ._ .. . 16 10 2 3 10 13 0 0 7 • 178 97 . ,... .. 26 12 • 3 6 6 0 0 6 7 142 86 
45- .. 27 8 I I 2 • 0 0 6 6 104 67 
65- .. 18 6 0 I I I ·o 1 6 8 80 60 
65- .. 17 7 0 1 0 1 I t 7 7 40 •• 75- ... 17 • I 1 I 1 • • 7 4 17 10 
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1\Ieasles and whooping cough are negligible as causes of 
death over 10 years of age. Both scarlet fever and diphtheria 
have taken their chief toll of life below 10, though they 
remain serious up to early adult life. Enteric fever causes 
its highest death-rate at ages 15-45 ; and smallpox at the 
present time is chiefly a cause of death in adults. 

As regards sex, measles, whooping cough, and diphtheria 
(enteric fever to a less degree) cause a higher death-rate 
at ages li-10 in female than in male children. The same 
holds good for whooping cough at ages under 5. The 
comparison can be extended to individual years of early 
life iu the Registrar-General's reports. 

Changes in Age-Incidence.-The proportionate mortality 
at various ages for a number of diseases is given on page 387. 
The death-rates for ear,h age-group in successive decennial 
periods are given for England and Wales in the Decennial. 
Supplement, and from the tables in this report, the table which 
follows and the diagrams in the following pages are drawn. 

The standardized death-rate at all ages for each disease 
in each decennium is taken as 100, and tho death-rates at 
each age-period given in the Decennial Supplement are stated 

· in proportion to 100. In the last column of the table are 
given the standardized death-rates for each disease at all 
ages ; and from these the corresponding death-rate at any 
"ge-period can be calculated. Thus it is required to find 
the death-rate at ages li-10 from smallpox in 1861-70:-

100 is equivalent to 149 

98 
149 X 98 = 

146 
n n " 100 

which it~ the requil"t'd death-rate from smallpox at age 
o-5 in 1861-70. 

An alternative method of stating the relative mortalities 
would have been to state the death-rate, ,say, at age Or5 as 
100, and give the death-rates at other age-periods in pro­
portion to 100. But this would take no account of the sizes 
of the age populations to which the rates apply. 

Measles and whooping cough persist as special children's 
diseases. It is only in communities from which these diseases 
have been absent for ma.ny years that they become serious 
diseases of adults. 
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Measles and whooping cough are negligible as causes of 
death over 10 years of age. Both scarlet fever and diphtheria 
have taken their chief toll of life below 10, though they 
remain serious up to early adult life. Enteric fever causes 
its highest death-rate at ages 15-45 ; and smallpox at the 
present time is chiefly a cause of death in adults. 

As regards sex, measles, whooping cough, and diphtheria 
(enteric fever to a less degree) cause a higher death-rate 
at ages 5-10 in female than in !llale children. The same 
holds good for whooping cough at ages under 5. The 
comparison can be extended to individual years of early 
life ir. the Registrar-General's reports. 

Changes in Age-lncidence.-The proportionate mortality 
at various ages for a number of diseases is given on page 387. 
The death-rates for ear·h age-group in successive decennial 
periods are given for England and Wales in the Decennial. 
Supplement, and from the tables in this report, the table which 
follows and the diagrams in the following pages are drawn. 

The standardized death-rate at all ages for each disease 
in each decennium is taken as 100, and the death-rates at 
each age-period given in the Decennial Supplement are stated 

·ill proportion to 100. In the last column of the table are 
given the standardized. death-rates for each disease at all 
ages ; and from these the corresponding death-rate at any 
"ge-period can be calculated. Thus it is required to find 
the death-rate at ages 5-10 from smallpox in 1861-70 :-

100 is equivalent to 149 

98 " " " 149 X 98 = 146 
100 

which is the required death-rate from smallpox at age 
o-s in 1861-70. 

An alternative method of stating the relative mortalities 
would have been to state the death-rate, .say, at age 0.,.5 as 
100, and give the death-rates at other age-periods in pro­
portion to 100. But this would take no account of the sizes 
of the age populations to which the rates apply. 

Measles and whooping cough persist as special children's 
disoo:.~'B. It is only in communities from which these diseases 
have been absent for many years that they become serious 
diseases of adults. 



CHAPTER XXXIV 

AGE AND SEX IN INFECTIOUS DISEASES 

No statistics !if infectious diseases are 'satisfactory whic 
do not differentiate age and sex, even if the study be mere] 
from the· administrative standpoint. Thus, if in an outbres 
of. ·"nterio fever a large number of case~ occurred und 
15 years of ·ago, .one cpmmon source of infection, oystex 
might be ruled out ; ~n<l an exce~s of oases of scarlet fev' 
among women and children in ,a given area may sugge 
an m'vestigation of milk supplies. 

Death-rates Accordin~ to A~e and Sex.-Although f, 
determining the . weight of .. mortality from a given disea: 
in relation to tqtal mortality from all causes in the san 
age-period, a statement of proportionate deaths iS valuab 
(p. 368), for accurate work and for comparison with oth1 
areas death-rates according to age should be calculate' 
The Decennial Supplement of the Registrar-General is, fl 
most valuable reservoir of information for this ,ljolld mf!o~ 
other purposes (1901-10, ad. 8002). 

The following comparison of age and sex distribution • 
death-rates relates to 1901-1,0 :-. . . 

ENOL&ND .um W ALBS, 1901-10 • 
.Av-e .,Annual Demh.;,. per Milzion Living "' .AU .A.gN cmd "' Elm> 

Groupo of .A.g .. for Per..,.. of Jl:acil StJ:. 

Smallpox. Meaalea. Scarlet Whoooln& Diphtheria. Enteric:: 
Fevor. Cough. Feve<. 

All Ages M. J!'. M. F. M. F. M. 1!'. M. J!'. M. 1!'. 
Eatandard• ·-

tao d). 16 !0 327 809 110 107 254 817 178 180 100 7 

o- .. 21 2< 2,695 2,507 680 663 2,170 2,683 061 042 82 3 
·5- .. 8 7 160 188 275 273 68 91 493 60S 52 • to- ,, • • 10 10 60 •• 1 8 . .. .. 71 8 
15- .. 7 6 4 6 •• •• 0 1 20 20 137 10 
20- .. 11 7 2 3 17 18 0 0 11 10 170 • "25- .. 16 10 2 s 10 IS 0 0 7 • 178 0 .... .. 26 12 • 3 • • 0 0 • 7 142 8 .... .. 27 8 I I • 2 0 0 6 6 104 6 
66-·: .. 18 6 0 I 1 I 0 1 6 8 80 6 
81\.- .. 17 7 0 1 0 1 t 1 7 7 40 2 
,76-' .. 17 • I 1 I I • • 7 • 17 II 
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Measles and whooping cough are negligible as causes of 
death qver 10 years of age. Both scarlet fever and diphtheria 
have taken their chief toll of life below 10, though they 
remain serious up to early adult life. Enteric fever causes 
its highest death-rate at ages 15--45 ; and smallpox at the 
present time is chiefly a cause of death in adults. 

As regards sex, measles, whooping cough, and diphtheria 
(ente:ic fever to a less degree) cause a higher death-rate 
at ag,·~ 5--10 in female than in !llale children. The same 
holds good for whooping cough at ages under 5. The 
comparison can be extended to individual years of early 
life ir. the Registrar-General's reports. 

Changes in Age-lncidence.-The proportionate mortality 
at various ages for a number of diseases is given on page 387. 
The death-rates for eaoh age-group in successive decennial 
periods are given for England and Wales in the Decennial 
Supplement, and from the tables in this report, the table which 
follows and the diagrams in the following pages are drawn. 

The standardized death-rate at all ages for each disease 
in each decennium is taken as 100, and the death-rates at 
each age-period given in ~he Decennial Supplement are stated 

·in proportion to 100. In the last column of the table are 
given the standardized death-rates for each disease at all 
ages ; and from these the corresponding death-rate at any 
.... ge-period can be calculated. Thus it is required to find 
the death-rate at ages 5--10 from smallpox in 1861-70 :-

100 is eq~~alent to 149 

98 
j 149 X 98 = 

146 
.. u " 100 

which ill the required death-rate from smallpox at age 
0-5 in 1861-70. 

An alternative ruf.thod of stating the relative mortalities 
would have been to state the death-rate, .say, at age ~5 as 
100, and give the death-rates at other age-periods in pro­
portion to 100. But this would take no account of the sizes 
of the age populations to which the rates apply. 

1\Iaasles and whooping cough persist as special children's 
disoost'S. It is only in communities from which these diseases 
have been absent for many years that they become serious 
lli~s of adults. 
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Scarlet fever, although in 1901-10 it only causes a death­
rate one-eighth the magnitude of that of 1861-70, showed 
a proportional mortality at ages under 10 almost identical 
in the two decennia. In diphtheria with some increase in 
total death-rate in 1901-10 there occurred a marked increase 
in the proportional mortality at ages under 10. Diphtheria 
has become to a decreasing extent a disease of persons aged 
10 and upwards. 

The group of diarrhooal diseases is large, and there is 
little doubt that in 1871-80 it included a larger proportion 
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Fro. 67.-England and Waleo: Enterio Fewr. Average Annual Death-rate 
per Million Living at Eaoh Age-period in 1871-80 and 1901-10. 

than in 1901-10 of deaths from causes other than infective 
<'nt.l'ritis. The higher mortalities at ages 45 a.nd over' are 
significant on this point. Diarrh<Fa is a fatal disease chiefly 
in childhood, to a le..'lS extent in old age. 

Enteric Fever as registered has markedly changed its age­
incidt•nce, as shown in the $able on page 396 and in Fig. 57. 
This disease was first tabulated separately from typhus fever 
in offioial reports in 1871, and confusion with typhus must 
have continued for some years. It is the rates in childhood 
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which appear to have declined to a disproportionate extent. 
The decline between, 1871-80 and 1901-10 for all ages 
(standardized rate) was 71 per cent. ; but at ages 0-5 ·it was 
92 per cent., and at ages 5-10 it was 84 per cent. A part 
of the greater decline in childhood is almost certainly due to 
the'faot that in 1861--'70 many deaths at ages 0-5 described as 
typhoid fever were tuberculosis and other conditions wrongly 
diagnosed. The middle peak in the two curves in Fig. 57 
corresponds fairly well with the known incidence of enteric 
fever in recent years, and it is probable that this part of the 
curve has been less subject to the influence of errors of certifi­
oatiol! than the earlier. part of the curve. 

Smallpox.-The marked inversion in the age-incidence 
of the _death-rate from sml!llpox is not thns explicable, small­
pox when a fatal disease being neaHy always readily recog­
nizable. These changes are set out in two ways in Fig. 58. _ 

By method A the difference in l!!a.gnitude of each death­
rate in the three periods is shown ; by method B all three 
curves are reduced to the same scale; so that differences 
in age-distribution of death-rate alo:pe are shown. Both 
methods show a marked shifting of death-rate from earlier 
to later ages, fatal smallpox becoming to an increasing 
extent a , disease of middle life as the present time is 
approached. Various explanations of the remarkable cha.rlge 
shown above have been giveV, :- ·' · • 

0) In view of the easy recognition of fatal sma.Upox, 
neither changes of fashion nor improvement in diagnosis can. 
explain the phenomenon: · · .' ' 

{2) It has been, suggested ·that possible confusion between 
chicken-pox and smallpox .may have affected the age­
distribution of the death-rate from smallpox, chicken-pox, 
;while . rarely fatal, being so almost exclusively in childhood. 
In inter-epidemic years for smallpox this might cause some 
slight' distortion ; In other years the registered mortality from 
chicken-pox, which never exceeds three per million living at 
all ages, is insignificant. 
_ {3) ·Another suggestion has been that sanitary improve­

ments are responsible for the changed age-incidence of small 
pox,, these affecting young children more than others. The 
!lhanged incidenCEj,:Of enteric fever, as shown in the preceding 
tsble, has been adduced in support of this view ; but the 
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explanation is highly improbable. Smallpox, like measles, 
in a community unprotected by previous attack or by 
vaccination attacks persons of all ages indiscriminately ; 
and the chief improvement in public health administration 
which can prevent the spread of smallpox, viz. meticulously 
precise personal precautions benefits persons of all ages alike. 
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F1o. 68.-Age-Diotribution of Deat.h·rate from SmaDpoz in England and 
Waloe in Three Deoennial Periods 20 Yean apart fromeaeh other. In A 
t.he act-ual Doot.h-rateo per Million at each Ago-period ara plotted out 
to ooale : in B t.he Slandardized Doot.h-rate per Million Living "' a.11 
.._ in eeob deoeonium ia taken ao 100, and Doot.h-mteo at the dilferant 
Ago-periods are otated in ratio to 100. 

I In denying any connection between insanitation and 
·~sme.Ilpox, an exception must be made in respect of over­

wding. · Like other infectious diseases, sme.Ilpox is most 
asily spread when the most frequent opportunities exist 

for persooe.l intercourse. It is, therefore, most often met 
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with, and greater in amount, in busy centres of population 
than in scattered rural districts. The most noteworthy 
feature of the last 60 years has been the rapidly increasing 
urbanization of the population and the immense extension 
of travelling facilities. And y~t, notwithstanding the increase 
of these adverse infiuences, the sma.llpox death-rate declined 
to a remarkable extent. 

(4) The cessation of inoculation for sma.llpox, and its: 
replacement by· vaccination, irrespective of any merits ~· ' 
vaccm.· ation, m.eant the cessa'tion of a steady source of endeini 
infection, the presence of which would ensure infantile attack 
of natural sma.llpox. But inoculation was made illegal · 
the year 1840, and the English statistics which are compare 
in the preceding table are for 186,1-70 and 1901-10. 

This point as to ~he interval between epidemics is, how: 
ever, important, as the periodicity of the disease (see p. 4os: 
for the unvaccinated largely governs the age-incidence ol 

. mortality from sma.llpox. The admixture of vaccinated wit~ 
unvaccinated diminishes the risk of infection, even for th~ 
unvaccinated, and therefore diminis~es the nUJI!.ber of ep~ 
demics, and raises the average age of attack. In the eighteentll 
century (when there was .no vaccination) Me Vail states thai 
80 per cent. of deaths from sma.llpox occurred under 5 year 
of age; while in the years 1881-87, only 39 per cent. of .th< 
deaths from sma.llpox in the· unvaccinated (3,099 ·in numller 
were under 5 years of age. During the same time 100 death1 
occurred from sma.llpox in the vac¥ated, of whom.' onlJ 
9 were under 5 ye&l'!l 'Of age. , ,j 

The question as to whether the longer intervals betwee1 
epidemics explain .the altered age-incidence of the sma.llpo~ 
death-rate can only be settled by collateral evidence. Thj 
effect of vaccination furnishes the necessary explanation, anc 
it fits in with the entire body of experience concerning sma 
pox from whatever angle it is examined. The table o 
page . 394 shows an age-incidence of deaths from sma.llpo 

'-~hioh agrees with the absence of compulsory re-vaccinatio 
..-1ct'wi.~h the gradual wearing out of the protection afforde 

by infantile vaccination. Other lines of evidence, convergin 
~to .the s~me conclusion, are given on page 413. 

·, InfJuenza.~ serious difficulty in studying the a 
· i.Ilcidence of death from infi11enza consists in the facts th 
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in non-epidemic periods many deaths probably not due to 
influenza are ascribed to it, and that in epidemic J.,,l9~s 
the deaths attributed to this disease are only a part of lirtt: 
total mortality due to it. The methods of p:~.rtial correctio \ 
for this are given in the Report on the Mortality frorrv 
Influenza in England and Wales during the Epidemic oj 
1918-19" (Supplementary to Eighty-first Annual Report of 
the Registrar-General, Cd. 700), from which many of the 
facts quoted hereafter are taken. By ascertaining the excess 
of deaths under other headings during an epidemic of influenza, 
especially under bronchitis, pneumonia, heart disease and 
phthisis, in which there was reason to conclude that influenza 
was the primary cause of death or hastened death from 
already established disease, the following results were 
obtained. In London in the influenza outbreaks of 1892, 
1895, and 1900, during the six or eight weeks of serious 
epidemic prevalence, 70 per cent. of the deaths presumably 
caused by influenza were certified under other headings ; 
while in 1918-19 only 25 per cent. of them were so certified. 

It follows that it is not justifiable to assume that the 
epidemic of 1918 was six times as fatal as, though probably 
it exceeded in severity, any other recorded epidemic in the 
registration period. 

ENGLAND AND W ALBL 

Recorded lJoatl\.r<JU per Milli<m Populali<m from lnflumz.a. 

1847 285 
1848 .• 460 

1890 .. 157 
1891 .. 674 
1892 633 

1899 .. 889 
1900 .. 604 

1918 .. 3,128 
1919 .. 1,217 
1920 .. 283 

It is certain that deaths from influenza are understated 
in the earlier pa.rt of an epidemic, and possibly they are 
overstated when it is nearly past. It is also certain that in 
the last .. epidemic, when inlluenza was the primary cause 
of d~ath, this was much more generally stated in death 
certificates than in previous epidemics. 

26 
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I'IU s preceding paragraph is needed to appreciate . the 
nJh~ lity that the age-incidence of influenza as tabulated 
~e:one period may not be comparable with ·that of another 
enod. As stated .in .the above-named report, " there 

.s no certainty that the age-incidence tabulated is truly 
'chara.cteri.stio of the period, since more deaths rea.lly due 
to influenza. may be attributed to other causes at one time 
of life tha.n at another." The considerations named above 
probably only very partia.lly alter the age-distribution of 
deaths from influenza. in different epidemics, a.nd the following 
proportions taken from the official report show the general 
trend of events. The method adopted is a statement of the 
proportionate deaths frou,! influenza at certain age-groups ; 
but apart from any change in t~e real age-incidence of 
influenza, this proportion might vary owing to changes in 
the age-distribution of the population. This has been 
corrected in the following table from the above report by 
ca.lculating the number of deaths at each age-period in a 
standard population, tha.t of 1901. Female deaths are given 
as being free from the disturbance of male statistics during 
fueG~twa.r. · 

lloL'tJBNZ4. IN ENGLAND AND WALJCS. 
Slandard~ Deal1uJ al Cerlain .A.gu ii. Femtlleo z- 1,000 

Deal1uJ al .A.U .A.gu. • ' .. 
Aao·-· 1M?-4. 1891-11!. 1899-1900. 19:18. . 

0-16 . - .. 229 ·.• 96 90 249· 
UHI5 . . .. • 61 118 90 454 
311-55 . . .. 110 213 176 176 
511-75 . . . . 364 .. 394 405 98 
75 and upwards •• 236 179 239 23 

1,000 1,000 I 1,000 1,000 

The proportion of total deaths from influenza which 
occur at ages under 15 ha.s varied greatly in di:fferenfl 
epidemics, the experience of 1847-48 a.nd of 1918 corre· 
sponding in fueir lack of resemblance to tha.t of 1891-91 a.nd 
1899-1900. · But the experience of. 1918 makes a completely 
new record. The deaths from influenza. at ages over 511 
were only 12 ·1 :Per cent. ; in fue three preceding outbreak! 
they formed 57 · 3 to 64 · 4 per cent. of fue total, a.nd thl 
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change centred in the ages I5-35, in which 45·4 per cent. 
of the fr·' ' recorded influenza mortality occurred in I9I8, 
as comre'CiO~~th 6 · I to II · 8 per cent. in the preceding 
epidemics. 

This real altered age-incidence of influenza is probably 
unparalleled in the history of any other disease, except 
smallpox, in which vaccination and the greater intervals 
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Fm. 69.-Comparioon of tho Mortality of Foma.loo of Various Agee allocated 

to lnO.uNl&a in the Fourth Quarter of 1918 with that of the Same Age 
in tho Fourth Quanorw of 191~17.1 

a Theeo mti.~ are baaed on rat. per million. 

betwtlf'n epidemics amply expla.in the cha.nge. It is so 
markt>d as to raise the question whether the influenza of 
1918 was the same disease as earlit>r influenza; but 
medical testimony denil'& a.ny change in the identity of 
the disease. 

As pointed out in the official report of the Registrar­
GI:'nernl, attempts at partially e:~tplaining the change have 
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failed. (I) Although there was much aggregation of young 
women in munition works in 1918, that is no reason why 
infection should fail to be spread with lightning rapidity 
to every section of the population as in former epidemics. 
(2) The .alteration of age-incidence occurred in many coun­
tries, in 'which circumstances· differed greatly from those of 
England. (3) The change occurred suddenly during the 
month of June 1918, and has continued, though to a less 
degree, in subsequent years. (4) The evidence collected 
in the Report of the Pandemic of Influenza, 1918-19, 
issued by the Ministry of Health, appears to show that the 
degr!l& of immunity acquired by a preceding attack is slight 
and transient ; and cases, occurred of second attack during 
the second or third wave of the 1918-19 pandemic. It is 
clear, therefore, that the -ch~d age-incidence is not 
explained . by supposed immunity derived from infiuenza 
acquired in 1889-91. The change in. &gil-incidence is shown 
more graphically in the diagram on page 403 taken from the 
Registrar-General's report. 

At ages 25-30 the mortality in the. fourth quarter of 1918 
was 540 times greater than in the corresponding quarters 
of 1914-17, the excess decreasing with advancing years. 
Below the age of 25 the proportion v&ried from 150 times 
the previous mortality at 0-5 to 354 times at 20-25. · ' ' 

The genesis of the change with the onset of' 'the 1918 
epidemic can be seen in Fig. 60 derived from data in the 
official report. . 

The first curve, A, s:liows the old type, "in whlch the chief 
victims were the ol.d. The second, B, giving the experience 
April to June 1918, is transitional, showing the peaks of 
.both periods.. ;In the third and fourth quarters .the stress; 
of mortality now falls on young adults. In botli types; 
children under 5 suffer more than persons aged 5-15. The 
first epidemic .of infiuenza in 1918 started near the end o 
the second quarter of the year, a fact which explains th 
double peak. The facts here outlined are set out more full 
in the official report. 

The cause of this remarkable change in the age-inciden 
ol fatal influenza in the pandemic o£_1918-a change whic 
persists into 1922 to. a less extent-is unknown; it remain 

·an unsolved problem in epidemiology. 
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Fatality and A~e-Incidence.-It is only possible here to 
give a. few outstanding facts. For further details the reports 
of the Metropolitan Asylums Board and of some of the largest 
'ever hospitals in England and of Scotland should be con­
sulted. The following statement of case-rates and fatality­
rates is taken from the Report of the Medical Officer to the 

IGO ,-,-r-,--r--r-r---r__,r-,.--.-..,--.--"T-,-,.-.,-~...,.., 
I- A ISJQ\:1911l 
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F1o. 60.-Proport.ion of Female Deaths from Inft.uenza. at Difterent Ages 
w Tota.l Deaths from Influenza at all ages during Each of tho Four 
Quart<>nl of 1918. 

London County Council for 1911. The heaviest age-incidence 
of scarlet fever in that year was in the fifth year of life, the 
fourth and sixth years of life coming next. Diphtheria a.lso 
had its maximum age-incidence in the fifth year of life ; the 
third and fourth years came next in order. Enteric fever 
showed its gl'l'atest incidence at ages 15-25. These case· 
rates should be compared with the average death-rates accord· 
ing to age given on page 394. The fatality-rates for both 
scarlet fever and diphtheria were low in 1911, and have 
IK>eorue lower since (table, p. 406). The maximum fatality 
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for scarlet fever was in the third year ; for diphtheria in th• 
second year of life. The fatality of enteric fever increase• 
with age, but the numbers involved are somewhat small. 

. LONDON, 1911. 
Oaoo·ratu per 100,000 Popularion and o ... .MorlaliHu (Falalitiu) ,.,. 10( 

o .... o1 EacA A.ge.,.notl.-Malu. 
' 

. Case-rates per 100)000 Caoe·llloriallty per cent. Populatlon. 

Ages. 
Scarlet Dlph· Enteric Scarlet Dlph- Enteric 
Fever. the rio, Fever. Fever. theria. Fever. 

~· .. .. 120 196 

} ~{ 
6·8 25·0 

} 1- . . .. • 441 ,.623 4·5 24·3 
2- .. .. 665 "1199 7·0 12·7 5·9 
3- .. .. 955 846 2·9 8·4 
4- .. .. 1,030 • 895 1·9 7·8 
5- .. .. 965 581 32 1·8 6·0 ll·9 
1~ .. .. 376 177 33' 0·9 1·7 9·1 
15- .. .. 133 68 44 0•4 2·3 7·1 
2~ .. .. 60 41 43 0·9 - 14·6 
25- .. .. ' 31 23 30 1·8 2·4 22·4 
35- .. .. 9 12 22 - 5·9 18·7 
45- .. .. s 6 18 - 7·7 ,28·2 
55 and upwards • - 3 6 - - 21·4 

All- .. 228 163 26 2·0 8·3 14·2 

" 



CHAPTER XXXV 

SMALLPOX AND MEASLES 

THE numerical insignificance of smallpox during recent years 
is shown in the following table :-

ENGLAND AND WALES. 

Sidcnus-ratiJ (No. of. OCUiu Notified) par Million of Population. 

1911. 1912. 1\llS. liHf. 1916. 1916. 1917. 1918. 1919. 19"..0. 1921. 

--------------------
Smallpox 
8<'-tt.rlet 

10 0 0 0 0 0 0 0 10 10 10· 

rover 2,900 2.1180 3,680 4,470 3,590 2,1{10 1,450 1,440 2,290 8,190 8,640 
DlphthPrf~ 1,330 1,240 1,300 1,610 1,620 1,600 1,280 l,S!O 1,600 1,861 1,760 
Enteric 

fovur 380 280 280 240 180 160 140 180 100 80 100 
Oerebro· 

•t•lnal 
fl'ver . • • 10 10 70 40 40 20 20 20 10 

Pollomyo· 
llt.ht 0. • • 20 10 10 20 10 10 20 10 10 

NOT&.-o meons a death·rato undor O· G per million, while - alplftca that no deatbl 
oceurred. 

• Not amerally ootJflable. 

The death-returns show similarly how insignificant small­
pox has become as a cause of death. In the years 19ll-21 in 
sequance it caused the following annual number of deaths in 
England and Wales (note, not death-ra.tes) :-

23, 9, 10, '· 13, 18, 3, 2, 28, 30, 5.. 

In fact, so far as concerns the British Isles, smallpox has 
become au exotic dist-ase, only spreading when cases are 
imported, and usually only when the recognition of. these 
cases is belated. But around smallpox vast statistical con­
troversies have been waged ; in no other disease ha.ve deduc­
tions from figures been so contradictory ; bias or prejudice, 
medicru or anti-medical, as well as ignol'&llce, being re­
sponsible for these results. The entire subject of smallpox 
in relation to vaccination was investigated by the Royal 
Cmnmission 011 Vaccination, which issued six volumes of 

toT 



CHAPTER XXXIV 

AGE AND SEX IN INFECTIOUS DISEAS~.: 

No statistics of infectious diseases are satisfactory which 
do not differentiate age and sex, even if the study be merely 
from the administrative standpoint. Thus, if in an outbreak 
of enteric fever a large number of cases occurred under 
15 years of age, one common source of infection, oysters, 
might b~ ruled out ; and an excess of cases of scarlet fever 
among ~omen and children in a given area may suggest 
an investigation of milk supplies. 

DeatJ;l-rates According to Age and Sex.-Although for 
determi 1ng the weight of mortality from a given disease 
in relati n to total mortality from all causes in the same 
age-peri d, a statement of proportionate deaths is valuable 
(p. 368), for accurate work and for comparison with other 
areas d ath-ratcs according to age should be calculated. 
The D cennial Supplement of the Registrar-General is the 
mosfu~ valuable reservoir of information for this and many 
/other purposes (1901-10, Cd. 8002). 

The following comparison of age and sex distribution of 
death-rates relates to 1901-10 :-

ENGLAND AND WALES, 1901-10. 

Average Annual Death-rate per Million Living at All Ages and at Elet!en 
Groups of Ages for PerHOns of Each Sex. 

Smallpox. Measles. Scarlet Whooping I DiphthO<i". 
Enffiric 

Fever. Cough. Fever. 

All Ages >!. F. _:,_· [-":_ ~~_:~_ :\1. 1 1<'. ~I. F. ~L F. 
(stanctard- ~-------

ized). 16 10 ;-127 30D ] lO 107 254 :n7 178 18D 109 74 
------ ~-~- -----------
0-- " 21 2' 2,095 2,fi07 5815 55!3 2,170 ~.683 !)61 942 :32 30 
;)~ 8 7 160 188 :a:, ~73 ;,r.; 91 493 603 52 59 

lU- 6 6 10 10 (j() 6H I 3 R8 !)5 71 81 
Li~ ' II 4 :-. " :!.) " 1 20 20 1;\/ 100 
:W- 11 7 ., 

" I 7 lR . " 0 Jl 10 179 " 2::0~ 16 10 3 10 lo I " 
I 

0 7 9 liS 97 
:~!,)- ~5 12 2 OJ 

I 

;, 

~I " 0 6 7 142 80 
4J- 27 8 I l u 0 5 6 10, 67 
5J- 18 " u l 1 ' (I 1 ' 8 80 50 
65- 17 ' " I 

I " I :I l 

I 
l 7 7 40 29 

7:i- " 4 I I l ;j 
., 

' 4 17 10 
I i ' ---·----
"' 
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of the annual death-rate from smallpox since 1837, when 
civil registration of all deaths in England and Wales began, 
or, apart from this, a study of the maximum and minimum 
rates given above, shows that there has been a decrease of 
smallpox mortality during the period for which there are 
official records in England. A study of smallpox, which is 
confined to these 80 years, does not, however, give an adequate 
conception of the remarkable fall in smallpox mortality which 
has occurred. 

Smallpox reached its highest point in 1796 (two years 
before the date of Jenner's Inquiry), when lSi deaths out 
of ev<:lry 100 total deaths are stated to have been caused by 
smallpox. In the pre-vaccination period smallpox caused 
7 times as many deaths as measles and 7l times as many 
as whooping cough (McVail). 

Dr. W. A. Guy, in investigating the history of smallpox, 
applied the term epidemic to any outbreak causing one-tenth 
or more of the total deaths from all causes in any year. He 
found that in London there were 10 such . epidemics of 
smallpox in 48 years of the seventeenth century, 29 in 
the eighteenth century, and none in the nineteenth century. 
If the standard be reduced to 7l per cent. of the total 
deaths, then, according to MeV ail, 14 epidemics occurred 
in the seventeenth century, 60 in the eighteenth, 4 in the 
nineteenth. The above figures relate to London. The worst 
year. in the registration period in London was 1871, in which 
barely 4l per cent. of the total deaths were due to smallpox, 
a proportion which was exceeded in the eighteenth century 
93 times. • 

For further particulars the reader may be referred to 
the contribution by me on "The Epidemiology of Small­
pox in the Nineteenth Century " e.nd other contributions 
in the Jenner centenary number of the British Medical 
Jo~trnal of May 23, 1896. The international history of Sl'lall­
pox up to the present date has been summarized in a report 
by Dr. Bruce Lowe to the Local Government Board. To 
what circumstances is the diminished death-mte from small­
pox in the present e.nd recent decadee to be ascribed t 

Causes of Decline of Smallpox.-{!) The abolition of 
inoculation may have had some influence; for against ita 
good effect in producing commonly a milder type of disease 
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than natural smallpox must be set ita supply of an almost 
constant endemic source of infection. 

(2) There is no satisfactory evidence that relative im 
munity, at least from death from smallpox, has been acquired 
by a process of natural selection. The evidence for this in 
smallpox, as also in measle~, is not convincing. In com­
munities in which both these diseases have prevailed for 
ages, major epiQ.emics occur at irregular intervals, in which· 
the power to spread and the virulence of infection, with 
increased fatality, are both greatly enhanced. The occa· 
sional' excessive . virulence of smallpox and of measles in­
" virgin " soils, although consistent with the absence of past 
selective influenpe, is also ~xplicable by collateral circum 
stances of crowding, of.-massive infection, of bad sanit&tioq 
and treatment, or of· cyclical variations of virulence. 

(3) Has there bee:Q. a . gradual decrease of virulencel 
smallpox 1 The evidence on this point is summarized · 
Dr; McVail's Half a Oe:ntury of Smallpoa: and Vaccinati 
It is fairly .consistent with the conclusion that smallpol' 
gradually increased in virulence during the eighteenth centlllj, 
and that in the pandemic of 1870-73 ita fatality :1 
infectivity culminated, since which time they have decline . 
The following examples (as seen in the table on opposi . 
page) of case-mortality m~y be given; With the excepti41 
of the lowest on the list they are derived frot'd the aboy~ 
source. . . 

With some evide!l~~. of fairly general decrease of fatalit)"~ 
remarkable contemporary differences in case-mortality. ar 
shown in the above table. These differences might· • 
caused by-

(a) The prevalence of different types of smallpox; t~ 
(b) The varying proportion of vaccinated and unvaced 

nated in the different communities ; or 
(c) Varying age-distribution of the attacks of smi\IU 

pox. 
\ 

In II.D.y considerable outr of smallpox it is unlik~ 
that the last-named cause uld seriously vitiate comp 
eons ; but for accurate wor caBe-mortalities for eacA 
•period should 6e gwen. · 

Types of Smallpox.-There is abundant evidence thll 
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irrespective of the effect of vaccination, at least two types 
of smallpox have prevailed in recent years, and. possibly 
earlier, without adequate recognition. The severity of attack 

Pandemic 

London Hospital for Smallpox 
and Vaccination, 1836-51, 
(Maroon) 

Metropolitan Asylums Board, 
1870-72.. . . 

GI .. gow, 1871-74 
Cork Street Hospital, Dubli~ 

1871-73 .• 

Local {Sheffield, 1887-88 
outbreaks Bristol, 1887-88 .• 

{

Metropolitan Asylums Board, 
W'd I 1892-96.. . • . . . . 
e~id!mia Birmingham, 1893-95 . . . . 

Salford, 1892-6 • . . . . . 
Maocheater, 1892-94 . . . . 

{

Metropolitan Asylums Board, 
Widely 1901-2 .• 
epidemic York, 1902-4 

. Swansea, 1902 
Liverpool, 1902-6 
Nottingham, 1903-5 

U.S.A. (incompleta returns), 1901-8 

London,• 1911-20 .. , • 
Remainder of England and Waleo,• 1911-20 

a Official retum. 

Number of 
Cases. 

5,982 

13,721 
4,328 

746 

4,677 
327 

4,759 
3,153 

173 
996 

9,659 
39 

187 
2,280 

479 

144,644 

170 
1,293 

Fatality, per 
Cent. 

21·4 

18·6 
18·1 

21·6 

10·1 
11·3 

8·0 
7·9 

12·7 
6·8 

16·8 
17·9 
·17·1 

7·0 
3·5 

3·2 

13·5 
8·6 

is measured chiefly by proportion of deaths to attacks, and 
there is always the possibility that in one e.rea. a much larger 
proportion of cases may escape notification than in another. 

The table on page 412 is abstracted froin a table in the 
valuable paper by Dr. C. V. Chapin on "Variation in Type 
of Infectious D1sease as shown by the History of Smallpox 
in the United States 1895-1912 " (Journal of Infectiotu 
Di<.-ea.se.t, September 1913). 

It is unlikely that variations in completeness of notifica­
tion in each e.rea. or alteration in age-incidence can explain 
the remarkable reduction of fatality shown above in persons 
attacked by smallpox. The experience of the City of New 
York is interesting. In the 3 years 1898-1900, the cases 
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irrespective of the effect of vaccination, at least two types 
of smallpox have prevailed in recent years, an~ possibly 
earlier, without adequate recognition. The severity of attack 

Pandemic 

London Hospital for Smallpox 
and Vaccination, 1836-51, 
(Ma.reon) . • . • 

Metropolitan Asylums Board, 
187G--72. 0 0 0 0 0 0 0 

GlBBgow, 1871-74 . . . . 
Cork Street Hospital, Dublin, 

1871-73.. 00 00 00 

Local {Sheffield, 1887-88 
outbreaks Bristol, 1887-88 .• 

{

Metropolitan Asylums Boarjl, 
w·d 1 1892-95.. . • . . . . 1 

. d Y . 
0 

Birmingham, 1893-95 . . . . 
epo erru Salford, 1892-15 • . . . · · 

Mancheater, 1892-9' . . . . . 

{

Metropolitan Asylums Board, 
Widely 1901-2 • • • . . . . . 
epidemic York, 1902-4 . . . . . . 

8\\-.-.dtlo, 1902 . . . . . . 
Liverpool, 1902-3 . . . . 
Nottingham, 1903-11 • • . • 

U.S.A. (incomplete returns), 1901-3 

London,' 1911-20 • • • • • • • . 
Remainder of EnglB:ld and WBiea,' 1911-20 

l Officutl return. 

Number of 
Casea. 

5,982 

13,721 
4,328 

746 

4,677 
327 

4,759 
3,153 

173 
996 

9,659 
39 

187 
2,280 

479 

144,6U 

170 
/1,293 

Fatality, per 
Cent. 

21·4 

18·6 
18·1 

21·6 

10·1 
11·3 

8·0 
7·9 

12·7 
6·8 

16·8 
17·9 
·17·1 

7·0 
3·5 

3·2 

13·5 
8·6 

is 1.mea.sured chiefly by proportion of deaths to attacks, and 
there is always the possibility tha.t in one area. e. much larger 
proportion of cases may escape notification tha.n in another. 
• The table on page 412 is abstracted froin a. table in the 

va.lua.ble paper by Dr. C. V. Chapin on "Variation in Type 
of Infectious D1sea.se a.s shown by the History of Sma.llpox 
in the United States 189~1912 " (Journal of lnjecfi(»u 
Di<lease&, September 1913). 

It is unlikely that variations in completeness of notifica­
tion in each area or alteration il• age-incidence can· explain 
the remarkable reduction of fe.tt -1ty shown above in persons 
attacked by smallpox. The el.perienoe of the City of New 
York ill interesting. In the 3 years 1898-1900, the cases 
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notified numbered 272, with a fatality of 11· 4 per cent. ; 
in 1901-2, the cases were 2,566, fatality 28·0 per cent.; in 
1903-10, cases 363, fatality 12 ·1 per cent. The evidence in 
detail shows the prevalence of 'at least two types of small­
pox, one of which may be regarded as a mutation from the 
other. The mild .type has spread from the Southern States 
right across America, causing a fatality usually below 1 per 
cent. It has invaded England more than once, and the 
varying fatalities shown in the table on page 411 may be due 
to the prevalence of difierent types of smallpox, altb:ough it 
will be noted that 'the difference in fatality between vacci­
nated and unvaccinated patients, although on a lower grade, 

UNITBD S"ATBS (P AA., o~). 

o- and l'Glalily of 8mallpMt, 1895-1912 • .. 

! ye&TB, 1895-98 
2 years, 1897-98 

Yean. 

2 years, 18911-1900 
2 ysars, 1901-02 
4 years, 1903-08 
8 years, 1907-12 

Number ~Of Casu. 

,,578 
4,252 

31,097 
102,210 

85,083 
139,107 

20·2 
5·9 
4·0 
3·1 
3·1 
0·79 

is still maintained. , In partS of America. in touch with 
Mexico or Europe the severe type is found, while in othp 
parts mild cases occur. Variations occur in ~o~: typt,., 
with reversions to the opposite type occasionally during ·.._ 
epidemic ; but the majority of cases breed true a.s to tyPe. 
Vaccination protects agains.t attack by either type. The 
relation of these two types to " alastrim " is still somewhat 
dubious. The muta.tiori of natUral sma.llpox should not be 
confused with the varioloid or nlitiga.ted smallpox occurrin~ 
in ·persons pa.rtially protected by vaccination. This ma.y 
ca.use severe or fa.tal smallpox in a.n unvaccina.ted person. 

In view of the fact that natural smallpox may vary in 
virulence, the iii.fiuence of vacciria.tion in preventing attack 
and iri mitigatirig the severity of attack must be exa.mined 
by compa.rison of vaccina.ted and unvaccinated in the sa.me 
epidemic according to age, and in the case of the vaccinated 
~cording to the interval since vaccination. Infa.ntile vaccina.­
tion is obligatory in this country, subject to exemption on 
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making a statutory statement of conscientious objection. 
This exemption came into operation in 1908, and the per­
centage of vaccinations to births, which had varied between 
66·4 and 75·8 f~om 1899 to 1907, decreased steadily from 
63·2 in 1908 to 40·6 per cent. in 1919. Allowing for children 
who have died, it would appear that of the children born in 
the 10 years 1910-19, there remain 2! million children under 
12 years of age who are unprotected by vaccination (Memor­
andum on Smallpox and Vaccination, Ministry of Health). 

The causation of the altered age-incidence of death from 
smallpox is discussed on page 398. The evidence that it is 
due largely to vaccination can now be given in some detail. 

·A. o •• ~ •• -~~~~~~ II 
B. Cases. •• 

Warrington Dewsbury Gloucester Ltitester 

:of opidemio 1892-3 1887-8 1892-3 1891-2 1895-6 1892-3 

'

}.:U":'" ~} 661 4,677 2,353 1,012 1,979 357 

oroentnge borne by ohildren tmdor 10 ~ of age to total doot.ha from smallpoz. 
orcontage bome by obildren under 10 yoora of ago to total oaaoo of omallpoz. 

Flo. 61. 

Local Variations of Age-Incidence.-The Report of 
the Royal Commission on Smallpox embodies a number of 
facts which are summarized in Fig. 61. 

The proportion of death& from smallpox under 10 years 
of age to total deaths from smallpox at all ages varied in the 
~>pid"mics of this disease, which were specially investigated 
on behalf of the Commission, from 22·5 in Warrington to 
66 · 6 }X'r cent. in Leicester. The relative proportion of ca.sM 
und<'r 10 years of age varied from 9 · 8 per cent. of the total 
number at all ages in Warrington to 35· 7 per cont. in Glou­
f~ster. In conjunction with these variations of age-incidence 
Of smallpox we have the facts that in Warrington and 
~heffil'i<l the percentage of the population unvaccinated was 
~ery small. In the 10 ~ 1883-92 the vaccination returns for 
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the union of· Warrington (which includes the borough) show 
that 4 • 8 per cent. of the births were not accounted for. In 
London, in 1883, the percentage of births left unaccounted 
for was 6·5, gra.dua.lly increasing to 16·4 per cent. in 1891. 
In Dewsbury the number not accounted for increased from 
12 · 6 per cent. in 1882 to 37 · 7 per cent. in 1892. In 
Leicester the percentage unaccounted for increased from 
43·8 in 1883 to 80·1 in 1892; in Gloucester from 10·6 in 
1885 to 85·1 in 1894. 

Fatality· in Vaccinated and Unvaccinated.-.The varia­
tions in age-incidence of sma.llpoil: cases and deaths, given 
above, occurred in outbreaks which were almost contemporary, 
in which considerable variations in the age constitution ..Qf 
the respective populations are improbable. They are very 
suggestive of varying degreE¥! of protection of the respective 
populations by vaccination, but the I evidence needs to be 
checked by experience of incidence· of attack and of fatality 
from attack on va.coina.ted and unvaccinated respectively. 

Fatality of Sma!lpox.-In fatality statistics, unless the 
number of facts on which the percentage is based is sub­
stantial, the percentage can carry little. weight; nor are 
they of great value unless a.llowance · has been ·made for 
variations in the age of persons attacked, which affect fatality 
grea.hly. . 

Furth~more, smallpox, like most other infectious diseases, 
v&ries. in virulence and therefore in fatality in different epi­
demics. In the six towns already mentioned, it is not un­
likely that persons over 20 years of age were in about the 
same average condition a.s. r~gards va.ocina.tion, but the fatalitY. 
among persons aged 20 and over attacked by sma.llpox was : 
Gloucester, 14·0; Sheffield (to' date .of census), l0'9; Wa.r­
ripgton, 10·3; Dewsbury, 8·0;.'London, 7·0; and Leicester, 
2 · 2 per cent. It becomes necessary for accuracy to contrast 
experiences according to age and vaccinal condition. 

It has been asserted that the classification into vaccinated 
and unvaccinated groups cannot be relied upon a.s accurate. 
Every care was, however, taken in obtaining accurate 
statistics for the six above towns, and it cannot reasonably 
be maintained that transference from one group to the other 
has occurred on a. scale which would materia.lly alter the ' 
broad result shown below. 
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In the six towns together, 2,321 unvaccinated persons 
were attacked, of whom 35 · 4 per cent. died (Fig. 62). ' 

Among the 8, 7 44 vaccinated persons at all ages who were 
attacked, 5 · 2 per cent. died. 

Among the unvaccinated, 1,449 attacks were at ages 
under 10, with a fatality of 36 · 0 per cent. ; 870 were over 
10, with a fatality of 34·3 per cent. Among the vaccinated, 
589 attacks were at ages under 10, with a fatality of 2 · 7 per 
cent.; 8,131 attacks were at ages over 10, with a fatality 
of 5·4 per cent. 

Over10 

Vaccinatedllll 
5· ·7 

Flo. 62.-P ....... tage Fatality (Cue-Mortality) in Six ToWDII amcmg 
UnVIS<lOinatod and Vaooinat.ed under 10 and over 10 Yeara of Age. 

In. the following mble the detailed facts for each of six 
towns, as given on pages 55-58 of the Commissioners' Report, 
&re summarized:-

. j 4 .: .: 
:!! ~ 

! ~ 

~ oil • ~ ~ ~ ! ~ ~ 5 
Val.'t"ln•t.Nl f'UN uder 10 SM 110 u .. • ~· J'ataJtly }'lflf OPD.t.. . • t·'; o·o :!•2 ••• o·o ••• I\1DYa«'lut.ed. 1.'UN UD.• 

lh~"' 10 .• 
.. ... 1:?8 174 ., 107 .... 

...UQ perc.aL .. .s·o 2i!"7 101"1 ... , a·o ••·o 
~rt.d ~over 10 1.774 1,e.s 077 680 107 1.18$ 

lf per ora\.. .. o·1 ••• ••• • •• 1·o to·o 
1D'C'aCiclutJtd __.OWl 

r-l:u~.;o,-o: .. m 1•1 191 "" 01 88 .. .... ... .. 18"f as·• , .. ..., 
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If the preceding figures are approximately true, it is 
clear that even with a liberal margin for possible mistakes 
vaccination is followed by an immense improvement in the 
prospect of recovering from attack of smallpox. 

AltackRate under 10 AttackRate over 10 

Sheffield 

Warrington II 
. . 4· 

Dewsbutyll. 
O•Z •·· 

Leicester II 
Z·5 

' 

lll~llllllltta 
1111111 
111111 

Gloucesteriiii4S·; II· IISO·O.· . .. ~2 ..... 
0 V• •,,' • - •: ~' • J 

' j 
Flo, 63.-Rate of Attack per 100 Persona Living in BoUBeS Invaded by J 

Smallpox among Vaccinated and Unvaccinated. ·under 10 and over~· 
10 Y'""" of Age. . 

Gloucester and Leicester have been quoted as showing 
that some cause apart from vaccination can adequately< 
account for the great variation in the smallpox fatality among; 
the children of the above six towns, inasmuch as among 
Gloucester children attacked by smallpox the fatality was 
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39·7 per cent., and among children in Leicester was only 
14 per cent., and yet in both towns there was " practically 
no vaccination." That this contention is sound can be shown 
by comparing unvaccinated children attacked by smallpox in 
the two towns, their respective fatalities being 14 · 0 and 41· 0. 
Evidently the two epidemics varied greatly in virulence. But 
the contention ignores the difference between the experience 
of vaccinated and unvaccinated children. The facts for the 
two vaccinated children who had smallpox in Leicester are 
too small to form the basis of a comparison, but in Gloucester 
there is the marked difference between 3 · 8 and 41· 0 for 
children under I 0. 

Attack-rate amon!l Vaccinated and Unvaccinated.­
Fig.' 63, embodying the figures given on page 65 of the Report 
of the Royal Commission on Smallpox, shows the greater 
liability to attack by smallpox of the unvaccinated, and 
brings out the fact that the protection against attack im­
parted by vaccination decreases with the increasing interval 
after vaccination. The liability to attack depends primarily 
on contact with or proximity to sources of infection. Fig. 63 
gives the percentage of attacks occurring among persOM 
living in infec!d lwuses, classified according to vaccination 

. and according to age under and over 10. The facts illus­
trated in Fig. 63 are based on all the houses from which 
the required information could be obtained. Their propor­
tion to the total number of infected houses varied in different 
towns. Thus the information was ·available at Warrington 
for 4'37 out of 457 houses invaded, at Dewsbury for 544 out 
of 648 houses invaded, at Leicester for all invaded houses, 
at Gloucester for 899 out of a total of 1,097 invaded houses. 

The almost complete immunity from smallpox enjoyed 
by re-vaccinated nurses in smallpox hospitals is valuable 
evidence of the protection afforded by vaccination. Thus, 
in the experience of the staff of the Metropolitan Asylums 
Board Hospitals, in the six years 1890-95, out of a etaff 
varying from 1,160 to 2,514, the number who contracted 
scarlet fever, diphtheria, or typhoid fever during each year 
varied from 4 · 0 to 7 · 3 per cent. of the total staff ; while 
out of a staff varying from 64 to 320, the percentage attacked 
by smallpox was nil, except in 1892, when it was 1·4, and 
in 1893, when it was 1· 9. Not less convincing is the practice 

27 ' 
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in: some towns of treating recently vaccinated children. with 
chicke:J?.-P,O~ ip. wards cont~g smallpox patients, without 
any infection from the smallpox cases. · 

-. 

• 
• 

• 

• 
• 
• 

AVERAGE WEEKLV CAsE RATES FROM MEASLE:S 
NEW YoRK CtTV AND PHILADEl-PHIA. 1906-1912 

• 
.,. 
.. 

• 

-•,.......,. I '*'-7 I- I ....... I ..., I "- I ·"""I' . I """r- I,.,._, :,_. 1-1- :.,.. 

-• 
• 
• 

" • 
• 

AVERAGE WEEKLV CAsE. RATES FROM WHOOPING COUGH 
NEw YoRK 0TY AND PHLADEL.PHA. 1906-1912 

-
• 

• 
• .· 
• 
• 
• 

.. . . 
- · .t.:..; ·,·..:..:..;,·~ ., .. .;.:~,··:: .. lu::·y·'!.;•.a., .. ~ ... t~ro.:.:-r~t~·-

Orll)l.w TabuiiUIOII br n. PruciiMial ~UI'IIICI C.,.,., of .ll!ltl1l;o, 

Flo •.. 04;-Average Weekly Case-rates from J\leaalea and Whooping Cough 
1906-12, in Now York and Philadelphia. (By oourtoay of Dr. HollmaD 
of tho Prudential Insurance Company, of America.) 

Measles.-The death-rate from measles has already b6en 
given (p. 394), as also the proportion of total mortality caused 
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by it (p. 368). The average seasonal mortality in London 
is shown on page 270. · 

The average seasonal incidence of the case-rates of measles· 
and of whooping cough in New York and Philadelphia, based 
on the experience of 1906-12, is shown in Fig. 64. 

The curves for measles in both cities have a similar maxi­
mum in March to June; for whooping cough the failure of 
the New York curve to rise materially in the spring, unlike 
that for Philadelphia, is interesting. These curves should be 
compared with those given on pages 270 and 271. 

A comparison of the death-rate from measles and whooping 
cough in different parts of infancy follows :-

ENGLAND AND WALICS, 1921. 

Propornon of Deat/18 to 100,000 Birllls. 

Under 4 4 Weeks 3-6 6-9 9-12 Total 
Weeks. to Months. Montba. Months. Under 

8 Months. 1 Year. 

Meaalea .. . . 2 3 6 18 36 65 

\\"hooping oough 6 G3 60 65 68 252 

The mortality from measles is highest in the second year 
of life. This is shown by the following table, which gives 
for England and Wales the proportion at different ages of 
total deaths from measles at all ages during the decennium 
1901-10:-

A .... Under ~~~~~ lOand All .. 1 Year Upwardl. Ageo. 

I 22·6 40·8 16·1 8·8 5·3 1 5·9 0·5 100 

This age-distribution of deaths might be due to the 
greater number attacked in the second year after birth, or 
to a higher fatality at this age or both. That in the experi­
ence of Aberdeen a larger number are attacked in the second 
thlldl in the first year of life is shown by the diagram 
on page 420. 

The attack-rate is about equal from the second to the 
seventh year of life ; subsequent attacks are rare in urban 
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communities, immunity having been acquired by attack or 
otherwise. 

The value of accurately observed and recorded statistics 
is well illustrated' by the diminishing fatality of measles and 
whooping cough, with each increasing year of life, as shown 
in Fig: 66. ' 

The case-mortality figures are derived like the above 
from Aberdeen's experience. , 

The fatalities from whooping cough are closely similar to 
those of measles, and need not be separately stated. The 

..... 
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- ' - -S-111-11- - - -
FIG. 65.~A""rage Annual Attack-rate from Moaalea per 100 Living. at Each 

Age in Aberdeen, based on Dr. G." N. Wilson's Report on Experisnoe 
of Notification of Moaal88 in that City during tho 20 Years, 1883-1902. . . 

diagram teaches plainly the ·importance of postponing attack 
by measles (and by whooping ceugh) to an age when it is a 
less fatal disease. · ·. . 

In different outbreaks measles varies greatly in severity 
of attack irrespective of differences of age. The statistical 
consideration of these variations and of the general question 
of peri.odieity of attacks cannot be undertaken in the avail­
able space in this work. The reader should consult papers 
by Sir B. A. Whitelegge (Epidemiological Society's Tra118-
action8, vol. xii, 1892-3), by Dr. Ransome in earlier volumes 
of these Transactions, and by Dr. J. Brownlee (Proceedings 
ofll.e Royal Society of Medicim, 1919, vol. vii, pp. 77-U7). 
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There is a. valuable critical resume of the subject in Sir W. H. 
Hamer's Annual Report to the London County Council, 1919 • 

• 

• 

r.:,., ........... .. 

Fxo. 88.-Approximate Number of Deaths per 100 Attacka from llleaalea 
at Each Year o~ Life up to 12 Y eare. 

ILLUSTRATIONS. 

Smallpox and Vacclnation.-The Secretary of the National 
Anti-Vaccination League sent to the Lancet (November 25, 1922) a 
letter, giving the following summarized figures for smallpox deaths 
in 10-yearly periods from 1851 :-

1851-1860 . • 41,939 
(Ftrlt compulsory Vacclna.tlon Act passed in 1853.) 

1861-70 .. . . .. 34,212 
(Scloond compulsory Vacclnatlon Act passed lo 1887.) 

1871-80 . . . . . . 57,046 
1881-90 12,279 
1891-1900 . . 4,058 

(Fint and m011t lndUfoft'ot Conaclence Clautll8, 1898.) 
1901-10 .. .. .. 4,286 

(&!oond Oont~<'l~nce ClaUMt, 1907.) 
1911-1020 . . 140 

(8et'W'l!t'n 1908 and 1920. 3,532,170 chlldreo. were ezempted. 
ID Eq:land and Walea.) 

The S\lgglllltion, of course, is that with increasing reduction of enforce. 
ment of vaccination, smallpox has become less prevalent and less 
fatal. Such a S\lgglllltion should be accompanied by a summary of 
the history of smallpox when vaccination became first available 
(p. 409 ). It is possible to keep smallpox under control, after wide­
spread protection of the majority of the population has been soQIU"ed, 
by measures, including vaccination, which influence only persons 
exposed, or likely to be exposed, to infection. The above-quoted 
statement fails to indicate the great difference in the incidence and 
fatality of attack of \"&Ocinated and unvaccinated respectively. 

Infant Mortality and Vacclnation.-ln a recent anti-vaccination 
circular the atatem~nt is made that "the death-rate of children under 
one year of age did not decline to any extent until a great decrease 
in vaccination took place in the year 1909." 
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0~.-The erroneousness of this statement, and the 

suggestion implied in it that diminished vaccination and lowered 
infant mortality were related, can be sean in Fig. 12, p. 115. It is 
further shown in the following statement of average infant death-rates. 
The grouping is arranged so as to make '1909 the beginning of a new 
period. 

ENGLAND AND WALBS. 

~ of lrifafiJ Morlality pt'Jf" 1,000 Birlho. 

1886-00 1891-95 1896- 1901-oS 1006-08 1909-13 1914-20 Period ... 00 .. (5yeam). (5year&) 1900 {6yeam) . (4 years). (5 yean) . (6 years) • '(6;rearo). 

------------
Death-rates 00 00 146 151 158 138 ll!S 109 .. 
Percentage Iracre&IIMl ( + ) 

or decreased (-) 88 
compared with the pre-
ceding period.. . . - +«·1 +S·S -11·6 -10•8 -11·8 -10•0 



CHAPTER XXXVI 

DIARRH<EAL DISEASES AND ENTERIC FEVER 

IN the English Registrar-General's Annual Report for 1920, 
in accordance with the International List (1911) as adapted 
for use in England and Wales, diarrhrea and enteritis was 
subdivided into-

(a) Infective enteritis. 
(b) Diarrhrea--not returned as infective. 
(c) Enteritis-not returned as infective. 
(d) Gastro-enteritis-not returned as infective. 
(e) Dyspepsia--under 2 years. 
(f) Colic. 
(g) Ulceration of intestines. 
(h) Duodenal ulcer. 

(These were Numbers 104 and 105 in the old list.) 
In the new International List (1921) the corresponding 

numbers are 113, 114, and headings are--
Diarrhrea and Enteritis. 

(a) Ulceration of the intestines (not including duo­
. dena! ulcer). 

(b) Colitis. 
(c) Other diseases included under 113 and 114. 

It is evident that much caution is needed in classifying 
deaths returned as due to diarrhrea or to enteritis. In past 
official reports many changes have occurred in the causes 
of deaths included among diarrhreal diseases. Cholera is not 
included ; in the revised International List "Asiatic Cholera" 
~nd "Cholera Nostras" still appear separately, although 
'holera nostras should be merged with diarrhtea. " Cholera 
hu•mtum " is classed with diarrhtea. The headings in the 
[nternational List are:-

A, Diarrhooa and Enteritis (under 2 years of age). 
B, Diarrhooa and Enteritis (over 2 years of age). 

tQ 
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A is usually regarded a.s synonymous with the acute infantile 
summer diarrhrea which occur epiqemically in hot summers ; 
and comparisons of death-rates for successive years should 
be based on deaths under A stated per 1,000 births. 

In the short Internationa.l List (p. 179) only deaths from 
" diarrhrea and enteritis under 2 " are separ&tely stated ; 
in the complete list these and deaths registered a.s from 

· diarrhrea and enteritis are separately t!!-bulated. Of the 
total deaths registered as diarrhrea and enteritis in England 
in 1920, 65·3 per cent. occurred under one year and 72·8 
per cent. under 2 years of age ; and as it iS probable that 
many deaths recorded under this heading at higher ages 
are different in nature, the rule of separation adopted in the 
Internationa.l Classification is a sound one. If there is com­
plete registration of births, these deathS under 2 should be 
stated ·per 1,000 births. 

Further particulars as to changes in classification of 
deaths from diarrhrea are given in the · Registrar-Genera.l's 

. Annual Report (Decennia.! Supplement), 1901-10, p. lxxxvii, 
and an extensive study of epidemic diarrhrea by the author 
was contributed to Public Health, December 1899. 

" Diarrhrea.l Disea.ses " is a heading :which has appeared 
for many years in the Registrar-Genera.l's reports. It 
includes a few more items than " Diarrhrea and Enteritis," 

· but its genera.l course is similar to that ol these diseases. 

ENGLAND ANI! WALliS. 

Dealh·ralu from Diof'tholal Diw.lau. 

At aU Ages ~ndard- At Agea under 5, per AtA- 6-10, .\': lze'l!nr 1 .000 qf 100,000 of Population 100,000 of Pop 
To .Populat.iou. of that Aae. tiOD. of that Age. 

1871-80 .. 97 619 13 
1881-90 76 491 II 
1891-1900 .• 107 780 II 
1901-10 .. 87 621 . 14 
1911-15 .. 70 1 ' ' 1916-20 .. 35 1 ' ' 

-- I 
· 1 Not atandardized. 

·1n·,~9ll occurred an exceptionally severe epidemic of 
diarrhrea (death-rate 128 per 100,000) ; the nearest approach • 
to this in recent years was ·U6 per 100,000 in 1906. Since 
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19ll, the highest diarrhreal death-rate has been 69 in 1913 
and 27 in 1919. 

In Fig. 67 the general course of total infant mortality 
and of the part of it due to diarrhreal diseases since 1883 is 
shown. --.'i~':.--_.;:i!"T',=,..= .... ·,..·T"T·.;:~"T-,=..,:. .... ",..I:r-r="T:;,=,:o,.;l;:..o,..=T"Ta"T;!;;;,:_:;r-;,..;;rr~"T="'I~,",..~,.:~;:.."T"T~"T!!"'I!!-i;i'-;;n 

17Sr 
10 .. .. 
" ·~r-_,grri\r~~~~~RrrF~~-r~tt~Hr~tt~Hr~ .. .. "' .. " ~~. 

125 w .. 
" " " 

••• 

100 1'-_,-rl-+tt+l-rl-+t++lf+t+t++l-t-'tof'f<'l-
15 fngtandandWalts:Ra ofln ntMortaU 1883-1 I 
10 UPP\'9>' e ;,r.orm;• I;!Yo .L 1 " 

" 

" \ 'II • 
• IS d.! irifilhr' rt li '-le di at iswis 

"I---++44-H~~~++44-H4-~~~++++~4-~~~~~ " " .. .. 
" " 60L-~~~~~~~~~~~~~~~~~~LL~~~ 

Flo. 67.-Eng1and and Walea: Infant Mortality per 1,000 Births, 1883-1921. 
Total Infant Mortality and Infant Mortality due to Diarrhmal Diseases 
under 1 Year. (The diste.noe between the two curves shows the 
diarrhmal mortality.) 

The decrease in diarrhreal diseases in successive quin­
quennial periods in the course of infant mortality is seen in 
the. following table :-

ENGLAND .&.MD W ALB& 

~ or ].........., ,.,. cenl. of (o) Diarrlla!al lfl/anl Morlolity, (b) Morlolily 
from AU Otloer Ca.,... of lrifanl Morlolity in Quinqumnial Periods. 

Period. 

1871-75 w 1876-80 •• 
1876-80 to 1881-85 •• 
1881-85 w 188~90 •• 
188~90 to 1891-95 .. 
1891-95 to 189~1900 
180~1900 to 1901-Q5 
1901-QS to 190~10 .. 
!~Ia to 1911-U .• 
1911-15 to 191~30 .. 

-15 
-IS 
+29 
+18 
+65 
-26 
-21 
+ 8 
-51 

(b) Other CaUiel of 
lAlaaUolort&llty. 

3 
3 

+ 3 
+ 3 
-4 
-8 

-" - 8 
-10 
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Diarrhmal disea.ses· are more prone to variations than 
other causes of infant mortality in the aggregate ; · but they 
are among the most amenable to special hygienic precautions. 

The curves in Fig. 67 being based cn figures for each 
single year,· the years in which dia.rrhma was exceptionally 
prevalt~nt can be seen. 

The highest diarrhmal death-rates (that is, in this table 
deaths from diarrhmal diseases under 1 year per 1,000- births) 

prior to 1900 were 28 in 1893 
37 in 1898 
40 in 1899 

since 1900 were 32 in 1901 
31 in 1906 
36 in 1911 

Since 1911 this diarrhmal death-rate has never exceeded 19 
per 1,000 births, and in 1912-20 averaged 12 per 1,000 births. 

Causation of Summer Diarrhcea.-The amount of 
. epidemic or summer diarrhma varies directly with the 
summer temperature and inversely with the amount of rain­
fall in the summer months. In recent years diarrhma has 
been controlled to an extent which means that the response to 
climatic conditions is on a lower gr(1>de than formerly. As 
both the above climatic factors usually concur, and are 
largely interdependent, it is difficult and scarcely necessary 
to apportion their respective value. This subject is dealt 
·with more fully in Public Health, December 1899. Dr. 
0; H. Peters's contribution on " Season and Disease " (P,o­
uidings of the Royal Society of Medicine, l908-9, vpl. iii, 
pp. 1-58) should also be read. · · 

There is much evidence as to the association of diarrhma 
wi.th infection of domestic source. 

In my report to the LOcil.l Government Board on " Child 
Mortality," 1916 (Cd. 8496), will· be found numerous illustra­
tions of the association 'between excessive diarrhma and the 
insanitary conditions often associated with housing of the 
industrial classes. The contrasts given below illustrate the 
extreme. preventibility of diarrhma: 

LoWBS'r AND H:IGHBST DBATB•B.&TBS Ill 1911-14 DOll DIABRHCBAL 
DISEASB9 AT AoBS 0-6. BTATBD I'BB 1.000 BmTBS. 

Aggregate rural districts 15 Great Towua >-
Aggregate pat towns • • 32 Reading 
Aggregate smallar towns • • 28 Burnley 

Metropolitan Boroughs :- Smaller Towua :-
Hampstead • • • . II Brighouae 

sl!oredit.Qh • • 5l ,_wo!'f.b '' .. 
55 

9 

" 7i 
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Similar and more recent contra.sts are shown ·for the 
death-rate from diarrkwa and enteritis under 2 years per 1,000 
births (Table 13 of the Annual Report of the Registrar­
General, 1920). 

Adminiatrat-it1e Oountiu :-
Berkshire .. .. •·• I· 31 
Cambridgeshire . . . . I· 49 
Durham .. .. 13•84 
London . . . . 9 ·59 
Yorkshire, West Riding •• 13·61 

County Borough8 :­
Ipswich .• 
Eastbourne . . 
Kingston-upon-Hull 
Middlesbrough 
Barnsley •• 

.. 1·99 

.. 2·03 

.. 21·71 

.. 24·60 

.• 28·62 

Diarrhrea and Enteritis in the United States.-Owing 
to incomplete registration of births in some of the death-regis­
tration States, the diarrhreal death-rates in the death· 
registration area in the Federal statistics are stated in terms 
of the entire population. 

RBOifl'RATION ARBA, lJNITBD STATES, 

Dinrrhaa and Enl<rilil Urukr 2 per 100,000 of Population. 

1906-10. 1011. 1912. 1918. 1914. ~~~~1191.·.\~ -- ------
U.S.A. 96'2 77'6 70'' 76' 8 66'1 W8 W8 WS ~7 W2 WO 

Drs. J. Brownlee and M. Young ("The Epidemiology of 
Summer Diarrhrea," Proceedings of the Royal Society of 
Medicine, August 1922) favour the view that s='er 
diarrhrea is a mixture of two epidemics, an early and a. later 
type ; for the study of this hypothesis the reader is referred 
to the above paper. There is some likelihood tha.t a. number 
of deaths recorded under dia.rrhrea. a.nd .enteritis are really 
dysentery. The proportion of these deaths to tota.l deaths 
from dia.rrhrea is probably small. 

Dysentery .-Under this heading each yea.r a considera.ble 
number of deaths are a.nnua.lly returned in England and 
W a.les. Prior to the war the a.ctua.l a.nnua.l numbers va.ried 
since 1906 from 194 to 296. In 1914 the number wa.s 275. 
In the next seven years the successive numbers were :-. 

61!, 6U, 897, 838, 435, 254, 261 (in 1921), 

showing a. ma.rked increa.se during the wa.r. Many of the 
cases during the wa.r were of imported disease. As ma.ny 
a.s 25 per cent. of the tota.l ma.le a.nd 79 per cent. of the tota.l 
[oma.le deaths from dysentery occurred in lunatic asylwns. 
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There is little doubt that a. considerable number of deaths 
returned a.s "ulcerative colitis" a.re due to dysentery. 

In the Registrar-General's Annual Report for 1921 deaths 
from dysentery are subdivided into a.moobic, bacillary, and 
other or unspecified, 233 out of the total 261 being returned 
under the last-mentioned heading. 

Enteric Fever.-The incidence of enteric fever a.s measured 
by case-rates is given on page 146 ; its age-incidence on 
pa.ge 395 a.nd its · present proportionate weight in total 
mortality on page 368. · 

EHTBBIO FBVBIL 

Ao""'('o Annual Deatll...aJo per Milium p.,...,.., 

. 1901-6. 1906-10. ·1911-16. 19UI. 1917. 1918. 1919. 1920. 1921. 

---- -.- ----------
u.s. Reglatra· 

tlon Area .. 820 256 168 138 1S5 128 92 78 ' En$and and 
ales .. 113 70 47 80 28 26 18 14 16 

·.The average rates, although convenient as giving a. bird's­
eye view, conceal epidemic peaks, some of which are given in 
the table on pa.ge 389. The general course in both countries 
is highly satisfactory < the disease approaches the point of 
aJmost complete , disappearance from England and Wales, 
which has already been reached by typhus fever. In England 
the enterie fever rate is highest in the smaller towns. It is 
much higher in the north than in. the south of England. The 
official notification returns show tb.at the decline in morta.lity 
is almost entirely due to decline in prevalence of the disease, 
the fatality in England in 1911-20 having varied only 
between 17·6 and 19·4 per cent. 

The epidemiology of enteric fever cannot be discussed in 
detail ; but reference may be ma-de to conclusions based on 
cUI'Ves of annual incidence of typhoid mortality. Compare, 
for instance, the two charts for Lawrence (1887-1909) and 
Lowell, Ma.ssachusetts (.189}-,-1905), taken from a. valuable 
a.ddrjlss by Dr. A. J. McLaughlin, of the United StateS Public 
Service. 

The -rough coincidence of the abrupt deeline in the eurve 
for Lawrence a.nd the insta.llation of the filter plant for its 
water supply appears to show a. causal relation between 
the two fa.ots, though some deeline of enteric occurred prior 
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to the installation. The Lowell curve illustrates the difficult 
case in which the greater part of the decline of enteric had 
occurred before the change of water supplies, and in which 
therefore the information supplied by the curve needs to be 
supplemented by such additional facts as the following : 
( 1) What other sanitary improvements had been initiated, 
especially prior to the altered water supply! (2) Was the 
improved water supply supplied to all parts of the city ! 
(3) If not, what was the incidence of enteric in parts not so 

G(.,rlf ... ... lllf-191f, "' /If.. .... ,71Wd. 

"' 
QO 

,, 
7' 

•• .. 
•• • • 

•• .. ill lA 

" r" 1'-r-
' . ' ... ~~!:). 

~~ ~ . l~li .... ,~~ ::~I~ I ~I~ 1~ . 
F10. 68.-Death·rate from Enterio Fever per 100,000 in Lawrenoe and Lowell. 

supplied as compared with the rest of the city! (4) Was 
the fall of enteric fever fairly equal in different parts of the 
city provided with the improved supply; and did the im­
provement begin at the same time in all those areas ! ( 5) Was 
th~>re a similar fall in other cities in which the water supply 
for the entire city had remained uniform throughout ! · For 
additional information the original paper s~ould be consulted. 

The importance of comparing local curves with curves 
for other areas, when the supposed influence of a given factor 
on illness is under consideration, cannot be exaggerated. A 
good illustration is furnished by the following example from 
a contribution on "Typhoid Fever in the South " (014 
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Dominion Juurnal of Medicine and Surgery, November 1908), 
by Drs. E. C. Levy and A. W. Freeman. 

The infiuence of adequate storage of drinking water in 
reservoirs in reducing its capacity for causing enteric fever 
is well known. In the diagram below is shown the disappoint­
ing experience of Washington, in view of increasing storage 
capacity and filtration of water. The true significance of the 
experience is elucidated by the comparison with that of 
Richmo~~;d, the water supply of which was unaltered through­
out the 28 years. The two experiences from 1885 onwards . 
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·-·········-······-FIG. 69.-Enteric Fe...,.. Death-raleo, lBBG-1907, in Richmond, Va., and 

WasbiDgtcm. D.C. 

run on similar lines, and it is highly probable that similar 
conditions in both cities, excluding water supply at its source, 
continue to cause a considerable amount of endemic typhoid. 
The nature of these circumstances could not be further ascer-­
tained by reference to mass· statistics for each city. An 
epidepriological inquiry into the circumstances of each case 
was needed to enable Mcurate comparisons of the circum­
stances of those who escaped attacks to be studied. 

Hazen's Theorem and the Mills-Reincke Phenomena. 
-These were fully discussed in a paper in 1910 by Sedgwick 
and MacNutt (Juurnal of Infeclioua Diswsu, August 1910), 
to which reference should be made for the complete evidence. 
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Mr. H. F. Mills found in 1893-4 that after purification of 
the water supply of Lawrence, Massachusetts, the reduction 
in death-rate was not confined to enteric fever. Dr. J. J. 
Reincke made a similar observation in Hamburg ; and in 
1904 Mr. A. Hazen, extending these observations, stated 
that " where one death from typhoid fever has been avoided 
by the use of better water, a certain number of deaths, 
probably two or three, from other causes have been avoided." 
The reduction of diseases other than enteric fever doubtless 
occurred, and the only question is as to whether the purified 
water supply was partially or wholly responsible for this. 
Dr. C. V. Chapin has pointed out that the period 1889-94 was 
one of influenza. epidemics, and that reduction of the .death­
rate from pneumonia, phthisis, etc., might reasonably be 
expected to follow this experience. He refers to the expe­
rience of Albany in which the death-rate from acute respiratory 
diseases fell precipitately after 1891, eight years before the 
water supply of Albany was filtered. There is the further 
point that a heavy death-rate from enteric fever means an 
increased mortality from other causes among those who 
survive an attack of this disease, as Dr. Dublin has shown 
in jngurance experience. It is not unlikely, however, that 
water supply may be responsible for reduction in some causes 
'of mortality, the association of which with water-infection 
has not been proved. There is needed study of a. series of 
comparative historico.l specific death-rates for communities in 
some of which water purification has taken place and in others 
not. 



CHAPTER XXXVII 

SCARLET FEVER AND DIPHTHERIA 

THESE two diseases were not distinguished in the Regist:rar­
General 's reports until 1855, and there can be little doubt 
that in the earlier years following 1855 there ~as confusion 
between them in the death returns. The general course of 
events as ·recorded is shown in Fig. 70. 

It is likely that the earlier scarlet fever was oftener 
complicated by diphtheria. than the scarlet fever in recent 
ye&rs, though many of the malignant sore throats occurring 
in scarlet fever .in the earlier years were non-diphtheritic. 

The general course of the two diseases in groups of 
years is summarized in the following table, which, how­
ever, disguises the actual heights of each successive epidemic, 
shown in Fig. 70. 

ENGLAND AND W .ALBS. "\ 

Aoerogo Annual Dealh·rotu per MiUiorl (Sit.lndardizetl _,.p~ for 1911-20). 

1801-70. 1871-80. 1881-90. 1891- 1901-10. 1911-16. 1910.110. 1900. 

-- --------
Scarlet Fever .. 857 625 309 152 109 61 32 

Diphtheria .. 166 108 148 254 183 '140 142 

Scarlet Fever .-Scarlet fever during the registration 
period has become a much less serious cause of mortality. ; 
and now is &!moat. insignificant when compared for instance , 
with whooping cough or measles. The influence of cycles 
of increasing and decreasing virulence of scarlet fever iS 
mentio~md on page 434. ·· 

The proportion of total deaths from scarlet fever and · 
from diphtheria which occur at diJierent ages is given on ' 
page 396, the death-rates from these diseases at diJierent ages 
on page 394, and the year of minimu111 and maximum mortality · ... 
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CHAPTER XXXVII 

SCARLET FEVER AND DIPHmERIA 

THESE two diseases were not distinguished in the Registrar­
General's reports until 1855, and there can be little doubt 
that in the earlier years following 1855 there '!'1'8.8 confusion 
between them in the death returns. The general course of 
events as recorded is shown in Fig. 70. 

It is likely that the earlier scarlet fever was oftener 
complicated by diphtheria. than the scarlet fever in recent. 
years, though many of the malignant sore throats occurring 
in scarlet fever in the earlier years were non-diphtheritic. 

The general course of the two diseases in groups of 
years is summarized in the following. table, which, how­
ever, disguises the actual peights of each sucqessive epidemic, 
shown in Fig. 70. 

ENGLAND AND W A.Lli:S, 

Auot"Ggo A""ual DeatA-ratu per MiU;;,_. (Standol'diud ...,.,, for • 1911-20): 

lSGl-70. 1871-80. 1881-90. 1891- 1901-10. liUl-15. 1018_20. . . 1900 • 

------------
Scarlet Fever .. 857 625 300 152 109 61 32 

Diphtheria .. 166 108 148 254 183 '140 142 

Scarlet Fever .-Scarlet fever during the registration 
period has become a much less serious cause of mortality, 
and now is almost insignificant when compared for instance 
with whooping cough or measles. The influence of cycles 
of increasing and decreasing virulence of scarlet fever is 
mentioned on page 434. 

The proportion of total deaths from scarlet fever and 
from diphtheria which occur at di1ferent ages is given on 
page 396, the death-ratee from these diseases at di1ferent ages 
on page 394, and the year of minimum and maximum mortality ... 
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from each disease on page 389, and in Fig. 72 on page 435 
the case-rates for the last 11 years are given. 

The causation of the reduced fatality of scarlet fever is 
a subject of controversy. It may reasonably be ascribed 
in large part to the improved hygienic conditions, to the 
removal of the more severe cases to hospitals, and to the 
general precautions which must have reduced the dosage of 
infection as well as its occurrence. There remains the possi­
bility of recurrence of a more virulent type of disease (p. 438). 

The Utility of Isolation Hospitals as a. means of pre­
venting the spread of infection is difficult to demonstrate 
statistically owing to the complexity of circumstances 
involved. Their value as centres of treatment is beyond 
doubt, as is also their utility in saving domestic expenditure 
a.nd the inconvenience of quarantine a.nd other measures. 
Although they do not succeed in urban communities in 
stopping the disease, in individual families removal of the 
first patient, like his strict isolation a.t home, often succeeds 
in preventing further attacks. Such ~econdary attacks, 
failing isolation, may not be so numerous as is usually 
supposed ; a.nd in this respect the need of hospital isolation 
for scarlet fever may have been exaggerated. But in 
attempting to ascertain the truth as to this, based on the 
expe"rience of different towns, there a.re many pitfalls. Other 
circumstances must be fairly equal. Isolation of patients 
is not the only fa.otor. Are the patiente a.ll promptly notified ! 
Is isolation promptly effected ! Are contacte kept under 
equally strict surveillance, and ovel"looked cases searched 
for with equal a.ssiduity in the compared towns ! Were the 
compared towns experiencing the sa.me number of epidemics 
during the period of comparison ! Comparisons of average 
ra.tes a.re trea.cherous in this respect. For a.n illustration of 
this see a. valuable paper on "How far do Statistics Prove or 
Disprove the Utility of Hospital Isola.tion ! " by D. J. R. 
Kaye (Public Hwlill, May 1902), from which the dia.gra.m 
on page 434 is taken. 

Group I comprised towns which ha.d isolated in hospital 
64 per cent. of their known cases, while in Group II onlJ 
16 per cent. ha.d been isola.ted. If the period 1891-99 be 
taken, the towns in Group II ha.d less scarlet fever, while 
if the entire period 1887-1901 is included, the towns which 

28 
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isolated the majority of their cases fared best. The factors 
involved are too numerous to enable hospital isolation to 
be thus appraised, and for some of the factors statistical tests 
are unavailable. Another possibility which Dr. Chapin has 
suggested is the probable influence of hospital isolation in 
preventing the spread of severer types of scarlet fever, and 
thus enabling the preponderantly milder types to cause 
immunity. In the past, recurrent virulence of scarlet fever 
has been observed, irrespective of the influence of hospital 
treatment ; but the cause of diminished virulence suggested 
above, although it cannot at present be statistically proved, 
is one to have in mind. 
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Flo. 71.-Comparioon· of the Caee-rate pf Scarlet Fe,_ in Two Groupo of 
ToWilll, 1887-1901, and 1891-99, showing the Fallacy of the Comparison 
for 9 Yeara ODiy, omitting the Shaded Pvm. 

Dotted lin5-toWDII with little hoepit.al isolation. 
Black lin5-toWDII with much hospital ioolation. 

Many international figures aa to scarlet fever will be 
found in Dr. J. W. Wilson's monograph on the subject (Public 
Health) and in a contribution by me (Epidemiological Bociety 
Transactions, February 16, 1901). 

The student should consult, Sir W. Hamer's Report to 
the London County Council, 1914, for an account of his 
hypothesis of the cvr::clation between the incidence of flea­
marks and the curves of weekly cases of scarlet fever in 
school children. His Report for 1920 (p. 86) gives further 
particulara of the coincidence between the two curves. 
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Diphtheria.-The distribution of diphtheria historicaJiy 
and geographically is described in Epidemic Diphtheria : 
A Research on the Origin and Spread of the Disease from 
an International Standpoint (1898), by the present author, 
and in The Bacteriology of Diphtheria by various authors 
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Flo. 7!.-Annual Inoidenoe of Notified C..... of Scarlet Fever, Diphtheria 
ancl Enl<>rio Fever per 1,000 of PopulatiOA in London, 1907-1921. 
(From tho Annual Report of the Metropolitan Asylume Boanl.) 

(Cambridge University Press, 1908), to which reference may 
be made. 

Prior to the year 1898 the death-rate and the variations 
in the death-rate from diphtheria were enormously greater 
in the United Statee than in England. Thus the highest 
death-rate in England was not much more than half the 
lowest death-rate in Massachusetts. 

The experience of some of the great towns brings out this 
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point. The comparison given below ends with 1897, and 
the earlier dates vary with the length of ava.ilable records :-

DIPB'l'liEliJA. 

Death-rat .. per 100,000. 

Boston (1861-95) .• 
P!ovidence (1868-95) 
New York (1868-95) 
St. Louis (1868-95) 
Buenos Ayres (1888-95) 

England Blld Wales (1859-94) 
London (1859-94) •• 
Eastbourne (1883-96) 
Portamoutb (1861-96) 
Birmingbo.m (1872-96) 
Salford (1860-95) •• 

Berlin (1869-96) •. 
Christiaoia (1860-93) 

Highest. 

218 in 1881 
357 in 1877 
276 in 1877 
357 in 1887 

, 388 in 1888 

52 in 1859 
76 in 1893 

229 in 1890 
159 in 1881 

37 in 1895 
106 in 1889 

242 in 1883 
329 in 1887. 

Lowest. 

35 in 1872 
25 in 1868 
68 in 1868 
25 in 1868 
61 in 1895 

9·4 in 1872 
8 in 1872 

15 in 1894 
4 in 1867 
9 in 1891 
6 in 1873 

34 in 1896 
17 in 1871 

In the following table some more recent death-rates from 
diphtheria. are shown :-

'DIPBTliB.RIA. 

Death·,...,.. per'IOO,OOO, 

Per 
100,000 Ave,... 1911. 1912. 101!. lOUt. 1916. 1918. 1917. 1918. 1919. 1920. 
l'~ula- la<J6-10. 

on. 
---- ------ ------ --------
Phila-· 

delr.hl• 34 81 24 22 10 10 28 25 22 24 28 
Bait· .. 15 more .. 15 12 18 15 13 10 0 11 20 14 
Boaton . 27 20 
NewYork 

16 28 2< 80 26 88 80 20 20 

Clty ,, 39 26 23 27 20 24 20 22 23 .22 10 

London 0 14 10 • 16 16 14 14 18 18 22 
Birmtng-

ham •• 18 13 -12 10 
lllen· 

so 15 13 18 18 14 22 

cheater 17 12 18 14 15 14 0 8 8 5. 9 

The general course of diphtheria., a.s also of scarlet fever 
a.nd enteric fever, as shown by the number of notified cases 
per 1,000 of popula.ti'ln, is indica.ted in Fig. 72 for 15 years. 

There is shown in the la.st few years a rising epidemio 
of diphtheria. The course of diphtheria. in England (Fig. 70) 
shows smoothed curves, as epidemic maxima in di1ferent 
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districts do not correspond in tiJl1e. The experience of 
London in the period 1869 to 1911, which also is somewhat 
composite, consisting of the separate experience of many 
metropolitan areas, differs from that of England as a whole, 
as is shown by comparison of the following figure with Fig. 70. 

..... 
•oo ... 
'"' ... ... .... ... ... ... 
""' .. ., .. 
00 .. .. ... .. .. .. .. .. .. 
m .. 
"' 00 .. 

Diphtheria.--

F.to. 73.-Death-ratee from Diphtheria and from Diphtheria plut Croup in 
London, l$59-1011, Stated as Annual Poroentage Deviations from the 
Moan lor tho Entire Period (from Sir S. Murphy's Annual Report to 
th~ London County Council, 1911). 

For the whole of England and Wales the highest death· 
rate from diphtheria and croup (65 per 100,000) occurred 
in 1858-60; in London the maximum death-rate occurred 
in 1893. Both curves ~;how two great epidemics, the first 
culminating in 1859 and the second in or about 1893. The 
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rise shown in Fig. 70 is on a. much sma.ller scale, the highest 
death-rate for England and Wales being 17 per 100,000 in 
1916, and in London 22 in 1920. 

The available statistica.l evidence shows that diphtheria 
both in America and Europe is an endemic disease, subject 
to occasiona.l epidemic increases, and to less frequent pandemic 
prevalence on a. large spale. 

The recorded death-rate from diphtheria in pre-antitoxin 
days was smallest in Great Britain, Ireland, and New 
Zealand ; the endemic morta.lity was much heavier in 
European continental cities, and still more so in American 
cities than in this country. The evidence collected· by me 
showed J;lO instances of a succession of wet years in which 
diphtheria was epidemic, and in most instances epidemics 
of di-phtheria. were on the largest sca.le when three or more 
years of deficient rainfa.ll immediately followed each other. 
Furthermore, where the comparison was practicable, it. was 
found that in a. given country .the aii).ount of diphtheria 
was greatest in the parts having the least rainfall. The 
coincidences summarized above are necessa.rily based on the 
statistica.l experience of a. limited number of years ; but they 
agree with similar results obtained for rheumatic fever and 
scarlet fever. · 

Periodic Changes in Fatality.-Marked changes he.ve 
occurred in the. virulence and consequent fatality of scarld 
fwer within ~egistra.tion periods'. Prior to this, Graves of. 
Dublin (Clinical Medicine, 1843, p. 492) states that in 
Dublin in 1801-4 scarlet fever Willi terribly 1atal, that in the 
next 27 years it " was always in the simple or mild form," 
and that it again became destructive in 1834--6. The 
experience of Christiania between 1861 and 1897 showed 
great increases and decreases in fatality, the maximum 
fatality occurring in 1868. Further evidence is given in the 
paper. by me quoted on page 434. Although variations in 
completeness of notification may have occurred, the evidence 
appears to justify the conclusion that ebbs and flows occur 
in the virulence of the scarlet fever virus or of infections 
intimately associated with it. 

Diphtheria,as shown in the table on page390 and in Fig. 55, 
has become much less fatal per 100 attacked by it. The 
change in fatality might be-(a) a periodic phenomenon, like 
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tha.t in scarlet fever, the extent of periodic change in the 
prevalence and fatality of both diseases, due to unknown 
causes, having been accentuated by better medical treatment; 
(b) due to the introduction of diphtheria antitoxin as a remedy; 
or (c) due to both of these factors in unknown proportions. 

Influence of Antitoxin.-That the therapeutic use of 
diphtheria antitoxin has greatly reduced the fatality of 
attack by diphtheria is certain. 

;Many observations show the value of antitoxin, which 
is proportional to the promptitude of administration. Kolmer, 
as quoted by Fitzgerald, gives the following results, based 
apparently on a large series of cases, though the number 
is unstated. 

l'lm.ADBLPHIA, PA., 191~14. 

Cat10 Morl<llily pw 100 ca. .. , acconiing lo the Duratitm of the DiBetJIJe w""" 
A nhtozin wo.t given. 

Dar. lat. 2nd. Snl. 4th. Sth. 6th. 7th or 
Later. 

--------
Deatluo per 100 ...... .. 1·1 5·6 6·8 7·7 9·2 9·3 11·4 

As these were contemporaneous case;~, no fallacy arises 
from time variations in virulence of the disease. The use 
of antitoxin dates from Roux's announcement of its value 
in 1894. In 1889-94 the CIUle mortality in metropolitan 
h011pital treated cases varied between 40·7 and 29·3 per 
100 CIUles~ In 1896 it had become 21· 2, in 1904 10 per cent., 
and in the years 1916-20 it averaged 8·0 per cent. Here 
the possibility of time variation in virulence arises, though 
against this is the continuing high fatality in casea in ,which 
neglect to administer antitoxin arises. Much statistical 
confusion has arisen in attempts to show that if the death­
rat-e from diphtheria increases in a population notwithstanding 
antitoxin treatment of patients, it follows that antitoxin 
treatment is valuel<>ss. Obviously, with a rising epidemic of 
diphtheria, it may happen that the number of deaths per 100 
attacked may be decreasing, as the result of prompt adminis­
tration of antitoxin, although the number of cases increases 
and the number of deaths increases, and with it the death­
rate per 1,000 persons in the ocmmunity. 
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Susceptibility to Attack.-The Schick test ha.s made it 
possible to ascertain the proportion of nersons at different 
ages who are a1111ceptible to diphtheria, and the following 
table from Park (Public Hen.lth and Hygiene, 1920) gives 
some of the results already obtained in New York, based 9n 
tests applied to over 20,000 persons :-

~. 

~~ =a ~ ~; ,.5 ll ll ~l ~~ 
o. 

·-= :s !l!l ~ H lg :i~ 5:: .... = = ~~ ~~ 
- - - - - - - - - f-

A.nrage IUBceptiblllty ])8!' 
10 15 80 . eo 76 75 66 <0 80 26 20 cent. • • •• •• 

Per cent. varle.tlou tn range 
of positive Scbi(lk reaction 1>-16 1>-15 ...... 60-74 115-76 60-76 50-70 16-00 8-<0 -..... 

The ascertainment of this reaction makes it possible to 
inlmunize the s1111ceptible by administration of toxin-anti­
toxin. 

With these figures should be compared the valuable 
tables given in reports for Providence,· R.I., by Dr. C. V. 
Chapin, showing the proportion attacked a.t different age­
periods in fa.milies exposed to the infection: of diphtheria.. 
·Similar facts are given by him for scarlet fever. 

· Diphtheria and Croup.-,-There was some cqnfusion 
between diphtheria. and croup in "the earlier statistical returns. 
Some deaths returned a.s laryngitis may also have been 
due to diphtheria.. The remarkable reduction in the death­
rate from croup confirms the view that most of it was really" 
diphtheria.. 

ENGL.Um ...,.,; w ALIOS. 

Average A,.,.ual Dealh·mle per Millilm .fr<>m Dlphth.riG, Croup, and LaryngiN 
;,. Groupe •I y oar•. . 

• l'erlocl. Dlphtberla. Croup. Laquallla. 

1858-60 l 372 275 ' 1861-70 166 211 4.7 
1871-80 108 14.4. " 1881-90 148 128 Gl 
1891-1600 254 50 " 1901-10 183. 13 34. 
1911-15 l 140 1 25 
1916-20 l 14~ 1 20 

• AU the death-rates uoept for tho ,.Mr. marked • are atandardiiOd. 
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The deaths from membranous laryngitis (not diphtheritic) 
are omitted from consideration, as they are too few to affect 
the question of possible transfer. Under the revised inter­
national classification Croup has been transferred to Laryngitis. 



CHAPl'ER :XXXVIll 

MORTALITY FRO~ TUBERCULOSIS 

TtiJIEBCULOsiS is so often the subject of statisti~al investi­
gation, and the conclusions derived from these statistica.l 
studies a.re so discrep~~-nt, furth~rmore this disea.se ha.s such 
grea.t public health importance, that a specia.lly detailed 
consideration ·of it is justified. In the space at disposal 
only the salient pointe can be _given, 1,\nd reference should 
be made to the English and other official Government reports, 
and to various loca.l reports for further data. 

Economic and Social Loss from Tuberculosis.-ln the 
following table a.re given the death-rates and proportionate 
mortality from tuberculosis and other chief c&uses of death 
in England and Wales, &nd in the registmtion area of ,the. 
United States in the ye&r 1920:-

Death-rates per 100,000 
of Population. 

Deaths Under Each• 
HeadJDg per 'c.":.!"'""'" from All . 

~u.ofDA~. 1-~·-~-----1----~-----

-----------------1 
)1{811111.. .. .. .. 
Whooping cough •·• • • 
Inllueuza • • • • • • 
Phthisia, pulmonary tuber-

culosis . . . . . . 
Other forma of tuberculosia 
Canoer • • . .. . . 
Organic heart diseaae •• 
Bronchitis • • • • . • 
Pneumonia .. .. . . 
Other di808888 of respira-

tory system • • . . 
Old age • • • • 
Violence, including suicide 
Other oausea _ . . . . 

Total 

BeglatraUOD England Uld RegistratiOD England 
~~-A:., Wale~, 1$20. Area. U.s.A. and Walel. 

9 
13 
71 

101 
13 
83 

142 
13 
83 

66 
14 
89 

609 

1,308 

19 
12 
28 

fs} 
116 
141 
99 
99 

17 
67 
47 

481 

1,239 

7 
10 
M 

77 
10 
M 

109 
10 
63 

61 
11 
68 

486 

1,000 

16 
9 

23 

72} 
19 
94 

106 
82 
80 

13 
67 
38 

393 

1,000 
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Thus in both countries ttiberculosis is the registered 
cause of 1 in 11 or 1 in 12 of all de!Lths. Owing to 
the share which tuberculosis takes in producing death from 
other di~eases and to the occa~ional occurrence of unrecognized 
cases of tuberculosis, its real share may be higher than these 
figures indicate, especially in old age ; although in most 
instances of double certification tuberculosis takes precedence 
in classification over other diseases (p. 176). It ha~ to be 
remembered, furthermore; that persons suffering from tuber· 
culosis may die from some other disease, e.g. cardiac disease, 
and yet the death would be classified as tuberculosis if this 
were named in the death certificate. The importance of these 
figures is enhanced by the high proportion of total mortality 
from· tuberculosis which occurs at working years of life. In 
this respect comparison with cancer is interesting (see p. 370). 

Pulmonary tuberculosis caused more than half of the 
total deaths due to it at ages 2()-45 ; at the same ages only 
one-tenth of the deaths from cancer occurred. 

At the age of 55, 85·5 per cent. of all deaths from con­
~umption, and at the same age only 27 • 6 per cent. of all 
deaths from cancer, have already occurred. 

The loss has also been reckoned in terms of years of life 
lost in a life-table or stationary population. The late 
Dr. :r. E. Hayward, calculating by his modified short method 
a life-table based on the experience of England and Wales, 
1881-90, found that at the age of 5_5 out of a million males 
at birth, 61,072 more would be living than in accordance 
with current experience, if phthisis were eliminated, and 
the corresponding saving for females would be 56,299 lives. 
By eliminating phthisis the expectation of life at birth was 
increased by 2·58 years (males) and 2·57 years (females). 
The exclusion of all forms of tuberculosis meant an increased 
expectation of life at birth of 3·86 years (males) and 3·72 
years (females). 

Dr. L. I. Dublin has supplied the American figures (seen 
in tho table on page 444), which teach a similar lesson. 

It has not been thought necessary to attempt t.o assess 
the. money value of the lives lost at different ages from 
tuberculosis, of the expense of the treatment of these patients, 
of the maintenance of dependent relatives who survive, and 
o on. For illustrations of this aspect of the loss from tuber-
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culosis see the author's Prevention of Ttiberculosia (Methuen), 
chaps. i and ii, and an article by Lieut.-Colonel F. E. Fremantle, 
M.P., on. "The Economics of Health" (British Medical 
JO'Urnal, August 26, 1922). 

In the. year 1920, tuberculosis wag the recorded cause 
of 99,916 deaths in the death registration area of the United 
States, or 1·14 per '1~000 of the population, as compared with 
1• 69, the average rate for 1906-10, and 1· 50 in 1911-15. 

Pulmonary tuberculosis caused 88 per cent. of total 
recorded deaths from tuberculosis in the United States, and 
77 per cent. in England and Wales. 

' EXPB~tiBNma o:w Mli:TROPOLITAB LD'llllNsUBAlroB CoMPANY. IlrouBTBIAL 
PoLICY HoLDEBS, 1911-16. 

OJ 1,000 Malu Bom Ali.., lhe Nt.mrher s..,..;,;,.g al s.......; .. E,., 
Agu tmder P...- Oont.iiliono, ami U... Number ,..,.. ~ 

E~~Ct:lvdtd. 

Whlto Persons. Coloaredl'onoDa. 

Age. 
Present TuberculOilla Prnsenb Tuberculoell 

OO.II.ditlODS. ,Excluded . CondltlODI. E:tcluded. 

. 

At Birth •• .. 1,000 .1.000 1,000 1,000 
20 ••. .. .. 794 805 672 • 113 
25 •• .. . . 770 "791 633 691 
35 .• . . .. 698 746 546 632 
45 •. .. .. 692 668 449 651" 
55 •• . . .. 463 547 336 433 
65 •·• .. . . 301 370 204 274 

Age and Sex Distribution· of Mortality from Tuber· 
culosis.-The standardized death-rate at all agee from tuber­
culosis fell steadily through a long aeries of years. Comparing 
the quinquennial periods 1871-7 5 and 1909-13, and thus a void­
ing the disturbing influencjl of war, the following decreases 
are shown. The results for pulmonary are more trustworthy 
than for total tuberculoaia, because for non-pulmonary tuber­
culoaia there has been considerable change in certification. 
(See table on p. 445.) 

.. ·comparisons of male death-rates for phthisis during the 
we.r are difficult owing to disturbances of the civilian popu­
lation. For females Table xniii on page 60 of the Annual 
Statistical Review of the Registrar-General, 1921, shows that 
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after a continuous decline of the annual death-rate only inter­
rupted in 1911, the phthisis death-rate (standardized) began to 
increase in. 1914 (to 839 from 807 in 1913); it became 887 in 
1916,893 in 1916, 949in 1917,and 1,037 in 1918, the death-rate 
per million in the three subsequent years being 824, 733, and 754. 
It is noteworthy that the peak of excess of non-pulmonary 
tuberculosis occurred in 1917, that for pulmonary tuberculosis 
in 1918. This latter may have been due to super-imposed 
influenza; and it appears likely that both in the United 
States and in this country, "the wave of increased mortality 
from pulmonary tuberculosis . . . began to decline well before 
the major influenza epidemics occurred" (statement of U.S. 
Public Health Service quoted in the Annual Statistical Review 
of the Registrar-General, 1921, p. 55). This fact increases the 

ENGLAND AND WALES. 

Atl<!rago Annual Death.rotu per MiUion from Tuherculosia (aU forme) and 
from PulmonaT!/ Tuherculosia 1871-75 and 1909-13. 

Total Tuberculosis. Pulmonary Tuberculosis. 

Malo. Female. Male. Female. 

1871-75 3,148 2,782 2,452 2,219 

1009-13 1,618 1,236 1,178 854 

Percentage Decline 
in 38 years .. 48·6 55·5 51·9 61·5 

difficulty in ascribing the increased death-rate from phthisis 
entirely to the hardships of war. 

In the following diagrams the male and female death-rabcs at 
diffel"t'nt age-p~riods from tuberculosis (all forms) in England 
and Wales are shown for the average of 1912-14, and for 1920. 
The years of the Great War are avoided, owing to abnormal 
circumstances as to both population and deaths. The details 
for males in 1920 at ages 15-45 are not given in the Registrar· 
General's Report for 1920, owing to the disturbance of age­
distribution figures produced by the war. In the same 
diagram are given eorm;ponding ratt'S for the registration 
area of the United Statt'S for 1911, the last year available. 
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Comparing male and female mortality from tuberculosis 
in 1912--14, it will be seen that at aJl ages, except 5-20, the 

_ male was much higher than the female death-rate. At ages 
45-65 for equal numbers living the male is double the female 
death-rate, and at ages 15-45 the male and female death-rates 
per 100,000 were 168 and 134 respectively. The male maximum 
death-rate was reached at the age-period 45-5~ ; the female . 

I 
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: 1-. ~"~-" • ~ : 1- II, Ill' 1-I Mol eMortal :Tuberc-uloat 

I f- ' I I I I 
Female Mortan~-Th b!rculosls 

" I I I II • Au . - . - . - .......... . - .... -.. .,.,.~.-.. ~ ... --, 
!'Io. 74,..;...A, Male, B, Female Des.th-rato from Tuhoroulosis (All Forms) 

per 100,000 Living at Sucoesaive Age-period&, England and Walea:, 
1912-14 and 1920, and tho United States Registration Area, 1911. 

death-rate was highest at ages 35-45, but was then little 
higher than in the preceding 15 years- of life. In 1920 the 
maximum of the female death-rate from tuberculosis occurred 
at the age-period 2o-~5. 

The experience of the United States in 1911 shoWB marked 
differences from that of England. The male and female 
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maximum death-rates were both reached earlier and were 
higher, and the death-rate at older ages was markedly higher 
at ages over 55, and somewhat lower in childhood than in 
England. The possible causes of these difierences cannot 
be discussed here. A fuller discussion of the English figures 
will be found in the Registrar-General's Reports for 1919. 
1920, and 1921, 

The preceding curves relate to total tuberculosis. When 
pulmonary tuberculosis is considered alone, the following 
age-distribution is seen. 

,.w '\~~~ 
I 'l .. I':\ !I! 

!o .. ~~ ........ n~~ Isla~;:... o 
~. _1 ... ""'~·"'1 I I"., 
- - -··-~- - - -... -.~- - -

Flo. ?5.-A, Mille, B, Femlllo Death-rate from Pulmonary Tuhereulosio 
(Acute and Chronic Phthisis) per 100,000 Living at Successive Age• 
ROriods, England end Walos, 1912-14 and 1920. 

The difierences in height and shape of the curves for the 
two sexes should be studied. The post-bellum increase in 
t.he death-rate of females at ages 15--25 associated with a 
decreased death-rate at higher ages is noteworthy. 

The large death-rate from tuberculosis (total) in child· 
hood shown in Fig. 74 will have been noted. In earlier 
periods of civil registration the death-rate from tubercqlosis 
was higher at age o-5 than at any subsequent period of life. 
In the table on page 448 the death-rate from tuberculosis 
at age o-5 is compared with the highest death-rate in any 
subsequent age-group in five successive periods of years. 

In each successive decennium the death-rate irom tuber· 
culosi~ was higher at ages o-5 than the maximum death-rate 
(given above) for any other age-period in the same 
decennium. Only since 1910 has this become altered, as seen 
in Fig. 7&. Evidently, then either some cause or causes have 
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been diminishing this early death-rate· more than the later 
death-rates, or material changes in allotment of deaths to the 
non-pulmonary forms of tuberculosis have occurred. The l'e{lult 
may be a.scrib&ble in part to greater ca.ution in certifica.tion 
of dea.ths ; but this will scarcely furnish a complete explanation. 
Every infa.nt born forms an addition to tha.t part of the popu­
lation which is extremely susceptible to the infection of tuber­
culosis ; and in recent years there ha.s been a steady diminution 
of opportunities for, and of dosa.ge of, infection, both bovine 

ENGLAND AlfD WALES. 

Dealh-tGtU/rom Tuberculoai6 (All F...,..} fl'4' 1,000 Living al Agu 0--6, and 
fl'4' 1,000 Living "' the 8~ Ago-pmod in tolliclo the Tubercu1oai6 
D...,._,..,. .,... al ito Ma:hmum (• and t gifJfl the rejwmaJ lo lllio 
age-period). 

1881-70. 1871-80. 1881-110. 1891-1900. 1901-10. AU ... 

MM~ } 
6·02 5·80 5·00 4·35 3·13 0-5 

4·2• 4·2• 3·68° 3·30t 2·93t {35-45* 
45-65t 

4·92 4·66 3·99 3·52. 2·64 0--6 
Females l. . 4·48° 3·63° 2·93• 9·26t 1·7lt {25-35• 

35-45t 

and h~man, owing to active preventive measures and 
improvements in personal conquct, thus allowing time for. 
the acquirement of relative intmunity. Diminished infection 
of bovine origin has borne a part in the result ; but as bovine 
tuberculosis is found in oply a minority of the total cases of 
fatal tuberculosis in childhood, the result is mainly caused by . 
elimination of infection of human origin. . 

It is too little recogni2ed tliat in childhood tuberculosis 
is specially lethal in the first yea.r after birth. This is shown 
by the following table from the Decennial Supplement to the 
Seventy-fifth Annual Report of the Registra.r-General of 
England and Wales, Part III, Ta.ble 14. 

ENGLAND AlfD WALES. 
D.alll.,...,.. from 2'uberculoai6 (All F...,..} in Children Uftder &, 1906-10 

Deatlll Undo. Deaths per 1.000 Survtvon •t tbe CoDllllU.cemeat of Bach Year. 
1Y..., 

pu 1,000 Birtlll. 1-2. 2-8. H. H. 

4·41 3-4. 1·82 1·21 0·93 
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The death-rate from tuberculosis· at ages under 5 has 
followed a course which does not differ very greatly from 
that of total tuberculosis at all ages. This is shown by 
the following relative figures :-

ENGLAND AND WALES. 

Relatill<l Morlality /N>ffl A, T~ (aU forma), B, Pulmonary TubOI'­
culosis, and 0, Nan-pulmonary TuberculoBiB in Successiw Decennial 
Period8. 

1851-60. 1861-70. 1871-80. 1881-90. 1891-1900. 1901-10. 

A { A~ ages Q-5 100 95 01 78 68 50 
At all ages .. 100 94 83 70 58 47 

{Atages0-5 100 75 59 42 32 36 
B A~ all ages .• 100 94 84 66 51 41 

C {A~ ages Q-5 100 101 100 89 79 57 
A~ all agso •• 100 95 92 90 85 71 

NoTB.-In 1851-60 the avorage annual death-rate from tuberculosi• 
at all ages WBS 348 per 100,000 at all ages, and at ages under 5, 578 per 
100,000. l".rom these rates and the data in the table, the death-rate from 
tuberculosis for any of the periods in the table can be calculated. 

The comparative figures for phthisis have been added. 
The very rapid drop in phthisis at age 0-5 in the earlier periods 
appea.rs to point to some measure of change in certification 
of death. 

It is likely that the delay in the decline of total tuber­
culosis in early life as compared with that of tuberculosis at 
all ages may have been due in part to changes in certification ; 
hut, even allowing for this, the remarkable reduction under 
5 years of age, at a time of life when the relative immunity 
referable to small-dosed infection is in process of acquirement, 
is best explained by reduced dosage of infection. T4ere is 
substantial evidence that each succession of infants in respect 
of tuberculosis is in the same position as savage races when 
first exposed to this disease.l 

In the following table (from the Decennial Report of the 
Registrar-General, 1901-10) is given a comparison of the death­
rate per 1.000 pel'SOns living at ages 0-5 from the varieties 
of non-pulmonary tuberculosis in successive decades :-

' """ Dr. G. E. Bu.'lhnel!'s SRJdy of 1M Epidcario/Dgy of T~ 
(W. Wood, New York, 1920). 

29 
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Death-zates ~ t,OOO Ll~ stl 1800 1801 10 - H. 1881-70. 1871-80. 1881-110. 1 - . - • 

Tuberculous meningitis 
Tuberculous peritonitis, 

tabes mesenterica 
Othsr tuberculous diseases 

Phthisis, pulmcmary tuber· 
eulosis • • • • 0-6 

AU- .. .. . .. 

2·22 

1·86 
0·41 

{
0·97 
2·69 

1·91 

2·04 
0·62 

0•77 
2·31 

1·46 

1·81 
0·70 

0·54 
1·81 

1·32 

1•46 
0·?4 

0•41 
1·42 

1·06 

0·93 
0·66 

0·33} 
1·14 

For purposes of comparison death-rates from phthisis at 
ages 0-5 and at all ages have been added to this table.· 
The above tables show fairly consistent rates of decline of 
tuberculosis in childhood and at all ages, and do not confirm 
the view that most of the decline in childhood, except for 
tabes mesenteric&, is due to more accurate certification of 
deaths, though it is probable that certification has been more 
accurate in recent years, especially for the first year of life.l 

Rate of Decrement.-This subject is discussed on page 586. 
Here it is ouly necessary to draw attention briefly to the 
fact tha.t there has been no abatement in the ra.te of decline 
of the death-rate from tuberculosis in England and Wales, 
During the war a marked increase occurred in the death-rate 
from tuberculosis, but in 1919 and 1920, as pointed out in the 
Registrar-General's report, the rate fell more rapidly than· in 
any previous period on. record. Comparing standardized 
dea.th-rates per million for 1"913 and 1914 with rates for po81-· 
bellum years, the death-rates were :-

tots. t92L 
1337, 1347 ••.••••••••••• 1261, 1128, 1121. 

In the same report attention is also drawn· to the uni­
formity of the average annual decrement in mortality from 
tuberculosis which " represents an ever-increasing acceleration 
of the rate of fall when measured in proportion to the 
total extent of mortality remaining." 

The course of the death-rate of males, from all causes, 
from tuberculosis and from phthisis, whether of increase 
or decline, is shown in the ta.ble on page 451, abstracted from 

. l This subject ia dis'"""""'lull;v on p- 17-20 of the Annual Report of 
the Registrar-General, E. and W., 1921. 
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1aULm MoarAJ.I'l'Y, 

PoreMIIoge Declino in SUC<JeBeivo D...,.nial Poriodo al .Ag .. O-Il 
and at Succ.ufive Age~periods. 

AI Agu 0-5. 
Total mortal. 

i ty, all 
causes .. + 1·4 - 6·9 -10.0 + 1·8 -20·2 

Tuberculosis - 4·8 - 3.7 -13.7 -13·1 -28·0 
Phthisis .. -25·4 -20·8 -20·7 -20·3 -20·4 

AI Agee 1>-10. 
. . .. - 3·8 

I 
-18·1 

I 
-20·3 

I 
-19·4 

I 
-18·7 .. . . -16·0 -12•6 - 0·2 -13·7 - 9·8 . . .. -17·7 -21·0 -25·7 -31··5 -21·3 

AI Ag<B 10-15. .. . . - 8·2 I 
-17·3 I 

-20·4 

I 
-17·1 

I 
-16·1 . . .. -18·4 -16·8 -15·8 -17·3 -11·1 . . .. -20·4 -20·6 -28·8 -32·0 -26·9 

AI Ag<B 11>-20. 
. . .. - 7·5 

I -15·1 I -17·8 

I 
-12·2 

I -18·5 .. . . - 9•6 -22·0 -18•7 -18•3 -19·2 .. .. - 8·4 -23·3· -23·3 -23·0 -24·0 
AI Ag.. 20-25. · 

.. .. - 4·0 

I 
-13•1 

I 
-22·1 

I 
-ll·7 

I 
-17·4 .. .. - 6·0 -20·1 -21•8 -16·6 -17·0 

.. .. - 3·9 -20·2 -24·7 -19·4 -19·4 
AI Ag .. 2il-35. .. .. + 3·8 I - 6·0 I 

-16·9 

I 
-13·0 

I 
-17·6 .. .. + 1·0 -10·0 -16·4 -19•7 -15·1 .. .. + 2·1 - 9·7 -18·2 -22·0 -17·0 

.41 Agee 35-45. 
.. .. + 8·0 

I 
+ 2·3 I 

-10·2 

I 
- 7·2 

I 
-20·4 .. .. + 3·0 - 1·1 -12·3 -11·8 -19·3 .. .. + 3·8 - 0·8 -13·5 -13-11 -21·0 

At Ag .. 41>-35. .. .. + 7·3 I + 4·2 I 
- 3·5 

I - 2·2 I -14·4 .. .. + 0·3 - 1·0 - 8·1 - 8•7 -ll·O 
.. .. + 1·0 - 0·4 - 9·3 -10·3 -13·4 

.4.1 Agee 5.;..65. .. .. + 7·4 I + 5·2 

I 
- 0·5 

I 
+ 0·7 I - 9·0 .. .. - 1•3 - 4·3 - 7·9 - 8·6 - 7·0 .. .. - 1·0 - 3·2 - 8·9 -10·3 - 9·1 

AI Agee 65-75. 
..: 7·9 .. .. + 2·7 

I 
+ 3·9 

I 
+ 1·1 

I 
- 0·1 

I .. .. -15·5 - 6·9 - 5·5 -10·8 - 1·2 .. .. -14·9 - 5·4 - .5·4 -13·1 - 4·0 

AI AU Agee. . . .. + S·l 

I 
- 3·4 - 8·3 

I 
- 2·4 

I 
-13·0 . . .. - 3•5 - 8·3 -13·8 -14·0 -17·2 .. .. - 3•0 - 9·7 -16·7 -16·9 -16·8 

l'eriod boh..,on • 1851-110 1861-70 187l..SO 1881-90 1891-1900 
and and and IUld and 

1861-711 IS71...,;o ISSI-90 1891-1900 1901-10 
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ta.bles in the Reiistra.r-Genera.l's Decennia.l Supplement. 
At a.ges 0.:.5, a.S a.lrea.dy indica.ted, one ma.y rea.sona.bly suspect, 
both for pulmona.ry a.D.d tota.l tuberculosis, tha.t cha.nges in 
medica.! certifica.tion bea.r a. sha.re in the changes. At most 
higher a.ges it is likely tha.t thtl figures a.pproximate to the 
fa.cts, except after the a.Be of 55, when the amount of tuber­
culosis may be somewhat understa.ted. 

The death-ra.te from tuberculosis ha.s a.lmost without 
exception declined each decade more than the genera.l death­
rate, usua.lly much more, except between 1891-1900 and 
1901-10, when the decline in the •general death-rate nearly 
overtook that from tuberculosis. The diJJerenc between the 
two would ha.ve been increased, had the compa.rison been 
between the dea.th-rate from tuberculosis and that from all 
causes excluding tuberculosis. 

What has caused the decline in the death-rate from 
phthisis t This chief form of tubercUlosis is taken for 
further examina.tion because, a.lmost without exception, it 
is due to infection from other huma.n cases of tuberculosis. 
In other forms of tuberculosis, especia.lly of glands, bones 
and joints, infection from cows' milk is responsible in a 
substantial minority of cases· for the disease. 

Causes of Decline in Phthisis.-This intricate medical 
problem ha.s been the subject. of much controversy, and a 
short statement of the views· held appears desirable as 
sta.tistics on this subject form a la.rge part of public hehlth 
literature. A reduced mqrta.lity may be due to reduce~ 
infection, or to increased resistance to infection, or both. · 
Infection is needed before tuberculosis can be produced ; and 
the most ardent anti-contagioirist will not deny that with 
changes in national habits and in methods of treatment of 
phthisis there has been great reduction in opportunities of 
la.rge-dosed infection. But the inquiry still remains : what 
social, domestic, or ocoupa.tional changes have been experi­
enced which would lead to diminished infection or increased 
resistance to infection ! At this stage a study is desirable 
of the comparative experience of different communities in 
respect . of their death-rate from phthisis, and of changes 
in urbanization, housing conditions, dusty · occupation, , 
education of patients and of the genera.} public leading to 
diminution of indiscriminate expectoration, and in respect of 
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segregation of patients at home or in hospitals in the most 
infective periods of their illriess. For a study of these points 
reference may be made to the author's Prevention of Tuber­
culoais, 1909. 

Further complications are possible : it may be that 
changes of a cyclical character have occurred in the life-history 
of the tubercle bacillus. Such changes appear to have 
occurred in the history of scarlet fever, why not also of 
tuberculosis 1 Historical facts give little support to this 
view, severe and slight attacks of tuberculosis occurring as 
in past medical experience. 

Or the present inhabitants of this country, and of other 
countries which have experienced a reduced death-rate 
from phthisis, may have recently acquired relative immunity 
against tuberculosis, after their forebears had failed to do 
so during a long series of centuries. This would be a fantastic 
view, even did we not know that in some countries with an 
equally long experience of tuberculosis little or no reduction 
of the death-rate from phthisis has occurred. 

Two explanations of the reduced phthisis death-rate 
remain for consideration, both probably comprising factors 
which have borne a. share in the result, viz. the small-dosed 
infection by minimal doses of tubercle bacilli, and improve­
ments in hygiene and social conditions which have not only 
reduced massive infection but also aided resistance to 
infllction. 

Possible Vaccinal Influence of Minute lnfections.-It 
i$ agreed that in the absence of tubercle bacilli no infection 
can occur. It is also probable that in order to produce the 
disease tuberculosis, the dose of infection required to over­
come the high degree of immunity which the majority of 
mankind after childhood enjoy varies in different individuals, 
and varies in the same individual according to his health, 
being lowered by dissipation, alcoholism, prolonged fatigue, 
or the presence of other diseases, 88 syphilis, or such acute 
infectious diseases 88 measles, influenza, enteric fever. The 
vast majority of mankind in large communities have been 
tuberculized by repeated small infections, without any or 
without appreciable disease. It appears likely that each child 
surviving in large communities is thus rendered relatively 
immune. If the infant is exposed to larger doses of infection, 
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there ensues the heavy mortalij;y from acute tuberculosis 
experienced in the first three years of life. 

Doubt still exists as · to · whether the survivors from 
infection in early life suffer from adolescent or adult tuber­
culosis owing to resuscitation of latent tuberculous lesions 
in the stress and strain of life, or whether adult infection 
is due to newly received infection in the same circumstances. 
Probably each of these views represents part of the truth, 
childhood infection being, perhaps, responsible for the greater 
amount of adult tuberoulosis. Whether this be so or not, to 
'iiiminish the still terrible mortality from child mortality, as 
well as in the interest of adults, it is of supreme importance 
to prevent exposure to considerable or to protracted infection 
during the first four or five and especia.lly during the first 
two years of life. 

The· vaccinal view of immunity against phthisis implies, 
what is probably the fact, that smaJI-dosed infection in 
childhood confers temporary immunity, while large-dosed 
infection causes death. On this supposition, adults having 
been partiaJly immunized in childhood resist more successfully 
adult infection, which again with improved hygiene is reduced 
in amount. Or, if adult disease be regarded as a late result 
of infection in childhood, there is demanded the hypothesis 
of an intermediate $!Uantity of infection in childhood, froni 
which disease develops in adult life. Thus it may be assumed 
that massive doses kill in childhood, intermediate doses pro­
duce adult disease, smaJler. doses cause no disease. Dosage 
is a personal matter, the ·result in every instance being the· 
resultant of two forces., infection and reduced resistance to 
infection. 

It is unlikely that any practicable p~ventive measures 
will succeed in preventing smaJI-dosed infection in large 
communities, and a return to the " virgin soil " condition of 
some uncivilized races need not therefore be feared. 

Heredity has in the past· been regarded as the most potent 
influence in causing tuberculosis, and there is nothing un­
reasonable in the belief that in certain families there is a 
special proclivity to be victimized by tuberculosis. 

Earlier medical writings emphasized the inheritance of a 
predisposition to phthisis, and the occurrence of phthisis 
.in 25 per cent. or even more of the parents of consumptive 
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patients was quoted u.s favouring this view. A chief dis­
sentient wa.s Dr. W. H. Wa.lsh (Disease& of Lungs, 1871), 
who a.pprecia.ted the inva.lidity of any conclusion from such 
figures unless one had for compa.rison a corresponding sta.te­
ment for the entire population or for a ra.ndom sample of it. 
"This ratio of 26 per cent. might' be, and proba.bly is, no 
higher than that of the. tuberculized portion of the popula­
tion generally." In fact, on the post-mortem evidence the 
inference is unavoida.ble that there exists an almost universal 
family taint of tuberculosis ; and the question remaining for 
settlement is whether the greater incidence of new attacks 
in consumptive families is due to greater infection, or implies 
a special inherited predisposition. Professor Pearson con­
cludes : " I feel fairly confident that for the artisan class 
the inheritance factor is far more important than the infection 
factor, because in a very large proportion of cases it does not 
lie in the power of the individual to maintain in the stress 
of urban life a wholly safe environment" (A First Study of 
the Statistica of Pulmonary Tuberculosis, 1907). 

The validity of this conclusion is extremely doubtful. 
It is certain tho.t without infection there can be no tuber­
culosis, and the evidence of heredity in tuberculosis given in 
statistica.l investigations is usually vitiated by the possibility 
of intimate contact and infection, the results of which may 
not emerge for many years. To my mind it is doubtful, in 
view of the widespread prevalence of tuberculosis, so great 
tho.t few families can claim freedom from cases, whether 
heredity plays a. considerable role in the causation of tuber­
culosis. Much importance, as showing the potency of 
heredity, appears to be attached to the absence of evidence 
of marital infection ; but on this see the remarks on 
page 543. 

A favourite view is that nutritional conditions ,deter­
mine the incidence of tuberculosis. Defective nutrition, like 
hereditary proclivity, can, however, at most play only a. sub­
sidiary part, for tubereulosis is an infectious disease. This is 
shown in the not infrequent explosion of acute tuberculosis in 
athletes and other well-nourished persons. Curves of the price 
of wheat and of the death-rate from phthisis for many years 
ran a. parallel course in this country and in Germany, but 
in France and Ireland there was no such parallelisrn (see 
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pp. 231 to 243 of Prevention of Tuberculosis).. Sta.ted ~~.co­
efficients of correlation, the connection Wall very signifi­
cant, + · 90 in England, + ·55 in Prussia, but in Ireland it 
was - · 80. Again, in 1919 and 1920, when prices (includ­
ing price of bread) were soaring, the phthisis mortality was 
falling rapidly. 

A somewhat similar ·relationship was found to exist 
between figures representing the total cost of living and 
phthisis mortality. At the same time also real wages had 
heen increasing. But the relation between nutrition (as 
measured above) and phthisis, while it held good in Great 
Brita.in, Ma.ssaehusetts and Germany, was found not to 
apply to lrela.nd and Norway, in which countries phthisis 
mortality did not decline, while food had cheapened and 
other conditions bd also steadily improved, though possibly 
on a lower scale. Contemporaneously also extreme poverty 
in rural life may be associated with a. low phthisis death-rate. 
Although there is no reason to doubt that good nutrition 
increases resistance to phthisis and facilitates recovery from 
it, other factors must be regarded as even more important, 
unless the statistics of Ireland and Norway are to be rejected. 
This rejection is not justifiable-. In Ireland it is not unlikely 
that from 1877-1901 .(for which period the correlation between, 
total cost of food and phthisis death-rate was - • ~9) the 
registration of deaths from plithisis became increMingly 
accurate ; but if it is to be assumed that the disorepa.ney 
in the course of the phthisis death-rate and of the cost of 
food is to be thus expla.ineli; it remains unexplained why the 
death-rate from phthisis in Ireland should slowly decline 
with improving registration, as it has done from 1906 
onwards. · 

Have diminution .. of overcrowding and of the collateral 
circumstances of human fouling caused the diminution of 
tuberculosia ! To doubt the importance of these factors 
in increasing tuberculosis, by favouring infection and by 
lowering the resistance to it, would be contrary to a 
mass of uilmistakable medical and public health experi­
ence. And yet, although the popUlation of most 
countries has become increasingly . aggregated in densely 
populated towns,. ani! although this urbanization, almost 
without exception, has meant much· denser housing, much 
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more domestic overcrowding, and a change for the 'vast 
majority of the male population from outdoor to indoor 
occupations, the death-rate from phthisis in the entire 
population has steadily declined, and has become nearly as 
low in urban as in rural populations. The main facts as 
to increasing urbanization are set out in Chapters XXIV and 
XXVI. There has always been excess of phthisis death-rate 
in towns, but this excess has gradually diminished. This is 
illustrated by figures from the Decennial Supplement of the 
Registrar-General for 1901-10 shown in Fig. 76. The urban 
cou~;~t.ies whose statistics are included in the rates shown in this 
diagram had a mean population in 1901-10 of 18! millions, 
and the rural counties of 4! millions. The list of counties 
is given on page x of the Supple~ent ; the urban group consists 
of the counties containing many towns, including the main 
centres of industry, and the rural group of counties, although 
comprising somo towns,' were mainly rural in character .. 

" "' " !\ ... .. 
'" "' ~ = u,.,..n .. Rural 

" A I 
" 100 ... 
·' I·~ v~"' f!. ~-

... 
r; ~ .. 

" i 'ir"!D< ~ ; fl-o \ B ~· • 1\ I ~~~ .. lb " 1\ "' '" .. \ .. lr" •J': loo " ~ n 1\ I 

~y 
Molle Phtftltll 

~ 
.. 
lt~r .. TTl 

.. 
~ 

.. .. 
" .. 

I 

A~• 0 • -
0 ., ·A~~a·q- 0 0 - - - -· -l0-15-!5- - - - -

Fta. 76.-England and Wales: Comparioon of Phthisis Doath-ratos per 
100,000 in Males and ~'omales at Difforant Ages in Urban and Ruml 
Hruupo of Counties, 1901-10. 

The marked contrast between male and female death­
rates shown in these curves throws some doubt on the great, if 
not preponderant, influence sometimes ascribed to inheritance 
as inllut:>ndng death-rate from phthisis. Thl" same contrast 
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throws doubt on defective nutrition 8!1 a very Important D&U811 
of tuberculosis, for women are usually l!lSB well fed: than 
men. 

The fact that the female urban death-rate ,fs not 
markedl:~t higher, and this ouly at ages 35 onwards, than the 
female rural rate shows that the maleficent influence of urban 
life in increasing phthisis does not show itself markedly in 
women. Industrial and social conditions, incl11ding alcoholism, 
are to be thought of in this connection (see pp. 318 and 
329). 

It will be' noted that the rural mortality from phthisis 
both in males and females reaches its maximum earlier than 
in the urban groups. Both in 1891-1900 and in 1901-10 
the rural mortality from phthisis exceeded the urban amongst 
females at all ages from 10 to 35; and a similar excess applied 
to rural males aged 15-25 in 1891-1900, and to males aged 
20-35 in 1901-10, a result probably due to migration into 
towns of the more healthy members of the population at 
these ages. The imp(irtant disturbing influence exercised by 
rillgration over the distribution of death ,by phthisis has been 
emphasized by Sir W. H. Hamer. 

The essential facts emerg~ 
(a) That the death-rate from phthisis has always on the 

average been higher in urban than in rural districts ; t • 

(b) That the proportion of the total population llxposed · 
to urban conditions has steadily 'increased ·decade by deca~e ; 

(e) But that the total phthisis death-rate has steadily 
declined, notwithstanding· tll.e increasing extension of urba.ni, 
zation. ' 

As regards overcrowding in qwellings, see Chapter XXVJ. 
Urban life means a larger proportion of smaller dwellings 
and of overcrowded bedrooms, which form one of the chief 
factors in the evil influence of urbanization. 

In Ireland, until a few years ago, a progressive improve­
ment in housing was taking place ,without reduction 'of the 
phthisis death-rate (see Newsholme, p. 226, Prevention 
of Tuberculo8ia). Evidently, then, notwithstanding the 

I Dr. Greenhaw's generalization may be quoted in this connection : 11 In 
proportion as the male and female populations are severally attracted to 
indoor branches of industry, in auch proportion, other things being equal, 
their respective death~ratel!l by phthiSia are increased '·' (Report• to the 
General Board of Health and Privy Council, llj59-62). 
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unfavourable influence of an increasing proportion of indoor 
occupations and of congested housing, some influence is at 
work in England preventing the excessive tuberculosis which 
these conditions should provoke. Evidently, also, in Ireland, 
increased or stationary phthisis until a few years ago has 
been associated with improvement in housing, to the extent 
to which increased urbanization has not neutralized this 
influence.1 (For fUrther discussion of housing see p. 308.) 

What is this countervailing influence ! That it is not 
entirely improved nutrition of the population appears evident 
from the facts already adduced. 

Iij it the increasing immunity conferred by gradual 
elimination of persons and peoples especially prone to 
tuberculosis ~ If it were so, then one might reasonably 
expect that Norway and Ireland, for instance, as also France, 
in which little decline of tuberculosis has been experienced, 
would share with Great Britain, America, and Germany 
their great decline in phthisis. If, again, the explanation 
consisted in a. gradual reduction of infectivity or virulence 
of the human tubercle bacillus, as part of a. cyclical change 
in the history of the disease, it is strange that certain nations 
should show this cyclical change while in others it fails to 
appear. 

At this point reference should be made to Dr. J. Brownlee's 
Investigation into the EpidemiokJgy of Phthisis in GTeat 
Britq,in and lrekJnd (Special Report Series, ·No. 18, of 
:Medical Research Council), in which, after analysing the 
historical incidence of phthisis in these countries, he concludes 
that phthisis is a. group of three diseases : (1) A type chiefly 
affecting the young adult, the commonest age at death being 
between 20 and 25 years ; (2) a type chiefly affecting persons 
at middle age, the commonest age a.t death in males being 
between 45 and 55 years ; (3) a type which chiefly attacks 
persons over 55, • 

Dr. Brownlee's report on the whole subject should be 
studied. Here it is only practicable to indicate the following 
reasons for disagreeing with his conclusions :-

(1) Bacteriologically, after protracted investigation, only 
I EmigT8tion hu beau held reopcmaible for the apeoial experionoe of 

Ireland, which boo been doplet.od of tho beet ~"';"' of ito population. But in 
the Unit.od St&lieo the death·NIIoo from phthia18 in tho Irish port of ita popu· 
l•tion are e:st."epti.onally high. 
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two types of tubercle bacillus, bovine and human, have been 
identified as dangerous to life in man. (2) The difrerences in 
age~incidence of phthisis at different periods and in different 
communities are, I think, equally well or better explained on 
the assumption that, as the control over the disease increases, 
two results occur: (a) the age at death comes later, and 
(b) the difference between the male and female phthisis death· 
rate becomes greater. The disease tuberculosis is the product 
of two sets of circumstances-an adequate dosage of infection, 
and conditions favouring or impeding successful invasion of 
the disease ; and as both dosage of infection and circumstances 
favouring its development vary greatly in different com· 
munities and social strata, differences in age and sex distri­
bution of the disease will occur, and th_e hypothesis of tAree 
types of disease is unnecessary, aDd therefore not to be 
'entertained until strong evidence in its favour is adduced. 

We come lastly to inquire what circumstances during 
the last 50 years have been operating to reduce tuberculous 
infection of human origin. 

(1) There has been a great improvement in the cleanliness 
of the population, domestically and indUstrially, especially in 
regard to expectoration. The magnitude of tbis improvement 
it would be difficult to exaggerate. It amounts to a revolution 
in personal habits, the exceptions to this statement being 
few _as compared with the experience of a few decafles ago.· 
(2) Along with this has proceeded a great improvement in 
the treatment of 'disease generally, and of tuberculosis, both 
at home and in hospitals .. Carefully closed and warm bed~ 
rooms occupied in common by sick and well have been 
replaced largely by separate and well aerated bedrooms for 
the sick ; and a steadily increasing proportion of the sick 
are treated in hospitals. The last-named improvement can 
be statistically measured, though somewhat crudely. In 
the author's Prevention of Tuberculo.sia . various means 

. of testing the extent of segregation of consumptives were 
attempted,· as for instance the number of indoor paupers 
and the proportion of institutional to total deaths from all 
causes, though all these measures are necessarily inadequate. 
In the following table (see also Fig. 3 7) is set out the increasing 
proportional treatment of disease in institutions and the course 
of the phthisis death-rate :-
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P1rlod. 

1869-70 
1871-75 
1876-80 
1881-85 
1886-90 
1891-95 
1896-1900 
1901-05 
1906-10 
1911-14 
1916-18 
1919-20 

ENGLAND AND W At.BS. 

Proportion per Cent. of Total 
Deaths from All Causes occurring 

In Public lnatitutiou. 

8·3 
8·8 
9·6 

10·5 
11·2 
12·2 
13·7 
16·5 
IA•4 
21·2 
24·4 
24·3 

' W sr ye&l'll. 

Deatb·rate from Tuberculosis 
of Rraplratory System per 

100,000 ot Population. 

244 
222 
204 
183 
164 
146 
132 
122 
Ill 
103 
121' 

92 

The earlier evidence that a large proportion of the 
hospital treated cases are phthisis, and that a large pro­
portion of cases of phthisis receive in the aggregate very 
prolonged hospital treatment, is given in Prevention of Tuber­
culom. In the year 1920, 36 · 2 per cent. of the total male 
and 26 · 5 per cent. of the total female deaths from phthisis 
in England and Wales occurred in hospitals, commonly after 
prolonged and often repeated stay of the patients in these 
hospitals. 

Even though it may be accepted that the segregation of 
consumptives, especially of advanced cases, has greatly 
reduced infection, the circumstances associated with the 
historical reduction in the death-rate from phthisis appear 
to be too complex to permit of more than a qualitative state­
ment of tha case, unless figures be used as a pointer of the 
direction of events. The course of the death-rate from phthisis 
is the resultant of a number of forces, some of the more 
important of which are as follows :-

• 
Focloro Mal.~ng Jrw Red!Adlon. 

I. Gradual substitution of omall·doaod and infrequonl in lieu of large-dosed 
and frequent infect.ion. and especially-

( I) lno.......! cloonlin.,. in personal habits (spitting, oto.). 
(2) Reduction of dust and of inlootion in industrial life. 
(3) Belter oare and segregation of tho aiok. 

2. InoreaM>d reoi&tanoo by improvement of general hygionio eonditiona, 
~luding impro\"ed nutrition. 

3. Pnn-iaion af mMnB for promp' diagnosis and continued treatmen' 
of tuborouloaia. Disponaarieo. Rooidontial Institutions, Open-air 
Schoola, ete. 
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Fadou On-ifl9 Boduoli<m. 

1. StoadJ' inoreaae of town life. 
2. Ittcreasing replacemeD.t of outdoor by indoor occupations. 
3. The reduction in house.room which goea with town life. 

In view of 'these opposing factors even a stationary death· 
rate from tuberculosis would mean the operation of a 
beneficent factor or factors ; and the fact that in England 
three-fourths · and in America over half of the ·population 
live in. towns, and that notwithstanding the evil tendencies 
of urban life and' industrialism, the death-rate from tuber­
culosis .has declined, constitutes one of the greatest triumphs 
of medicine and hygiene. 

It is satisfactory to note that in international conferences 
held recently " hospital treatment on an adequate scale of 
acute advanced and hopeless cases of tuberculosis " is held to 
be a " fundamental and indispensable " factor' in an organized 
campaign against tuberculosis. It has, in fact, been regarded 
as such for twenty years or more both in America and 
England. This consensus as to practical action confirms· 
the conclusion that historically, before its rationale was 
understood, and when hospital treatmllnt was being· given 
solely for . humanitarian reasons, this hospital treatment 
played an important part ~ reducing the death-rate from 
tuberculosis. 

ILLUSTRATION. 
Comparison of Incomparab1e.Items.-Jn 1918 the desth.rate• 

from phthisis in New York City was 155, and in •Richmond, Vs., it 
was 187 per 100,000. To what is this ditJerenoe due f • 

Remt;wks.-As it is notorious that phthisis prevails more seriously 
in negroes than in the white population, it is first neoessary to anal~ 
the above death·rates es follows :- ' 

Population. .Deathl from Death-rate per 100,000 
l'bt.blllo. in Each Group. 

White. COloured. White. Coloulod. Wblte. Oololll04. 
F;Dt!re 

l'o.r.::.~ 

New York City .. 6,488,000 116,840 8,148 63~ 148 460 156 

Richmond, Va. .. 100,700 88,000 117 178 118 814 187 

. It is seen that the death·rate from phthisis in Richmond is lower 
both in the white and the coloured population than: in New York, 
It is assumed in this example that the age and sex distributions of the 
two populations are equal, It would not be inconsistent with the 
above death·rates if it were found tha~ notwithstanding its higher 
phtbisia death·rats more is being done to contravene phthisiogenio 
factors in New York than in Riohm:ond, these factol'll on this assumption 
bejp.g greater in th~ first·named city, 



CHAPTER XXXIX 

PNEUMONIA 

PNEUMONIA is a chief cause of mortality, coming third or 
fourth in order of magnitude. But it does not represent a 
single entity. Acute lobar pneumonia may be caused by 
the 1'neumococcus, or as during the 1918-19 pandemic of 
influei.Za by streptococcic invasion. Broncho-pneumonia may 
occur as a primary disease, but is commonly secondary to 
simple bronchitis, measles, whooping cough, or diphtheria. 
There is the further complication that many deaths now 
certified as due to pneumonia were ascribed to bronchitis in 
former years. It is subject to these dubious elements that 
the statistics of pneumonia require study. Deaths from 
pneumonia are separately tabulated under three headings 
in the Registrar-General's reports, and the relative propor­
tion of these is shown below :-

ENGLAND AND WALB9. 

ProportW.. per 01!111. of Dealho /ram V arioul l'o,.,., of Pn ... monia 1o Total 
Pmumonia Dealho. 

Period. Lobar Pneumonia. Bronobo-pneum.onia. Pne-umonia not 
otberwile detlned. 

1001~5 8·4 42·1 49·5 
1914 22·0 46·9 31•1 
1920 22·6 50•2 27·2 

Pneumonia undefined generally means lobar pneumonia. 
The death-rates from pneumonia {all forms) and from 

bronchitis for a series of years are shown below:-
ENGLAND .t.>m W.t.LES. 

A""ual D«JJh • ...,. (Siandardu.d) per 100.000 of PopulaAooo. 

1881-70. 18;')-80. 1881-QO, 1881-1000. JIM)l-10. 

Malee { Pnoum~a .. 114 112 1~6 146 147 
Bronchit.J.e .. .. 178 228 !!18 188 121 

Fomal {Pneumonia ' .. 85 77 83 99 108 00 Bronohit.io .. 15g :os 195 171 109 
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It appears likely that both the increase shown in pneumonia 
and the decrease shown in bronchitis are largely fictitious. 
When the two rates are added together, there is seen some 
decrease in the combined mortality from inflammations of 
the lungs and bronchi. 

Crude death-rates for a large part of the period 1911-20 
are profoundly influenced by the influenza epidemic. This 
is shown below :-

CRUDE ANNUAL DEATH-RATEs PER 100,000 OF PoPULATioN. 

(1) England and Wales. 

11911.\1912.11913. \ 1914. \ I9Is.j1910.j1917. \ 1918.j1919.j1920.j1921. 

Influenza .. 

1 

Pneumonia 
Bronchitis ''I 1~4 

20 

(:!) United States Re(li.stratirm Area. 

l~g llg 112? J~l~ J~~~ JlEZ I lU 18 17 17 16 16 3011''1" 286 124- 137 
10 1a 13 

There is evidence not only of excessive mortality from 
pneumonia, and to a less extent from bronchitis, during the 
1918-19 epidemic of influenza, but also of marked excess of 
these two diseases in 1915 when influenza was not being 
specially observed, although in that year there was some 
excess of influenza in old people. 

Historical Changes in Prevalence of Pneumonia.-The 
accuracy of such comparisons must be suspected in view of 
the changes in the form of certification indicated above, 
between various forms of pneumonia, and probably between 
bronchitis and pneumonia. 

Geographical Distribution of Pneumonia.-Pneumonia 
is much more fatal in the North than in the South of England, 
and less fatal in rural than in urban districts, as shown by 
the following average experiences in 1919 (see table at top 
of p. 465). The county boroughs in the south suffer less 
than the rural districts in the north. 

Dr. Stevenson points out (Annual Report of the Registrar­
General, 1912) that the range of mortality is extreme. It 
is almost four times as high for males in the county boroughs 
of the north as for females in the rural districts of the south, 
and three times as high when males alone are compared. 
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ENGLAND, 1919. 

Crude ' Death·raleB per M iUion Civilian Population. 

Region. London. County Other Urban Rural 
Boroughs. Dl.strictl!l. Dlstricts. 

North .. - 1,567 1,219 1,067 
Midlomds .. .. - 1,119 795 684 
South .. .. 1,062 785 661 629 

1 Standardization for sex and o.ge constitution does not aftect very 
materially the orude rates for pneumonia. 

A study of the geographical distribution of the death-rate 
of bronchitis and pneumonia combined in children under 5 
years of age is ~ontained in my " Report on Child Mortality 
at Ages 0-5 in England and Wales," 1916 (Cd. 8496). The 
death-rates 'given in that report are for the years 1911-14. 
They are stated per 1,000 births. The following extreme 
examples may be quoted :- ' 

DEATH-RATES FROM PNEUMONIA. PLVB BRONCHITIS -IN CHILDREN 
UNDER 5 PBB 1,000 BmTHB. 

Lowest. Highest. 
Motropoli tan Boroughs-

Hwnpstend 19 Soopney .. 37 
Groat Towns-

Homsey .. 13 llliddlesbrough 61 
Smaller Towrut-

Rcigate .. 11 Ince-in-Makerfield .. 62 

Evidently, as Dr. Stevenson says, "pneumonia is to a 
large extent a preventible disease, and the North of England 
has still much to learn with regard to its prevention." 

In part, the differences noted above may be due to varying 
prevalonce of measles and whooping cough, but that this is 
only a partial explanation is shown by a detailed study of 
local statistics. ' 

The experience of the town of :Middlesbrough is excep­
tional, the death-rate from pneumonia in this town having 
been much higher than that of other towns in England for 
many years. In this town there is a great excess of pneu­
monia among men engaged in the local foundries, but the 
d<•ath-rntc. from this disease in most years is higher at ages 
under 15 than in adults, and in children it varies from ward 
to ward of the town. The death-rate from pneumonia and 

80 



466 THE ELEMENTS OF VITAL STATISTICS 

bronchitis among children under 5 varied in 1911-14 from 
35 to 84 per 1,000 births in different wards of the town. 
In the production of this excessive mortality, the dust 
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and grit of the air of this town bear their part ; but that 
this is not the chief factor is indicated by the ward-differ­
ences, as well as by the age-incidence of the. mortality. Bad 
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housing and unfavourable social circumstances have great 
influence ; but in the report quoted above I record the 
conclusion that "if the public-houses in the town, and within 
a few miles of it, could be closed for six months, the high 
proportion of the population of llfiddlesbrough who are now 
living under conditions of housing inimical to health and 
to self-respect would secure an immense improvement in 
health and efficiency even in their present houses, and would 
at the end of the trial period be in a financial position to 
combine to secure the building of new and satisfactory houses 
in the outskirts of the town." 

Ag,e Distribution of Pneumonia and Bronchitis.-The 
death-rates from bronchitis and pneumonia at successive 
age-periods during the decennium 1901-10 are shown in 
Fig. 77. 

Both diseases cause their heaviest death-rates at the 
two extremes of life. In childhood deaths from these q,auses 
are largely preventible ; in middle life the same statement 
holds good, as may be inferred in part from the social and 
industrial variations in the death-rate from these diseases 
(p. 321). Both diseases are commonly secondary to other 
infections, as measles and influenza. Osler- has described 
pneumonia as the friend of the aged, and in old age it may 
be regarded as a mode of euthanasia as much as a cause of 
death. 

The question of transfer between bronchitis and pneumonia. 
taken together and phthisis may be considered here as bearing 
on the trustworthiness of the statistics of all three diseases. 
The course of events may be inferred approximately from 
curves given in Newsholme's Pret-ention of Tuberculosis, 1908, 
p. 28, which co.n be brought more recently up to date by 
the student from the rates published in the Decennial 
Supplement, 1901-10. The general result is to show that 
no transfer of deaths between bronchitis piU8 pnellll!onia 
and phthL,.js ha.s occurred to an extent sufficient to disturb 
the simi!!l.l' age-distribution of death-rates in 1861-70 and 
1901 respectivt-ly (see Fig. 77). 

Sex-Distribution of Pneumonla.-For both diseases the 
death-rate a.t every age-period is higher in males than in 
{~males, except at a~s 5--10 for bronchitis, a.s judged by 
English experience in 1!101-10. For pneumonia the diiit'r-
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ence" between the two sexes is greatest a.t ages 15--65, the 
chief working yea.rs of life. The ma.le excess of mortality 
from l!ronchitis at the working years of life is relatively small. 
It will be noted that a.t ages 5--15 male and fema.le morta.Iity 
from pneumonia. a.re practically equal ; and a.t the sa.ine ages 
fema.le is greater than male mortality from bronchitis (see 
Fig. 78). 

Pneumonia in U.S.A.-Pneumonia. in the United States 
registration a.rea. appears to be a. much heavier cause of death 
than in England. A comparison of the death-rates from 
bronchitis in the two countries, however, renders it likely 
that bronchitis is more frequently returned a.s a. cause of .. 
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' . . 
death in acute respiratory disease in England than in the 
United States, when pneumonia. would have been more. 
accurately certified (see Fig. 19). It may be, however, that 
the difference is rea.!, and is associated with the different 
climatic conditions in the two countries. The higher death· 
rate from cerebro-spinal meningitis and from acute poliomye­
litis in the United States may be recalled in this connection. 
There is a. close correspondence in the experience of the two 
countries as rega.rds influenza and its effect on the death-rate 
from pneumonia.. 



CHAPTER XL 

MORTALITY IN CHILDBEARING 

CHILDBEARING being a physiological process, the deaths 
occurring in connection with it are accidental in character, 
due to infection or injury manifesting itself by one of the 
many conditions enumerated below. A ghare of this mortality 
is caused by rachitic or other deformity of the pelvis, the 
result usually of disease in the childhood of the mother. 
Subject to more detailed examination of the causes of death. 
in childbearing in each community, the rate of mortality 
per thousand confinements should be regarded as one of the 
best tests of the stage of sanitary civilization attained by 
the community, a large share of the mortality and the still 
larger amount of disablement arising from pregnancy and 
parturition being preventible when efficient aid is given to 
the mother. Thus the rate of puerperal mortality stands 
side by side with the amount of hospital provision in a com­
munity as a reliable index of communal enlightenment. 

The list of conditions included under the head of mortality 
in the puerperal state is shown in the following extract from 
the ~gistrar-General's Annual Report, 1921 :-

ENGLAND AND WALES, 1921. 

lntornnt.lnnal Number of 
Ll&t ~umber. DeaLhl. 

143 Ae<'idonte of pregn.anoy-
(a) Abortion . . .. . . . . 107} (b) Ectopio gt'OI&t.ion . . .. . . 83 
(c) OtJ1er accidents .. . . .. 144 

144 J>u~rperal hmmorrhage .. .. . . 469 
145 Other accidents of childbirth . . .. 381 
HO Puerperal Bf'lpsia . . .. . . . . 1,171 
147 ( 1) PhlegmaW.a alba do lens not returned as 

aept~o . . . . .. . . 64 
(2) Embolism and sudden death .. 26:! 

us Puerperal albuminuria and convulsions 604 
149 Childbirth not assignable to other headings 

(puerperal insanity) .. . . . . 29 
160 Puorperal dioeaoea of the breaa\ .. . . 7 

Total . . .. . . . . 3,32.2 
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' Prior to 1911, the deaths returned as due to puerperal 

nephritis and uraemia, or as " puerperal albuminuria and 
Bright's disease," were not .included under the head of 
puerper!ll mortality, as is now done in accord with the Inter­
national Rules. For this reason, in order to secure compare.-. 
bility, these items are excluded from the tables on pages 472 
and 473. 

A further point should be noted. A disease may occur 
and may prove fatal which is not due to pregnancy or 
parturition, but complicates these conditions. Thi~ is so 
most often in heart disease, next in frequency being 
pneumonia, influenza, tuberculosis, and Bright's disease. A 
list of such non-puerperal deaths, 1,086 in number, occurring 
in ~he puerperal period is given on page lxxxviii of the 
Registrar-General's Annual Report, 1920. The inclusion of 
these would have rs.ised the puerperal mortality in that year 
from 4·12 to 5·46 per 1,000 births. 

Methods of . Stating Puerperal Mortality .-The rate 
employed will depend on the purpose for which it is to be 
employed. If it is desired to show the importance of this 
cause of death as a factor in the total female death-rate, the 
first method given below is indicated. If it is required to 
measure the danger of childbirth, a rate per 1,000 confine­
ments is indicated, including abortions and miscarriages.; 
but this is unobtainable, and t.\le best method in practice is. 
stated in 4 below. 

The following methods have been employed :-
1. A crude annual d~a~h-rate PE!r .1,000 living, or per 

1,000 of the female sex, as given in Table 5 of the Registrar: 
General's Annual Report, ·1921; should not be used for com­
paring (except in the limited s'ense indicated above) either 
rates in successive years or in different communities. • 

2. A statement in terms '?f total women of childbearing 
age, say 15-45, is to be deprecated. In residential districts 
having a very high proportion of unmarried women, including 
domestics, this method would understate the index of 
puerperal mort!llity. . 

3. A rate based on the number of ma:ned women aged 
15-45 gives a somewhat more accurate statement than the 
two preceding rateR, but comparison by this method of a 
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district having a low, with a district having a high, birth­
rate would still give misleading results. 

4. For practical purposes puerperal mortality is best 
stated per 1,000 ·live-births. Restriction to live-births as a 
denominator give~ the most accurate results for Britain, in 
which birth registration of live-births is complete, while 
notification of still-births (i.e. after the seventh month of 
gestation) is incomplete to an extent which varies greatly 
in different localities (see p. 83). In international com­
parisons the attempt to state puerperal mortality in terms 
of live- plus still-births causes confusion, owing to the vary­
ing law as to registration of still-births and the varying 
degree of enforcement of the law. · 

Thus in New York State still-births include infants born 
dead after five months of utero-gestation. In Indiana the 
limiting period is seven months, and in most States the term 
"still-birth " is not defined. Hence the soundness of the 
advice that " interpretation of the data relating to still­
birth~ mu~t be made with extreme caution " (Birth Statistics 
for the Birth Registration Area of the United States, 1918, 
p. 28). On this point see also page 83. 

Although method 4 in practice is the method which gives 
the nearest approximation to accuracy, a refinement may be 
adopted if in any localized experience completely accurate 
data are available. (I) The deaths occurring in connection 
with live-births stated per 1,000 of live-births ; (2) the 
deaths in connection with the birth of Rtill·born infants and 
abortions stated per 1,000 total abortions anJ births of 
still-born infants. But the second condition is impracticable, 
as no system of notification of all abortions is administra­
tively possible, and the ordinary death . certificate does not 
state whether the offspring of the deceased was born alive. 
If still-births and abortions bore a constant ratio to total 
pregnancies, these and live-births in method 4 would .1-e as 
good an index as live-births alone and no better, for although 
the rates obtained would differ, their movements would be 
identical, as in the analogous case of standardized death­
rates ba.."E'd on different standards. But the definition of 
still-births varies greatly, and the dt.'gtre of official notifica­
tion of these is even more erratic. 

In stating J>U«'rp<.•ral mortality according to method 4, 
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the error arising from multiple births is corrected approxi­
mately by using the multiplying factor 0·99. In practice 
this may be neglected. r 

In the Decennial Supplement of the Registrar-General 
{1901-10), page xc, is given the following table :-

ENGLAND AND WALES. 

Morl<Jlily from Tolal m..a.. .. and Accidento of Pregnancy and Ohildbi•lh 
Slat<d 'fJ<f' Oont. of 1/ud in 1861-70. 

Ratio Based on Rate 
per 1,000 Femalea 

(Staodanll%od). 
Ba.tlo Bwled OD Rate 

por 1,000 Births. 

1861-70 
1871-80 
1881-90 
1891-1900 
1901-10 

100 
103 
93 
88 
60 

100 
100 
101 
108 
85 

The rates calculated per 1,000 total females, when 
standardized only for age-distribution, overstate the decline 
in puerperal mortality .. The more acc~rate rates per 1,000 
births showed no decline prior to the last decennium in the 
table. . 

In the following table is given the puerperal mortality in 
U.S.A. and in England for a series of years :-

DISliiASBS AND AccmBNT!I o~ PREGNANCY AND Clm.DDIIl'l'll. 
A. Annual Dealh·ralo per 100,000 p.,. • .,.. Living. 

' 
1001-5. 1908·10: ~1915. 1916. 1917. 1918. 1919. 1920,' 

~ ----------
U.S. Death Regis· 

tration Area •• 14·2· 15·5 15·2 16·3 16•7 22·4 17·0 19·2 
England and 

Wales .. 12·0 9·8 9·1 8·7 7·3 7·1 7·8 10·5 

B. Annual De<Jih.f'IJI6 'fJ<f' 1,000 Li .. BirlhB. 

1901-5. 191)6..10. 1916. 1918. 1917. 1918. 1919. 1920. - ~ ------------
U.S. Birth Regia· 

tration Area •• - 6·1 6·2 6·8 9·2 7·4 8·0 
England and 

Walea .. .. 4·3 3·7 3·9 3·9 3·7 3·8 4·1 4·1 
I I 
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Some possible error arises in the estimate of civilian popu· 
lation in England for the war years 1915-18 ; but even in 
earlier years it is impossible to say from the above table A 
whether the declining puerperal death-rate in England and the 
slightly increasing rate in the United States are du~ to changes 
in the population at risk-i.e. parturient women measured by 
number of births-or to changes in the efficiency of the 
respective services for care of parturient women in the two 
countries. The second half of the table, B, enables a fair com­
parison to be made of the recent experience of the two countries, 
assuming similar allocation of deaths and equal accuracy of 
birth returns. In the United States mortality in the puerperal 
state differs greatly in the white population (7 ·.6) from that in 
the coloured population (13·9 per 1,000 live births in 1919). 

Years of Special Excess of Puerperal Fever.-ln the 
past there have been remarkable excesses of mortality from 
puerperal fever in certain years. The highest death-rate 
registered from this cause was in 1874 (3·7 per 1,000 births). 
The next· maximum was 3·1 in 1882; then 3·4 in 1893. 
Since then there has been fairly steady decline in the English 
death-rate from puerperal fever until 1914 and 1920, when 
two epidemic peaks are seen. The course of events from 
1871 onwards is shown in Fig. J9, which also compares the 
course of puerperal sepais with that of other complications 
of childbearing. 

In the following table the same events are shown in con­
densed form for part of the period since 1871 :-

ENGLAND AND WALES. 

Mortality of IV..,.... in Childbirlh and P.-.gn<lllCy per 1,000 lrifam. Born Ali,.. 

C..... ol Dea!Jl. 1891-05, 189&-1000. 1901-GS. 19041-10. 1011-15. 10141-20. 

s.r,:· .. .. 2·60 2·12 1·95 1·56 1·50 1·59 
0 er oaueea .. 2·89 2·67 2·32 2·18 2·31 • 2·29 

6·49 4·69 4·27 3·74 3·81 3·88 

Tlte classification is that in use before 19ll. Sepsis is 
equivalent to " puerperal fever." 

These average rates conceal the annual course of events. 
Longstaff (Siudi~s iN Statislir,•) has shown that in the years 
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in which puerperal fever a.nd erysipela.s were most prevalent, 
there wa.e deficient ra.infa.ll, a.nd, similar relationships )la.ve 
been observed in respect of scarlet fever, diphtheria.,/ a.nd 
rheumatic fever. The nature of this relationship is ob~cure. 
For puerperal sepsis, this being a. wound infection, the 
·coincidence should cease if surgically aseptic midwifery 
were generally maintained. 

A 

B 

Fxo. 79.-England and Wales : Annual Death.ratea per 1,000 Births Regia· 
tered, 1871-1920, from : A, Puerperal Sepaia ; B, Other Accidents and 
Diseases of Pregnancy and Childbirth (Ciasillicat.ion as in Use before 
1911). 

A study of the two curves in Fig. 79 shows some corre­
spondence in their course, and the coefficient of correlation 
between the dea.th-ra.tes (A a.nd B in Fig. 79) for the years 
1905-19 is 0 • 92. This factor' tells less tha.n a.n examination 
of the curves, in which the course of events can be studied. 
N<'r does it necessarily show more tha.n tha.t coincident 
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factors are operating for both groups of puerperal mortality. 
The interpretation of the course of events must be chiefly 
medical, checked by the comparative experience of different 
districts. In the ante-bellum period, the mortality from 
puerperal conditions, presumably non-t~eptic, was not declin­
ing when that from sepsis was declining. The position for 
both A and B in }'ig. 79 cannot be regarded as satisfactory. 

Trustworthiness of Fi~ures.-In interpreting the course 
of events respecting puerperal mortality, it must be noted 
that medical practitioners have often been unwilling to 
return deaths as related to parturition, and that puerperal 
mortality may be thus understated. The special instruc­
tionq given to medical practitioners to record childbirth 
whenever death occurs within a month after it are stated 
on page 165. In recent years probably certification has 
improved. The improvement has been aided by the system 
of medical inquiries initiated in 1881 (p. 164). Many deaths 
in women of childbearing age, referred for instance to py~Emia, 
blood-poisoning, peritonitis, or pneumonia, have been trans­
ferred to puerperal sepsis as the result of these inquiries. 
A further improvement has resulted from wider recognition 
of the septic nature of many deaths in the puerperium. 
These points need remembering in interpreting the course 
of events in Fig. 79, and in reading the following figures 
taken (except for 1911-20) from the la&t Dece.nrual Supple­
me~t of the Registrar-General, page xc. If the death-rate in 
England and Wales per 1,000 births from A, puerperal 
sepsis, and B, other puerperal causes in 1861-70 be stated 
as I 00, then in-

A. B. 
1861-70 •• 100 100 
1871-80 it was .. 128 85 
18S1-90 it waa .• 158 88 
1891-1900 it W&8 139 91 
1901-10 it W&8 •• 10' 75 
1911-20 it was •• 91 73 

Notification of Puerperal Fever.-The pelvic infection 
occurring in connection . with parturition is not a specific 
infection, and may have many sources, and be due to a 
number of different micro"()rganisms. But it has held its 
place in the Registrar-General's reports, in part because 
medical practitioners continue to enter it on death-eertifi-
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cates, still more because " puerperal fever " is one of· the 
diseases requiring to be notified under the- Notification of 
Infectious Diseases Acts. 

In the Nomenclature of Diseases drawn up and published 
in 1906 on behalf of the Royal College of Physicians it was 
noted (p .. 7) :-

The term " Puerperal Fever" has been removed from the Nomen· 
clature. Pymmia, septicemia, or septic intoxication occuning in 
puerpereJ women should be described as "puerpereJ septicmmia," or 
"puerperal pymmia,u u puerperal septicremia," or ''puerperal septic 
intoxication u respectively. Other conditions formerly included under 
the term u puerperal fever , should be returned under affections conse· 
quent on parturition, the word n puerperal " being in aU cases prefixed 
to the word denoting the local process. 

To this should be added the advice given in the official books 
of forms of certificates of death : "That whenever child­
birth has occurred within one month before death, this fact 
should be registered in connection with the cause of death." 

Although " puerperal fever 1' is a blLd term for any indi­
vidual case of disease, it has merits as a name for a group 
of septic disease'! which in 1921 caUS!ld 1,171 deaths in 
England and Wales ; and it may be questioned whether the 
e.ubstitution of the name . " puerperal sepsis " in the 
Registrar-General's Annual Rep_ort, 1921, may not lead to 
some avoidance of certification of this condition. · ' 

The notification of cases of ·" puerperal fever " ill much· 
more un;;atisfactory than its certification after death. l'he 
Obstetrical Society of London, in re~ponse to a request for 
advice from the Society of Medical Officers of Healt:l!, stated. 
that a.n inclusive definition should be added after the words 
" Puerperal Fever " in the follo:wing terms :-

That is septicmm.ia and pyamlia, including peritonitis, and all casee 
of acute pelvic inflammation in connection with childbirth. 

That the notification of puerperal fever is incomplete to a 
varying extent is shown by the fact that in 1920 there were 
473 deathq from this condition to every 1,000 cases notified, 
508 to 1,000 ca.ees in county boroughs, 706 in other urban 
districts, and 812 in .rural districts. In the rural districts of 
Wales the proportion of deaths from puerperal fever to cases 
notified was 1,364 to 1,000 I 

Notification of cases being so incomplete, study of the 
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incidence of puerperal ~epsis on a large scale must be by 
means of death-rates. 

A fairly complete account of the local incidence of the 
two great groups of causes of puerperal mortality is con­
tained in my " Report on Maternal Mortality in Con­
nection with Childbearing," 1915 (Local Government Board 
Report~, Cd. 8085). In the five years 1911-14 the death­
rate from puerperal fever per 1,000 births varied only 
between I· 38 and 1· 48 in different divisions in England, 
whereas the death-rate from other complications of pregnancy 
and parturition was only 1· 58 in London, 1¥1 compared with 
an 1werage of 2 ·59 in the total administrative counties of 
England and Wales. 

The Webh ·counties had the highest death-rate under 
both headings. In 8 Welsh counties the total puerperal 
mortality averaged 6· 60 per 1,000 births; in Westmorland 
it was 5·62, in Durham 4•46, and in London only 3·06. In 
large towns the total puerperal mortality varied from 8 ·54 to 
2 or 3 per 1,000 births ; and the only conclusion possible 
from the total data was that a large part of the mortality 
was preventible. Altogether in the 5. years in question 
14,045 death~ in England and Wale~ were the result of 
pregnancy and parturition, whereas had the death-rate been 
as low as that in London, 3,306 lives of motheN would have 
been saved. 

:• Mortality Statistics," United States, 1920, contains 
useful figures on thi~ subject, prefaced by the necessary 
warning that the rates are too high whenever birth registra­
tion is defective. The birth registration area was not estab­
lished until 1915, and then included only 10 States and the 
district of Columbia. Comparing the entire birth registra­
tion area. in 1915 and 1920, the death-rate from all puerpera.! 
cau'es varied from 6·1 in 1915 to 8·0 per 1,000 births in 
1920; in the white population it varied from 6·0 tG 8·9 
(1918), and in the coloured population from 10·6 to 13·9 
(1918). Of the total puerperal death-rate in 1920, A and B 
(seep. 474) caused a death-rate 2•6 and 5•0 in the white and 
4·0 aud 8·8 in the coloured populations respectively .. ., 

The same report i$ able to give a valuable tabl·~·of the 
ifiCiJefiCe of puerperal mortality according to 1M age of the 
motMr, whit-h unfortunat(']y cannot be ast't'rtnined in Eng-
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land until our registration system is altered, so that the. ages 
of mothers at the birth of their infants can be ~gistered; 

UNITIOD STATES REGISTRATION AliEA.. 

DeaJh.....U in 1920 per 1,000 Birtho at Ago of Mother of-

10-lD 2o-29 S0-39 40 Yeara 
Yean. y..,., Yeara. and Over. 

Puerperal septicEmia .. 2·8 2·3 3·1 4·2 
' Other puerperal oauees .. 5·0 4·1 6·9 10·6 

Similar rates are given for each of ·the 4 years 1917-20. 
They indicate that the risk of puerperal septicmmia 'is 
highest· in the earliest and latest parturition~, the greatest 
risk from puerperal causes other than sepsis being at ages 
over. 40. 

In the United States, as in England, the death-rate ~om 
puerperal causes in 1918 was very excessive, which must 
be referred to the infiuenza epidemic of that year. The 
following rates are taken from the above-named American 
report:-

RAus Ol' MoBTALI'l'Y FBOK PUERPERAL CAO'SBS PER 1,000 Bmms 
. "'"1920. 

A,l B.l 
United States Birth Registration Area.. ·2·7 5·3 

"Total foreign (i.e. not United.Stetes) · 2·4 4·4· 
Austria •• • • • 2·3 3·9 
Hungary .. 3·1 3·5 
Canada . . 2·4 8·1· 
Denmark, Norway and Sweden . . 1·8 6·7 
England, Scotland, ab.d•Waleo 3·4 5·5 
lreland 3·0 6·8 
Germany • • 3·3 5·5 
Italy . • 1•9 3·7 

' A, Puerperal eeptiooemia. B, Other puerperal oa~ 

In the table from which the above rates are extracted 
" adjusted " rates are also given, corrected on the basis of 
a standard million births of 1917. The births are distributed 
in each country to a million mothers of differing age as in 
1917, thus ·adjusting for variations of puerperal death-rate 
due ~4,the age of the mother. In the above figures this cor­
rection )a not given ; but it is unlikely that this or the varia­
tion in classification of deaths in practice is so great as to 
render the above rates incomparable. Greater doubt may 
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be entertained as to completeness of registration of births 
in some countries ; but this would obViously have much less 
influence in impairing comparability than incomplete state· 
ment of puerperal deaths. , 

Dr. 0. R. Eichel, in a report to the New York State 
Department of Health (JunE! 1922) on "The Geographical 
Distribution of Maternal Mortality and Still-births in New 
York State," gives rates of mortality from all puerperal 
cauqes in 1916-20, varying in different districts from nil to 
10·9 per 1,000 births, including still-birth~. The death-rate 
from puerperal septicoomia varied from 6 · 5 to nil. The 
perpP.ntage of still-births to total births varied in different 
diqtricts from 1· 2 to 7 · 7, illustrating the additional (though 
owing to the change being in the denominator the rela­
tively insignificant) source of incomparability introduced by 
including still-births. 



CHAPTER XLI 

VENEREAL DISEASES 

Syphllis.-The recorded death-rate from syphilis for a 
series of years is shown below :-

ENGLAND AND WALES. 

Average Annual Death-rate from Syphilil per MiUivn Living of EBCJ& Se!t. 

1871-80. 1881-90. 1891-1900. 1901-10. 1911-15. 1916-20. 

Males . . .. 77 75 68 58 66 74 

Females . . .. 70 68 56. 45 44 42 

The majority of these recorded deaths occur in child­
b,ood. Thus per million ·persons living_ at each age-period, 
the death-rate in 1901-10 at ages o-5 was 332, the highest 
at any subsequent age-period being 32 at ages 45-55. 

The above rates understaie the facts to an .extent which 
cannot be accurately determined ; but three other diseases 
need to be brought into the scale, which even then is too. 
light. These are general paralysis of the insane, locomotor 
ataxy, and aneurism, which are caused by syphilis. In "the 
Registrar-General's reports, general. paralysis of the insane 
was first separated from non-puerperal insanity, and loco· 
motor ataxy from "paraplegia, diseases of the cord," in the 
year 1901. ' 

ENGLAND AND WALES. 

-"•orou• Ann....Z Death-rat< per MiUion LWing of EBCJ& Se:x: from-

\ 
General Pa.ralya!J of Locomotor Ataxy. Aneurfem. ' . the ID~~Wt, 

Male . Female. Hale. Female. Male. Female. 
• 

---'\tt 106 32 25 G G3 12 1901-5~ ~ 104 30 28 6 G3 12 
1906-10 1 102 22 34 6 52 l2 
19ll-l6 '(?lb. 100 17 39 G 46 10 
19~6-20 \: ... 
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In the official American statistics aneurism is tabulated 
with "diseases of arteries and atheroma," which must be 
noted in reading the following table for persons :-

UNITED STATES REGISTRATION A.ll.EA. 

Annual Death-rates per M iUion Persons. 

1901-05. 1906-10. 1915-18. 

Syphilis . . . . . . .. 41 54 95 
Genor&l paralysis of insane .. 68 55 71 
Locomotor ataxy .. .. .. 24 26 24 
Diseasoa of arteries .. .. 177 94 239 

The smallness of the official figures is to be contrasted 
with Osler's statement, based on wide experience and careful 
judgment, that syphilis is more destructive of life than tuber­
culosis, cancer, or pneumonia, which rank highest in mortuary 
tables. An indeterminate proportion of deaths of the insane, 
and of deaths under such headings as heart disease, paralysis, 
cerebral hromorrhage, premature birth, cancer.of the tongue, 
and others would need to be added to obtain a correct total. 
To attempt to add these to the total returned as syphilis 
under present medical conditions would be to create addi­
tional confusion, irrespective of the unwillingnes' of certi' 
fying practitioners to enter syphilis as a remote probable 
cause of death (see also p. 170) ; but it may eventually 
become practicable to apply the same rule to syphilis as to 
acute infectious diseases (p. 486). It would be erroneous to 
assume that a system of secret certification of causes of 
death would remove more than a portion of the difficulty 
implied in the present position (p. 166). 

It has already been noted that most of the recorded deaths 
from syphilis occur in infancy. In 1871-80 the deaths from 
~yphilis Q-1 were 76·9 per 100 der.ths from the same cause 
at all ages; in 1915-16 the proportion had fallen to .62·7 
per cent., in accordance with the fall in the birth-rate. For 
a complete study of the registration of deaths from syphilis, 
see page lxvi el WJ· of Dr. Stevenson's contribution to the 
Regist~ar-General's Annual :3.eport, 1916. 

Infant Mortality from Syphllis.-In England and Wales 
the number of deaths registered as due to syphilis under 
1 year of age varied between 1• 31 and 1· 73 per 1,000 births 

31 



CHAPTER XLI 

VENEREAL DISEASES 

Syphills.-The recorded death-rate from syphilis for a 
series of years is shown below :-

ENGLAND AND WALEs. 

A"""''/o Anmud Death-rate from SyphiliiJ per MiUion Living of Eacl& Su. 

1871-80. 1881-DO .. 1891-1900. 1901-10. 1911-16. 1916-20. 

lllalea .. .. 77 75 68 58 65 74 

Females .. .. 70 68 56. 45 44 42 

The majority of these recorded deaths occur in child­
h,ood. Thus per million ·persons living at each age-period, 
the death-rate in 1901-10 at ages Q-5 was 332, the highest 
at any subsequent age-period being 32 at ages 45-55. 

The above rates understate the facts to an .extent which 
cannot be accurately determined ; but three other diseases 
need to be brought into the scale, which even then is too 
light. These are general paralysis of the insane, locomotor 
ataxy, and aneurism, which are caused by syphilis. In 'the 
Registrar-General's reports, general. paralysis of the insane 
was first separated from non-puerperal insanity, and loco­
motor ataxy from " paraplegia, diseases of the cord," in the 
year 1901. · 

ENGLAND AND WALES. 

A"""'''o Annual Death-f'IJio per MiUion Li.,;,.g of Eacl& Su /,..,._ 

General Paral.nll o1' Locomotor Ataxy. Aneurism. tb,e lM&D..,, 

llt.le. Female. Hale. Female. Male. Female. 

\ 
1901-11\ 106 32 25 & &3 12 
1906-10\ 104 30 28 8 63 12 
1911-15 ' ., 102 22 34 8 62 12 
1916-20 '·JOO 17 39 6 48 10 

' 
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In the official American statistics aneurism is tabulated 
with " diseases of arteries and atheroma," which must be 
noted in reading the following table for persons :-

UNITED STATES REGISTRATION AR~a.. 

Annual Death-rateR per Million Persons. 

1901-05. 1006-10. 1915-18. 

Syphilis . . . • .. .. 41 54 95 
General paralysis of insa.ne .. 68 55 71 
Locomotor at&xy .. .. .. 24 26 24 
Diseases of arteries .. .. 177 94 239 

' The smallness of the official figures is to be contrasted 
with Osler's statement, based on wide experience and careful 
judgment, that syphilis is more destructive of life than tuber­
culosis, cancer, or pneumonia, which rank highest in mortuary 
tables. An indeterminate proportion of deaths of the insane, 
and of deaths under such headings as heart disease, paralysis, 
cerebral hromorrhage, premature birth, cancer of the tongue, 
and others would need to be added to obtain a correct total. 
To attempt to add these to the total returned as syphilis 
under present medical conditions would be to create addi­
tional confusion, irrespective of the unwillingnes~ of certi -· 
fying practitioners to enter syphilis as a. remote probable 
cause of death (see also p. 170) ; but it may eventually 
become practicable to apply the same rule to syphilis as to 
acute infectious diseases (p. 486). It would be erroneous to 
assume that a. system of secret certification of causes of 
death would remove more than a. portion of the difficulty 
implied in the present position (p. 166). 

It has already been noted that most of the recorded deaths 
from syphilis occur in infancy. In 1871-80 the deaths from 
syphilis ()-1 were 76·9 per 100 der.ths from the same cause 
at all ages; in 1915--16 the proportion had fallen to. 62·7 
per cent., in accordance with the fall in the birth-rate. For 
a complete study of the registration of deaths from syphilis, 
see page lxvi d WI· of Dr. Stevenson's contribution to the 
Regi•trar-General's Annual ~port, 1916. 

Infant 1\Iortality from Syphilis.-In England and Wales 
the number of deaths registered a.s due to syphilis under 
1 year of age varied between 1• 31 and 1• 73 per 1,000 births 
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in the years 1906-14. It increased to 1· 78 in 1914, but had 
declined to 1· 27 in 1920. Even at this age there is some 
excess of male over female sn>hilis ; thus in 1920 the death­
rate under 1 per 1,000 births was 1· 66 in male and 1· 35 in 
female infants. The geographical distribution of infantile 
syphilis varies greatly, as measured by the statistics. In 
1920 in the North of England it was 30 per cent. higher 
than the average for England and Wales. In county 
boroughs it was 74 per cent. higher than the average in 
the north, 64 per cent. higher in Wales, and 46 per cent. 
higher in England and Wales. In the smaller urban districts 
it. was 50 tO 20 per cent. lower, and in rural districts it was 
60 to 40 per cent. lower than the average for the whole 
country. 

Syphilis illustrates better than any other disease the 
difficulty of accurate certification of causes of death. Although 
according to Osler it ought to rank as one of the four chief 
causes of death, in 1920 it was the registered cause in England 
and Wales of only 2,023 deaths, or 0·43 per cent. of the total 
deaths from all causes. Even when tabes dorsali~, general 
paralysis of the insane, and aneurism ·are added, the total 
becomes only 6,101, as compared with 466,130 from all 
causes. 

Of the total 2,023 deaths registered as due to syphilis, 
1,611 occurred in children unde.r 6, It might be concluded. 
therefore, that adults escape ·lightly. This is erroneous; 
for the three diseases named above, which, excepting posSibly 
a small proportion of !lllJ!-ths from aneurism, are entirely 
due to syphilis, are chiefly adult diseases ; and syphilis is. 
the primary cause of death m a large number of instances 
iri which this is not revealed ill death certificates. 

(1) A considerable proportion of abortions and still­
births are ca_used by syphilis. 

(2) Much infant mortality, which appears under many 
indefinite headings, is caused· by syphilis. The regi9tered 
share of syphilis in infant mortality can be seen in the tables 
on pages 41-42 of the Annual Report of the Registrar-General. 
1920. In 1906 the number registered under thi'l heading 
was 1,133, in 1920 the number was 1,443. These two figures 
correspond to an infant ,mortality per 1,000 births of 1· 2:1 
and 1•61, the total inLmt mortality in the same years being 
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117 · 62 a.nd 79 · 93. But in the same two yea.rs " a. trophy, 
debility, and marasmus" caused 16·83 and 8·80 deaths per 
1,000 births, many of which deaths were probably due to 
syphilis. 

Of the total deaths under 1 year of age in 1920, 40 per 
cent. occurred in the first month after birth. A high pro­
portion of these is probably due to- syphilis, though their 
statement as such is impracticable. 

(3) Osler, in an address to the Medical Society of London 
(Tranaactiona, vol. 40, 1917), regarded syphilis as showing 
the truth of the axiom that " Men do not die of the di'leases 
tha,t afllict them." This may be illustrated by diseases of 
the nervous system (so-called, and so grouped' for conveni­
ence). Locomotor ataxy (ta.be3 dorsali~) and general para­
lysis of the insane have already been named as due entirely 
to, syphilis. Many ca.seg of meningitis are also syphilitic. 
Deaths from cerebral h:emorrhage before the age of 50 are 
commonly due to syphilis, as are also many death~ from 
"softening of the brain," various paralyses, and illl!anity. 

In "Mortality Statistics," 1920, an attempt is made on 
the lines of Osler's suggestions to " get nearer the truth 
regarding syphilis as a cause of mortality." The table on 
page 484 shows the method adopted and the results for 
the year 1920 

The percentages given in this table represent the share of 
~~ach of the causes of death recorded in the table considered 
to '&c due to syphilis. 

With the total death-rate of 119·5 thus estimated may 
be compared the recorded death-rate in the same year from 
a.ll forms of tuberculosis 114·2, cancer 83·4, pneumonia. 82·7. 

But as stated on page 486 some misapprehension is pos­
sible. With no practicable system of medica.l certification of 
death would it be possible tc obtain statistical results approach­
ing the above deduced from pathological probabilities.. The 
amount of certification of syphilis-in the extended sense indi­
cated in the table on the next page-depends on the extent 
to which physicians recognize the hidden hand of syphilis ; 
and any statistical comparison of deaths from different causes 
must be between deaths the cause of which is {a) recognized, 
and (b) certified. There remains much difference of opinion 
as to the part played by syphilis as the remote cause of 
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many deaths. The Wassermann test, if adopted for all cases 
of illness, would not completely solve the difficulty ; for 
even if, say, 25 per cent. of patients subsequently dying from 
heart disease gave a positive reaction, this result would need 
to be checked against the result of the Wassermann test in a 
random sample of the population, homogeneous wit.h the 
fatal cases in respects other than the heart disea.se. 

UNl'l'BD ·srATES REGISTBA.riOK ABE.&. 

Dealhs Ascribable 1o By'f!hiWl, 1920. 

Cause of Death. 

All causes (under 1 year); 22 per cent. • • 
Syphilis (l year and over), 100 1!"' osnt. •• 
Locomotor ataxia (1 year a.nd owr), 100 per 

cent. -. . . . . . . . . . .. 
Other dissaaes of the spinal eord (1 year a.nd 

. over), 53 per cent. . • . . . . . • 
Cembra! htemorrhage, apoplexy (25 to 54 

years), 81 per oaot. • • • • • • • • 
Softening of the brain (1 year a.nd owr), 35 

per cent. •. • . .. .. .. 
Paralysis without specified causs (1 yea• a.nd 

o,.,.) 17 per oeot. .. .. .. .. 
General paralysis of the insane (1 year a.nd 

over), 100 per cent. . . ·. . . . 
Orgaoic dissaaes of th~ heart (30 to 59 years), 

29 per oaot. .. .. •• .• . . 
Di888SB8 of the arteries, etc. (1 year and, over), 

54 'f!8r caot. • • .. . • .. • • • 
Epilepsy. other diseaaee of the nervous syatem, 

and broncho-pneumonia (I year and over), 

Total. 

12,714 
1,774 

623 

935 

2,922 

85 

227 

1,820 

3,555 

4,756 

Death-rate per 
100,000 or 

PopulatJ.on, . 

45·1 
6·3 

2·2 

3·3 

10·4 

0·3 

0·8 

6·5 

12·6 

16·9 

30 per cent. . . . • . • .. .. 4,265 15·1 
1----1---~ 

Total •. 33,676 119·5 

Experience of United States Registration Area.-In 
"Mortality Statistics," 1920, is given a table from which part 
of the following information is extracted (see table on p. 485). 

Gonorrhma.-This disea.se is not a very heavy direct cause 
of mortality, but it is one of the chief preventers of life, being 
an important cause of sterility. H the deaths due to the 
remote results of gonorrhrea, e.g. pyosalpinx and stricture of 
the ilrethra, were added, its lethal power would be shown 
to be much greater than appears from official figures. 

The registered death-rate from gonorrhma in England 
and Wales for a series of years has been about 1 per million 
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of population. In the United States registration area 
" gonococcus infection " was credited with a death-rate of 
8 per million in 1920 and 4 per million in 1910. Gonococcal 
infection may include gonococcal endocarditis or other lesions ; 
just as pneumococcal infection may cause death, apart from 
pneumonia. The certification of these rarer deaths from 
gonococcal or pneumococcal infection must depend on a. degree 
of accuracy in pathological diagnosis not usually secured. 
It is impossible here to summarize all the statistical evidence 

SYPIIILIS. 

Death·ratu per 100,000 of Population in England and Wales and in the 
Registration States of America Const-ituted as in 1900. 

SyphlUJ. Locomotor Ataxy. General Paralyaia of 
the Insane. 

Enwnd U.S.A. En I((, and U.S.A. England U.S.A. aqd alea. and ales. and Walea. 

1910 
! ' 

4·6 5·4 1·6 2·8 6·2 6•7 
1911 5·1 5·7 I·S 3·0 6·0 7·9 
1912 / 5·1 5·7 1•8 2·8 6·2 7·8 
1013 I 5·7 6·6 2·0 3·0 5·S 8·2 
1914/ 5·8 7·4 1·9 2·8 6·1 8·3 
101· 5·3 8·1 2·1 2·8 6·2 8·6 
19 I 5·6 9·3 2·3 2·7 5·8 8·9 
19 6·1 9·6 2·2 2·6 6·5 8·5 
I• / 5·8 9·1 2·0 2·5 5·6 8·1 
I 5·0 7·8 1·8 2·4 4·4 6·8 

I 5·4 8·3 
I 

1·6 2·2 4·0 6·5 . 
. ~ 

I ' 
.s• and / g Jrrhwa. syphilis. Much further information a 

ol .ho subject will be found in the Final Report of the 
T al Commission on Venereal Diseases, 1916 (Cd. 8189). 

Bearin~ on Certification of Causes of Death-( a) Gonor­
rh<l!a.-For similar reasons to those applying to syphilis, the 
actual mortality caused by the gonococcus is not measured 
by official figures. • 

The inclullion in the revised International List of " Gono­
cocca.l Infect.ion (ophthalmia excepted) " as a separa.te head­
ing implies an advanced stage in general medical diagnosis 
and certification which has not yet been reache<i. Presum­
ably deaths due to gonococcal arthritis, endocarditis, pleurisy, 
etc., when returned as such, will be separa.ted from deaths 
from disea.ses of the same organs not thus differentiated. 
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many deaths. The Wassermann test, if adopted for a.ll cases 
of illness, would not completely solve the difficulty ; for 
even if, say, 25 per cent. of patients subsequently dying from 
heart disease gave a positive reaction, this result would need 
to be checked against the result of the Wassermann test in a 
random sample of the population, homogeneous with the 
fatal cases in respects other than the heart disease. 

UNITED 'STATES REGISTRATION AB.EA.. 

Deaths A.....Wable 1o SyJ!hilio, 1920. 

Cauae of Death. 

All causes (under I year); 22 per cent. • • 
Syphilis (I year and over);IOO per cent ... 
Looomotor ats:<ia (I year and over), 100 per 

oent. . . . . . . . . . .. 
Other diseases of tho spinal oord (I year and 

over), 63 per oent. . . . . . . . . 
Cerebral hllmlorrhago, apoplexy (25 to 54 

years), 81 per cent. .. .. .. • • 
Softening of the brain (I year and over), 35 

per cent. • • • • • • • • • . 
Paralysis without specified cause (1 yeal' and 

over) 17 per cent. . . . . . . . . 
General paralysis of the ineano (I year and 

over), 100 per cent. . . ·. . . . 
Organio di808S08 of the heart (30 to 59 years), 

29 per cent. • • . . . • . . . . 
Diseases of the arteries, eto. (1 year and over), 

54 per <lOilt. • • • • • • • • • • • 
Epilepsy, other diseases of the nervous syStem, 

and broncho-pneumonia (1 year and over), 

TotaL 

12,714 
1,774 

623 

935 

2,922 

85 

227 

1,820 

3,555 

4,756 

Death-rate per 
100,000 of 

Population. 

45·1 
6·3 

2·2 

3·3 

10·4 

0·3 

0·8 

6·5 

12·6 

16·9 

30 per oent. . • . . . . . . . . 4,265 15·1 

Total .. 
1------1------:-

33,676 119·5 
. 

Experience of United States Registration Area.-In' 
" Mortality Statistics," 1920, is given a table from which part; 
of the following information is extracted (see table on p. 485);1 

Gonorrhma.-This disease is not a very heavy direct e&US& 

of mortality, but it is one of the chief preventers of life, being, 
an· important cause of sterility. If the deaths due to the 
remote results of gonorrhrea, e.g. pyosalpinx and stricture o( 
the Urethra, were added, its lethal power would be shown 
to be much greater than appears from official figures. ' 

The registered death-rate from gonorrhrea in England 
and Wales for a series of years has been about 1 per million; 
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of population. In the United States registration area 
"gonococcus infection " was credited with a. death-rate of 
8 per million in 1920 and 4 per million in 1910. Gonococcal 
infection may include gonococcal endocarditis or other lesions ; 
just as pneumococcal infection may cause death, apart from 
pneumonia. The certification of these rarer deaths from 
gonococcal or pneumococcal infection must depend on a degree 
of accuracy in pathological diagnosis not usually secured. 
It is impossible here to summarize all the statistical evidence 

SYPHILIS. 

Death-ratu per 100,000 of Population in England and Waks and in lh• 
Registration Stales of Anw:rica Constituted aB in 1900. 

Syphllll. Locomotor Ataxy, General Paralysis ot 
the Inao.ne. 

En~nnd U.S.A. En~nnd U.S.A. Ent.t1and U.S.A. and ~·ale&. and ales. and Wales. 

1910 4·6 5·4 1·6 2·8 6·2 6•7 
1911 5·1 5·7 1·8 3·0 6·0 7·9 
1912 5•1 5•7 1·8 2·8 6•2 7•8 
1913 5·7 6·6 2·0 3·0 5·8 8·2 
1914 5·8 7·4 1·9 2·8 6·1 8·3 
1915 r· 8·1 2·1 2·8 6·2 8·6 
1016 ii•6 9·3 2·3 2·7 5·8 8·9 
HH7 6·1 9·6 2·2 2·6 6·5 8·5 
lUIS 5·8 9·1 2·0 2·5 5·6 8·1 
1919 5·0 7·8 1·8 2·4 4·4 6·8 
)920 5·4 8·3 

I 
1·6 2·2 4·0 6·5 

as to gonorrhooa. and syphilis. Much further information 
'- ' the subject will be found in the Final Report of the 
Th..yal Commission on Venereal Diseases, 1916 (Cd. 8189). 

Bearinl;l on Certification of Causes of Death-{ a) Gonor­
rhrea.-For similar reasons to those applying to syphilis, the 
actual mortality caused by the gonococcus is not measured 
by official figures. • 

The inclusion in the revised International List of " Gono­
oocca,l Infection (ophthalmia. excepted)" as a, separa.te hea.d­
ing implies an a.dvanced stage in general medical diagnosis 
and certification which has not yet been rea.ched. Presum­
ably deaths due to gonococcal arthritis, endocarditis, pleurisy, 
etc., when returned a.s such, will be separated from deaths 
from disea.ses of the same organs not thus differentiated. 
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This is to the good, if they are kept in juxtaposition to the 
entry of diseases of the orga.ns in question ; but if they are 
referred to the general heading of .. gonococcal infection," a 
los,s of comparability is implied, as well as the detail of the 
localiza.tion of the disease. 

Similar remarks would apply to a proposal to include 
pneumococccal infection, wherever localized, io a single 
general heading, unless subdivisiollB showing the number of 
different localizatiollB were given. 

(b) Syphilis.-Dr. Stevenson in the Annual Report of 
the Registrar-General, 1916, has discussed whether it is 
practicable to bJ;idge a portion of the enormous gap still 
left between deaths attributed to syphilis or to some 
lesion which is known to be syphilitic in origin, and the 
view that syphilis is more destructive to life than tuber­
culosis, pneumonia, or cancer. The certification of death 
e&n• never be so theoretioally complete in respect of syphilis 
as to bridge this . gap. Under the rules for certification 
(p. 170), if the death is caused by a local lesion which has 
outlasted the disease causing it-in this instance by many 
years-the death should be ascribed to the local lesion. This 
rule would apply to death frQm nephritis caused by an attack 
of scarlet fever two years earlier, or to death from endo­
carditis due to rheup~&tio fever five years earlier. The case 
is different for tuberculosis, in which the certifying physician 
recognizes the persistent presence in the local lesion of the 
tuberculosis infection. It is different also for death· ca~d 
by syphilitic gumma of· the brain, which, if recognized, is 
returned as syphilis. There are dangers, as pointed out in' 
the above report, in encouraging the return of the more 
remote cause of death, In non-infectious diseases this 
might lead to certification on evidence not within the personal 
knowledge of the certifying physician. It is true that the 
spirochiBte of syphilis can be found in old syphilitic lesiollB, 
given the possibility of pathological aid and adequate skill 
in examination, but to certify, for instance, the death of a 
man aged 40, suffering from cerebral luemorrhage, as due to, 
cerebral syphilis, in the absence of evidence of persistentj 
syphilitic disease, would increase confusion. Inadequate cer-i 
tification of syphilis due to insufficient privacy of certification! 
can be remedied by the mean, indicated on page 166 ; but the1 
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referenoe of deaths remotely due to syphilis to this oauea 
must come, if at all, by the action of the medical. profession. 
It is doubtful if ha.sty a.ction in this direction is desirable. 
Certification by surmise is a retrograde step when contra.sted 
with certification of the proximate lesion at the time of death: 
As stated in the above quoted report :-

Whatever appea.ls or suggeetions are addressed to the practitioner, 
habit in such matters is so strongly rooted that in many cases it prob· 
ably never occurs to him that " cerebral hwmorrhage " is not always 
in itself a perfectly adequate form of certification. If the gr088 defects 
in the national statistics of syphilitic mortality to which various leaders 
of the medical profeesion have recently directed much attention are 
to b>l removed, the reform must come from within the profession itself, 
and mainly in connection with a general reform in medical certification, 

ILLUSTRATIONS. 

1. In a standard hook on Nervous Diseases some years ago it was 
pointed out that among the lower claseee 80 per cent. of tabetics have 
been infected with syphilis, and therefore the preponderating cause 
is syphilis. 

2. In a recent contribution to a weekly medical journal it is stated 
that in a statistical examination of a large number of cases of epilepsy 
there were equal numbel'll with and without anceetral neuropathic 
disorders, and an inference against hereditary influence is drawn. 

Remarks.-In both these instances the only conclusions that can be 
drawn are that many tabetics have previously had syphilis, and that 
many epileptics are and many othel'll are not the offspring of neuro. 
pathic parents. It is not justifiable to infer that heredity has borne 
a part in half the cases of epilepsy or has borne no part in their 
cauaation, or that the preponderating cause of tabes doraalis is syphilis. 
To justify the probable conclusion that neuropathic inheritance has 
a share in the causation of epilepsy, or syphilis in that of tabes, it is 
necessary to ahow either that these diseases are confined to patients 
with th..., respective antecedents, or that the proportion of patients 
affected with these anteoedent conditions is markedly higher in the 
patients than in a randam aample of the population, constituted 
similarly to the patients, ~""''Pt in respect of the disease in question. 

3. Inadequacy of Evldence.-The following statement has been 
made : in one of the larg>JSt clinics for venereal disease, about 25 per 
cent. of the ......., treated for venereal disease had used inupediate 
..,If ·disinfection. What is the bearing of these figures on the value 
of self -disinfection r 

Commt"nt•.-lt would appear that 75 per oent. of the patients 
at this clinio had not used ..,If-disinfection, while 25 per cent. of th888 
patients had used it unsucceesfully. The best, but unfortunately 
not a pra~ticable, method of demonstrating arithmetically whether 
prompt II<' If -disinfl'Ction protects against venereal infection would be 
to asoortain the total persons in a group A (disinfectors) and in a 
group B (non-disinfectol'll ), who had indulged in promiscuity, and the 
uuruber in urh group who donlopt'<i di.......,.. To make the experi· 
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ment free from error, further conditions would need to be fulflll<.d, 
Were membere of group A and of group B exposad to an equal extent 
to infection in proportion to their numbere ! were the membere of 
group A sufficiently sober to use disinfectants satisfactorily 1 and 
did they use them in the proper strength and in the proper manner, 
and so on'! 

Apart from statistic's there is no dispute on the point, that disinfec­
tion efficiently employed will greatly djminjsb the risk of infection ; 
but in experience is it likely to be so employed, and are other objections 
to widespread teaching of methods of disinfection sufficiently weighty 
to outweigh the partiaJ success of disinfection in actual experience ! 

4. Inadequacy of Evidence.-In the towns of Portsmouth and 
Birmingham (the population of Birmingham is about four times that 
of Portsmouth) the number of new cases of venereal dieease treated 
at the official clinics was as follows :-

Percau.tage Increase ( + ), or Decrease 
(- ) on the Previous Year. 

Year. Birmlllgbam. Portsmouth. 

Blrmlna:bam. Portsmouth. 

1919 2,615 65& +67•0 +54·4 
1920 2,610 671 -4•0 +2·7 
1921 1,652 383 -34·2 -32·7 

In Portsmouth information is issued on the routine of self-disinfec­
tion in preventing venereal infection ; in Birmingham this is not 
advocated, and the "packet" system is practically unknown ; but 
a similar decrease in the number of patients coming for treatment has 
occurred in both places. Before concluding that instruction in self· 
disinfection has had no infiuence on evente, it would be necessary to 
·ascertain whether the two towns difier in other respects, e.g. all regards' 
changing possibilities of infection, but such evidence obviously is 
difficult to secure. Meanwhil~g again that decreasd of 
patients at the clinics in both towns indicates a corresponding decrease 
in the amount of disease-one cannot conclude or disprove that ener .. 
getic instruction in self-disinfection has infiuenced the couree of events. . . 



CHAPTER XLIT 

CANCER MORTALITY 

CANCER in civilized countries presents problems in vital 
statistics of great importance. In all countries the registered 
death-rate from this disease has steadily increased, and the 
question arises as to whether this increase is due to­
(1) improved diagnosis, and, still more, to improved certifi­
cation of cause of death ; or (2) to the population being on 
the average older than in the past, or to both of these 
influences ; or (3) is an actual increase apart from these factors. 

ENGLAND AND WALES • 

.dnnual Dealh·role por Million LitJing (Standardized) Populalion from Cancer 
of AU FormJJ. 

1861-60. 11161-'10. 1871-80. 1881-00. 1891-1900. 1901-10. 1911-15.1 1916-20.1 

-------- ---
Mnl•• •. 207 255 333 465 639 784 916 957 

Females HO 522 619 739 8S2 942 998 996 

1 "For method of calcula.tmg the standardized rates for males and females 
for those years, soe Registmr-General'e Annual Report, 1913, page xx. 

To eliminate the second source of error, a. method of 
standardization illustrated on page 335 wa.s employed in a. 
paper contributed by George King a.nd A. Newsholme to 
the Proceedings of the Royal Society, vol. Iiv, 1893, on 
"The Alleged Increase of Cancer." The standardization 
of the various death-rates changed the relative positipn of 
~orne countries 88 regards cancer mortality, and the position 
of female in relation to male mortality. In the above table 
this source of t~rror has also been eliminated, all the death­
rat~s being calculated in terms of a population distributed 
like that of England and Wales in 1901, which is more accurate 
for comparative purpost:>s than death-rates standardized by 
referen~e to an artificial life-table population . .... 
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If this method of comparing oanoer death-rates is di11!.oult 
to secure, then death-rates, for each sex separately, should 
be calculated for each age-period of life. _ 

The above ta.ble shows that. in 1916-20 the recorded 
ma.le ca.noer death-rate wa.s nearly five times a.s high and the 
recorded 'fema.le death-rate more than twioe a.s high a.s the 
corresponding rates in 1851-60. Below the age of 45 the 
rate of increa.se of registered cancer death-rate ha.d been 
much less than a.t higher ages (see Fig. 51, p. 369). Cancer 
a.s recorded is becoming to an increa.sing extent a. disea.se 
of old age · a.s mea.sured by years of life. · 

The following fa.cts favour the view that the increa.scd 
mortality registered from cancer is explicable by improved 
certification of deaths :- -

(I) In the pa.per by King and Newsholme (1893) statistics 
of cancer morta.lity iir Frankfort-on-Main were examined. 
These were the only figures then available in which deaths 
from caneer --were distinguished a.ccording to the site of 
disea.se. Examination of these figures showed that ca.noer 
of "accessible " parts, likely to be more genera.lly recognized, 
had not increased in the course of years, while ina.coessible 
ca.noer ha.d !ncrea.sed. The origina.l paper wa.s reprinted in 
the Journal of the Institutt of .A.ctuariea, vol. 36, p. 120. 
Dr. F. L. Hoffman in The Mortality from Cancer throughout 
the World (1915), which is. a. monumenta.l compilation 
of cancer data, ha.s published- some. more reoent statistics 
of crude cancer death-rates for various parts of the body 
whic'b., he sta.tes, do n9t. support the previous results of 
King and Newsholme. On the other hand, Professor W. F. 
Willcox, in a.n important contribution on " The a.lleged Increase 
of Cancer" (Journal of Oancet' Ruearck, vol. ii, July 1917), 
has brought the origin a.! in vestiga.tion of the Frankfort 
morta.lity statistics up to- the yea.r 1913, with the result 
shown in Fig. 80. There is, it will be seen, no evidence of 
increa.se in cance:r of "accessible " sites, either in males or 
females, but "ina.ccessible" cancer ha.s increa.sed greatly. 

At the time of the earlier Frankfort investigation 
" accessible " cancer wa.s made to include cancer of the 
tongue, mamma, uterus, and vagina... Cancer of the larynx 
and of the rectum were not included in this group, but if 
they had been added the figures were such that the addition 
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P'lo. 80.-Doat.b-ratH from Canoor, AOOOIIIible ood Iu._asible, Frankfon­
on-Main, 1860-1813. (From Pro,._,r Willoo:r'o contribution to .r........, 
of c..,. ... B-..A). 
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would not have a1iectec:j. the argument. Cancer of the 
mouth, skin, and testis were not separately ta.bulated in 
the returns. Professor Willcox has examined the sa.me 
material for a doubled period which trebles the materia.!, 
and ha.s a.pplied the same method of sta.ndardizing the death­
ra.tes a.s wa.s employed in the earlier investigation (for this 
see p. 335), with the result already sta.ted. 

On the other hand, Dr. Stevenson has obtained the following results 
from the English officia.l statistics on which comment is made in a later 
paragraph, 

Standardized Cancer Demh·rol .. per Million of Population agtd 35 
· and o110r, 1901-10 and 1915, 

lllaloo. Females. 

1801-10. 1916. 1001-10. 1916. 

Cancer of accessible parts .. .. 609 723 1,429 1,535 

Cancer Of inaccessible parts .. 1,463 1,723 1,287 1,422 

Cancer of all parts .• . .. ... 2,343 2,721 2,941 3,166 

In thia table the population of 1888 was used as a standard. 

(2) The increa.se in ca.noer death-rate is greatest in the 
older a.ges, at which dia.gnosis in the pa.st ha.s been sp!lcially 
defective. 

(3} In. 1871-80 the standardi!lied female wa.s nearly twice 
a.s high a.s the corresponding male !leath-ra.te from C!Lncer ; 
in 1911-15 the female exces.s wa.s little more tha.n ·il per cent, 
The recorded male death-ra.te .had increased 197 per cent., 
and the female death-ia.te only 60 per cent. between 1871-80 
and 1916-20. With this must 'be a.ssociated the fact that 
the excess of female ca.ncer is chiefly in respect of ca.ncer 
of the reprpductive organs, in which diagnosis is relatively 
easy. · 

( 4) A considera.ble sha.re of increa.sed ca.ncer mortality 
is ascriba.ble to fewer returns of deaths from " old age," and 
from ill-de:(ined and indefinite ca.uses. 

(5) The steadily increasing proportion of hospital treat~ 
ment of serioUs illness in large communities, with adequate 
pa.thologioal facilities for ante-mortem and post-mortem 
ex&mina.tion of matenal, ha.s led to the discovery of an increased 
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number of cases. Dr. Bashford, in an investigation on behalf 
of the Imperial Cancer Research Fund, reported on 9,488 
deaths in hospitals in the year 1909 attributed to cancer, 
which were checked by autopsies. Of theRe 8 · 0 per cent. 
proved not to be cancer ; but in the same period and at the 
same hospitals 1,801 other deaths, not attributed to cancer, 
were shown post-mortem to be due to this disease. Thus in 
hospitals having every facility for correct diagnosis during 
life the numb~r diagnosed as cancer, whether rightly or 
wrongly by clinical means, was only:90 per cent. of the deaths 
actually due to this disease. For cancer of inaccessible parts 
t.he. number of deaths determined by clinical examination 
was only 68 per cent. of the true number. (Lancet, 1909, 
ii, p. 694). 

The subject is developed in further detail in Professor 
Willcox's paper, who arrive~ at the following conclusion :-

The cumulative evidence that improvements in diagnosis and 
changes in age composition explain away more than half and perhaps 
all of •he apparent increase in cancer mortality rebuts the presumption 
raisod by the figures and makes it probable, although far from certain, 
that cancer mortality iB not increasing. 

The contributions of Dr. Stevenson to the annual reports 
of the Registrar-General, however, give important data 
which necessitate reconsideration of the earlier conclusion 
reached by King and Newsholme, and confirmed by Profes•or 
Will.cox. These contributions point to the possibility that 
there may be increase of cancer of some parte of the body 
and not of others. The official English figures show that 
the mortality of females from cancer of the part of the 
alimentary canal above the st-omach is a small fraction only 
of that of males, but females suffer more than males from 
intestinal cancer. Cancer of the stomach and rectum attacks 
males principally, but the excess in males is not so over­
whehuingly great as for cancer of the resophagus, pharynx, and 
mouth. The excess of cancer mortality in the female sex is 
due to disease of the breast and generative organs. If such 
deaths are excluded, the total deaths from cancer in 1916 
would be reduced for females from 22,843 to 13,873, for males 
only from 17,787 to 16,978. It is noteworthy, further, that 
the <'ancer rates for males and females (standardized) in 
England and \\'alt•s are now nearly equal, and cloo;ely approxi-



494 THE .ELEMENTS OF VITAL STATISTICS 

ma.te to 1 per 1,000 persons. There h" .been no further 
growth in the rate of cancer mortality during the last six years. 
In 1921 the cancer death-ra.te per million (unstandardized) 
was 1,215, as compared wi~h 1,218 in 1918. 

Relative Importance of Cancer of Different Sites.­
'The following table from the Registrar-General's Annual 
Report, 1920, give~ the more important sites of fatal cancer 
and the· death-rate per million from cancer of each site :-

C.urOBa. 

Dealh·ralu por Million Lioing "' AU Ageo, 1920. 

IIDgla,jd ..,d Wales. 

Bite of Cancer. 

llale. Female. 

Ton~ .. .. .. 63" 8 
<Esophagus .. . . . . 73 22 
Btomaoh .. . . 228 182 
Liver and gall bladder .. 103 125 
Intestineo .. .. . . 125 152 
Rectum .. .. . . 117 78 
Utei'WJ . . . . .. - 207 
Breast .. . . .. 2' 228 
Skin .. .. . . . . 39 20, 

All the above . . .. 750 1,020 

Crude deeth-rate from all 
forma of canoer .. 1,097 1,219 

fu the United States death registration area the reco~ded 
cancer death-rate in 1920·was 834 per million, having increased 
32 · 4 per cent. since 1900. It. was 680 in the rural part of• 
registration States and 998 ~ cities. The following table 
compares cancer death-rates per million persons for certain 
" accessible " parts in 1900 and 1920, adjusted for age and: 
sex distribution :- · · 

C...cer o! 

The buooal cavity 

The breast 

The akin •• 

! . 1910. 

14 

60 

19 

1920. 

29 

92 

26 
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In the Annual Report of the Registrar-General for 1909 
(p. xciii) is given a table of death-rates per million living 
aged 35 and upwards from cancer of several parts of the 
body, and from this table the following ha~ been sum­
marized:-

ENGLAND AND WALES. 

Cancer Dealh-rates per MiUion at Agu """" 35. 

Yeor Percentage Increase 

1868.11888.11909. 1868. 11888.11909. 
between 1888 and 

Part of Body . 1909. 

. 
lila! ... Femaleo. Males. Females. 

hce and lip .. es·s 71'4 81'5 21'1 24'9 29'6 14 19 
MouU1 and Jaw .. 31'6 70'9 110'9 17'4 18'4 28'8 68 64 
Tonfirue •• .. 46'!\ 77'6 162'6 17'6 12'6 15'0 97 20 
OWtophDQ:UI .. 14'2 n·• 185'8 12'1 31'4 63'7 180 ?1 
Stomach •• 

aaii 
283'7 846'2 647'8 193'6 277'8 '68'2 68 89 

Lt\·er and 
bladder .. 06'1 216'1 sos·o 103'0 208'6 409'0 " 37 

Inteatlnea .. 32'8 00'4 233'1 ss·• 124·8 288'8 142 130 
llectnm 

aD ci" 
63'8 129'0 2<7'4 69'9 112'1 195'1 92 76 

Dladdef' 
urethra .. 16'6 "'9 82·e 9'1 18'0 29'9 8< 66 

Vagina, uterU.: 
ovary .. .. - - - 817'6 737'8 717'2 - 2 

Breaot .. .. 1'6 a·1 8'9 394'6 428'2 660'9 26 29 

In most instances a marked increase is shown, which it 
may be added cannot be entirely explained by transfer from 
cancer undefined in regard to position in the earlier returns. 
The only instance of a decrease between the years 1888 and 
1909 is that of uterine cancer~ The increase in cancer of 
tongue and breast is in contrast with the stationary death-rate 
from cancer of tongue and other forms of "accessible" cancer 
in the experience of Frankfort. 

In view of the fact that prolonged local irritation is an 
important factor in the cau'!ation of cancer, it is not improbable 
that cancer may be increasing in certain parll! of the body, 
and not in others. There is reason to suspect that both 
syphilis and tobacco may be responsible for the ex~ssive 
cancer of tongue in males ; and these and possibly also alcohol 
(see p. 336) may play an important part in producing the 
general excess of male cancer in the upper digestive tract 
and mouth. 

Cancer Houses.-A number of inquirers have suggested 
the association of cancer to an exceptional extent with 
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particular groups of houses. The statistical inquiry. into 
these statements is beset with difficulty. The number of 
cases in the suspected area. is always small, and correction 
of data. for age and sex distribution of population may be 
impracticable. The frequent occurrence of local groups of 
deaths from cancer is to be expectell., even if infection or 
other suspected cause of special house-incidence be eliminated. 
The total annual death-rate from cancer probably is con­
siderably over 1 per 1,000 of. population, and the allegation 
of special cancer houses based on deaths from this disease 
is · to be considered along with the fact that the proportion 
of deaths from cancer to all deaths is high. Thus :-

ENGLAND AND W.A.t.J:s, 1901-10. 

One Dtath from Cancer Occurred tD Euery "' Dtathe from A.U Oat1Bee.' 

At Ages .. .. .. &5-. 65-. 65-. 75-. 

Malea .. .. 11 8 10 11 

Fenle.Iea .. .. 6 6 8 17· 

l These "can be turned into percentages. ThUs· at ages 45-65 the per··t 
centage of total deaths due to cancer was 9 ·1 in males and 20 per cent. in' 
femalee. 

In these circumstances the frequent recurrence of ca.seaj , 
of cancer may be entirely forj;uitous. . · . 

Heredity in Cancer .---Given a. certain. probability of. 
death from cancer, and knowing the number of a family, 
it is easy to calcula~ ,the probability of one, two, or 
more of them dying of cancer quite independently of 
heredity. Even if heredity were proved to be absolutely 
inoperative; it is certain that there would be families among 
whom numerous deaths from cancer would occur. It doell 
not prove heredity to show that in one family five deaths~ 
say, occurred from cancer. This might happen from mere 
chance, and in fact such cases must occur without heredity\ 
at all. De Morgan worked out the probability of 1,000 succesl 
sive heads being thrown in tossing a. coin, and he showed tha~ 
given a sufficient number of people starting to toss coins, at 
least one ·of them would toss 1,000 consecutive heads. So, 
given a sufficient number of families, it is a certainty, even if 
there be no such thing a.s heredity, that of at least one family~ 
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say 10 members,· will die of cancer. The only absolute proof 
of heredity would be to show that cancer occurred frequently 
in certain families, and practically in no others ; short of this, 
the probability of heredity of cancer is increased if it can be 
shown that cancer is much more frequent in certain families 
than in the average for the whole community, due allowance 
being made for variations in age and sex distribution. 

Experiments on mice made for the Imperial Cancer 
Research Fund by Dr. J. A. Murray have shown some excess 
of cancer in special strains of mice. 

Cancer and Social Position.-Dr. Hoffman (op. cit.) 
refers to official cancer statistics for .Edinburgh, the gist of 
which is that of the total deaths from cancer in the city one­
third occurred in the houses of the well-to-do, while less than 
one-fifth of the deaths from tuberculosis occurred in these 
houses. No conclusion from these data as to the relation of 
social position to cancer or to tuberculosis is free from possible 
error. The deaths from P.aoh disease should have been stated 
in terms of the populations at risk, and the standardized 
death-rate obtained in each instance, or (notwithstanding 
possible paucity of data) the death-rate for each age-period 
.should have been given. 

A similar fallacy lurks in Heron's conclu"ion (On the 
Relation of Fertility in Man to Socia.! Status, etc., 1906). He 
found a correlation 1 of + · *04 ± · 109 between female 
cancer rates and proportion of domestic servants (taken as 
an index of social status), and concluded that the ''results 
seem to indicate that the conditions of prosperity and culture 
which lead to a low birth-rate also conduce to a high cancer 
death-rate." 

1\Iessrs. J. W. Brown and l\1. La.l ("An Inquiry into the 
Relation between Social Status and Cancer Mortality," Journal 
of Hygiene, vol. 14, No. 2, 1914) repeated the investigation, 
and found, when working also with metropolitan data, that 
the correlation between the crude cancer rates and proportion 
of domestic servants was +·562 ± ·087; but that with 
8tandardization of the cancer death-rates the correlation 
between the>'C and the number of domestic servants became 
-·032 ± ·127. Evidently, aa the authors of this paper 
state, "Heron's coefficients do not measure what he seems 

1 Aa to oorrelat.iOllll, aoe p. 517. 
82 
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to have supposed them to mea.sure," and the ca.se is a clea.r 
warning that the use of refined methods of analysis of data 
will not compen~ate- for, a.nd is indeed less important than, 
the use of arithmetically comparable death-rates. 

Cancer and- Childbearing.-In the ten years 1911-20 
in England and Wales cancer of the uterus, vagina and vulva, 
and of the ovaries a.nd Fallopian tubes, caused 21· 6 per cent., 
and cancer of the breast 17 · 7 per cent. of the total deaths 
from cancer' among females, the chief incidence being on the 
uterus a.nd breast. In man cancer of the breast, of the penis 
and scrotum, of the prostate a.nd testes, caused altogether 
only 4· 6 per cent. of the total male mor~ality from ca.ncer. 
There are remarkable differences in the experience of married 
a.nd unmarried. In the three years 1911-13 (Registrar-General's 
Annual Report, 1913) the standardized death-rate of single 
women was approximately double that of the ma.rried a.nd 
widowed, their death-rate from'_mammary cancer being 45 per 
cent. in excess of that for those who had been married, while 
from ca.ncer of the uterus the mortality among those who had 
been married was 73 per cent. in excess of that of the single. 
In the report of the Registrar-General ·for 1922 comparative 
death-rates may be expected for 1911.::20. It would appear that 
some factor concerned with failure to function may predispose 
to excess of cancer of the breast in the unmarried, whi,le, 
traul!latism may be regarded .as bearing an iinport,ant parp; 
in the causation of uterine CIUI.cer ; and that, furthermore, 
a greater prevalence of lactation following . childbirth mighfl 
reduce cancer of the bre&!'t, even though some risk was incurred 
of increased uterine ca.ncer. But the problem is likely to: 
be much more complex than· appears from this suggestion 
based on the camparative death-rates given above. 

ILLUSTRATIONS. 

' (I) In 1919 the cancer deeth·rate in England and Wales was 964,a.nd 
in the registration area of the United States 805 per million. It varied 
from 980 in MllSSachusetts to 459 in South Carolina. The highest 
rate recorded for whites was 92&, and for coloured persons. 822 per 
million, and the corresponding lowest rates were 4 76 and 385 respectively; 

Ob••roolioM.-With equal degrees of accuracy of oertifieation 
of causes of deeth, standardized death.rates, or ileparate deeth.rates 
for. different age·periods, will be needed ~ore it can be inferred that 
the American is lower than the English cer·rate. It might be 
argued that both white Gild coloured perso suffer less from cancer 
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in the south than in the north ; but before this can be maintained, 
corrections as indicated above are necessary, and inquiry must be 
made 88 to relative accuracy and completeness of death certification 
and registration. 

(2) Phthisis and Cancer .-It has been argued that if you prevent 
death in middle life from phthisis, you increase the chance of death 
later on from cancer. 

ObseTtXItions.-This frequent statement, as quoted above, is 
literally true. Some of those who now escape death from phthisis 
will eventually die from cancer. This is the inevitable result of con­
tinued life into the ages at which cancer claims a large percentage of 
the total lives. But it does not follow that a lowered phthisis death­
rate means an increased cancer death-rate ; there is no reason to think 
that any such connection exists. This is another form of the--

(3) Fallacy of Substitution of Diseases.-Malthus is quoted by 
Mapo~her 88 stating :-

" I have not the slightest doubt that if the introduction of 
the cow-pox should extirpate the smallpox, and yet the number 
of marriages remain the same, we shall find a verY perceptible 
clliJerence in the increased mortality of some other diseases." 

This quotation illustrates the same error as the statement that reduc. 
tion of phthisis increases cancer. Reduction in the deaths from any 
disease implies that the survivors remain and are liable to other diseases. 
The fallacy is avoided by stating deaths from any given cause at a 
given age·period per 1,000 living in this age-period. 

(4) Cancer Problems.-In a recent article it is remarked that it is 
equally important to ascertain if possible why cancer does not occur 
or is extremely rare among native Indians in the South American 
tropics as to ascertain why it is extremely common among other people. 

Obaeroations.-Tbe evidence as to cancer in native races is scanty. 
Ita age-distribution and the age-distribution of the population in 
question must be ascertained before the extent to which cancer prevails 
can be stated with an approach to accuracy. 

(it) In a recent appeal by a Dietetic Reform Association, the state­
ment is made that ' in Ireland, where it is a national custom to cook 
potatoes in their ekins thus retaining their mineraJ elements, the 
death·rate from cancer is very small, and shows no such marked 
increase as is found in other countries." 

Obaen'atio,ia.-On the statistical side of this statement, it may be 
not<>d that the death-rate from cancer at all ages between 1896 and 
1920 increased 64 per cent. in England, 68 per cent. in Ireland, and 
68 per cent. in Scotland. In 1920 it W&S 0·85 per 1,000 in Ireland, 
I• 17 in England, and 1·19 in Scotland. These crude death-rates 
require to be standardized or separate death-rates stated fo,. each 
age.period before accurate comparisons can be made, even if we accept 
the improbable &88umption that certification of causes of death is equally 
&{'Curate in the three countries. There is no va.lid statistical basis for 
the dit•tetic hypothesis su~tNI above. _ 

(6) The need for standardization of death-rates is furthPr illus. 
trated by the following quotations from Dr. J. Shaw's Cancer: FoJJacy, 
'l'htory and Foci (1923). 

(a) "Canrer is a disease of dt-generation, and cancer mortality 
in Irelnnd is low because the • age-constitution' is high." Here 
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the lowness of the cancer death-rate in Irelend is attributed to 
the less degree of activity of the processes of degeneration wluch 
shorten the span of life and thus induce malignant tumours. 
This may be a true view ; but before accepting it, the arith­
metical causes of variable death-rate mnst, so far as practicable, be 
eliminated by calculating standardized death-rates and by forming 
an opinion as to accuracy of certification of causes of death. 

(b) The preceding statement is said to be confirmed by statistics 
of occupational mortality. Thus " the age-co-itution of clergy· 
men is higher than that of lawyers' clerks, but their cancer mor­
tality is much lower. Similarly, agriculturiste with a high age­
constitution have a low cancer mortality," etc. In fact, however, 
all the occupations included in the official occupational statistics 
are reduced to equality of age-constitution before comparisons 
are made ; and differences of cancer mortality mu.St be explained 
otherwise. 

(e) In the aame volume is included an investigation of pro­
portion between mortality from each particular cancer and total 
cancer mortality, and it is inferred that inasmuch as the proportion 
of deaths from cancer in parts of the hody in which operation is 
practised to total deaths from cancer has increased. operative 
interference has increased the amouot of cancer mortality. This 
is based on the assumption that u advance in registration and 
diagnosis must diminish the proportion of cancer of accessible 
cancers.." This would, however, only necessa.rily occur if cancer 
were due to constitutional conditioi'S, the effects of local poisooing 
or irritation being equally distributed. It is more likely thet special 
provocative causes of cancer have come ·mto operation in certain 
parts of the body, as the mamma in women, and the mouth and 
O!Sophegus in man. The statement of deatQ.s from a particular 
cancer in proportion to total cancer offends against the rule Ieid 
down in page 368. • 

The problem as to · the e.f!ed of operation. rm mortality from 
cancer of accessible parts, e.g: of the mamma, deserVe.. furt.h8r 
inqJiliy. It is beset with difffculty, and the statistical data to 
be obtained would require to be eafeguarded, so far as practii:able, 
against fallacies arising from (a) varying ages of patients at the 
time the disease was •first recognized; (b) stege of disease ... t 
which operative interventi"!' occurred; (e) oompleteoess of 
operation. It would be necessary to trace the subsequent history 
of each patient for 6 or 10 years; and if possible until death occurred. 
The~> the supremely great difficulty arises of check observations.. 
What is the cause of cancer of mamma when undisturbed by opera­
tion in an adequate series of cases ! Inoomplete data on any of 
these points would be valuable as a contribution to full proof of 
the degres of utility of removal of mammary cancer. 



PART II 

METHODS AND MISCELLANEA 



CHAPTER XLIII 

THE ARITHMETIC OF ELEMENTARY STATISTICS 

THE necessity for a detailed statement of the more advanced 
mathematical methods of statistics in this work on Applied 
Vitrl Statistics does not arise in view of the textbooks on 
General Stati~tics now available. For more elementary 
students Professor A. L. Bowley's Elementary Manual of 
Statistics (Macdonald & Evans) is valuable as a general 
guide, and W. P. and E. M. Elderton's Primary Statistics 
(A. and C. Black) is an elementary introduction to mathe­
matical statistics. W. P. Elderton and R. C. Fippard's 
small book, The Construction of M ortali!y and Sickness 
Tables (A. and J. Black), will also be found useful. For 
the description of higher mathematical methods the student 
should study Elements of Statistics, by Professor A. L. 
Bowley (P. S. King & Son), An Introduction to the Theory 
of Statistics, by G. Udny Yule, F.R.S. (C. Griffin & Co.), 
or A Firsl Course of Statistics, by D. C. Jones, M.A. 
(G .. Bell & Son•). Professor G. C. Whipple's Vital Statistics 
(J. l\'ilcy & Sons, New York) includes a concise description 
of mathematical methods. 

To one or other of the above works the student is 
referred for guidance on the advanced statistical methods 
as applied to biometrical problems ; also to contributions in 
Biometrika, and in the Journal of the Royal Statistical 
Society. Reference in this volume is necessarily made to 
some important conclusions based on these advanced statistical 
methods, and the validity of some of these conclusions is 
criticized ; but, so far as is practicable, the work maintains 
its original character as a guide to Applied Vital Statistics 
by such arithmetical methods as are comprehensible to the 
awrage physician or layman who has no advanced mathe· 
matical acquirements. 

The first esst>ntial in statistical investigation is accurate 
lOS 
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definition of each unit to be counted. Probably more errors 
arise at this than at any later stage, heterogeneous data 
being compiled, regardlesq of essential differences in age, 
sex, or some other condition. The error of heterogeneity 
may arise whether all the observations are counted or a. 
random sample only is taken. 

Sampling is of value in some public health inquiries, as 
in ascertaining height and weight of contrasted social groups. 
A limited sample may give an approximately good result, 
if precautions against bi!ll! are taken. Assuming that the 
group to be s:J.mpled is not heterogeneous to begin with, 
sampling may be effected by numbering the whole group, 
and drawing at random a given percentage of ~he numbers 
at given intervals for further examination. In school medical 
inspection and in various ~ocial and medical inquiries the 
task of ascertaining the complete facts respecting an entire 
group may be impracticable, and some method of rampling 
may need to be adopted. It i~ essential that every member 
of the group under examination should approximately have 
a.n ~qua.l cha.nce of being included in the sa.mple. This is 
u~ually attempted by ra.ndom selection. First the group 
is a.ccurately defined as to age, sex, occupation, area, etc. 
~a. school investigation on a·sampling pla.n. absentees should 
be included to avoid bias. The results will need to be 
stated as an avera.ge, and the p~cision ofi an average increases. 
as the squa.re root of the numbers taken. In a. social 
investigation of poverty in a. town, it would be absurd' to 
limit a sampling investig_ation to .a slum area. If statistic~ 
have been collected on an' erroneous or biased pla.n, they 
cannot be ma.de valua.ble l>y the use of refined statistical 
methods. 

When in an investiga.tion unexpected conclusions, con­
tra.ry to our collateral knowledge and judgment, appear to be 
suggested, the need arises to exa.mine critically the original 
da.ta.. 

Errors of Collection.-It is seldom tha.t complete accuracy 
of data. can be secured, but-although this assumption needs 
always ,to be accepted with caution-it may often be 
assumed that errors in va.rious directions tend to balance. 
This remark refers to what may be described a.s the natural 
inaccuracy of data ; but this inherent possibility of error 
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and of balancing of errors in arithmetical statements renders 
it all the more imperative to avoid -the classification of data 
which are essentially incomparable. 

For most branches of ordinary public health work, partial' 
statistics should be regarded as open to suspicion. .Complete 
data respecting an area or a class and its subdivisions are 
desirable, though for special purposes, with precautions to 
avoid bias, sampled observations may suffice. Bowley's 
statement that " common sense is the chief requisite and 
experience the chief teacher " is important both in respect 
of the collection and the tabulation of data. 

Accuracy, including completeness of statement, is necessary 
on such points as registration of births, deaths, sickness, 
etc., and in census enumerations of groups or of the entire 
population. Illustrations of lack of accuracy in the collection 
of data have been included throughout this volume. One of 
the most important sources of error in dealing with statistics 
on a small scale is the personal equation of the observer. 
In a sparsely populated district a doctor may enter pneumonia 
as bronchitis or conversely.' In school medical inspections 
personal bias is a frequent cause of error ; the inspector finds 
a larger proportion of the cases in which he is interested 
than another inspector who is not interested in these cases. 
ThiY fact diminishes the medical value of tabulated results 
of medical inspection of scholars. 

~n compiling statistics of the height and weight of school 
children, it is desirable to state the age of each child in 
months as well as years; and if the tables give only the 
year of nge, there must be no confusion between the age 
last birthday and next birthday, the heading of the table 
stating which method is adopted. 

Avera~es.-The average or arithmetical mean is the most 
common method of generalized statement of a series of facts. 
Thus the mean age_' at death of 8 persons whose dPaths 
were announced in a daily journal on one day was as follows 
in years:-

1 + 11 + 11 + 22 + 35 + 70 + 75 + 82 = 301 = 37·Gyears, 
II 8 

and of six on the next day :-

6 + 9 + 15 + 28 + 39 +52= 149 = 24 . 8 years. 
6 6 
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~ The mean age at death for the persoD!I whose deaths were 
a.nnounced in these two da.ys. of cour;e, wa.s not 

37•6 + 24·8 ' 450 . 
.:..:.....:.....,2~::....:= 31·2, but -

1
-
4 

=,32·1 years. 

The average or arithmetical. mean may give a mislea.ding 
impression, if the extent of variation of the individual items 
in the group of observations is not also given. If an average 
death-rate for a number of towns is given, always ascertain 
the lowest and the highest death-rate in the experience of 
these towns. Similarly, if the infant mortality per 1,000 births 
appears low, we should not be contented unt.il a statement 
is obtained giving the maximum and minimum infant mor· 
tality-rate in each town and in individual wards or other 
divisions of each town, and the number of deaths on which 
each of these rates is ba.sed. 

The statement of maximum· and minimum rates, a.s of 
infant mortality above, does .not fulfil the needs of systematic 
study. For accurate work .there i, required a graph or 
table of the detailed observations, and often the employment 
of one of the methods of measuring tlie " scatter " or " dis· 
persian " of the observati<?ns described in the following 
paragraphs. 

Further light is thrown on a series of facts by a.scerta.ining 
the mode and median. The mode is the magnitude of the 
item which is most common in the entire distribution or 
group of data. Thus in the mea.surement of children of the 
same sex and age the mode is the height which mea.sures 
the largest number. of ohildre!l. 

The median is the magnitude of the middle item in a 
distribution. Thus if in seven successive years in a given 
town, 15, 20, 25, 30, 35, 40, 45 ca.ses of typhoid fever were 
I).otified, the median is 30 ca.ses. If in a group of school 
children of .homogeneous age and sex~ those taller and those 
less tall than the median be respectively grouped, the middle 
term of each of these group~ is the quartile. 

In order that a. large group of data. may be examined 
more fully than by a sta.tement of mean or mode or extreme 
values, it i, necessary to group the data according to successive 
variations in the size of the characteristic under examination, 
and the grouped data. a.re described· a.s the. frequency 
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distribution of the data. This term is defined by Elderton 
(p. 5, Frequency Curves and Correlation) as follows : "If 
statistics are arranged so as to show the number of times 
or frequency with which an event happens in a particular 
way, then the arrangement iA a frequency distribution." 

In games of chance, such as the tossing of coins or casting 
of dice, the distribution of the number of successes, given 
an adequate number of observations, follows intimately the 
" normal curve." Thus if a coin is tossed n times or n coins 
are tossed, the distribution of the number of heads in a series 
of repetitions of the experiment is the successive terms of 
the, binomial (! + ! )", which when n is indefinitely increased 
becomes in the limit the "normal curve." Generally, if 
p = the chance of success, and q = the chance of failure, 
so that p + q = 1, (p + q)" gives the distribution. 

The normal curve (Gaussian curve) is the form of distri­
bution which is closely reproduced when the heights of a large 
number of children of a given age and sex in a given social 
stratum are measured. A bell-shaped curve results, in which 
large variations from the mean height occur less frequently 
than small variations. In all work with frequency curves 
and " correlation " (to be referred to subsequently) deviations 
are measured from the mean. Many series of observations 
form an asymmetrical series, not conforming to the normal 
curve, and a system of curves has been evolved by Professor 
Pearson which has been found to represent satisfactorily a 
large number of the distributions occurring in practice. 

The standard deviation (a) of a group of data is a measure 
of the dispersion or "scatter ". of the data in the group. 
It is the squ¥e root of the average of the squares of the 
deviations from the arithmetical average of the group. If 
the data are grouped, it generally suffices to assume that 
the data in a group are concentrated at its mid-point, so 
that the number of cases must be multiplied by the square 
of the distance of the mid-point of the group from the 'mean. 
In this approximation an error is involved, for which see 
Yule or Bowley's textbook~. 

Probable Errors.-Inasmuch as all· data are finite, and 
even very limited in ordin&ry experience, a ;;tatement of 
probable error 1 iA necessary. Examination of successive 

1 The '"= "probable error" d in S"'lon.l uee, although Fnmu Galtoa 
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samples of experience will give variations in coefficients, 
and a statement of the probable error gives some measure 
of the significance of a determination. 

The probable error should be stated along with all 
statistical coefficients, including the coefficient of correlation 
described in the next paragraph. 

The development of statistical theory has started very 
largely from the " normal curve " as a basis. This curve, 
as already iiulicated, is the form taken by the binominal 
(p + q)8

, when n becomes infinite. In this curve a distance 
measured on either side of the mean (or of the mode, the 
curve being symmetrical) of ·6745 X a· where a = v'pqil; 
compriseS ha.lf of the total area of the curve, i.e. includes 
half the number of cases, the distribution of which is repre­
sented by the curve. Hence it is equally likely that a 
given deviation will exceed or that it will fall short of 
• 67 45 '~/iii. . 

For ·these historical reasons it has become conventional 
to adopt as a criterion of significance, not the standard 
deviation, but • 6745 X a. It is usual to regard a coefficient 
which is greater than 3 times its' probable error as 
"significant," i.e. as not being within the limits of random 
sampling, Obviously the ·uSe of ± 3 X probable error as 
a criterion is approximately equivalent. to ± 2 a. Some 
writers use ± 3 a as a criterion. The matter itt one of 
individua.l judgment,· In the normal curve ± 3 a includes 
99 • 7 per cent. of the total area included by the curve, 'and 
± 2 a includes 95 • 4 per. Cj)nt. of the area, i.e. of the dat~. 
assuming that the distribution can be adequately represented· 
by the normal curve, which iS perfectly symmetrical about 
its mean. · 

It will be noted that what is usually described as the 
probable error, "p.e.," is in effect a conventional reduction 
of the standard deviation (s.d.). It is s.d. x a constant. 
The probable error of the_ mean is given by the formula 

a 
·6745 -v;a· 
(Prol>al>ili<y, tho Fouftdalio,. oJ BugeAiu, 1907), writing of the measoremen' 
of the relative variability of two normal C\U'Vt'8r. said: •• the quartile ia 
oommonly employed as the limit of probability under the almoet grotesque 
name of • Probable Error! " 
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In the following example the method of obtaining the s.d. 
and p.e. is illustrated :-

District. 

A .. 
B .. 
c .. 
D .. 
E .. 
F .. 
G .. 
H .. 
I .. 
J .. 
K .. 
L .. 
M .. 
N .. 
0 .. 
p .. 
Q .. 
R .. 
s .. 

Rate of Deviation 
lntaot !rom 

llortality. Averap. 

143 + 7 
143 + 7 
136 0 
136 0 
136 0 
134 - 2 
136 0 
136 0 
136 0 
136 0 
143 + 7 
143 + 7 
132 - 4 
122 -14 
138 + 2 
138 + 2 
138 + 2 
121 -15 
138 + 2 

2,585 

2,585 
Mean = -- = 136 

19 

Square of 
Deviations. 

49 
49 
0 
0 
0 
4 
0 
0 
0 
0 

49 
49 
16 

196 
4 
4 
4 

225 
4 

653 

Standard deviation= / 653 = V34·37 = 5·9 

"' 19 a 5·9 
Probable error (p.e.) of mean= ·6745 _

1
- = ·6745 _

1
-

vn v 19 
log • 67 45 = i · 8290 

1 
_ 1 • 2788 

log 5·9 = ·77Q9 og 19 - ·6394 

·5999 
·6394 

• 
1· 9605 . ·. p.e. = · 9, 

, Thus, regarding the districts A to S as a representative 
sampll" of the whole area under consideration, we may infer 
approxiruately that the true value of the mean ratt' for the 
whole area lies, as likely as not, between 136 - · 9 and 
136 + ·9. 
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Subject to certain· conditions to be noted subsequently, 
if it be assumed that p = proportion of cases manifesting a 
given condition, and q the proportion from which it is absent, 
so that p + q = 1, then in a sample of n cases it inay be 
expected that the proportion of cases having the given 
characteristics as likely as not will lie at any point between 

. p± ·6745~~ 
Dealing with actual numbers this formula becomes 

[I] 

By means of the abovl' formula prediction can be made. 
Thus we may predict the limits within which the results of 
a second Sll,.ries of observations will probably lie, if this 
sample is taken from the same population as a sufficiently 
large first sample which gave an observed proportion p. 

By an inverse process it becomes practicable to measure 
the accuracy of a partial experience. The probable error of' 

~ being •6745 ~~·the t~e value of. p in the universe of 

which a sample has been taken may be expected, as likely 
as not, to lie between 

·p + •6745 Jij a~d p- •6745 Jii 
For death-rates pet i,ooo, the above formula becomes 

n ·6745 ~ 
1,000 X N ± If" !t,/ N X 1,000 

where N =population, n = deaths, and m + n = N, 

BO that 

Example.-Among a group of men numbering 3,300, 
aged 45-55, phthisis caused 20 deaths in a given year. What 
is the death-rate P.n<l its probable error? 
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Here n = 20, m = 3,330- 20 = 3,310, N = 3,330 

log n = 1·30103 
log N = 3·52244 

3·77859 
which is the log. of 
· 006006, the death­
rate per unit of 
population, or 6·01 
per 1,000. 

log · 6745 = i · 82898 
log N = 3·52244 

4·30654 

log n = 1·30103 
log m = 3·51983 

4·82086 
, log N = 3·52244 

2)1·29842 

·64921 

4·30654 
·64921 

4·95575 

which is the log. of · 000903, 
the probable error per unit of 

population. 
The probable error per 

1,000...:. 0· 9. 

Thus it is as likely as not that the true value of the 
death-rate lies between 6·91 and 5·11, and that another 
group of men under the same conditions will have a phthisis 
death-rate between the same limits. 

The formula., of the applica.tion of which an example is 
given above, is based on the assumption that (p + q)" can 
be represented a pproximo.tely by the normal curve. Thi8 
is only so when tlte total observations (n) are fairly numerous 
and when the difference between p and q i8fairly small. If p i8 
very small, as in the above example (20 deaths), the number of 
observations must be very mrge, some thousands, to justify 
the approximation given by the above formula. It must al.so 
be assumed that the evems are independent of each other. 
Where the formula breaks down owing to paucity of 'l.lata, 
recourse must be had to the binomial (p + q)" itself. 

It is often necessary to ascertain whether the differences 
between averages derived from similar groups are due to 
random errors of observation or to real differences in the 
characteristic under observation. The formula employed is 
as follows :-
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The p~obable error of the sum or difference of two 
independent variables z and y · 

= ·6745 v'a! + ..:. 
If by this formula an observed difference is shown to be 

three times greater than the value of the probable error, it 
may be-" significant."' 

Example.~ Two groups of patients of equal age and sex 
distribution, etc., were treated by two methods, B and C, 
for the same infectious disease during an outbreak common 
to the two groups, and another group A in the same 
circumstances was not so treated. The results were as 
follows:-

No. of cases 
No. dying 

Fatality per cent. 

A. 
1,200 

42 

3·5 

B. 
865 
20 

2·3 

c .. 
1,236 

10 

0•81 

Is there ·any significant difference between these per­
centages, or might they be the result of ac.cidental sampling t 

Since a= fpq 
. '\/ .n 

/'""3-·5-x-9-6·-5 . 
as·s = 'V .1,200 per cent. 

' _ /2·3 X 97·7 
a•·s -. 1\j· 865 " 

·!H X,99·19 
0 1,236 .. 

Taking group A and group B :-
Difference in fatality = 1· 2 per cent., and 

Probable error of the difference 

= .6745 /3·5 X 96•5 + .:.2..:·3:..:X~9.:..7·..:.7 
"' 1,200 865 

1 338 225 
= • 6745'\/ 1,200 + 865 
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= ·6745 v'·281 + ·260 

= . 67 45 v'. 541 

= ·50 per cent. 

But the difference 3 ·5-2· 3 = 1· 2 is not greater than 
3 times ·50, and is probably not significant. In other words, 
so far no evidence of the efficacy of the treatment appears. 

Taking group A and group 0 :-

Difference in fatality = 2 • 7 per cent. 

Probable error of difference 

~3·5 X 96·5 ·81 X 99·19 
= . 6745 1 200 + 1 236 

' ' 
= •6745 v'·281 + ·065 

= · 6745 v' ·~46 = ·4 per cent. 

Here 2 · 7 is greater than 3 X • 4 = 1· 2 per cent., and the 
difference may be significant. The comparison between 
groups A and B fails to show evidence of significant 
difference as regard results ot treatment, and this suggests 
the possibility that some other unstated and possibly over­
looked difference exists between the three groups. To make 
the above comparisons valid it must be assumed that the 
deaths are independent of one another, and that the groups 
from which the above samples are drawn are large. 

Formula [I] on page 510 is a statement in a modern form 
of what is known as Poisson'B formula, as may be seen 
by comparing it with the following statement from a former 
edition of this book :-

Let ,. = total number of cases recorded, 
m = number in one group, 
n = number in the other group, 

so that m + n = ,.. 

The proportion of 
. 1 m d n re•pect1ve y - an --. ,. ,. 

each group to the whole "'ill be 

These proportions will vary within 

33 
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certain limits in succeeding instances, and the extent of 
variation will be within· the proportion represented by 

and 

~+ 2 f2mn 
p. 1\1 ,..a 
~- 2 f2mn 

,.. "' ,..s 
It is ·evident that t!J.e larger the value of p. (the total 

number of observations) the less will be the value of 

2 ~
2;.", and the less will be the limits of error in the 

. l . m s1mp e proport1on -. ,.. 
Poisson's formula, in effect, takes as a criterion 

2 Vii = 2 · 828 times the standard deviation ~· whereas 

in modem practice 3 X ·6745 X standard deviation is 
commonly taken, i.e. 2 · 024, or p~actically twice the 
standard deviation. 

Poisson's fo~ula. thus cllffers from modem practice in 
the degree of variation to be regarded as within the " limits 
of error," the formula. taking as its limits a. somewhat wider 

f . . . 2' 828' 1 397 . h . . t' . range o va.na.t10n, VIZ. 2.
024 

= · trmes t e vana.lOn 

given by 3 times the probable error, or approximately v'2, 
as will be seen from the above. Fundamentally the old 
and the new formulm are identical. · 

It must again be emphasized that the formula can only 
be absolutely trusted in certain ideal conditi,ons, the detailed 
discussion of which is outside the scope of this book. The 
results obtained, even from a large number of observations,, 
are, moreover, only an approximation to the truth, although: 
the limits of error are reduced with each increase in the number.• 
of observations, given equality of all the conditions involved,, 

Example.-The folloWing illustration is taken from anl 
article by Mr. de M. Rudolf (Lancet, June 10, 1922). It;( 
summarizes results of a series of pathological observations' 
by Drs. Eastwood ann F. Griffith, showing the proportiow, 
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of human tuberculosis of bones and joints due respectively 
to bovine and to human infection. 

Tot&l Pereeut.age .Maxfmom .Number or 
Age-period lD Yeara. Number of Bovine of Bovtne Variation 

Infections. :{nfections. Poaaible, Cases. 

0-5 .. . . 47 14 29•79 18·87 
6-10 .. . . 108 31 28·71 12·31 

10-16 .. . . 62 7 ll·29 l!•37 
16-25 . . .. 15 3 20·0 29·2 
Over 25 . . .. 29 - 0·0 0·0 

261 55 - -

For convenience of the student, the working of this 
example for one age-group is shown. 

At ages o-5 :-

~pq ~i!9·79 X70·21 ./-5 6 6 - = = v 44· = . 7. 
n 47 

The maximum variation according to Poisson's formula is 

2 V2 X ,JiJ= 2·828 X 6·67 = 18·9. 

Had 3 times the probable error been taken instead, we 
should have had 

3 X •6745 X Jij = 2·024 X 6•67 = 13·6, 

and 1•397 X 13·6 = 18·9 obtained by the use of Poisson's 
formula. 

In view of the common use of Poisson's formula in medical 
statistio<J, it may be well to show the relation between the 
two formuloo :-

m n 
p=- q =-

14 14 

n (in ~~2) =:14• so that ~~ = ~:~ 
In the follo\\ing table are shown in para.llel columns the 
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results .obtained in the preceding example by applying th~ 
two formula! :- . ' I 

At ages 0-6 
" 6-10 
.. ll-15 
, 16-26 

Formula. 

S )( '8746 X -\fi!i .. 
13•5 
8·8 
8·1 

20•9 

Formol• 

.~ •• 
18·9 
12·3 
ll•4 
29·2 

I 

The numbers in the first column can be approximately 
converted into the ·corresponding numbers in the second 
column .by multiplying by 1• 397. 

Example.-!£ out of 1,000 C8Bell of cholera 700 recover, 
how near is this to the true average of recoveries ! 

By Poisson's formula the . true average lies between the 
limits:-

·7 ± 2 /2 X 700 X 300 = 2 J2 X ·7 X ·3 v (1,000)3 
• 1,000 

(·7 being the rate of recovery per unit) 

= 1\ V•042 = h X •2049 = ·04098. 

(1) Thus in 100,000 cases the range of recoveries is 
70,000 ± 4,100. . 

(2) If the 70 per cent. of recoveries were based on 10,00~ 
cases, then 

· /2 x· ."7 x · 3 2 
' 7 ± 2 'V . 10,000·. = ' 7 ± 100 -V-42 

= ·7 ± ·0130: 

Thus in 10,000 cases the range of recoveries is 7,000 ± 130: 
(3) If the 70 per cent. of recoveries were based on l,Ooq 

cases, then · 

~2 X ·'I X ·3 
·7 ± 2 = ·7 ± •0410 

1,000 .• 

Thus in 1,000 cases the range of recoveries is 700 ± 410 
Had our measure of the " limits of error " been taken 111 
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3 times the p.e., the arithmetic would have been identical. 
Thus in case (1) 

/·7 X ·3 
·7±3X •674511.J 1,000 

which differs merely in the constant 3 X • 67 45 = 2 • 024, as 
compared with 2 V2 = 2·828 in Poisson's formula. 

The numbers must be fairly large for the formula to work, 
10 is inadequate, 100 barely so. For approximate results 
probably 1,000 suffices. 

Coefficients of Correlation.-The measurements so far 
considered relate to a. single group of phenomena, for which 
it is required to give a. concise statement of the average, 
and of deviations and probable error of this average. In 
medical and public health research, a frequent need is a 
measure of the degree of correspondence between two sets 
of phenomena. This is especially so when an inquiry into 
causation is undertaken. The general principles of such 
inquiries are discussed in Chapter XLIV. Here we_ are con­
cerned with the measures of correlation which are associated 
with the names of Galton and Pearson. Ouly the elementary 
points required for com~rehension of the statement of 
correlation coefficients in other parts of this volume can be 
given. For further details see the special statistical text­
books. 

Professor A. L. Bowley states the generally accepted 
meaning of correlation as follows :-

" When two quantities are so related that the fluctuations 
in one are in sympathy with the fluctuations of the other, 
so that an increase or decrease of one is found in connection 
with a.n increMe or decrease (or inversely) of the other, and 
the greater the magnitude of the changes in the one, the 
greater the magnitude of the changes in the other • the 
quantities are said to be correlated" (Elements of Statistics). 

The measures of correlation which have been generally 
adopted state correlation on a scale of 0 to 1, 1 corresponding 
to "perfect correlation," where the relationship is one of 
complete coincidence or of cause and effect. 

The process of obtaining the coefficient of correlation is 
•hown in the instance given on page 519. 
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The general formula 1s r = - . --where n = numb.,. 
, 'n a~av 

of observations, x and y associated deviations from thei4 
respective means; and as and a• are standard deviations or 
the distribution of x' 8 and y' a, i.e. 

a. = J? and a, = ~l:: 
r should never be stated without its probable ·error (E, 

I 
1-rB 

= •67449 X--vn 
or in logarithmic form 

log (E,) = l· 82898 +log (1 - r) -llog ""· . ' ' . 

It must· be emphasized that the use of ; as a measure of 
"correlation " is only justified when the " regression is linear,'! 
i.e. when the relationship between the two associated variable$ 
z and y is such that the values of y (say' jj) associated Of!. lh4 
aveTage with given values of the other variable, z, if plotte~ 
on a diagram lie on a straight line ; or, expressed algebraically~ 
can be· represented by the formula y = mz, where m is "' 

rr. constant, and = r ....!!. 
a. 

The relationship bet~een the ages of husbands · and 
wives (Fig. 7, p. 66) furnishes an example of "line~,:J 
gression." If the average age values (ii) ol wives correspon ·· 
to groups of husbands aged -z be plotted, it will be found 
that the values of g lie closely- on a straight line. The valu~ 
of r as a valid measure of correlation diminishes in proportiod 
to the departure from linearity. For the treatment of nonl 
linear regression the authors cited at the beginning of thiti 
chapter may be consulted . 

. +h~ ex~mple on page 5~9 shows the method of calculating 
the "G,oeffiment of correlatiOn. It is taken from my Thir~ 
Report to the Local Government Board on Infant Mortality 
dealing with Infant Mortality in Lancashire (Cd. 7511). 

It cannot be said that there' is any definite relationship 
between populatioll of a town per 8e and its rate of infant 
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Po pula- Rate of .... 
Count.y t1on In Infant • ,!y 

Borougl:aa. Thousands Mortality ~. fl'. 
(1913) -X-108 -140. (X). (Y). + -

--- -- --1---
B1U'l' •• .. 59 142 - .. + 2 2,401 • - 98 
Blnekpool •• 61 126 - 47 -14 2,209 196 658 -llarrow-ln·Furnesi' 65 117 - 43 -23 1,840 529 989 -Southport., .. 71 91 - 37 -49 1,369 2,401 1,813 -Bootie •• .. 72 145 - 36 + 6 1,296 25 - ISO 
WarrJnKton .. 74 lSI - .. - 9 1,156 81 306 -
Wlaan •• .. 90 179 - 18 +39 324 1,621 - 702 
Rocht.lale •• .. 93 106 - 15 -·· 225 1,156 510 -
St. Helena .. 99 156 - 9 +15 81 225 - 135 
Burnley .. .. 109 176 + I +36 1 1,225 35 -
Prot~ ton .. .. 118 169 + 10 +19 100 SOl 190 -
Dlackbum .. 134 148 l ~~ +8 676 64 208 -
Oldham .. .. 150 140 0 1,764 0 - -
Dolto~ .. .. 184 142 + 76 + 2 6,776 • 152 -
Ballor .. .. 234 141 +126 + 1 15,876 1 126 -

15)1,613 16)2,097 35,103 7,793 4,987 1,115 
108 "140 ::::: 

1 -·Ezy .. •=---
log 35,103 = 4·54535 

log 15 = 1•17609 
log 7,793 = 3·89171 

log 15 = 1·17609 .. ,.., 
Hore Ezy = 3,872 

,. c:: 15 

/35,103 
aa == "Jl6 

/7,793 
a.,- 'V u;-

log 3,872 • 3•58794 
4·21853 

l·369U 

whiah io tho log of • 23410. 

2)3• 36926 

1·68463 

1·68463 
1·35781 

. 3·04244 
log 15 = 1·17609 

4·21853 

P>;obablo error of r..; •67449 (ooy f) x 1 - (' 2341)' 
¢15 

·945 
-f X-= 

¢15 

·945 • f X 3 , 87 - f X ·2«- ·163. 

Honae r- •234 ± ·103, whiah ia barely significant. 

2)2· 71562 

1·35731 

• 

mort.a!ity. The same conclusion is obvioU3 on irupeotion of 
columns X and Y abovt'. 

In utilizing the coefficient of correlation as a measure 
of possibly causal relation between two series of data, we 
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are not ·relieved from the serious difficulties which / oestru 

investigations of causation :..:.. / 
(1) In public health work commonly it is historical sene"­

the comparison of which is desired ; and in such " time series "' 
other important factors besides the two compared may have 
varied in a. i:na.nner likely to affect the result. Thus, whea 
the correlation between the quinquennial average$ of birth 
rates and infant death-rates in England for the ,13 periods 
1851-55 to 1911-15, is ascertained, it is found to bll! 
·81± ·07. This "significant" correlation is 'quite con 
sonant with the fall in the rate of infant mortality beingt 
independent of the fa.ll in the birth-rate. As seen in Fig. 12, 
p. 115, steady fa.ll in the birth-rate was unassociated with 
decline of infant mortality for a. long series . of years. It is 
likely that this earlier decline of birth-rate occurred to a 
greater extent in families of a social condition which would 
have had relatively low. infant mortality had the families 
been large ; and it is arguable that the influence of a lowered 
birth-rate (implying longer ·intervals between births) would. 
be chiefly visible in more ~cent years in which the lowering 
of birth-rate has spread to families in less easy social cir­
cumstances. Even if this be accepted, the coefficient of 
correlation ( · 8) does not te.a.ch as much as a study of the 
curve on page 115. The subject is further discussed in 
Chapter X. · . 

(2) The coefficient of correl~tion '!'hen obtained sums up 
the total relationl!hip between the two series A and B. But 
in doing so, it disguises the variations of each of the series, 
seasonal, secular, or irregular, which when exlJ.mined often. 
reveal causal relationships or their absence, otherwise unsus­
pected. (On this see alsop. 542.) 

Example.-In a recent public health report is given a 
table showing the " sanitary index " of each of 24 districts 
in a city~ The sanitary index is the marking, on a. scale 
of 1 to 10, of the blocks of houses in each of these districts, 
according to the collective findings under certain sanitary 
headings. The marks run from 3 · 39 to 7 • 90, the low numbers 
representing best conditions. Pa.ra.llel with this column is 
given the tuberculosis death-rate in each of these districts, 
which varied from 5·4 to 20• 6 per 10,000 persons under 60 
years old. 
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The coefficient of correlation between these two was 
given as · 67 ± · 077, from which it was inferred that " there 
is a very decided relation between tuberculosis mortality 
and the ~anitary index of the district." This in itself is a 
probable result. If the two series are plotted out in curves, 
the corresponding items of each series being placed parallel, 
the result is shown in Fig. 81, the two series being stated 
proportionally, in order that variations may be on an equal 
scale. 
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Flo. 81.-Curv.a of Sanitary Index and of Tubo...,ulosis Death-rate in 

2' districts, the fii"Rt item in each series being etated. as 100, and aub .. 
aequenf'i itema in proportion to this. . 
It may be said generally that the percentage of insanitary 

houses is highest in the districts with the highest tubercu­
losis death-rates, and that low tuberculosis death-rates and 
favourll.ble housing run together; but the exceptions are 
numerous, and the inevitable conclusion is tha~ the fairly 
high correlation between the two factors gives a misleading 
impres~ion of the relation of the two. The curves 
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irresistibly suggest the inference that either the records are 
erroneous, or tha~the association of tuberculosis with bad 
housing being almost axiomatic-in certain districts othel 
factors provoking tuberculosis are acting to a much greater 
extent than conditions which secure an unfavourable sanitary 
index. · 

(3) Although the existence of a high degree of correlation 
between two series of ratios does not necessarily prove a 
causal relation either of one to the other series or between 
them and some third series, the coefficient of correlation, when 
other considerations converge to the conclusion that two sets 
of phenomena are essentially related, gives a more compact 
measure of the ·relationship than can otherwise be secured. 

This relationship between series may be misconstrued on 
mere inspection of the series whether in tabular or graphic 
form. In this respect a coefficient or correlation serves an 
analogous purpose to a standardized death-rate at all ages 
(p. 216). But in both instances there is ·considerable loss 
Departures from parallelism . or association betwee:ri. two 
curves are lost in the coefficient of correlation ; _and similarly 
investigation of the death-rate at each successive age-period 
is impossible from a standardized death-rate alone. The 
formula for obtaining correlations in short "removes us some­
what from the original data., and it does not relieve us from 
the necessity of making a. close investiga.tio!l of these. observa­
tions" (Westerga.a.rd in Quarlerly Journal of the American 
Statistical ABBociation, September 16, 1921). Coefficients short 
, of unity, suggesting ca.usal rela.tionships between phenomena, 
imply incomplete isolauoll of the fa.ctors involved. Alid. 
such coefficients ca.nnot be said to increase greatly our know­
ledge of the relationship between two rows of ratios or the 
two curves based on them, th9ugh they have the important 
advantage of obviating the intrusion of the personal factor 
in the reading of curves or ta.bular statements. 

Other Correlli.tion Methods.-The theory of correlation 
is given in Bowley's and Yule's textbooks of statistics ; and 
Yule's pa.per on "The Theory of Correlation" (Jountal of the 
!loyal. Statistical Society, December 1897) should be consulted. 
Those wishing to pursue the study further should consult 
Biometrika for April1914, pa.ge 179, a paper "On the Variate 
Dilference Correla.tiou Method and Curve Fitting," by Professor 
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W. M. Persons, of Harvard University (Quarterly Journal of the 
American Statistical Association, June 1917), and Mr. Udny 
Yule's paper on "The Problem of Time Correlation, with 
Especial Reference to the Variate Difference Correlation 
Method" (Journal of the Royal Statistical Society, July 1921). 
Mr. Yule's paper emphasises the point already mentioned; 
" the essential difficulty of the time-correlation problem is 
the difficulty of isolating for study difierent components in 
the total movement of each variable." 

A chief difficulty .in the use of the more refined methods 
of advanced statistics is the inadequacy of the material 
examined. Occasionally also failure to make the arithmetical 
corrections called 'for in elementary statistical work destroys 
'the value of conclusions derived from coefficients of correlation. 
A startling illustration of this is given on page 586. 

In the statement as to coefficients of correlation given 
in the previous pages, only two associated factors have been 
dealt with, although other factors may be acting or conceived 
to be acting. 

The method of connecting two variables by a linear 
relationship, involving a single constant which depends on r, 
may be extended to three or more variables, although the 
limits imposed by the condition of "linear progression," still 
require oonsideration. This is the method of partial or 
multiple correlation. 

Taking three v&riables z, 11 and 2 as an illustration, we 
assume that the value of 2 associated on the a11erage with 
a given pair of values of z and 11 may be represented by the 
linear relationship z = az + by, where :r:, y, and z are 
measured from their .respective means. a and b can then 
on certain assumptions be expressed in terms of the ordinary 
r described above, based on the various pairs of variables 
involved. An example of the application of this method 
will be found in Dr. E. C. Snow's paper on "The Application 
of the Method of Multiple Correlation to the Estima~on of 
Post-Censal Populations " (Joumal of 1M Royal Statistical 
Society, May 1911). 

In the wriate differentJe metlwd the difierenoes between 
successive observations are correlated instead of the actu~ 
da.ta, and there is no agreement among experts as to ' 
possibilities of usefulness. Professor Persons has stated tf 
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the method " involves the assumption that the taking !>I 
multiple differences leads to series of random variates. In 
practice for short series this assumption is not fulfilled 
And Dr. Brownlee has " a. very profound suspicion of aey 
deduction based on that method." For further pa.rticula.rs, 8f1 
a.rticle on " Correlation of Time Series," by Professor W a.rr~ 
M. Persons, of H8.rva.rd University, should be consulted 
(Journal of the American BtatiBtical ABBociation, June 1293' 
In this article he sta.tes tha.t " the correlation of the second 
a.nd higher differences-the ' va.ria.te difference method';' 
_ . . , is based upon assumptions which ca.nnot be reta.inel 
even in the simplEist problems " ; a.nd he refers to an a.rtic1 
by K. Pea.rson a.nd E. M. Elderton in Biometrika for Ma.rc 
1923 ("On the Va.riate l;>ifference Method"), "in which th 

· defective cha.ra.cter of the' va.ria.te difference method, as originl 
a.lly proposed, is admitted." 

The va.ria.te difference method has been employed 1Jf 
investiga.ting the selective effect of infa.ntile a.nd child dea.thl 
ra.tes in successive· yea.rs of life, with the result, as sta.ted bf 
Mr. R. A. Fisher ,1 tha.t as high an inverse correlation wa.S 
found between the dea.th-ra.tes in the fourth a.nd fifth yea.rs &If 
between those of the first a.nd secon~ yea.rs .of llie, a. velJl 
improba.ble result. It would teasona.bly be expected tha.f! 
the selective effect of the ~orta.lity of the first yea.r would! 
be higher tha.n a.ny selective effect of the much lo'!l'er! 
mortality of the fourth yea.r. For further remarks on thisl 
pa.rticula.r case see pa.ge 358. . · 

Professor Bowley (Elements of BtatiBticB, ed. 1920, 
p. 378) concludes tha.t the va.rious methods, including the. 
va.ria.te difference method, " need further examination a.11d 
more experience of their pra.c~ica.bility. It appea.rs tha.t th~ 
moving a.vera.ge does not give t)le right importance to extreme 

ms, while the difference method is too sensitive to the 
ct of roughness in observations." The need for ca.ution 
ccepting a.noma.lous conclusions based on these methods 

hA.i a.lrea.dy been emphasized (p. 520). 
\F~t~eral Observations.-The coefficient of correlo.tion is a 

useRU sun1mary sta.tement for measuring the general trend 
of tJ@ series of data., but it does not remove the possibility 
tha.t tfie. two series may have no connection, nor does it obviate 

• Discussion on Yule's papor (ref. ,p. 106), 
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the necessity of careful examination of the series in detail. 
This examination may throw more light on the problem of 
relation than the coefficient itself. 

The value of the coefficient and of other measures of proba­
bility has been the subject of destructive criticism. These 
objections have been stated in a noteworthy manner in Mr. J. M. 
Keynes' Treatise on Probability, 1922, and they are quoted as 
warranting suspension of judgment when the conclusions drawn 
from coefficients of correlation run counter to inferences on the 
same subject based on biological (including medical) considera­
tions. Mr. Keynes expresses " disagreement with the funda­
mental premises on which Professor K. Pearson's work in pro­
bability and statistics seem to rest." He adduces Darwin's 
argument as to the Origin of Species, consisting of an elaborate 
combination of induction and analogy superimposed upon 
a narrow and limited knowledge of statistical frequency as 
illustrating the fact that the probability of an induction 
cannot be exactly measured. And yet, in Keynes' words : 
" many persons seem to believe that in the weaker and 
much more difficult type of argument, where the association 
under examination has been in our experience, not invariable, 
but merely in a certain proportion, we can attribute a. definite 
measure to our future expectations and can claim practical 
certainty for the results of predictions which lie within 
relatively narrow linits. Coolly considered, this is a. pre­
posterous claim, which would ha.ve been universally rejected 
long ago, if.~ "nse who made it had not so successfully concealed 
themselves 'tru-. the eyes of common sense in a. maze of 
mathematics." 

His genl'ra.l conclusion is that, generally speaking, " the 
business of statistical technique ought to be regarded as 
strictly limited to prepa.ring the numerical aspect~ of our 
material in an intelligible form, so as to be ready for the 
application of the usual inductive methods." , 

Statistical workers will do well always to keep in mind 
the warning conveyed by Keynes in the following words : 
" There is no more common error than to assume that beca.use 
prolonged and a.ccurate mathematical calculations have been 
made, the application of the result to some fact of nature is 
absolutely certain" (p. 382). Again (p. 384) : "To apply 
the~l' mt'thods to material, unanalysoo in respect of the cir-



526 THE ELEMENTS OF VITAL STATISTICS 

cumsta.nces of its origin, a.nd without reference to our general 
body of knowledge, merely on the basis of arithmetic, and of 
those of the characteristics of our material with which the 
methods of descriptive statistics are competent to deal; can 
only lead to error and to delusion. . . . " 



CHAPTER XLIV 

THE STATISTICAL STUDY OF CAUSATION 

VITAL statistics are of practical value as a summarized record 
of facts, as a method of investigation, as a means of drawing 
attention to the incidence of controllable diseases, and as a. 
gen~ral instrument of enlightenment and impetus to the 
control of remediable evils. 

Information as to cases of typhus or typhoid .fever or 
smallpox enables prompt inquiry into their source and 
measures for their control to be taken. This action can 
often be taken even before cases have multiplied to an extent 
which renders statistical study possible, beyond the stage of 
surmise or suspicion. 

But a chief value of the study of vital statistics consi~ts 
in the possibility of their furthering our knowledge of causa­
tion of measured phenomena. ; and the extent to which 
this use of stati6tics is possible and the inherent limitations 
of statistical research into causation should be considered. 
A discussion of this aspect of vital statistic~, however sketchy, 
is n'*ded a.t this stage. 

In an induction, which may be defined ·for statistical 
purposes as an inference or generalization from statistical 
data. embodying one or more series of measured observations 
or experiments, there is always the "inductive leap," the 
conclw;ion containing more than the premises. 

Ordinary reasoning proceeds by an enumeration of 
instances, backed commonly by circumstances of comP¥ison 
or analogy. In analogical reasoning the instances are weighed 
rather than counted. When we reason by analogy, we 
conclude that probably, if phenomena. agree in ascertained 
pruticnlars, they will agree in all; in drawing an induction 
we argue that becau;;e in certain insta.n~ phenomena behave 
in a. certain way, therefore all instances of the kind will 
behave so. 

"" 
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Darwin's great induction as to the Origin of Species was 
based on a necessarily limited number of facts, supported 
by analogical reasoning, the truth of the mduction being 
confirmed as time went on by further facts. False analogies 
are common, as are also correlations of events which do not 
indicate any causal relationship. 

When studying the causation of phenomena, it is essential 
to ensure .that each fact has been accurately observed, and 
that all the facts are homogeneous and may be aggregated. 
Their order of occurrence is important. 

In social and medical investigations it almost always 
occurs that causes are multiple. A common definition of 
the cause of an event is that it denotes the circumstances 
in the absence of which the event would not have happened ; 
but this definition is too limited in outlook, and we may 
speak ·of conditions favouring a given event as causal, even 
though their action is not' indispensable for its occurrence. 
Thus scarlet fever, diphtheria, and rheumatic fever in this 
country prevail most widely in years of deficient rainfall ; 
but they occur in other years, To eliminate climatic factora 
in studying the spread of these diseases would exclude an 
important factor in foretelling prevalence in a given year. 
In this illustration there is suggested a difference between 
the causation of a case and of an epidemic of ail infectious 
disease. ' 

Even if the word "ca.use·:• be limited to a. necessa.ry 
a.ntecedent of a given result, causa.tion may be multiple. 
Thus water only boils at 100• C. when the atmospheric pressure 
is equivalent to 760 mni. bf mercury ; a.nd tuberculosis only, 
follows infection by ·tubercle· bacilli when the dosage of 
infection is adequate to overcome the na.tural or acquired 
resistance of the recipient-a va.rying a.mount. This resist­
ance again embraces a number of factors. 

The action of a cause may be prevented or mitigated­
(a) By counteracting cawea or conditions rendering the 

specific cause impotent. A spa.rk fails to ignite gunpowder when 
this is wet. The close association of typhus and relapsing fevers 
with personal filth and starvation is well known. This may 
be explained by the circumstance that these conditions imply 
also pediculosis'; but it is not certain that depressed vitality, 
resulting from dirt p.nd starvation, plays no part. Conversely, 
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in the absence of pediculosis, and failing the importation 
of infection, dirtiness or starvation cannot produce either 
of these fevers. These factors therefore stand in a different 
category from the specific infection and the specific vector 
of infection. All the same, action directed against them is 
needed as well as disinfestation and isolation of patients. 

(b) By modifying causll8. When an elm tree is blown 
down in a storm, the high wind as well as the rotten trunk 
of the tree shares the responsibility for the event. The 
causation of rickets is a case in point. Experimentally it can 
be produced in rats kept in confinement by feeding them on a 

· dietltry deficient in certain respects ; but under these cir­
cumstances rickets may be avoided if the rats have daily 
access to sunlight. There is nothing incompatible in these 
results. Rats insufficiently fed and kept in confinement have 
their metabolism and growth interfered with, the disability 
being obviated under the influence of sunlight, which enables 
the system to utilize more fully a given food supply. Sunlight 
may have a further direct effect. This case resembles a large 
number in social and medical work, and points to the extreme 
difficulty of inference from statistical statements. 

The difficulty i~ greater when, as in human experience, 
observations cannot be checked by carefully devised experi­
ments. One baa constantly to be on guard against the 
tendency noted in Bacon's observation : "men mark when 
thC~y hit, never rnark when they miss." 

In studying the causation of a social phenomenon, e.g. 
divorce or poverty, the logical methods of argument often 
fail of a definite result, because the same result may have 
a plurality of causes. An excessive rate of divorce may be 
due to laxity of moral standards ; the rate will also be markedly 
affected by the character of legislation bearing on divorce ; 
and in comparing one State with another or the same State 
with itself at different periods, the causes for which tij.vorce 
is granted must be known. As pointed out by Professor 
Willcox, a statt>ment of increase of divorce since habitual 
drunkenness was made an adequate cause for it will carry little 
weight, unless we know the numbt'r of divorce cases in which 
drunkennt>ss has been the reason for a successful application 
for divorce. 

So abo in inw~tigating the pove1ty of a country at 
3-' 
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different times, it is necessary to remember that the Pool 
Law organization does not deal with the whole of poverty 
and that the official poverty-rate may eMily be increased 
or decreased by changes in administrative methods, as well 
as by changes in prosperity •. Again, indoor or institutional 
pauperism is largely a measure of the medical needs of thE 
community, and in England is rapidly ceasing to be a fail 
measure of destitution. 

These ·are arithmetical considerations illustrating thE 
precautions needed in collecting and still more in framin~ 
conclusions from statistics. They illustrate, further, thE 
fact that statistical data commonly cannot be _subjected to 
ordinary inductive methods. The phenomena are so complex 
that a specific cause is undeterminable ; the real cause is a 
combination of forces, some inimical and some helpful to 
the resUlt under investigation. Bertrand Russell (in all 
address " On the Notion of Cause," Aristotelian Society, 
1912) goes so far as to deny the_ existence of causes : "the 
law of causation, like much that passes muster among 
philosophers, is a relic of a bygone age, surviving because 
it is erroneously supposed to do no harm." This statement 
is at least useful as reminding us that in medicaJ studies ol 
causation, when exact expen'mental evjdence is unobtainable, 
what is practicable is to determine the conditions under whio.b 
a phenomenon appears. . . 

It is at this point that the theory of probability is utilized. 
It deals with events in which given antecedents are sometimes 
followed by a given event and sometimes not, as in the throw· 
ing of dice, or the forec~tiitg of weather, or anticipation of tlie 
rise and fall in money markets and stocks. The factors 
involved in the problem are SCI many and so complex, that 
the ordinary methods of inductive inquiry fail. Commonly, 
sqme of the items concerned are unknown, or it may be 
surmised that they are absent, and this is perhaps the 
most common case in statistical investigations. Hence the 
limitations of statistical inquiry into causation. It can suggest 
causation and open up channels of valuable confirmatory 
statistical inquiry, of further observations, or best of all of 
experiment, but it cannot compete with physical or chemical 
experi~enta.tion in determining a. law of origin. It can give 
the average results applicable to communities, but these are 
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liable to serious error when applied rigidly to each individual. 
On this basis the science and art of life insurance has been 
built. H one were to estimate the expectation of life of 
any man by sole reference to his age, the estimate, though 
based on the average experience of the community, would 
be likely to be wrong. Age is only one factor concerned 
in the individual estimate ; the man's family history, his 
previous medical history, his occupational and social position, 
etc., all influence the estiinate. But when, as in statistical 
investigations of groups, we have an imperfect comprehension 
of causal connection, and are therefore obliged to substitute 
possible for real causes, the statistical method is indispensable. 
By multiplying the data, groups can be formed in which 
the number of theoretically possible causes is outweighed by 
a more limited number <>f more important causes, and­
assuming the data are truly homogeneous-probable con­
clusions can be drawn or suggested. 

Predisposln~ Causes.-Dr. John Snow, who discovered 
the specific causation of cholera, in his work on Cholera 
(second edition, p. 110), deprecated the continued classi­
fication of causes into predisposing, exciting, and proximate. 
He pointed out that for certain diseases, e.g. scabies, syphilis, 
smallpox, measles, this division of causation had been practi­
cally abandoned; but that we still continued to appeal to 
secondary causes in explanation of continued fever, adding, 
" various conditions are requisite for the production of a disease, 
as they are for the production of a crop of wheat or turnips, 
but it is not neceasary to dignify these conditions with the 
name of causes." 

At the time he wrote many physicians still regarded 
specifically polluted water as merely a predisposing cause of 
cholera. , 

Tuberculosis is perhaps the chief disease in which it is 
still necessary to consider auxiliary conditions as well as 
the tubercle bacillus in determining the origin of this dbease 
in a given patient. But how far these conditions act by 
increasing dosage of infection, and how far by lowering resist­
ance to infection, is still disputable ground. 

We know, for instance, that phthisis is moat prevalent 
in inferior dwellings ; but as to whether this excess is due 
to the fact that these dwellings are occupied b,r an 
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intrinsically inferior stock, or is due· to the results of overcrowd­
ing, or of ma.lnutrition (which again may both favour and be 
the result of tuberculosis), a varying answer will be given, 
according to the mental bias of the interpreter. All the 
above· statements contain an element of truth, and only a 
careful examination of the history of each family concerned 
holds out hope of ascertaining the relative value of these 
factors in an individual case. 

"Dynamical Investigatlon."--Carefully compiled and 
analysed statistics can give useful evidence, but the 
" dynamical investigation " of each case has its very special 
value. On this point the words of Clerk Maxwelll may be 
quoted:-

(In) the statistical method of investigating eocial questions • • • 
persons are grouped according to some characteristic, and the number 
of persons forming the group is set down uoder that characteristic. 
This is the raw material from which the statist endeavours to deduce 
general theorems in sociology. Other students of human nature pro· 
ceed on a different plan. They observe individual men, ascertain 
their history, analyse their motives, and compare their expectation 
of what they will do with their actual conduct. This may be called 
the dynamical method of study as applied to man. However imperfect 
the dynamical study of man may be in practice, it evidently is the 
only perfect method in principle, and its shortocmings arise from the 
limitations of our powers rather than from a faulty method of procedure. 
If we betake ourselves to the statistical method, we do so, confessing 
that we are uoable to follow the details of each individual case, and 
expectiog that the effects of widespread causes, though very different 
in each individual, will produce an average result on the whole natiou, 
from a study of which we J!lay ... tm..te the character and propensities 
of an imaginary being called the Mean Mao. , • • . 

The discussion of statistical matter is within the province of human 
reason, and valid consequence~~ may be deduced from it by legitimate. 
methods ; but there are certain peculiarities in the very form of the. 
results which indicate that they belong to a different department of 
knowledge from the domain of exapt science. 

In the study of a single case of tuberculosis instanced above, 
careful individual inquiry would concern itself inter alia 
with the possibly associated conditions of defective nutrition, 
exposure to unsatisfactory conditions of work, alcoholic habits, 
eta., with the duration of the unsatisfactory housing, and with 
the date of the first onset of symptoms of pulmonary tuber­
culosis. The inquiry would carefully investigate whether there 
was a history of prolonged exposure to domestic infection 

' Tlaa LV• qf J,.,... Cieri> M-zl. by L. CampbeU and Wm. Game&*, 
1882, pp. 434-444. 
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by tuberculosis, and the duration and dates of beginning 
and end of this, so far as ascertainable ; and woul'd attempt 
to distinguish between possible infection in the present 
unsatisfactory dwelling and the diminished resistance to 
infection due to bad housing. 

The results of the inquiry would be compared with our ex­
perimental knowledge of the causation of tuberculosis by in­
fection and with the exact experimental knowledge of means for 
annihilating tuberculosis in herds of cattle (concerning which 
exact statistical information is available); and the inferences 
drawn as to the relation between housing and tuberculosis 
would be based on a complete survey of our knowledge of 
this disease from every viewpoint, and not merely on 
statistics which in this. instance supply in the main only end­
products, viz. deaths and housing conditions at the time of 
death (see p. 308). 

Further illustrations both of the value and of the 
limitations of the value of vital statistics are found in other 
chapters of this book. 

Science Dependent on Measurement.-In other chapters 
the chief statistical methods of measuring the value of homo­
geneous groups of accurately ascertained facts are discussed. 
We cannot agree with M. Thiers' statement : " La statistique 
est !'art de preciser ce qu'on ignore." It is only when 
measurement becomes possible that science begins. Every 
measure, it must be remembered, however, is a compound of 
a fact and of the errors which observers or their instruments 
of measurement will make. These errors may be constant 
in character, causing a bias in one direction, and multiplica­
tion of data in such a case merely increases the error; l!r they 
are variable, which in the long run may equalize errors in two 
directions. Imperfect measures are better than none. Given 
accurate all-round knowledge of a subject and an unbiased 
judgment, even defective statistics can become the solll'Ce of 
valuable additions to our knowledge. But there are branches 
of knowledge-partial knowledge it is agreed-where statistical 
proof of results of a given line of action is unobtainable, and yet 
the action in question is undoubtedly good. 

The value of the statistical method depends on the 
existence of equivalent units available for comparison. Thus 
there is no answer to the schoolboy puzzle-what is the 
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·sum of two apples, three pears and an egg, except that there 
is no such sum. Or to use an illustration of Professor E. L. 
Thorndike of Columbia University, if the piety of St Paul 
= 100, what measure is to be attached to that of John 
Wesley ! Nor can any statistical measure, so far as I can 
see, be applied in matters exemplified by the following case: 
The State of Massachusetts in 1908 passed a law which 
required every city and town with a population of 10,000 
or over to vote on the question as. to whether playgrounds 
should be provided and maintained out ·of public taxes. 
During the following year, of 42 cities and towns, 40 voted 
in favour of this proposal by a vote of about 5 to 1. Thus 
each of these communities will be called upon to provide 
play-places, with competPnt leaders for games and plays 
(L. H. Gulick, Science, N.S., vol. , xxxi, 1910). The use· 
fulness . of these playgrounds is beyond doubt ; but how to 
measure the degree of their value surpasses human ingenuity, 
in view of. the numerous collateral influences, for and against 
the physical and moral health of the children concerned, 
which must enter into an analysis of the problem. Medicine 
and hygiene are beset with similar problems, in which we 
musb seek out and welcome every effort to measure activities 
and their results ; but we mlist continue our work when these 
are not forthcoming. 

In the a.dmini~trative work of the medical officer of health; 
the need for action on low ·degrees of probability not 
infrequently arises. Thus, when three or four notifications 
of diphtheria or scarlet. fpver are notified in households 
supplied from a. single d~y, it i~ reasonable, indeed imperative, 
to institute inquiries ·respecting this supply, although the 
basis of suspicion is ~mall ; and given two or three lines 
of evidence converging to throw suspicion on a given supply 
of milk the health officer may be justified in advising or 
even in insisting on temporary pasteurization of this supply 
or its intermission, without waiting for statistical evidence on 
a. larger scale. We are obliged in practical life to decide. 
in each given case according to the balance of probability, 

, in accordance with the following dictum from Bishop 
\ ;sutler's Analogy (vol. i, p. 3, Clarendon Press Edition) :­

\ .In questions of difficulty, or such as are thought so, where more 
sa~a.ctory evidence ca.nuot be had or is not aeen, if the result of 

l ' 
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examination be that there appears on the whole any, the lowest pre­
sumption on one side and none on the other. or a greater presumption 
on one side, though in the lowest degree greater, this determines the 
question even in matters of speculation ; and in matters of practice 
will lay us under an absolute and forma.! obligation in point of prudence 
and of interest, to act upon that presumption or low probability, 
though it is so low as to leave the mind in very great doubt which is 
the truth. 

But the public health necessity indicated above does not 
relieve us from the obligation of careful epidemiological study 
of each outbreak of disease and of accurate statistical state­
ment, so far as practicable, as a means to this study. 

Imponderable Elements in assessin~ Value of Public 
Health Work.-In the last section thd need of administrative 
action on an unsatisfactory basis of epidemiological facts 
has been illustrated. There are more protracted forms of 
public health work in which also it is impossible, with the 
imperfect data at present available, completely to assess the 
value of work done. Work for the prevention of tuberculosis 
has already been adduced as an instance of special com­
plexity, in which a number of auxiliary factors of. evil are 
concerned, against none of which is the health officer willing 
to stay his hand. But until we possess more exact differential 
knowledge, the measurement of relative values must continue 
to be biased by personal judgment. _ 

So likewise with the measurement of the value to be 
attached to the medical and hygienic work of health centres 
and of public health nurses (health visitors) in reducing infant 
mortality. It is most desirable that means for measuring 
relative values of various activities should be sought and 
experimentally applied; but they have not yet been perfected. 
By comparison of selected areas in different towns the value 
of sanitation and instruction in reducing infant mortality 
can be shown, although-inasmuch as with these two factors 
other factors are also concerned for which accurate information 
often cannot be tabulated-we may still find it impracticable 
to measure satisfactorily the value of each single factor. 

But meanwhile the public health worker has no hesitation 
in acting on the belief based on his general experience that 
for the weUare of children knowledge is more salutary than 
ignorance, and that domestic cleanliness and skilled care 
safeguard health, and he conti,nues to press forward work 
fulfilling these conditions. 
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MISCELLANEOUS EXAMPLES BEARING ON THE STUDY 
OF CAUSATION IN PUBLIC HEALTH. I 

I. Evidence as to Control of Scarlet Fever.-ln recent corre. 
,spondence in-a medicaJ journal it is- stated that the ordinary methods 
of control, including removal ~o hospital, examination of contacts, 
quarantine of contacts, disinfection, and search for slight and anomaloqs 
cases "have been tried in the area of every large sanitary authority 
in England, and yet scarlet fever is to-day more prevalent than _ever 
it was before.n · 

Remarka.-The last statement quoted above is unproved and cannot 
be proved. The morta.lity from scarlet fever has greatly declined, owing 
to increaeing mildness of attacks ; there is no proof that the number 
of cases has increased, and some indications point to the opposite 
conclusion. Next, the sweeping statement that all the methods named 
above have (presumably simultaneously) 'been tried in any sanitary 
area on a scale commensurate with the prevalence of the disease is 
moet unlikely to be correct. There is in this statement grave confusion 
between qua.lity and. quantity of preventive measures. That many 
oases of scarlet fever are unrecognized, and probably unrecognizable, 
is highly probable, and further research is needed for new possibilities 
of prevention. But the advocacy of this does not justify extravagant 
statements respecting the best measures now available. 

II. Evidence as to Control of Ophthaiinia Neonatorum.­
In a report of a M.O.H. it is statsd that 56 ,cases of ophthalmia neon&· 
torum were notified in the year 1920. In only one case did blindness 
(only partial) result. The practice of instillation by midwives of 
drops of collosol argentum was introduced in· the previoue year, and 
" I have every reason to believe that without such a measure the 
incidence of ophthalmia neonatol')Uil would have been greater " than 
the amount it wae, viz. 6·5 per 1,000 birthe, as against 8·5 in the 
previous year. . , 

Remarks.-Much further information is needed to justify the 
expression of opinion quoted abcv&. The statistics should llhow for' 
a series of yeare the number of cases of ophthalmia neonatorum per 
1,000 birthe, (a) in the practice of midwives, (b) in the practice of 
doctors. Some clue should be given as to the extent to which mid­
wives carried· out the instrueti0n as to instillation of a silver salt. 
Was this done in the 56 cases of ophthalmia neonatorum, and, if 
so, what is the explanation of the Occurrence of these cases t 

III. Cancer and Smoklng.-It is suggested that the habit of 
smoking conduces to the production of cancer. What evidence is 
there of this, and how could one proceed to investigate this problem 
statistically f 

Remarks . ...C.Jt may probably be assumed that any effect of smoking 
will be more likely to be produced in and about the mouth and throat. 
Cancer of the lip, tongue, mouth, and pharynx in 1919 caused 2,118 
deathe of males, and only 280 deathe of females. It would appear, 
therefore, that some provocative agent of cancer of these parts is much 
commoner in men than in women. . We know that prolonged local 
irritation may lead to cancer, and there is a prima facie case for a 
possible association of cancer of these parts and smoking. But the 
association may be accidental : and some other irritating agent, e.g. 
alcoholic spirits, may ba responsible. Further exact data on a large 
scale are needed, and ~n .. ~ at present are unobtainable. If we knew 
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(in every instance corrected for age and sex) the number of smokers 
and non.smokers in the general population, and the number of cases 
of cs.ncer in each group, a nearer approximation to a conclusion would 
be possible. There is the further difficulty that the habit of smoking 
is not distributed at random. Smokers are likely to differ from non· 
smokers in other respecta than that of smoking, just as teetotallers 
may differ in other respecta than ·that of alcoholic habita from non· 
teetotallers. A number of variables may be handled by modern 
statistical methods ; but for this purpose a large amount of statistical 
informat.ion is essential, which in this instance is unprocurable. 

\Ve are driven back, therefore, on observations of coincidence in 
medical practice, on the analogy of other instances of cancer produced 
by irritating agents, and on our general pathological knowledge of 
the subject. 

IV. Typhus Fever.-Dr. Brownlee ("Periodicity of Infectious 
Diseeses," Public Health, March 15th) says: "I think the disappear· 
ance of typhus was as much due to natural causes as to sa.nitary 
endeavour. • • • The fact that the disease disappeared from the 
West Highlands and from the West of Scotland at the eame time as 
it died out in England suggests that some change in the organism was 
at least of as much importance as the application of sanitary measures. 11 

Remarks.-This statement deserves more , detailed discussion 
than can be given in this paragraph. The antitheses are between 
natural causes and sanitary endeavour, and between suggested changes 
in the organism of typhus and sanitary measures. It is suggested 
that natural causes have operated by producing changes in the typhus 
organism. Such changes cannot, I thii>.k, be proved for this country. 
In America an attenuated fonn of typhus, like an attenuated fonn of 
smallpox, does occur. But in this country typhus when it appears 
generally has a high fatality, and the problem is one of almost com­
plete disappeamnce rather than of diminished virulence. Diminished 
virulence in other disl:'a..<.Jes aids survival of these diseases in the 
community. 

Typhus fever has disappeared from Great Britain coincidently 
witq. the increasing application of measures of hospital isolation of 
cruJea, of surveillance of contacts, and of cleansing of premises and 
persons. Now that it is known that this disesae is spread, probab)y 
solely, by body lice, the above circumstances, combined with the 
important historical facts that there has been greatly reduced importa­
tion of the disease from Ireland and other countries, where it has been 
endemic, suffice to explain ita disappearance even from the Highlands ; 
au<l iu accordance \lith the logical law of parsimony of causation, 
which dt~prooates unnecessary hypothesM, no further suggestion is 
needt>d. 

V. Tho fall of Infant mortality in New Zeuland, as shown in 
Fig. 82, has beetn ascribed to various causes, the explanation "which 
bas rect>iv.>d wid..,t publicity lx-ing that it has l'OSulted from the 
undoubtc.>dly beneficent work of the "' Plunkett " nurse<~. A study of 
the curve shows, throU!lh the oscillations, a trend throughout towards 
low.>r mortality. Possibly tltere was some defect in birth registra­
tion pt·ior to 1900, but not since then. The recorded birth.rate has 
shown relatively little decline throughout ; hence the lowered rate 
of inftmt mortality cannot be attributed to BIU&ller families. The 
work of child \\...Uare nurses has doubtless been valuable. but much 
of the decline ooourred before they were generally at work (see notee 
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to chart) ; and general improvement in sanitary and social circum­
stances and enlightenment, not capable of differentiation statisticslly, 
may reasonably bs regarded as responsible for the greater part of 
the reduction in mortality. There is no evidence of altered climatic 
conditions to account for the smaller peaks of mortality in recent 
years ; and in producing these, and the more repid reduction in 
infant mortality, public health nurses and general propaganda in 
favour of increased infantile cere have borne their part. To throw 
further light on the problem it would bs neceasary to analyee the 
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FIG. 82.-Courso of Birth-rate aDd of .Rate of Infantile Mortality in Now 

Zealand, 189&-1920. 

NOTES.-X A. Publio Health Deportment waa cocstitutod ncder the 
Publio Health Act, 1900. + The Midwives Act came into force. _ 

+ + RegulatiODS gazetted laying down a otandard for milk. 
Tbe Royal New Zealand Society for tbe Health of Women and Children 

began operationo, first looally, at Ducedin. 

fnfant mortality for a series of years and for dilreront parte of New 
Zeoland, showing the rate of decline from the chief causes of death, 
and of deaths in the first and subeequent months after birth. 

VI. Correlations of Colncldence.-In a special report on the 
"l\lo$Jity of Cholera in England, 184S...9," published in an early 
IW>gistiak·General's report, Dr. Wm. Farr stated that "the elevation of ' . 
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the soil in London has a more constant relation with the mortality from 
cholera than any other known element,,. the mortality from cholera 
being in the inverse ratio of the elevation. He fully recognized the 
operation of other factors besides elevation, and proposed a rule by 
means of which one might determine roughly how much of the total 
effect is due to elevation. Thus in the following table the number 

• Elevation of District Number or" Terrace" Cholera Deaths per calculated Series. 
ID Foot. from Bottom. 10,000 Inhabitants. 

Under 20 .. 1 102 102=102 
1 

20-40 .. .. 2 65 102=51 
2 

40-60 .. .. 3 34 102=34 
3 

60-80 .. .. 4 27 102 =26 
4 

80-100 .. .. 5 22 ~-20 5-

100-120 .. .. 6 17 102_17 
6-

340-360 .. .. 18 7 102=6 
18 

of daaths which may be ascribed to the factors included under the 
word "elevation," are obtained by dividing 102 successively by 2, 
3, 4, 5, 6. Tho calculated approximate to the observed reoults ; and 
}'arr linked up this result with hie rule as to the relation between density 
of population and mortality (p. 280). The law, he said, is that "the 
mortality in towns of some extent and density is inversely as the 
elevation!' Under the conditions then holding good, this rule was 
valid ; it may be that London, then being supplied with water 
largely from surface wells, wells neighbouring on the river level, had 
their drinking watsr more contaminated than that of more elevated 
districts. The lower-lying parts of London also wm'e more de.nsely 
populated, with oorrespon Jingly gre~ter risks of porsona.l infection. 
'!'here is, howevt~r. as we now know. no constant relationship between 
elevation of dwellings and preva.lonoe of cholera. 

Dr. Snow's ci88Sical investigation of water-infection in oholera, 
based on accurate observation of a smr.Jl number of oases, proved 
the .,_,..ontial relation of specifically contaminated water, and not of 
elevation, to cholera; and in the epidemio of 1854 proof on a large 
soale of Dr. Snow's induction was forthcoming. About one-fifth of 
the po?ulntion of London was supplied with water by two water com­
panit,., both of whom derived their supply from the River Thames. 
In 1S49 the point of the river from which each company obtained its 
supply WI\S very polluted ; but in 18S4 the 16mbeth Company had 
moved its intake much higher up the river, the Southwark and Vauxhall 
continuing to be supplied from a lower and more polluted part of the 
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river. The relative experience of the two areas in- 1854 was as 
follows:-

Cholera 
Areas 3upplled by Number of Numbetof Deaths trom Deaths per 

HOWiell. Penons. Cholera. 10,000 of 
Population 

·Tho Lambeth Company .• 25,854 166,906 611 37 
The Southwarl(and Vawtball 

39,726 268,171 3,476 170 Company . . . . .. 

Evidently some cause of cholera was acting five times as much in 
the area of one water company as in that of the other. It beeame 
nec ... ary next to compare the experience of 1854 with that of the 
earlier epidemic in 1849, and it was found that in the area of distribu­
tion of the Southwark and Vauxhall Company the cholera death-rate 
was 118 in 1849 and 130 in 1854 ; while in the area of distribution 
of the Lambeth Company the cholera death-rate fell from 125 to 37. 

When cholera is prevalent an excess of diarrhma a.lso appears in 
the death-returns; and comparing again the two are&S at the two 
periods, it emerged that the diarrhmal death-rate in the area of distribu· 
tion of the Lambeth W!!<ter feU from 29 to 21 per 10,000 of population; 
in the Southwark area it rose from 27 to 33 per 10,000, when comparing 
1847 with 1853-4, 

House to house inquiries showed. numerous instances in which 
cholera had unerringly selected houses supplied by the dirtier water, 
omitting the area of the Lambeth supply. The contemporaneous 
comparison, the historical comparison, the evidence from experience 
as to deaths returned aa caused by diarrhma, and most convincing of 
aJl the intensive house-to-house observation in streets among the 
inhabitants of which the two comi?aoies were competing to supply, 
aJl converged to one conclusion as to the causation of the cholera, 
imd illustrate exceptionally well the need to proceed, whenever prac· 
ticable, by both contemporaneous imd historical comparisons, by 
using a.llied diseases in aid, imtl by intensive observations of a limited 
number of accurately ohserved faqts. In other words, field obaerva' 
tiona, i.e. classified- insta.nces on a SJWJJl scale and sta.tistioal observations 
for masses of population must be kept in their right perspective. 

VII. Healthiness of Hospitals.-In a Dublin hospital it was 
found that a higher mortality prevailed among patients treated in 
wards on the ground floor than in those treated on the floors above, 
and the greeter unhea.lthiness of the grouod floor was assumed to be 
a fact. (Si>..-th Report of the Medical Officer of the Privy Council, 1863, 
p. 527). · 

It was subsequently discovered that this was an amusing instance 
of non . oeleri.! paribus, for the porter of the hospital had been in the 
habit of placing patients that could not walk on the lower and those 
that could walk on the upper floor. 

VIII. Relation between Pauperism and Licensed Houses.­
A propagandist society is responsible for the following statement : 
"There is no evidenOA to support the statemont that when a drink­
shop is opened .t increases pauperism. On the contrary, we find that 
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Canterbury, with 49•14 on-licences per 10,000, has a pauper rate of 
I Os. 8d. per £ assessable value. On the other hand, East Ham, with 
only 2· 26 on-licences per 10,000, has a pauper rate of 27s. per £1." 

This comparison of an industrial community, liable to great 
unemployment, with a residential city, on the assumption that the 
only difference between the two is in the number of public.houses. 
is only exceeded in absurdity hy the assumption that ratio of 
rateable value to pauperism instead of number of paupers per 1,000 
of population is the right measure of pauperism. 



CHAPTER XLV 

CORRELATION AS A MEASURE OF FACTORS 
INFLUENCING LIFE 

THE destructive criticism by Mr. Keyues quoted a.t the end 
bf Chapter XTJU naturally leads to a study of some of the 
instances in which inferences of grea.t public health importance 
have been drawn from correla.ti.on coefficients. The most 
important of these ha.ve been published from the Galton 
Laboratory, under Professor K. Pearson's guidance, to whom 
the mathematical study of statistics is chiefly indebted for its 
present stage of development. 

It is a.n important advance in science when measurement 
of facts becomes practicable, and qualitative is replaced by 
quantitative investigation. Subject to the cautions empha­
sized in other chapters, quantitative rea.soniog must, a.s 
available data of adequate accuracy accumulate, replace 
qualitative reasoning ; and although doubt is expressed as 
to some of the conclusions from biometrical data quoted 
hereafter, 'the difierence of opinion is concerned With tlie 
uncertainty as to whether the data a.re adequate . and 
comparable, and as to whether they embrace the chief 
factors, which, experiehC'e indicates, are involved in the 
comparisons. In· some instances it may be a. duty to 
remain contented with a qualitative judgment until better 
and more adequate data can be obtained, though this 
qualitative judgment is as inuch open- to revision and 
criticism as a quantitative judgment based on defecti.ve data., 
or which haa failed to correlate the essential factors. But 
although this is so, the insistence on obtaining a quantitative 

1 

besides (and in order to check) a qualitative judgment 1 

represents a marked advance in social science, and definite and' 
final judgment depends on accurate and complete statistical 
knowledge, employed with knowledge and judicially. It 
was Francis Galt<>n (1822-1911) who introduced the con-

141 
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ception of correlation as a measure of the relative intensity 
of the factors influencing biological or social progress. 
Professor K. Pearson has extended Galton's original method 
and introduced more exact methods of mathematical state­
ment of degrees of correlatioD;. The coefficient of correlation 
for a given factor is measured on a scale from - 1 to + 1 ; 
and much importance attaches to measurements of the cor­
relation between two social or biological phenomena, when 
these can be successfully isolated. 

The difficulty of isolating factors for satisfactory examina­
tion by this method is, however, sometimes insuperable. 
In considering, for instance, the factors influencing the 
physical and mental fitness of a group of persons, we have 
to deal with a vast complex of associated conditions and 
influences, and uuless it is possible to pick out the more 
important of these and relate them to the persons observed, 
mathematical investigation may give no more than is given 
by a qualitative inference. But the process of selection of 
factors necessarily involves some mental bias, a pre-judgment 
of the issue, and the selection, if made by persons with differing 
views, may easily vary greatly. The impossibility of elimin­
ating the mentality of the investigator is especially serious 
when sooial and mental phenomena are concerned. It is in 
this preliminary selection that the chief bluuders have arisen, 
though the unsatisfactory character of the data utilized is 
an almost equal source of error. In this respect the corre­
lation method merely shares the disabilities of other methods 
of statistical investigation and of qualitative inductions. 

1\larltal Infection in Tuberculosis.-{1) Thus Professor 
Poorson has fouud that there is only a low coefficient of 
correlation between the amount of tuberculosis in one partner 
and the othor in married life ; and this result is quoted as 
evidence that infection, as compared with heredity, has a 
minor influence in causing tuberculosis. Is this conclusion 
trustwortl1y ! We will assume, contrary to likelihood,' that 
in arriving at such a conclusion not only the age of all the 
partners exposed to infection, but also the duration of the 
exposure in married life are known ; and that distinction is 
drawn between instances in which the simple precautions 
required to avoid personal infection are taken, and others in 
which the patient is careless. Evidently data fulfilling these 

• 
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and like conditions of accuracy are difficult to secure. Bu 
even if all other possible sources of ·error are eliminated, th 
proof that there is little infection from tuberculous husban' 
·to wife or wife to husband becomes largely irrelevant to th 
problem of infection, if it be discovered that in a majority ~ 
cases of adult tuberculosis the disease is due to infection a 
or before adolescence, lying latent for some years, but provoke< 
into activity by unfavourable industrial or social circumstance 
by alcoholism, or by an acute illness, e.g. infiuenza. The weigh 
of evidence in support of the conclusion that adult tuberculosi 
originates largely, if not chiefly, in early life has steadil: 
iilcrea.sed ; the breakdown in health, when it happens 
depending sometimes on massive infection in adult life, mor< 
often on conditions which lower the resistance to the develop 
ment of latent disea.•e. The determining conditions may bo 
entirely envirorimental, or partly the result of intrin.qio 
differences of resistance in members of some families. Tho 
frequency of these breakdowns cannot unhesitatingly bo 
accepted as a measure either of the frequency of infection ii 
adult life or of inherent tendency to disease without a mon 
exhaustive analysis th&D is .iinplied i:n a study of ma.rita. 
relationships. 

Factors of lntelligence.-(2) Miss Elderton in ar 
inquiry into the condition of school children in Edinbu:rgl 
arrived at the following res~ts :-

Correlation of intelligence in the children with 
the number of pei'80DS ·per room · .. 

Correlation of intelligence in the children· with 
good economic conditions . • • . . . . 

Correlation of intelligenoe in the children with 
good physical condition of p&IOQta • • • • 

Co~W!ation of int.>Jligence in the children with 
good moral condition of parents 

Boya. Gli:la. 

·02 

·10 

-·04 

-·07 

·04 

·16 

·06 

·03 

Where negative signs ·are shown, these indicate that the 
better physical condition and moral condition of parents 
were associated with somewhat lower intelligence, a res~' 
which suggests the probability that some fa.llacy lurks in th 
me&surementa, or some error in classification. The gen 
figure for heredity Lt.iag taken as • 49, the relative infiuen 

• 
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of the factors named in the. table on intelligence must be 
regarded as insignificant, if we accept the judgment of the 
observers and the accuracy of the measurements employed. 
Intelligence appears to have been measured on the impres­
sion of the individual investigator or of the teacher, and even 
were rigidly organized tests used, mental bias of investigators 
is a disturbing influence. There is the further preliminary 
difficulty pointed out by Professor Leonard Hobhouse 1 that 
in these investigations it is assumed that better economic and 
social conditions are generally indicative of superiority of 
stock. Hence the children of parents conforming to these 
better conditions should show better results, instead of the 
insignificant correlations of the preceding table. "We seem 
driven to the conclusion either that this particular method of 
calculation is misleading, or that the general assumption upon 
which many of the sociological arguments of eugenists are 
based, that the socially more fortunate classes are of the 
best hereditary strain, is unfounded." We may properly 
hesitate to accept as conclusive the measures of environment 
used in this investigation, and regard them, even when 
obtained with minute care and accuracy, as measuring only 

. a fractional part of the environment affecting intelligence. 
A somewhat similar investigation by Dr. D. Heron (Eugenic 
Laboratory Investigations, viii) has been critically examined 
by Mr. Udny Yule (in School Hygiene, lxxili, p. 547), who 
doubt<! the validity of the data as to intelligence. These 
datil are defended by Dr. Heron (Qu~tions of the Day, No. II), 
who retains his confidence that no environmental condition 
produces an effect on the mentality of the child comparable 
with that of heredity (see also p. 561). 

The results of a recent investigation published by the 
!llodical Research Council ("The Relation between Home 
Conditions and the Intelligence of School Children," by 
I. Essorlis, D.Sc., and Mrs. Frances Wood, B.Sc., 1923) throw 
further doubt on the deductions made in the investigation 
quoted above. Carefully selected schools in London were 
chos~n where the children who were to be reviewed differed 
widely in economic status, but were under the same teacher, 
The children in each instance were submitted (a) to the 
teacher's estimate of intelligence, and (b) to the special 

• Social & .. Jun.,. llftd PoliiOcGI 7'/Jeory, Columbia University p,_, 1911. 
85 
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psychological tests indicated in the report, and the results 
thus obtained were compared with each other. The teachers 
were judging intelligence, not knowledge, and their estimates 
showed little correlation with age, unlike the special intelli­
gence te$ts, but in general the two sets of tests gave results 
consistent with each other. The data. obtained were tested 
by " partial correlation." The definite 'conclusion reached is 
that the influence of home conditions upon intelligence is a 
positive one, lying between · 3 and • 4. " Children from better 
homes showed, on the whole, more rapid progress l;han their 
less fortunate school-fellows ; yet the individual differences 
within the economic groups are so large that the groups them­
selves, enormously overlap," states Mr. Cyril Burt in his 
prefatory statement; and Dr, Esserlis concludes that although 
there is not implied " any adjudication of the shares of 
environmental and inborn factors in producing intelligence " 
. . . " we are' entitled to conclude that progressive improve­
ment iD. home conditions may be expected to react favourably 
not only on the health, but also on the intelligence of school 
children. Another argument . . • is thus provided for further 
efforts to ameliorate the home conditions of the children who 
attend elementary schools." 

Infant Mortality.-(3) ·Hesitation is needed simila.rly in 
accepting the conclusions as to infant mortality in t~ee 
manufacturing towns (Eugenics Laboratcny Lecture Series, Ill,). 
The conclusion is reached t'hat conditions of heredity­
" nature value ",-have at least 4 · 5 , times the value of the 
" nurture value," u.S tested by conditions like , overcrowding, 
dampness, possibility of ventilation. The facts on which the 
correlations are based are not fully detailed in the above 
lecture ; and the relatively insignificant place given by the 
correlation method to environmental conditions is, so con'l;ra.ry 
to the experience, of medical officers of health, which shows 
the great improvement securable in an infantile population 
by the application of personal domestic and municipaJ, 
hygiene, that one must suspect the validity of the tests used 
in the investigation or the method employed in isolating 
them from other factors. 

There is force in Professor K. _ Pearson's contention (p. 50 
of above lecture) that our division into categories can only 
be very general. Tb1l! suitable feeding may depend on many 



CORRELATION AS A MEASURE OF FACTORS 547 

factors, and so also · may conditions of housing, parental 
habits and parental health being concerned as well as physical 
environment. The parental factors again may be " nature 
factors," or they may be acquired, in part at least, in con­
sequence of adverse physical environment. The importance 
of such considerations as these appears when the influence 
of any one environmental factor on health is under investiga­
tion. 

Alcoholic Habits.-(4) A further example of the difficulties 
besetting accurate measurements in social inquiries is furnished 
by the results as to the influence of alcoholic drinks in parents 
on the height, weight, general health and intelligence of their 
children, derived by Miss Elderton from inquiries in Edin­
burgh and Manchester. The chief results are given in the 
following table :--

Co~LATIONS BE'l'WICEN-

Drink and Drink and Drlnk and 
Welaht.. Height. Intelllge,o,ce. 

Edinburgh { Boya • • .. •05 ·04 -·03 
G1rla •. .. ·08 •09 ·00 

Father. Mother. 

lntclm~ance 
Intemperance 

IDtomn:rance Intemperance 
i.D.d. tb.. aud 

- oalt.b. 
and 

lntellisence. l.D.tellipnce. 

1\1 h ler {SoDS • • -·06 -·11 -·07 •01 
ano ea. Daughters -·04 -·02 -·03 -·08 

' 

The Edinburgh figures in Professor Pearson's words 
(p. 17 of the above quoted lecture) show "that drink in the 
parents has no effect on the intelligence of boys or girls, 
and practioally none on the height and weight of boy!!'. In 
the case of girls there is a slight correlation between drinking 
of the pOJ:ents and lower height and weight in the daughters ; 
but considering that the probable error of these results is 
about •03, they are only just significant." Evidently a 
correlation of ·09 is very small as compared with a correlation 
of • 4 9 for heredity. 

The Manchester figures are regarded as evidence that 
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what very slight influence drink has on the general health 
and intelligence of boys and girls " is in favour of the 
children of drinking parents, they are healthier and more 
intelligent." It should be added that the authors of the 
Fird Btuily of tlie Influence of Parental Alcolwliam, etc., 
from which the above table is derived, accept the possibility 
of evil resulting from the economical and moral changes 
due to drunkenness, including distress and poverty, adding 
(Lecture, Series m, p. 26), •• it is, perhaps, a consolation that 
to the obvious and visible miseries of the children arising from 
drink, lowered intelligence and physique are not added." 
I confess it is difficult to think of protracted parental 
drunkenness not affecting the physique and the mental 
(including the moraJ.) condition of the children, notwithstanding 
tlie apparent absence of correlation between parental drunken­
ness and health shown above. 

The .above conclusions have originated a considerable 
controversial literature, some of which is summarized by Pro­
fessor Pearson (in Question& of tlie Day, etc., No. lll). To 
justify the conclusions summarized above it would be neces-
sary to show- · 

(I) That the group of ~on-alcoholic parents and children 
with which comparisons were made differed solely or chiefly 
in respect of alcoholism. 

(2) That the tests of intelligence and physique were 
satisfactory, and were uniforllily applied. 

(3) That the alcoholic habits or the non-alcoholic liabits 
were of a duration which would influence the condition of 
the compared children fro~ intra-uterine life onwards, · or 
short of this that the two gro_npt! were comparable in respect 
of shorter or longer exposure to the differential condition. 

The first condition named above is especially important. 
More than half of the families included in the investigation 
were receiving some form of charity. Were the alcoholic 
parents of a superior initial type, who had been reduced to 
this condition by their habits, while in respect of physique 
and character the non-alcoholics represented an inferior stock t 
There appears to have been little information as to whethell 
the parental alcholism, the influence of which on the offsprin~ 
was the subject of investigation, occurred before or afte1o 
the birth of the olispring. It is noteworthy also that tn" 
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comparisons made are between " moderate " and immoderate 
drinkers, the few teetotallers found in the survey being 
grouped with the moderate drinkers. 

Professor Pearson's pamphlet, quoted above, should be 
read by those wishing to study the dHliculties of such a 
statistical social investigation as this. It is quoted here in 
order to emphasize the difficulties which statistical investi­
gation of social phenomena on lines like the above has still 
to conquer. 

There,... will be agreement with "Galton's fundamental 
principle that before we know the meaning of anything we 
must measure it," only it is desirable in the interest of 
accuracy to introduce the word " completely " into this 
quotation, both as regards meaning and measurement ; and 
we must repeat the caveat that when results of measurement 
are not consonant with collateral knowledge, the measure­
ments must be rigidly inspected as to accuracy and relevance; 

Mill's words,t on taking into account, not merely the facts 
revealed in a particular inquiry, but all available evidence, 
require constantly to be borne in mind. 

"The probability of events as calculated from their mere frequency 
in past experience affords a less secure basis for practical guidance 
than their probability as deduced from an equally accurate knowledge 
of the frequency of occurrence of their causes." 

He then speakS of men who, 
"having made themselves familiar with the difficult lormul., which 
algebra affords for the estimation of chances under suppositions of a 
complex character, like better to employ those formul., in computing 
what are the probabilities to a person half informed about a case 
than to look cut for means of being better informed. Before applying 
the doctrine of chances to any scientific purpose, the foundation must 
be l&id for an evaluation of the chances, by possessing ourselves of 
the utmos~ attainable amount of positive knowledge." 

According to Archdall Reid, the objection to biometrical 
methods of investigating the relative influence of nature 
and nurture goes even deeper, especially when mental 
characteristiC'S are concerned. Pearson's position is that 
" the relative gain from education depends to a surprising 
degree on the raw material presented to the educator." 
Reid emphasizes the fact that "man is mentally en extremely 
adaptable, malleable, educable, intelligent, and intellectual 

• Mill"• Lugic. III, xviii. f. 
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a.nimal," and that the terms "innate," and "acquired" are 
misnomer<J, slow evolution occurring under the stimulus of 
u~e. Thus Reid regards it lijl overwhelmingly probable that 
the physical inferiority of slum-dwellers, factory hands and 
the like, will v,anish if their sqrroundings are improved 
sufficiently, while Pearson assuJ:nes that the inferiority is 
germinal, and therefore beyond cure except by natural 
selection. We may, however, assume that germinal inferiority 
and acquired inferiority both occur, while denying that 
biometrical methods so far have been able completely to 
differentiate between the two forms of inferiority ; and we 
are bound to adopt in practical life the oniy justifiable policy 
of attempting to improve inferiority wherever found. 

The views of the two. extreme schools of thought quoted 
above may serve to illustrate the complexity of the statistical 
factors involved in social investigations, ·though they do not 
exhaust possible statements of the problem of inheritance. 

The general conclusion must be that great caution is 
justified, indeed necessitated, in the accep~ce of correlations 
which are not a priori probable, and which may embody 
only a fraction of the factors involved." There are, of course, 
dangers of no less magnitude in qualitative inferences, which 
are apt to neglect cases not supporting a given contention ; 
and the general thesis is incontrovertible that accura.te 
measurements and quantitative comparison of homogeneous 
phenomena ~presents a great stride forward in science. 



CHAPTER XLVI 

TESTS OF PHYSICAL AND MENTAL 
EFFICIENCY 

A MASS of material bearing on national efficiency is being 
accumulated in the records of school medical inspections'. 
Its value, however, is necessarily lowered by the varying 
standards and degree of accuracy of observations in different 
areas and by differences of method of record and tabulation. 
A similar remark applies to the weigbings of infante and 
young children in child welfare centres. These weighings 
have immediate value in stimulating interest and in 
&ncouraging efforts to improve health ; but for scientific 
purposes they are largely useless, owing to frequent neglect 
of elementary precautions as to weighing without apparel, 
etc. For scientific purposes, mass statistics such as are 
indicated above have much Jess value tha,n samples on a 
smaller scale, chosen and measured under strictly scientific 
conditions. 

Similar objections can be urged against the massed results 
of physical measurements and proportions of rejections of 
military recruits, especially statistics collected under war 
conditions, when accuracy and comparability of observations 
were commonly not secured. 

Recruiting Statistlcs.-For several generations such 
statistics for Great Britain have been quoted as furnishing 
evidence that modem civilization produces physical deteriora­
tion, regardless of the need for comparison with countries in 
which there is universal compulsory military service, &nd 
without consideration of the variations in the English 
standards of rejection in accordance with the fluctuations of 
enlistment coincident with corresponding fluctuations in 
industrial conditions. 

Dr. T. Graham Balfour, F.R.S., in his inaugural address 
as President of the Statistical Society (November 1888), 

""" 
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gave details as to the supposed deterioration of recruits, whicl 
showed that the changes in rejections were caused by th' 
failure to overlook the condition of " other things bei.nj 
equal." Thus in the years 1860-64 inclusive, 32,32• 
examinations of recruits were made by Army surgeons ; anc 
the rejections from all causes were 371·7 per 1,000. Durinl 
1882-86, 132,563 men offered themselves for enlistment, o 
whom 415· 6 per 1,000 were rejected .. A late Director-Genera 
of the Army Medical Department could explain this incre~ 
in the rejections in one way only ;, " The masses, from whon 
the army recruits are chiefly taken, are of an inferior physiquo 
to what they were twenty-five years ago," Dr. Balfour 
however, instituted independent inquiries, which threv 
grave doubt on this conclusion, and satisfied him that 1 

large proportion at least of the striking excess of rejectiom 
at the later period was due, not to an increase in the 
disabilities among the recruits examined, but partly tc 
improvements introduced into the returns in 1864, by whicl 
they were made much more complete, and partly to change1 
instituted in 1879 and 1880 in the system of examination 
Owing to the varying regulations in force in the Army; il 
was impossible to arrange the ~ult9 of the two series of yeah 
in a form which complied with the condition of " other thing~ 
being equal." 

Army statistic~ fail as· an index of national health, when 
recruiting is voluntary, both in this country and in thl 
United States. Thus in 1897. the ratio of American recruit! 
accepted was 70·2 per cent. In 1907 the percentage oJ 
white men rejected for the American Army was 9·2; ir 
1911-15 it was 11·3. 

It has, furthermore, to be remembered that a large numbe1 
of military rejections are for conditions not implying completE 
inefficiency. Colonel Keefer (American Journal of Public Health, 
1920, p. 236) draws attention to the threefold test througli 
which American recruits passed during the late Europea!l 
War. Of 3,208,446 registrants who were phySically examined 
during one period, 255,312 were rejected by local boards-, 
172,000 were refused by camp surgeons, and 40,382 were 
subsequently discharged by camp surgeons. He adds that 
inore than 88 per cent. of the " rejects " could be classified 
under the following heads :-
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Conditions which prevented free mobility .. 
Defects of special senses 
Cardio-vascular cases . • . . 
Nervous and mental abnormalities .. 
Tuberculosis ., . 
Defective physical development 
Hernia .. 

Per Cent. 
26 

. • 15 
13 
10 
9•6 
8 
6 

Much valuable information on this subject is given in 
Dr. F. C. Hoffman's monograph on Army Anthropometry, 
in • which the military experience of many countries is 
tabulated. 

En!!lish Recruitinl! Statistics in the Great War.-In 
an official report (Cmd. 504) is given an elaborate account 
of the _physical examination by medical boards of men of 
military age. The report, in its somewhat pessimistic 
summary, makes inadequate allowance for the fact that many 
of the defects, such as obesity, flat fioot, knock-knee, hammer­
toe, are not of a kind seriously impeding many walks in 
civilian life, though other defects show that a considerable 
proportion of the adult population are inferior in physique 
and efficiency. The men were classified in four grades, the 
first comprising men normal in strength and health, the 
second having some partial disability, the third included 
men with fiat foot, hernia, varicose veins, and men who were 
unable to undergo full physical exertion, and the fourth grade 
men entirely unfit for military service. Nearly 2! million men 
were examined during the period of these records. Of this 
total the examinations placed 36 per cent. in Grade I, between 
22 and 23 per cent. in Grade II, from 31-32 per cent. in 
Grade III, and rather over 10 per cent. in Grade IV. It is 
noted that after entering the Army more men were de-graded 
than up-graded, a. fact which may be held to confirm the 
original grading. 

Some doubt is necessarily entertained as to whether the 
m~n examined from October 31, 1917, to November 1, 1918, 
who were included in this report, are a fair sample of the 
population of military age, though this question is answered 
affirmativ .. ly in the report. A further doubt arise<~ as to 
whl'thcr the physiological standards adopted were appro· 
priate ; and most important of all, we have here massed 
statistics based on examinations by many medical boards 
under varying ciroumstances of leisure or hurry, of adequacy 
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gave details as to the supposed deterioration of recruits, which 
showed that the changes in rejections were caused by the 
failure to overlook the condition of " other things being 
equal." Thus in the years 1860-64 inclusive, 32,324 
examinations of recruits were made by Army surgeons ; and 
the rejections from all causes were 371· 7 per 1,000. During 
1882-86, 132,563 men olfered themselves for enlistment, of 
whom 415· 6 per 1,000 were rejected .. A late Director-General 
of the .A:rmy Medical Department could explain this increase· 
in the rejections in one way only :. " The masses, from whom 
the army recruits are chiefly taken, are of an inferior physique 
to what they were twenty-five years ago." Dr. Balfour, 
however, instituted independent inquiries, which threw 
grave doubt on this conclusion, and satisfied him that a 
large proportion at least of' the striking excess of rejections 
at the later period was due, not to an increase in the 
disabilities among the. recruits examined, but. partly to 
improvements introduced into the returns in 1864, by which 
they were made much more complete, and partly to changes 
instituted in 1879 and 1880 in the system of examination: 
Owing to the varying regulations in force in the .A:rmy, it 
was impossible to arrange the results of the two series of years 
in a. form which complied with the condition of " other things 
being equal." 

.A:rmy statistic~ fail as an index of national health, where 
recruiting is voluntary, both. in this country arid in tlie 
United States. Thus in 1897 the ratio of American recruits 
accepted was 70·2 per cent. In 1907 the percentage of 
white men rejected fot the American .A:rmy was 9 · 2 ; -in 
1911-15 it was 11· 3. · ; 

It has, furthe~more, to be remembered that a large number 
of military rejections are for conditions not implying complete 
inefficiency. COlonel Keefer (American Journal of Public Health, 
1920, p. 236) draws attention to the threefold test through 
which American recruits passed during the late European 
War. Of 3,208,446 registrants who were phy~ically examined 
during one period, 255,312 were rejected by local board&, 
172,000 were refused by camp surgeons, and 40,382 were 
subsequently discharged by camp surgeons. He adds tha~ 
inore than 88 per cent. of the " rejects " could be classified; 
under the followi.r>g heads :-
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Conditions which prevented free mobility .. 
Defects of special senses 
Cardio-vascular cases . . . . 
Nervous and mental abnormalities .. 
Tuberculosis 
Defective physical development 
Hernia .. 

Per Ceo,. 
26 
15 

• . 13 
.• 10 

9·5 
8 
6 

Much valuable information on this subject is given in 
Dr. F. C. Hoffman's monograph on Army Anthropometry, 
in which the military experience of many countries is 
tabulated. 

En~lish Recruitin~ Statistics in the Great War.-In 
an official report (Cmd. 504} is given an elaborate account 
of· ihe .physical examination by medical boards of men of 
military age. The report, in its somewhat pessimistic 
summary, makes inadequate a.llowa.nce for the fact that many 
of the defects, such as obesity, fiat ftoot, knock-knee, hammer­
toe, are not of a. kind seriously impeding many walks in 
civilian life, though other defects show that a. considerable 
proportion of the adult population are inferior in physique 
and efficiency. The men were classified in four grades, the 
first comprising men normal in strength and health, the 
second having some partial disability, the third included 
men with flat foot, hernia, varicose veins, and men who were 
unable to undergo full physical exertion, and the fourth grade 
men entirely unfit for military service. Nearly 21 million men 
were examined during the period of these records. Of this 
total the examinations placed 36 per cent. in Grade I, between 
22 and 23 per cent. in Grade II, from 31-32 per cent. in 
Grade III, and rather over 10 per cent. in Grade IV. It is 
noted that after entering the Army more men were de-graded 
than up-graded, a fact which may be held to confirm the 
original grading. 

Some doubt is necessarily entertained as to whether the 
men examined from October 31, 1!117, to November 1, 1918, 
who were included in this report, are a fair se.mpleo o>f the 
population of military age, though this question is answered 
affirmatively in the report. A further doubt ari'>e'l as to 
"·hether the physiological standards adopted were appro­
priate ; and most important of a.ll, we have here massed 
statistics ba..'led on examinations by many medical boards 
under varying circumstances of leisure or hurry, of adequacy 
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or inadequacy. The report may usefully be consulted; but 
without attempting to discuss results in the limited space 
here available, I merely record my opinion that the figures 
do not justify a pessimistic view of English physique. They 
show the presence of much disease and many defects in a. 
considerable proportion of the adult population; but there 
is little, if any, reason for thinking that the proportion of 
these conditions has increased in the last twenty years. 

School Medical Statistics.-Doubts suggested in the last 
paragraph as to the validity of generalized. statistics of the 
physique of recruits under war conditions · apply in large 
measure to massed statistics respecting school children. 
Much more can be s&id in favour of selected statistics from 
typical areas, such as are collected' in the Annual Report 
of the Ohief Medical Officer of the Board of Education, 1920 
(Cmd. 1522). The results of the routine examination in 
24 industrial, 24 residential, 24 rural areas and in London, 
showed the following results for four conditions which I have 
selected from the official report :-

Pediculi l:lalnutrltloa. Defeotlve Deatal 
llap!t.tl. VJ.aiOA. DlleaN. 

/ 

Industrial areas .. .. 8'·2 3·8 14·6 23·9 
Residential areas .. .. 5·0 2·3 7•4 14·2 
Rural areas •• .. .. 7·3 4·3 9·4 23·6 • 
London .. .. .. 19·0 ~ 1·1 11·7' 23·4. 1 • 

l Results of nurses' surveys. · 1 J)efocta noted f"" treatment. 

It is . assumed that the age-groups are homogeneous in 
the table, or that there is an equal proportion of children' 
of different ages in ea.ch of the groups. The residential areas, 
as might be expected, come out favourably in the comparison, 
but it is uiilikely that there are more badly nourished children 
in them than in London ;.nor are the variations in the amount 
of dental disease likely to correspond· to fact. Probably 
London children are quite as clean as others ; but in the 
metropolis there is well organized machinery for detecting 
pediculosis. The above are grouped areas in which the 
range of ratios is attenuated by combination ; the range 
in ea.ch class would, doubtless, be much greater, if the extreme 
ratios fo~ the single districts comprised in each a.rea. ha.d 
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been given ; and in some of the classes the percentages cannot 
be trusted as giving indications of relative prevalence of 
defects. Such percentages have, however, much administra­
tive importance in individual areas, as indicating work which 
requires to be done ; and extreme variations in percentages 
would, furthermore, draw attention to the competence or 
conscientiousness of the inspecting staff. 

Statistics of " malnutrition " are perhaps the most 
unsatisfactory of all ; just as lacking in guidance as would 
be statistics of impressions on the part of an inspector of 
intelligence or poverty in the absence of rigid further tests ; 
or as are statistics of ascites, headache or dyspepsia, in the 
abs~:nce of a further medical diagnosis. This brings up the 
question of-

Height and Weight Standards.-Many tables of height 
and weight of children at different ages and for the two sexes 
have been published.. These give mean heights and weights, 
and the mistake commonly made consists in regarding these 
as the norma! heights and weights, forgetful of the facts that­
(1) a large number of children range considerably on one 
or other side of the mean, without departing from normality, 
and (2) that the means are depressed by the inclusion of 
unhealthy, e.g. flat-footed, rachitic, scoliotic and ill-nourished 
children, as well as by the inclusion of children retarded 
in development by various illnesses. The only legitimate 
standard is one obtained by excluding all those. Dr. Dublin 
quotes Messrs. Emerson and Manug who recommend a lower 
limit of 7 per cent. from the average as indicating under­
weight and of 20 per cent. above the average for overweight. 
But " these limits make 20 to 40 per cent. of school and pre­
school children mal-nourished, and that cannot be right except 
for highly selected children" (Dublin). 

Certain points need to be noted: (1) Stature and weight 
at o. given age vary with race. Welsh children, for instance, 
are shorter than Scandinavian, and Jewish than O.,rman 
at a given age. (2) A much larger range then is usually 
given must be allowed in a given fairly homogeneous group, 
before it is assumed that the condition is abnorma.l. (3) Not 
uncommonly there is marked familia.! difference in the age­
distribution of growth. What is ealled malnutrition may 
merely be retardation of growth. (4) Evidence of ma.l-



556 THE ELEMENTS OF VITAL STATISTICS 

nutrition, as shown by height and weight, or the pr9portion 
between these, must be tested by other evidence of the 
child's condition, his general appearance, his interest in his 
.work, the condition of his skin and eyes, etc. 

Dr. Dreyer in his work on The Aaseaament of Physical 
Fitneaa has based his conclusions . on the inter-relation 
between weight, height sitting (stem length), cb:cmnference 
of chest, and vital capacity as tested by the spirometer, and 
by formulre gives the value of each of these in terms of each 
of the others. ' 

Measurements of Race Dift'erences.-The exte~t to 
which physical differences and differences in vital experience 
have a racial origin is most debatable. Much of what has 
been attributed .to race is caused by differences in cleanliness 
and sanitation, in personal habits and in social and: economic 
circumstances. Although we may hesitate to apply t< 
health conditions J. S. Mill's dictum,l 

Of all vulgar methods of eecaping from the consideration of thE 
effect of social and moral in1iuences on the human mind, the most 
vulgar is that of attributing the diversitiee of conduct and cbaraoteJ 
to inherent and natural differenoee, 

there i~ sufficient truth in it to warn the social worker agains1 
assuming an erroneously fatalistic attitude. 

Now that tests of intelligence have been organized whic~ 
appear to give fairly concordant results, even the abo~e 
statement can be partially tested by statistics. It is, 'howeve;, 
more than doubtful whether the indefinite reaction we. call 
"intelligence" is the chief criterion of social efficiency, the 
elusive elements embraced in " character " possessing eve!l 
greater importance. Thus Professor Wm. McDougall• gives 
the· results of tests of white ·and coloured recruits to the 
American Army in the Great War, which are reproduced ill 
Fig. 83. 

The tests were devised to give no advantage to the bette1 
schooled men.' Even allowing that education develops ·in· 
telligence, there are differences between white and coloured 
in each group, and the curve for the illiterate white and the 
literate coloured roughly correspond, 

' Quoted by Buckle from Mill'a Princip!N oJ Polilioa{ llloonomv, vol. i, 
p. 390. 

• Nal!'onal Wolf""• and Nalional Decay, by Wm, MoDougaU, F.R.S., 1921. 
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Social Status.-It is convenient to consider at this point 
the social distribution of intellectual capacity as shown in 
the curvee in Fig. 84, derived ~m the same souroe as 
Fig. R3. 

The remarkable di1ference between officem and total 
white soldiem, or even between o.fficem and white literate 
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soldiers, shown in the- curves is greater than between white 
and coloured soldiers ; a.nd the expla.na.tion of ra.ce, therefore, 
only holds good for a fractional part of the results. Assuming 
the a.ccuracy of the observations for all the cla.sses, the con· 
elusions indica. ted . appear to be that stock iB even more 
important than colour in the determination of intellectual 
ca.pa.city as ascertained by the tests applied, and that 
education-in the sense of total environment of each class­
is· a.n important fa.ctor in the results. 

Another example, on a somewhat sca.nty scale, ma.y be 
quoted from McDougall's book. Miss Arlitt tested 342 
children from the primary grades of schools in one district. 
Of these 191 were of American-born white parents, 80 were 
born of Italian immigrants, 71 were coloured. .All spoke 
English without difficulty. The Americans were classified in 
four groups in order of descending social status. The 
" in~lligence quotients" (I.Q.) of these four groups in order 
of their medians (p. 606) were 126, 118, 107, 112 • 

. The Italians had a.n I. Q. of 84, the coloured children 
of 83. It is noted that recent Italian immigrants are 
probably not a. fair sample of the .population of Italy. 
Although the above figures are quoted, I cannot satisfy 
myself that foreign birth and la.ck of quickness in reSponding 
to tests in an unaccustomed medium did not prejudice results 
for foreigners a.s against the American children. One would 
like to see corresponding test&! ma.de respectively' by an 
intelligent negro tea.cher and an Ita.lia.n teacher. ' , 

Mental Condition of American Recruits.-Menta.l tesf.S 
of American recruits durihg the Great War were ma.de on 
some 1, 700,000 drafted men. These ma.y be a.ssumed to have' 
had a.t least the average intelligence of the entire adult male 
population of the States, since no evidently feeble-minded 
were drafted. Seven grades were recognized. A, men with 
very superior intelligence, B "superior," C + ~·high 
&VeTage,',' C cc. average," C- "low a.vera.ge," D "inferior," 
D- "very inferior." The "intelligence teets" applied to 
these men were intended to mea.sure intellectual competence 
rather than acqllired ·information or education. The results 
were a.s follows, a.s stated in " mental age " of the recruits. 
By this phrase is mea.nt that the recruit had the same mental 
capa.city as a " nor1'li.N" child of the same age. 
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INTELLIOENOIC S:rA'l'US ('IJ' AHEm cAN DBAI"l'ED MEN. 

Grado. Mental Age. Per Cent. of Total. 

A 18-19 years 4·5 
B 18-17 .. 9 
0+. 15 .. 16·5 
c 13-14 .. 25 
C- 12 .. 20 
D 11 .. "15 
D- 10 .. 10 

100 

The results indicate, to quote Professor Conklin,1 that 
" asLuming the drafted men are a fair sample of the entire 
population of approximately 100 millions, nearly one-half 
of the whole of the population will never develop mental 
capacity beyond the stage represented by a normal twelve­
year-old child." It is not unlikely, however, that the tests 
were originally planned to exclude a high proportion of the 
drafted men. A further preliminary caveat may be entered 
as to the "normal" child, who probably is much above the 
average, if this could be ascertained. A further caveat is 
needed as to the exact meaning of " mental capacity," and 
as to the extent to which it covers the entirety of non-physical 
life. It is not the same quality as judgment or wisdom, 
and it is not the sole factor determining conduct, though 
it ranks high as a determinant of character. " Mental 
capacity" as t;('sted is not identical with mental power, 
which is a function of two variables, nalive intelligence and 
the number a.nd quality of the person's experience. This is 
true of the idiot, the moron, the highly intelligent man, and 
the genius ; but the ability to respond to tests may be lowered 
either by initial deficiency or owing to undeveloped mental 
potentialities. Do the tests, or can they, distinguish between 
these t and if not, should the results of the military intelligence 
tests be regarded with the dismay with which they have 
often been quoted t 

Educational Abillty.-For a careful study of methods 
and results in the study of " the distribution and relations 
of educational abilities," including a study of the distribution 

' Tho Diredi.,. oJ H""""' Ewlulion, by Pto!eeaor E. G. Conklin, 
Prinooton Uuivwai\y, 19:!1. 
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of mental defect in school children, the reader should consult 
Mr. Cyril Burt's Report to the London County Council, 
entitled as above (P. ff. King & Son, 1917), and more fully 
in Menta! and Scho!aatic Test.s, by the same author (1921). 

The "Criminal Diathesis."-Dr. Charles Goring's 
Statistical Study of the English Convict (Abridged Edition, 
1919, publish~;Jd by ii.M. Stationery Office) is a lucid 
exposition of an intricate and difficult problem, which 
should be read by statistica.l students, if only for the light 
thrown in it on bioinetrical methods of investigation. The 
general conclusions of the investigation are that there is no 
such thing as a physical criminal type, that crime in this 
country is only to a. trifling extent a product of adverse 
environment, and that the " criminal " is to a large extent 
a. " defective," physically and mentally. Dr. Goring examined 
the correlations between environment and criminality. Of the 
circumstances thus examined, inferior. school education, low 
standard on leaving school, irregular emplo;Yment, alcoholism, 
size of family, may be enumerated; a.ll these correlations 
were found to be very small. The conclusion is that " the 
particular nature of crime committed in, this country has very 
little, if any, relation, apart from the relation of class, to any 
of the same environmental ponditions. . . . Relatively to its 
origin in the constitution of the malefactor, and especia.lly 
in his mentally defective. constitution, crime is only to· a 
trifling extent (if to any) the· product of socia.l inl!qualities, 
of adverse environment, or of other circumstances of what 
may be comprehensively termed the force of ciroumstan~." 
On the other hand, "th\)·criminal diathesis, revealed by the 
tendency to be c~mvicted and imprisoned for crime, ill' 
inherited at much the· same :~;ate as are other physical and 
menta.! qualities and pathological conditions in man:" 

This conclusion, if firmly established, is extremely 
important. It may be urged that the high correlations 
( · 45 to · 6) indicating the degree of restriction of crime to 
certain stocks may result from moral contagion, and not be 
due to "inheritance of anti-social proclivities." The fact that 
there is a. high correlation between criminality in wife and 
husband would support this view ; but in the report this is 
explained on the hypothesis that such marriages are 
assortstive and not truly random ; and if this explanation 
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be accepted, the chief exception to the apparent rule of 
inheritance disappears. 

But doubt still lingers as to the success in separating 
moral contagion from heredity. 

Sir Bryan Donkin (J ounzal of M en!aZ Science, vol. btiii, 
1917, p. 16) has criticized the above Study in an article 
which should be read after reading the Study. He agrees 
that mental defects are present more frequently in criminals 
than in the general population, although the relatively small 
group of mental defectives among .criminals needs to be 
carefully separated from the majority. The main difficulties 
in accepting Dr. Goring's conclusions are two:-

·(1) It appears to be assumed throughout that criminality 
is a unity, a fallacy similar to that which treats poverty 
or any other social or anti-social phenomenon thus ; for 
there are in fact " no special qualities, physical or mental, 
common to all criminals." 

(2) Grave doubt must attach to the view that because 
high correlations exist between heredity and crime, and 
insignificant correlations between certain environmental 
circumstances and crime, the existence of a type, the victim 
of an inborn make-up, is established. The human organism 
is subject from earliest life onwards to infinitely complex 
influences or stimuli, and every human being has almost 
infinite ability to acquire capacities and qualities from these 
stimuli. It cannot be agreed that the few circumstances 
of environment enumerated in Dr. Goring's report, which 
show insignificant correlation with crime, are an adequate 
measure of these stimuli. That inheritance bears an important 
share in the production of crime need not be doubted. It 
bears an important share in the possession of every human 
capacity ; but this does not imply that the criminal is the 
creature of his inborn capacities or incapacities alone, and the 
significance of environment in the widest sense cannot be 
said to have been statistically disproved. 

Delinquency and Feeble-mindedness.-Dr. Francis L. 
Dunham (quoteli in Lancet, December 16, 1922), of Baltimore, 
l\Iaryland, in a recent address has given important con· 
siderations which are relevant to the above remarks on 
the statistical invl:'stigation of criminality. Discussing the 
commonly acoopted belief that a positive correlation exists 

86 
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between low mental age as measQI"ed by the ordinary 
intelligence tests and moral delinquency, he points out that 
there is quite a high propo;rtion of dullards in every com­
munity, yet" so well does the dull but stable" (i.e. emotionally 
stable} "person manage himself in our varied civilization, 
with its constantly increasing public health care, that we 
tend to forget him as a good citizen, and only recognize 
him when he is bad. Among several hundred delinquents 
who have come under Dr. Dunham's observation during the 
past five years about one-sixth represented a grade of 
intelligence which in the usual child of corresponding mental 
age would not assure enough insight, judgment, or co-ordina­
tive capacity to keep out of harm's way and to carry out 
ordinary hygienic: requirements." One-third of the remainder 
were not so backward, but that with proper vocational 
guidance they might not have become Useful citizens, and 
the rest of the"delinquents we~ ranged all the way from a 
mental age of 131 years to those with unusual 1ntelligence 

.·and a college training. Altogethef Dr. Dunham concludes 
that while " standard statistics in social hygiene tell us that 
one-third of all prostitutes ·are feeble-minded," the statement 
that "the percentage of mental defect among prostitutes 
is no greater than it is ~ong other commercialized gJ;Pups 
is probably nearer the truth. . • • The mere fact that our 
ingenuous snares catch dullards is no sign that all offenders 
are stupid enough to be caught." 

The important consideration is emotional instability. 
This is not, as Dr. Dunham shows, necessarily an mborn 
characteristic, but quite frequently results from suppression 
or 'perversion of normal se;ual tendencies during a ~l!e 
adolescence. Hence the impo_rtance that the general public 
should be brought to a sane comprehension of the physiology 
and psychology of sex. 

The Handicapping of the First-born.-Reference may be 
made here to a critical paper by M. Greenwood and G. Udny 
Yule "On the Determination of Size of Family and of the 
Distribution of Characters in Order of Birth from Sampl~ 
taken through Members of the Sibships" (Journal of the ~ 
Btatiaical Society, vol. lxxvii}. They point out errors o 
previous investigators. as for instance in the statement tha 
" criminals are ~e product of the most prolific stocks in the. 
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community," and indicate a class of fallacies 'inherent to 
methods employed in estimating the relative liability to 
disease, e.g. tuberculosis or insanity, in successive members 
of a family. The method ,used in these biometrical investiga­
tions has been a statement of proportion of firstborn who 
are defective, etc., to those in the sibship of which they are 
members. Such a method must be regarded as " essentially 
fallacious," for it would produce the heaviest incidence in the 
earlier born of any character desirable or not. Such com­
parisons are liable to error, also, in consequence of the varying 
size of family in different social classes. Large families being 
more numerous, they will be unduly weighted in any com­
paritmn of the family incidence of tuberculosis, insanity, etc. 

This paper has been criticized in a. later paper by 
Professor K. Pea.r~on, " On the Handicapping of the First­
born" (Eugenio Lecture Series, X, 1914. 

Both aspects of the controversy are too de:tailed for 
summary here, but the unbiased reader of the two above 
papers will realize the importance of caution in accepting 
conclusions a.s to inheritance, which run counter to colla.teral 
knowledge. Incidentally Pearson expresses some disagreement 
with Goring's statistical treatment of the problem of crime 
in the elder-born, which had been criticized by Greenwood 
and Yule. 



CHAPTER XLVII 

REPRESENTATION. OF DATA BY TABLES AND 
GRAPHS 

BUT few general rules a.re needed a.s to the tabulation of 
data., technical· knowledge of the subject, accuracy of work, 
a.nd common sense being the chief requirements. A table, 
a.s Giffen has said, is rea.lly a.n argument, a.nd it should fulfil 
the followiiig minimum conditions :- . 

1. It should be self-explanatory, having a. full descriptive 
heading. The headings of each column and of side lines 
should be olea.r a.nd precise. Nothing should be left to be 
guessed or puzzled out. 

2. To avoid the necessity of the la.st-na.med possibility, 
explanatory notes should be given, though when bulky notes 
a.re needed the value of the table is diminished. 

3. Simplicity should be f!oimed at, the compression of many 
terms into a. single table being avoided. 

4. Economy of figures should be secured, decimals being 
used only when they a.re sigliliica.nt. 

A dichotomous system of 'tabulation should be followed 
when practicable, dual division being followed by similar 
subdivision of each item, a.nd so on. It is not always con· 
venient _ or necessary to adopt this plan. 

It is assumed that the data. on which the table is based 
have been carefully examiiied a.nd their trustworthiness. 
assured. 

Throughout this volume numerous tables a.re found, a.nd 
further examination of these will sh9w some of the chiet 
possibilities of tabulation. 

Tables for Investigation.-Tabula.tion gives a. manage, 
able summary of a. mass of facts, which otherwise would bf 
unserviceable. It is thus informative. It may also be a. mea.ni 
of investigation. The following examples illustrate this mort 
important· use of tables :-
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(a) In epidemiological or social inquiries concerned with 
measurable homogeneous facts, tables can be made to show 
the historical sequence of events ; and from this sequence 
it becomes possible to suspect new empirical laws, especially 
when the sequence is subsequently tested by comparison 
with other similar tables, or curves based on them. The 
word " suspect " is used advisedly, for, as Westergaard has 
said, " the task of the statistician is not so much to find 
the causality himself as to help others to find it." The 
revelation of the real significance of relationships between 
groups of events of medical interest is the task of the natural 
sciences, including medicine in so far as it is scientific and 
not merely empirical. 

Every epidemiologist who has been engaged in studying 
a particular disease prizes official reports which give the 
necessary data. f(jT a long aeries of years. The value of such 
a series increases year by year as it grows in length. If the 
figures recorded are sickness or death-rates,· and not the 
original numbers, the possibility arises that some of the more 
ancient rates may have been calculated on an erroneous 
estimate of population, and this may need to be checked 
by reference to census populations. It is necessary also in 
all such investigations to inquire whether the observations 
have an equal degree of accuracy throughout. Thus in an 
his~orical investigation of sickness-rates and death-rates 
from diphtheria., the introduction of the aid to dia.gnosis 
givl'ln by ba.cteriology a.nd the effect of antitoxin on the course 
of the disea.se would be disturbing influences. 

In a table or curve dealing with an epidemic disease can 
be S('()n not only (1) the irregular fluctuations of the disease 
year by year, but also (2) the cyclical fluctuations of 
epidemic and inter-epidemic periods; and (3) if the series is 
long enough, it may be practicable to distinguish secular 
fluctuatio~rs, when a disease shows a persistent decline or 
incn>ase, behind its cyclical fluctuations. 

(b) Tablt>s may also serve to give valuable information 
as to the seasonal incidence of disease, as in the following 
table from the yearly statement of infectious diseases in 
England and Wales, published for t'1e last eleven years in 
a separate n>port; for 1921 included in the Annual Report 
of the Registrar-General. The table is also a good illustration 
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ENGLAl<D AND w ALBS, I 921. 

St411ontJI. IJICid<nce oJ Corlain InfocMuo DVea.u. 

(1021) Scarlet DIJ>h- Enteric OoreiJro. PoUo- Eu.eepbaiiUI 
Week end.ln(t- Fever. theria. Fever. Spinal li'e-..r. m.ye.lltla. Let.harg:lca. 

Jan. s .. 9S 126 69 188 33 243 .. 15 .. ::· Ill 56 125 33 818 .. 22 . .. 129 77 188 33 407 .. 29 .. 100 127 53 163 44 471 
Feb. 5 .. 92 138 66 ll26 56 479 .. 12 .. ss U7 49 163 22 804 .. 19 .. 91 U9 70 188 22 229 .. 26 .. 92 U6 66 ss 56 • 282 
lllarch 6 .. 91 U2 60 60 66 1S9 .. lZ .. S7 uo 6S 200 11 167 .. 19 .. 86 106 66 113 44 107 .. 28 .. 79 S9- 61 ll3 2l! 104 
April 2 .. 77 S9 74 100 22 Ill .. 9 .. 74 S9 66 188 7S 79 .. 16 .. 72 S7 6S 100 22 82 .. 23 .. 70 91 69 188 33 71 .. 30 .. 79 83 69 ss 44 7$ 
May 7 .. 74 S5 70 ll3 - 75 .. J4 .. 80 so 57 25 44 64 .. 21 .. 69 7S 61 160 67 75 .. 2S .. 74 73 73 126 33 71 
June 4 .. 74 79 67 75 ll1 S6 .. ll .. 69' 75 6S 100 2Z 61 .. 1S .. ' 76 72 46 188 66 38 .. 26 .. 74 72 63 113 100 67 
July 2 .. 74 79 72 100 66 60 .. 9 .. ' S3 83 63 60 7S 39 .. 18 .. S1 7S 73 63 7S 48 .. 23 .. so 76 lOS 76 100 54 .. 30 .. 71 75 73 63 100 43 
Aug. 6 .. 62 67 . 131 63 100 39 .. 13 .. 67 61 169 U3 200 61 .. 20 .. 66 61 170 63 278 21> .. 27 .. 69 61 191 50 200 26 
Sept. 8 79 74 '201 ss 187 . 

60 .. .. 10 .. 96 79 191 88 800 14 .. 17 .. 108 89 182 63 222 ·64 .. ' 24 .. ll2 S9 149 26 222 32 
Oot. 1 .. 125 • 9JI 160 100 Ell 21 .. 8 .. 168 U2 127 25 289 29' .. 15' .. 160 ll7 .135 60 1111 21 

22 ':-;__ 183 134 130 75 167 43 .. .: .. 29 159 137 '138 50 289 25 
Nov. 5 .. \162 135 209 100 178 36 .. lZ .. m 135 280 ll3 133 29 .. 19 .. 124 182 113 189 36 .. 28 .. 137 181 63 166 36 
Dec. 8 .. 

1~\ 
130 78 100 111 25 .. 10 .. 150 128 98 38 122 60 .. 17 .. 148 143 100 188 68 48 .. 24 .. 129 130 74 100 68 39 .. 81 .. 117 120 69 75 89 50 

100 1\100 100 100 100 100 
Avi.rage weekly 

1\9 
number of oaaea 
notiJied .. 2,636 74 8 9 2S 

NOTB.-The aotual a k1y number of oasea ia shown at the 
- foo of eaoh oolumn. T~\'.roportion\ of the noti8catione to this ,....,._ takeJ 

aa 100 is shown for week. any aeaoo=al u.cesa of 30 per OBD.t. OV'81" t.hl 
- for tha year being shown 1>7 blaok type. 



• 
REPRESENTATION OF DATA BY TABLES 567 

of a percentage method of statement. The weekly cases of 
ea.ch disease are first tabulated, the average weekly number 
for ea.ch is ascertained ; this is then ta.ken as 100, and the 
number for each week is stated proportionally. 

The table, it will be noted, has blaok type for the 
weeks in which each disease is more than 30 per cent. above 
the average for the year; and the table thus serves to 
some extent as a graph of seasonal incidence. Conversely 
graphs may be made a method of tabulation, if at each 
point of the group the ratio is stated (see Fig. 85). 

(c) Perhaps one of the most useful objects of tabulation 
is the comparison of sickness and death-rates in different 
areas. The table serves as a pointer to areas of excessive 
illness, and directs investigation and administrative efforts 
in these areas. It is often important to ascertain the 
relative distribution of various rates of mortality or sickness, 
as illustrated in the two following examples:-

Example 1.-0n p. 123 of the Registrar-General's Annual 
Report for England, 1919, is given a statement of total ... --.. 

( f-'\ 
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I\ , 
~ 

I \ , 
' • / ../ 

I " ... s 
'""•"' .... .... 

··~ 
..• .. . ..• .... ~ .. ..... .... 

• ::=::. 1 • • • ,. • .. 10 • • 
Fto. 85.-Table·di"6T&Dl of Infant MortalitY in 82 County Boroughs. 

infant mortality and of mortality under one month per 1,000 
births in cow1ty boroughs ; it is required to ascerta.in what 
number of these boroughs have high or low infant mortality. 

The distribution of mortality ma.y be shown by the diagram 
a.bo'l"e. Each town may be marked in its respective place 
by /. the fifth dash being written across the preceding four. 
The table in this form a.t once shows the frequency distribution 
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of the variables, or a curve may be constructed as given in 
the diagram-table to bring this out more clearly. The 
original table from which the summary is derived does not 
convey so vivid an impression as this diagram, which shows 
that the most frequent infant mortality in 1918 was from 
91 to 100, but that 20 out of the 82 boroughs secured an 
infant mortality below 80, while in 7 it was over 120. 

Example 2.-What was the distribution of enteric fever 
sickness in the 82 county boroughs and the 29 metropolitan 
b~roughs of England and Wales in 1920, ! 

For such a comparison rates in terms of population must 
be available. These are given in the official annual return 
of infectious diseases, and by the process already described 
the following tabular result is obtained:-

•r------------------------, .. .. 
u .. .. 
• 
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~ I f • ! I 
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• 1 I I ' : r i ! .f ! ~ 

I I I • I : •• 
- I I : I I I I I T • I I I I I I I I 

Mb~.: I I IIIII: I I I: I: I:,.,: 
t_r:::;::: •. D•ll•l -.•1 I• I l•j1G·j '11·111t·l •-111·111:1•-
etltllllft!l ...... , ' ......... ~~ .......... , .. ,.-. -·- . FIG. 86.-Table-diagram of Amount. of Enterio Fever in 111 Boroughs. 

The diagram gives a good picture of the distribution of 
enteric fever. The mode or observation which is most 
frequent is 6--8 in the above series. . 

Such a stateme~ ,as this at once suggests lines of 
investigation and of ~strative action. Detailed com-· 
parison between individ~towns with much and with little 
enteric fever will give ther information ; and special 
inquiry in the towns with xoessive enteric fever should lead 
to practical reform. . 



CHAPTER XLVITI 

THE GRAPHIC REPRESENTATION OF 
STATISTICS , 

EVEN the clearest tabulation may fail to render easily com­
prehensible large and complex arrays of figures. Assistance 
to this end is given if the type of neighbouring columns 
is varied, or if italic or black type is employed for specially 
significant items (see p. 34) ; but graphs are most useful 
in bringing to view salient characteristics of groups and 
series, and in enabling each step in the general course of events 
to be seen easily. If graphs are complex, or otherwise fail 
to be intelligible, they are useless. 

The most useful form of diagram •s the rectangular ; the 
horizontal base line is called the axis of abscissre, and the 
vertical line at right angles to it the axis of ordinates, each 
of these proceeding from a common zero point. In historical 
diagrams the ordinates may be made to represent years or 
other intervals of time, and the abscisste the magnitude of 
the event of the corresponding year, or this arrangement 
may be reversed. 

As a rule, the whole of the vertical scale should be shown 
from zero upwards, although sometimes this may leave an 
inordinately large blank space below the curve. If the 
diagram is curtailed, its incompleteness should be indicated 
clearly, as by a jagged line below. 

Other forms of graphic representation of statist.ics are 
polar diagrams, solids and maps. The two first nan..ed of 
these are seldom used in vital statistics, and they present 
no advantage over curves and columns, except when it is 
desired to show diagrammatically the relative share of a 
number of items in a total result. Even in this instance 
a tabular statement is better than a segmented circle. Thi~ 
needs to be supplemented by a table. It will be remembered ... 
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that the area of any arc of a circle varies with the area of 
the circumference. 

Maps.-Maps are used in two ways: (a) Maps· showing by 
shading or colouring the varying geographical incidence of 
the phenomenon in question. The following map taken 
from an official report to the· Local Government Board on 
Infant Mortality in Lancashire (Cd. 7s'll) illustrates the 
value of such a map in directing attention to the 'areas in 
which efforts to counteract the evils of environment producing 
excessive infant mortality are most needed. As a further 
illustration of· the value of maps, and of how they may be 
made to point out the intimate relationship between industrial 
life, and excessive toll on child life, I may quote the follow­
ing remark from my report on "Child Mortality'" at ages 
()-6 (Cd. 8496), in the same series as the· above-named 
report. 

A map of the coal measures of the country would almost aerve, 
though with rather less exactitude than the maps on the preceding 
pages, a.• a map of tho Chief &~'<'"'! in whioh child moi'ta.lity is excessive. 

The same method may advantage9uslY be adopted in 
emphasizing the local incidence of exces~ of infant mortality 
in certain wards or divisions of a. large town. 

(b) Spot maps are 'useful in keeping track of the course 
of an epidemic. A large map of the district is kept in the 
medical officer of health's office, and each day the &treet in 
which a new case or cases of infectiouS diseases occur is nQted 
by an appropriately coloured flag or pin. For diseases of 
exceptional rarity, e.g. smallpox or typhus fever, this plan 
is ·especially valuable. It may also be useful for enteric' 
fever, scarlet fever, or diphtheria., in suggesting possible local 
infection of water or milk supply, special relation of cases 
to a school, etc. But this detailed information should be 
obtained, as a matter of course, by ·personal inquiry into 
the circumstances of each case ; and for tracking connection 
of cases with milk supply or school attendance, a register 
of cases showing these items in parallel columns is most 
satisfactory in suggesting possible sources of infection. The 
publication of spot maps in an annual report, summarizing 
the experience of a year, requires ·justification. They may 
present features of interest, as in smallpox and plague ; 
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LANCASHIRE. 

Incidence of' Infant Mortality, 1911-19 in the 

Sanitary Areas of the County . 

._ __ 

-· - - - - - -- -·--Fro. 87.-Map of Inoidenoe of In£ant Mortality in Different Parta or Lan­
cashire (from Cd. 7511, by permission of aM. Stationery Office). 
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but in the majority of instance& they 'may be described as 
maps of relative densities of population, more than of real 
relative incidence of disease. This is especially true when 
a ~pot map of a common infectio~ disease is made. 

This is a convenient point for drawing attention to 
another office device for quickly ascertaining whether any 
given infectio~ diseases is prevailing ex~ively. The 
method is chiefly ~eful for very large and populo~ areas. 

Diagrams of · Cumulative Data.-A record is kept of 
the weekly incidence of each infectio~ disease. When the 
second week'~ returns are received, the number for each 
disease is added to the corresponding number for the first 
week, and ~o on for the entire year. On the wall is kept 
a graph of corresponding returns for the past year, possibly 
a.Wo for an average of ~everal years ; and as each week's 
returns are plotted on this graph, the position of a given 
week in relation to last year's or to average experience is 
at once apparent. 

This information may lead to valuable inquiry in the 
area in which excess of disease is found. It holds possibilities 
of unwise inertia if it suggests that whe~ the record shows no 
departure from the average experience, the work of steady 
"field investigation " of each Qase can safely be intermitted. 

Cumulative diagrams have other ~es, as may be seen 
from the illustration on page 573 of the age"<listribution of the 
population of England and Wales, 1921' (persons).· · · 

By drawing a curve smoothly through the top of ~a.ch 
rectangle in A in such a manner that approximately the 
amount cut off shall equal the amount added by the curve, 
a fairly accurate estimate of the number of persons in any' 
given year of life is obtained .. 

A joint Committee of the American Statistical Association, 
of the American Society of Mechanical Engineers, and of 
a number of other Societies and official organizations in a 
preliminary report have made the following, among other 
recommendations, as to diagrams (Journal of the American 
Statiatical. AaBOCiation, December 1915) :--

1: The general arrangement of a diagram should proceed from 
left to right. , 

2. Where possible, it should represent quantitiee by linear 
magnitudps, as areas or volumes are more likely to be misinterpreted. 
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3. For a cW"Ve the vertical scBie, whenever practicable, should 
be so selected that the zero line will appear on the diagram. 

4. If the zero line of the diagram will not normBily appear on the 
cW"Ve diagram, the zero line should be shown by the use of a horizontal 
break in the diagra.m. 

5. The zero lines of the scales for a curve should be sharply dis­
tinguished from the other co-ordinate lines. 

6. For curves having a scale representing percentages, it is usually 
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F1o. 88.-A. Age-distribution in: 5-YMrly Age Periods of Population of 
England and Wales, 1921, Both Sexes, Aggregate Number at all 
A!<88 ~ 1,000. B, Ditto; but tbe Height of the Columo at Each 
G-Yearly Period shows the Number Living in that and in all Earlier 
Age-Period& 

desirable to emphasize in some distinctive way the I 00 per cent. line 
or other line used as a basis of comparison • 

• • • • • 
8. When curves are drawn on logaritlunio co-ordinates, the limiting 

lines of the diagram should each be some power of I 0 on the logaritlunio 
scales. 

9. H is advisable not to show any more co-ordinate lines than 
nec.......-y to guide the eye in reading the diagram. 
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10. The curve lines of a diagram should be sharply distinguished 

from tbe ~- • · f ~----ti 't · ad · bl 11. In curves representing a senes o OUI:IWVtrt ons, 1 m VJSa e, 
whenever poesible, to indicate clearly on tbe diagram all tbe pointe 
representing tJte separate observations. . . . ... . 

14 and 15. It is often desirable to include in tbe diagram tbe 
numerical data repreeented, • • • or if tbis is not done, to give tbe 
data in tabular form accompanying tbe diagram. . ' 

Value of the Graphic Method~Its most impressive use 
is as a meJlwiJ. of education, and it is in this connection that 
its chief sins are committed. By exaggerating or minimizing 
the scale on which the incidence of a disease is shown an 
erroneous impression is easily produced, and thie is the usual 
offence. Most of the errol'B whi.ch might be mentioned nnder 
this heading are really errol'B· of statistical method mentioned 
elsewhere, or errors in reasoning, of which examples are 
given on pp. 536-541. ·For educational purposes ;there are 
numerous impressive methods of constructing diagrams which 
scarcely require description. 

Graphic representation is a liSeful i118trument of control. 
In a long tabular statement an error of calculation or a 
misstatement may easily escape notice ;, in a curve it at once 
emerges. (See Fig. 1 for an illustration.) 

The construction of a curve forms a valuable tnea118 of 
interpolation. H, for instance, it be required to ascertain 
the .. number of persons in a given population aged 22, tlie 
numbers at the census being give~ only in 5 or 10 yearly periods~ · 
parallelograms can be formed showing the number in each 
of the 5 or 10 yearly groups of .population. A curve run 
through the upper part ·of each of these parallelograms will 
allow the approximate number. at each year of life to be read' 
off on the vertical scale. This method i, employed in the 
graphic construction of a life-table, as illustrated in Fig. 88.&. 
In this diagram the number living at the age 22 is 11,000. 
The rule in reading off the points on such a curve is that, 
for instance, in the quinquennial period 2().C.25 in the figure 
the sum of the numbers at each age 21, 22, 23, 24 and 25, 
shall equal the total, 54,303, living in this quinquennial 
age-period ; furthermore, that the total sweep of the curve 
from childhood to old age shall be natural and easy, and fit 
as nearly as possible the course indicated by the parallelo­
grams. 
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The most important use of curves is as an inatrument 
of research. Resemblances and difierences, liable to be over­
looked in a table, may be discovered in a diagram. In the 
study of the incidence of any particular disease for a long 
period curves are invaluable. Hidden periodicities may be 
revealed by them ; and when curves possibly related are 
plotted out on the same paper, important suggestions as to 
relations of cause and effect emerge. It is at this point 
again that some of the chief fallacies emerge. More often 
than not the supposed causal relationship is non-existent, 
but the parallelism of curves, or their trend in the same 
direction, may serve to initiate collateral lines of more exact 
inquiry. The likelihood that resemblances between curves 
have a causal relation is increased when changes in the 
direction of. two curves synchronize, or have some other 
definite and consistent time relationship a.S to their maxima 
and minima, directly or inversely. When considering questions 
of causation, it most often happens that the rate of increase 
or decrease in each curve has greater importance than its 
actual change. The use of logarithms supplies us with a 
universal scale (p. 585). Curves as an instrument of research 
are further discussed in the next chapter, when considering 

. the relative value of coefficients of correlation and com­
parisons of curves. 



CHAPTER XLIX 

THE GRAPHIC REPRESENTATION OF 
· STATISTICS-Oon!inued. 

Smoothed Curves.-Bmoothed curves &re made by taking 
year by year the average rate for, say, each quinquennial 01 

triennial period, the year under consideration always beinB 
the central year of the average. By this means the general 
trend of events is shown, and any wide historical trend is 
displayed better than by the zigzags of annual events. When 
.smoothed curves, giving average results, are used, it is 
advisable in public health investigations also to set out each 
annual sickness-rate or death-rate, as otherwise important 
episodes in the history of the disease under inquiry may be 
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li'JG. 89.-England and Wales: Annual Death-rates and Smoothed Death. 

ratea (3 ;yearo) from Smallpox, 1848-81. 

overlooked. This is particularly the case for epidemic diseases, 
and for them it is chiefly in studying cyclical changes that 
smoothed curves are advisable. 

The disadvantages of smoothing of epidemic curves may 
be seen by plotting the death-rate hom smallpox in Englandj 

11111 ' 



FIG. 80.-London : Annual Mol'l&lity Under Variouo Hl'&da. 
(From Dr. Hamor'o Annual fuoport, 1920.) 

87 
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and Wales from 1838 to 1881 (Fig. 89), triennial averageE 
being stated year by year. It will be found that fo1 
inter-epidemic periods the curves of annual and of trienniall~ 
smoothed events do not difier greatly ; but the triennial 
average "\lllderstates the highest ·point of the 1871 epidemic, 
Had the curve of annual death-rates. gone back to 1837, 
in which year the smallpox death-rate was 106 per 100,000, 
it would have been seen that the 1838 epidemic caused a 
higher death-rate than the epidemic of 1871.1 

Relative Mortality Fiaures.-These figures reduce rates 
of very difierent magnitude to the same scale, and thus 
make it easy to compare the changes in rates which difier 
greatly in magnitude. Relative mortality figures are obtained 
by calculating the average amount or rate for the entire 
series, and then taking thiS as 100 and calculating each of 
the rates in the series as a proportional figure ; or by taking 
the initial or the maximum amount in the series as 100 · 

· al!d calculating the other items in their proportion to thilij 
Th!l first of these two methods is preferable ; the secona 
may unduly weight the entire aerie!!, if the single rate take11 
as 100 _happens tp difier greatly frQm the other members 
of the series, and its use is therefore not always advisable 
when it is proposed· to contrast two serie<J of observations 
sinillarly treated. · 

(a) In Fig. 90, taken from Sir William Hamer's Repor1i 
to the London County. CoUp.cil, 1920, are · givm several 
illustrations of the first method. Thus in the sm!Jllpox 
curve the mean death-rate for 1841-1920 being 200•3 per 
million living, the deil.th-ratea for each year in this pericd 
are stated as so much per cent.· above or below this mean 
rate taken as = 100. In tlle lower diagran1 of this figu.." 
a useful modification of this method is employed, which 
enables the monthly incidence of cases of typhoid fever in 
London :to be shown. For the entire period 190()-20 the 
mean monthly notifications were 107, and this figure beiniJ 
taken as 100, the notifications for each month in the 21 years 
are stated in proportion to this. 

The same method has been employed for many yeart 
by "h~he Registrar-General in showing the seasonal inoiden.,. . 

1 For Londo!lsoparately thio positioll was reveroed. 
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of various diseases, as in Fig. 91 (also in Figs. 27 and 28). 
The diagram below gives monthly ratios of disease based 
on two averages, for 1891-1910 (continuous curve) and for 
1841-1910 (dotted curve), showing a maximum of diarrhcea 

LONDON: AYI!AAGI! WI!I!KLY OI:ATHI P'AOIII 
DIARAMC2 .. AND ,.ROM 018£At11:8 OP' THE AE5PIRAT0trY.Y8TI:M 
UNCLUDIHO PN£UifOIIIIAJ IN TH£ TWI!.NTV YEARS INI-IfiO AND 
IN THI 1£\II.NTY YIAAI1841•UIIO. 

Doo. 

'ntl: A.YIRAGI WII:Kt.Y DI:ATN. PROM DIAAANCU. WI: AI 
_,1111111.1"'1 .. 0 AND a• IN ..... 1"'1810. TMI:~RiaPONOIIte 
OU.nla I'IIOM DIAI:A&II OP' TMI: aaPIII:ATOAV 8Y8TC. 
IUtC::LUDUCe .NIIUMOIIIt.l WUio ... AMD .... 

F1o. 91.-London: A- Weekly Deaths from Diarrhm•• and from 
Di..._ of the Reapirat.ory System. (From tbe Registrar-General's 
Annual Summary.) 

in July and August, and a winter excess of respiratory 
diseases. · 

(b) It is often convenient to give the amount for· the first 
item in a time series as 100, a.s in the following figure showing 
the dooth-l'tln, from enterio feYl'r for 11o eeries of ~rs. In 
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and Wales from 1838 to 1881 (Fig. 89), triennial averages 
being stated year by year. It will be found that for 
inter-epidemic periods the curves of annua.l and of triennia.lly 
smoothed events do not differ greatly ; but the triennia.l 
average l,lllderstates the highest ·point of the 1871 epidemic. 
Had the curve of annua.l death-rates. gone back to 1837, 
in which year the smallpox 'death-rate was 106 per 100,000, 
it would ha.ve been seen that the 1838 epidemic caused a 
higher death-rate than the epidemic of 1871.1 

Relative Mortality Figures.-These figures reduce rates 
of very different magnitude to the same sca.le, and thus 
make it easy to compare the changes in rates which differ 
greatly in magnitude. Relative mortality figures 8.re obta.ined 
by ca.lculating the average amount or rate for the entire 
series, a.nd then taking thiS as 100 and ca.lculating ea.ch of'· 
the rates in the series as a proportiona.l figure ; or by taking 
the initial or the m~imum amount in the series as 100, 

· and ca.lculating the other items in their proportion to this 
Th!l first of these two methods is preferable ; the second 
may undUly weight the entire serie9, if the single rate ta.kelli 
as 100 .happens tp differ greatly frqm the other membe..,.. 
of the series, and ita use is therefore not always advisabl~ 
when it is proposed· to contrast two serie~ of observatiollSII 
similarly treated. · 

(a) In Fig. 90, taken from Sir William Hamer's Repo3 
to the London County. Coll!lcil, 1920, are 'given sever 
illustrations of the first method. Thus in the sm!'llpo . 
curve the mean dea.th-rate for 1841-1920 being 200·3 pej 
million living, the deAth-rates for ea.ch year in this peo<i4 
are sta.ted as so much per cent.· above or below this mean 
rate taken as = 100. In the lower diagram of this figuJ 
a useful modification of this method is employed, whici 
enables the monthly incidence of cases of typhoid fever ij 
London ~ be shown. For the entire period 1900-20 tht 
mean monthly notifications were 107, and this figure being 
ta.ken as 100, the notifications for each month in the 21 yearl 
are st&ted in proportion to this. 

~ . The same method has been employed for many ye&l'B 
b'f., t~e Registrar-Genera.l in showing the seasona.l incidenot 

\ 1 For London separately this position was Nveraed. 



GRAPHIC REPRESENTATION OF STATISTICS 579 

of various diseMes, as in Fig. 91 (also in Figs. 27 and 28). 
The diagram below gives monthly ratios of disease based 
on two averages, for 1891-1910 (continuous curve) and for 
1841-1910 (dotted curve), showing a maximum of diarrhcea 

LONDON: AVEIIAOC' WC'EKLV DE ... 'I'HI ,.1101111 
DIAitiiHC2A ANO 1'110111 0181A8C'B 01' THE REIPIRATOIIY 8Y8T8M 
UIOIC!.UOII'IG PNfUNONIA)IN TKI TWINTY YCAR8 INI-IIIOAtiD 
IN THII IEVI!.NlY VIARS 1841•11110, 

..... ,. .. ll•r: June 

-n.1 AVIIIIIAIII Wlllt"'Y DIA1'M8 PROIII OIAIIIINCZA W1111 
eo IN tiii ... I .. O AND ~t~•IN 1 .. 1•1110. TMI: CORIIIIaJIONOINe 
OU.nta PltOflll Dlllr....SC.8 0,. 'U41 ••a~RATORY OYITIM 
(IMCa.UDUCO PNWitOIIIIA} WDW. 181 At!D .... 

... 
, .. 

F1G. 91.-London: A"""'''" Weekly Deaths from Diarrbma. 11nd, !rom 
Di......,. of t.he Reepirat.ory Syatem. (From t.he l\egiBtlw-Gener&l'a 
Annual Summtuy.) 

in July and August, and a winter excess of ;respiratory 
diseases. · 

~ 
(b) It is often convenient to give the &moUJ1t for- the first 

tern in a time series as 100, as in the following figure showing 
he dooth·rt~te from enterio feYt>r for 11o series of ~· Ia 
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this instance the percentage decline for each . year can be 
seen by a. glance a.t the right-hand vertical scale, and the 
actual death-rate per million of population on the corre­
sponding left-hand vertical scale . 
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Flo. 92.-England and Wa.lea: Am\ual Death-rata from Enterio Fever per 
llfillion of Population, 1881-lDn. . 

(c) Two series of rates may often be compared with 
ntage with the total rate of both series, the rate for 

'fi'.J"""'·od in the total being taken lu! 100, and the corre­
item in each series stated in proportion to this. 

In.. diagram (Fig. 93) the infant death-rate per 1,000 
births at e'\\Ch of five successive age-period~ of the first year 
of life for ti:.e whole of England and Waleq is stated as 100, 
and the co~ponding death-rates in county boroughs 
(representing 1a.1:ge towns) and in rural districts are stated 

. proportionally to'- 100. 
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In the first month after birth the difference in the risk!; 
to infants in town and country is relatively small, but the 
difference between the two rapidly increases, becoming 
enormous in the second half of infancy. It mllBt be noted 
that these differences are average resulta for large populations, 
and represent an even greater excess of urban over rural 
infant mortality for large sections of the total population. 

The value of comparisons of two series of death-rates 
by means of relative mortality figures is well illustrated 
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in the diagram (Fig. 94) reproduced from the late Dr. Russell 
Wa.llace's pamphlet on vaccination . 

. The diagram shows for London a comparison for a long 
series of years of the annual death-rates from sma.llpox 
and from typhus, and from the " chief other zymotic diseases 
except cholera." These death-rates are all displayed on the 
same ;~eale, and the misleading character of a diagram thus 
constructed may be surmised from a comparison of death­
rates for 1871 and for 1920. 
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. 
1920. 

l 
0 
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1 Meul.., whooping cough, ooarlot fever, diphtheria, enterio fever. 
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When differences in the death-rates of 2,160 and 510 for 
zymotic diseases in the aggregate, and of 1,012 and 1 for 
smallpox are displayed in curves constructed to the same 
seale, the strikingly different magnitude of the compared 
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diseases and group of digease9 and of the changes in their 
. amouQ.t i~ successfully concealed. 

Dr. Wallace evidently thought that a diagrammatic curve 
for a long period showing the experience of each year oould 
not be manipulated, and that the conclusions drawn from 
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it were indisputable. But on the scale chosen by him, the 
changes in the smallpox death-rate, except for the pandemic 
of 187Q-72, are barely vi•ible. In actual fact, however, 
there has been a great decline in mortality from smallpox, 
as shown in Fig. 95, in which the death-rate at each quin­
quennial period is stated in proportion to the average death­
rate from this disease in the whole period, and the quinquen-
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F10. 95.-England and Walea: Relative Mortality Figures for Smallpox. 
A <•-•-•>• and for the Chief Zymotic Diaeasea, including Typhus, 
B (o- - • o • -- o), in Quinquennial Periods 1838-42 to 1916-20, 
tJ1e Ratea for Eaoh Dieease in the Entire Period being given as 100. 

nial average dt>o.th-rate from zymotic diseases is similarly 
treated. 

The lumping together of diseases of such diverse causation 
aa typhus and diphtheria and of measles and enteric fever 
is to be dcpreco.ted, but has been copied in Fig. 95 to bring 
out the lesson of Dr. Wo.Jlace's diagrams. Ho.d scarlet fever, 
diphtheria, and t>nterio fever been omitted from B, the 
re•idual curve for moaslcs and whooping cough would have 
shown very little ll('('linc. 
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In comparing the items in two series of relative mortality 
figures, one is conducting the same operation, as if the 
original death-rates had been compared. In both plans it 
is the actual changes from year to year which are displayed, 

-_ not the rates of change. Thus a curve of the phthisis death­
rate showing in 50 years a decline from 2·0 to .1·0 per 1,000 
of population runs the same course as a decline from 100 
to 50 on a proportional scale. The advantage of the relative 
figures appears. when two or more sets of rates need to be 
compared in detail, as then each set of rates is reduced to 
the same scale. To curves plotted on either of these bases, 
Professor Marshall's remarks (Jubilee Volume of the Royal 
Statistical Society, 1885) apply: "The defects (of this 
method) are such that many statisticians seldom use it except 
for the purpose of popular exposition, and for this purpose, 
I must confess, it has great dangers." This criticism apparently 
is pde because the ordinary curve displays di.fle-re:nceB and 
not raJu of diflerf11tC6. 

Ratio Charts.-The ordinary curve shows the absolute 
change, as observation follows observation, but it tells nothing 
of the rate of change. For this reason " ratio charts," so 
described by Professor Irving Fisher,l are preferred when it is 
desired to show the rate of change in a series of events. 
The word "ratio" is employed in this paragraph to indicate 
geometrical as contrasted with ·arithmetical differences in 
sequences. ' 

As remarked by Professor Ffsher, in the comparison by" 
differences " an inch on the end of one's nose " is exacJ;ly 
as much as an inch added to the height of Washington's 
Monument ; whereas in thll ratio comparison it is an addition, 
of about 40 per cent. to the length of one's nose, or as much · 
as 220 feet added to the height of the monument. ' 

Professor Fisher has suggested a simple method of 
converting an ordinary scale (arithmetical progression) into 
a "ratio " scale (geometrical progression). Thus if in a 
diagram the vertical scale proceeds. as follows :-

100, UO, 120, 130, 140, 150, 160, 170. 180, 190, 200, eto.. 
each item being in arithmetical progress 10 places away 
from the two neighbouring items, this can be converted 

• "The Rat.io Chart," by Profeasor I. Fisher (Qua-ly J'oumal of l4a 
Amoricaoo,Siali8lital Auoc:lation, June 1917). 
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into a. geometrical scale, showing a. 10 per cent. increase 
between each item in sequence, by substituting the following 
figures:-

100, 110, 121, 133, 146, 161, 177, 195, etc. 

It will be readily seen that each of these numbers beginning 
with the second is 10 per cent. more than the one pre­
ceding it. 1 

· If it is desired to avoid the use of logarithms, such a. scale 
may be used ; but the more generally useful plan, when it 
is desired to ascertain the rate of change in an array of 
figures, is to plot out the logarithms of the rates under 
examination, using a. scale of logarithms on the ordinate 
curve. By the use of logarithms a. universal scale is obtained, 
which . shows equal c;tista.nces on a. curve for equal rates of 
increase. In epidemiological investigations logarithmic curves 
are generally preferable. 

The logarithmic diagram is thus· one not of quantities, 
but of rates of coonge. No base line should be drawn, which 
would convey a false impression. A concavity upwards in a. 
logarithmic curve shows slackening, and a convexity shows 
increase in a. rate of change at the period of the change 
in the curve ; and a. straight line shows an equal rate of 
increase or decrease throughout the whole period. A 
remarkable illustration of error arising from drawing natural 
instead of logarithmic curves, and deducing inferences which 
are only legitimate with logarithmic curves, is given on 
page 586. 

If in drawing a. diagram of a series of o bserva.tions the 
logarithm of each of the series is obtained, and these logarithms 
are then plotted diagrammatically instead of the original 
figures, we may dispense with the use of special logarithmic 
paper.' As the appearance of the logarithmic values along 
the ordinate line may puzzle the uninformed, it is advisable 
to give the actual rates as well as their logarithms on the 
scale. The use of specially prepared logarithmic paper 
obviates the need for a. table of logarithms. 

The following diagram taken from Professor Fisher's 
paper on "The Ratio Chart" (Quarterly Journal of the 

1 Amtrit'an Statistic4l As.sociation, June 1917), illustrates 

1

1 

• Lo!rarlthmio pal"'r oan be obtained from M....,. A. & C. Layton, 
Farringdon Stroot., E.C. 
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well the importance of plotting out " ratios," and not 
differences. When the actual numbers in the United States 
at successive censuses are plotted, a much more rapid increase 
of numbers is shown since U40, and especially since 1870 ; 
when the ratio of increase for each decade is shown, a more 
rapid increase prior to 1860 is shown ; and after that year a 
fairly uniform rate of increase less than in the earlier years. 
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Confusion between Chan~es in Arithmetical and in • 
Geometrical Pro~ression illustrated by the Rate of Fall · 
of the Phthisis Death-rate.-In a pamphlet on The Fighl 
against Tuberculosis, etc. (1911}, Professor K. Pearson shows 
curves of the male and female phthisis death-rates in England 
and Wales from 1847 to 1910, similar to the curves in Fig. 97. 

From his curve~ Professor Pearson infers the existence of 



•• "'' ... .... ... ... 
I 

I I I ' I ' I I I I I 
I I I I 

I I I I I I I 

J. I I 
I I I I 

T I I : l I I 

I I I ' I t I I 

: I~~ ~ ' I or;... Plilhilis l ,_ 
' : I lit' I I 

I I I I 
I ' I I 

• I I I I 
I I I N- I 

' : I ' 

rt I I I 
I I I I 
I I I I 

I ~of 1mll Ph I 1 DNih-rete I f't:: I I I I I I ' I I I 

I If I I Mu Pfltrlials 11'1·111-aY 
I I I I I I 

I II Pl\ltl lsDeiHt-r'll t \. !,A I I 
I I I 

I 
l I I I 

I I 
I I I I 

I I ~ I l I , I I 

I I I I 

I I I I 
I . I 

I I I, H-. . N-I I I ' 
I I : I f:t . I I I I I 
I I I 

I I I 

s= ;:a:=•~•=§~=~~==~=tiala,=•~•~·~aDR&Iacalla::,:ac•m~= •• 
iValea, ISU-1921: A, Male Death-rate J.m Phthisis. Logarithms of oamo Death-ratee. B, Female Deat 

. Phthisis. LogOfithmo of eame Death-rates, · 
[l 



GRAPHIC REPRESENTATION OF STATISTICS 587 

three periods in the statistical history of phthisis in England. 
First comes the period prior to 1866, in which little if any 
decrease of phthisis occurred. The years 1866-94 are regarded 
as a second period, and from 1894 to 1910 as a third period, 
and it is stated that a change took place in the death-rate 
from phthisis, which ceased to fall at the steady rate of the 
second period, and showed signs of becoming stationary. 
There was "actually a slackening in thll rate of fall." 

Regression straight lines were fitted to the curves of facts 
for these three periods, and the changes of direction of 
these straight lines in Professor Pearson's diagram support 
this contention, subject to the unfulfilled condition stated 
below. 

The upper curve of continuous black lines (e-e-e).in 
Fig. 97 shows the annual death-rate of males from phthisis, 
and it is on a curve similar to this that Professor Pearson 
based his conclusion. This conclusion has been reiterated by 
Professor Pearson in Biometrika (vol. xii, 1918-19, p. 374) 

· in a paper entitled "The Check to the Fall in the Phthisis 
Death-rate since the Discovery of the Tubercle Bacillm and 
the Adoption of MoJern Treatment " in the following 
word~:-

In 1011 I pointed out that from 1865 to about 1>95 there was a 
continuous and rapid fall in the corrected phthisis death-rate, and 
also in the percentage which the deaths from phthisis were of all 
deaUIB •• , • 1 further indicated that from 1895 onward& there had 
been a check to this rapid fall, and that the curvee seemed to indicate 
that an actual rise in the phthisis death-rate might in the near future 
be reasona.bly anticipated. , 

He adds:-

If we could trust the accompanying diagrams, the anticipated rise 
in the phthisis death-ra.te ha.s already occurred. , , . On the whole 
it is risky to form a definite judgment, • • , though the general trend 
indicates that the oonclusion previously reached is probable, viz. 
that the general trend of our graphs (as indicated before the war) 
[is that] somewhere about 1915 the fall in the phthisis death-rate which 
had been lees rapid since 1895 would cease altogether, and probably 
be followed by a rise. 

Ikference should be made in passing to the well-known 
objection to inferences drawn from the percentage proportion 
between deaths from phthisis and total deaths and to the 
curves in the above pamphlet which are based on this 
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proportion, i.e. between .two variables, either of which .may 
possibly vary independently. The utilization of such propor­
tions is inadvisable, except as a pia aller of dubious value. 
The forecast given in the earlier paper mentioned above, 
and repeated with less certitude in 1918-19, is not supported 
by the course of events. In Fig. 97 the upper curve 
( o - - - o - - - o) shows the logarithms o~ the male death-rates 
from phthisis in each year, on a seale which has been 
carefully adjusted so that the logarithmic curve and the 
natural curve (that of death-rates) start on the same level 
in the ordinate scale in 1866, and end on the same level in 
1921. Consequently any difference in the course of the two 
curves· represents solely the difference between changes in 
arithmetical and geometrical progression. 

The following point must be borne. in mind : on the 
logarithmic acale a straight line fr~nn the point in the cu1'1!e 
for 1866 to the point in the curve for 1921 repreaents a 
constant rate of decline ; and generally, ploUed .data which 
have a constant rate of coonge produce a straight Zine, while 
a qhange in the direction of the line implies an alteration 
in the rate of change. The logarithmic curve approximately 
follows the straight line course, except' during the war years. 
The lower male curve of actual death-rates which is slightly 
concave upwards, and which was erroneously regarded as 
showing a slackened rate of decline, does . not show t\Us, 
but in its present form indicates a fairly constant rate .of 
decline in the male phthisis death-rate since 1866, 'with 
some evidence of an increasing rate of decline. The unful-j 
filled condition mentioned above is that Professor Pearson] 
used natural instead of log_arithmio curves, thus confusing

1 
betwee11 actual differences and rates of difference. . 1 

The female logarithmic c'urve for phthisis shown at B. 
in Fig. 97 shows a maximum rate of decline before 1914, 
especially rapid from 1890--96, with some decline since then 

Curves for total tuberculosis are not shown in Fig. 97 
but the .curve !or male and to a less extent for female tot 
tuberculosis show that mortality since 1866 has been fallin 
at an ever-increasing rate. For a fuller discussion of thes 
data pages 61-55 of the Annual Review of the Registrar 
General for 1921 (New Series, No. 1) should be consulted. 

Dangers of Diagrams with Compressed Scale.-Th 
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following illustration shows the errors that may arise when 
curves of death-rates drawn on too small a scale are com­
pared, and at the same time illustrates the value of the 
logarithmic method. 

Dr. Brend (Health and the State, p. Ill) says:-

A chart of the infant mortality in England, Scotland, and Ireland 
shows that for many years the tracings have risen and fallen with 
a high degree of parallelism, indicating that some influence common 
to the three countries hae year by year affected the rates, and this 
can only be meteorological variations. 

Opposite page xxxvii of the Annual Report of the 
Registrar-General for Ireland, 1914, are given the long period 
curves referred to. They show that infant mortality in all 
three countries has followed an apparently similar course, and 
therefore presumably has been influenced by similar con­
ditions throughout, though not always· to a corresponding 
extent. The period from 1896 onwards can be examined 
more closely in Fig. 44, p. 348. 

This consists of two sets of curves, A and B. In England, 
although the peaks of excessive mortality coincide with those 
in Scotland and Ireland, there is a much more rapid fall in 
the infant death-rate, the extent and rate of which is seen in 
the logarithmic curve, B, while the actual yearly change is 
shown in curve A. The rate of infant mortality in 1920 
was 45 per cent. lower, in Scotland it was 20 per cent. lower, 
and in Ireland was 12 per cent. lower than in 1896. 

Some factor not influencing Ireland, or influencing 
England to a larger extent, has operated in England. If 
meteorological conditions are to be regarded as explaining 
the approach of the curves towards parallelism in the 
years prior to 1896, then there is needed a feasible 
explanation of the special experience of England in the 
twentieth century, e.g. child welfare work on a large scale, 
and education of public opinion and practice. There is 
needed, furthermore, an explanation of the fall in the infant 
death-rate in Ireland, which since 1899 has been ·almost 
continuous, though less in amount than tha.t of England. 
l\Ieteorologieal conditions may conceivably have altered since 
1899 consistently in a direction favouring decreased mortality 
from diarrhrea, etc., though no evidence of this is given. Nor 
is it corred to a..<sume that only meteorological changes have 
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proportion, i.e. between j;wo variables, either of which .may 
possibly vary independently. The utilization of such propor­
tions is inadvisable, except as a pia al!er of dubious value. 
The forecast given in the earlier paper mentioned above, 
and repeated with less certitude in 1918-19, is not supported 
by the course of events. In Fig. 97 the upper curve 
( o - - - o - - - o) sh<lws the logarithms o~ the male death -rates 
from phthisis in each year, on a stale which has been 
carefully adjusted so that the logarithmic curve and the 
natural curve (that of death-rates) start on the same level 
in the ordinate scale in 1866, and end on the same level in 
1921. Consequently any difference in the course of the two 
curves represents solely the difference between changes in 
arithmetical and geometrical progression. 

The following point must be borne. in mind : on the 
logarithmic scale a &traight line from the point in the curtJe 
for 1866 to the point in the CUT1Je for 1921 represents a 
con.stant rate of decline ; and generally, plotted .data which 
have a con.stant rate of change produce a straight line, while 
a qhange in the direction of the line implies an alteration 
in the rate of change. The logarithmic curve approximately 
follows the straight line course, except' during the war years. 
The lower male curve of actual death-rates which is slightly 
concave upwards, and which was erroneously regarded as, 
showing a slackened rate of decline, does. not show tlrls, 1 

but in its present form indicates a fairly constant rate ,of 
decline in the male phthisis death-rate since 1866, 'with 
some evidence of an increasing rate of decline. The unful­
filled condition mentioneg above is that Professor Pearson 
used natural instead of logarithmic curves, thus confusi.l\g 
between actual differences and rates of difference. 

The female logarithmic c'urve for phthisis shown at B 
in Fig. 97 shows a maximum rate of decline before 1914, 
especially rapid from 1890--96, with some decline since then. 

Curves for total tuberculosis are not shown in Fig. 97 
but the .curve .for male and to a less extent for female total 
tuberculosis show that mortality since 1866 has been fallin 
at an ever-increasing rate. For a fuller discusRion of thes 
data pages 51-55 of the Annual Review of the Registrar 
General for 1921 (New Series, No. 1) should be consulted. 

Dan~ers of Dia~rams with Compressed Scale.-Th 
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following illustration shows the errors that may arise when 
curves of death-rates drawn on too small a scale are com­
pared, and at the same time illustrates the value of the 
logarithmic method. 

Dr. Brend (Health and the State, p. 111) says:-. 

A chart of the infant mortality in England, Scotland, and Ireland 
shows that for many years the tracings have risen and fallen with 
a high degree of parallelism, indicating that some influence common 
to the three countries has year by year affected the rates, and this 
can only be meteorological variations. 

Opposite page xxxvii of the Annual Report of the 
Registrar-General for Ireland, 1914, are given the long period 
curves referred to. They show that infant mortality in all 
three countries has followed an apparently similar course, and 
therefore presumably has been influenced by similar con­
ditions throughout, though not always· to a corresponding 
extent. The period from 1896 onwards can be examined 
more closely in Fig. 44, p. 348. 

This consists of two sets of curves, A and B. In England, 
although the peaks of excessive mortality coincide with those 
in Scotland and Ireland, there is a much more rapid fall in 
the infant death-rate, the extent and rate of which is seen in 
the logarithmic curve, B, while the actual yearly change is 
shown in curve A. The rate of infant mortality in 1920 
was 45 per cent. lower, in Scotland it was 20 per cent. lower, 
and in Ireland was 12 per cent. lower than in 1896. 

Some factor not influencing Ireland, or influencing 
England to a larger extent, has operated in England. If 
meteorological conditions are to be regarded as explaining 
the approach of the curves towards parallelism in the 
years prior to 1896, then there is needed a feasible 
explanation of the special experience of England in the 
twentieth century, e.g. child welfare work on a large scale, 
and education of public opinion and practice. There is 
needed, furthermore, an explanation of the fall in the infant 
death-rate in Ireland, which since 1899 has been 'almost 
continuous, though less in amount than that of England. 
Meteorological conditions may conceivably have altered since 
1899 consistently in a direction favouring decreased mortality 
from diarrhcea, etc., though no evidence of this is given. Nor 
is it correct to a..«sume that only meteorological changes have 
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occurred. Thus a. great change in the prevalence of tuber" 
culosis or syphilis would materially cha.ttge the rate of infant 
mortality. It is likely that Ireland has benefited, though 
to a. less extent, than England and Scotland, from increased 
care of child life. 



CHAPTER L 

OFFICIAL REPORTS. SANITARY INDICES 

THE data on which systematic vital statistics are based are­
(I) population, enumerated at each periodical census and 
estimated for periods intermediate between censuses ; and 
(2) •he registration of the chief events of life, birth, marriage, 
sickness, death. The first source of information is periodic 
and the second continuous in operation. 

Re~lstratlon Reports.-The office of Registrar-General of 
England and Wales was created in 1836, and civil registration 
began as the result of an Act of Parliament on July l, 1837. 
The first of the series of annual reports· of the Registrar­
General was published in 1839, and to this first report Dr. 
W. Farr, who acted first as "Compiler of Abstracts" in the 
newly created General Register Office, contributed the first 
of that long series of letters, addressed to the Registrar­
General, on the causes of death in England, with which our 
knowledge of the vital statistics of this country is largely 
wrapped up . 

. Sources of Statistical Information.-To the student of 
vital statistics these annual reports are invaluable, and the 
history of the subject and of its development is, in large 
meo.suro, embodied in their pages. The Decennial Supple­
ments for 1851-60 and 1861-70 contain some of Farr's best 
work. The Decennial Supplement for 1871-80 was written 
by Dr. W. Ogle, and comprised besides new life-tables a 
valuable study of occupational mortality. The next two 
supplements for 1881-90 and 1891-1900 were written by 
Dr. John Tatham, and the growth of life-table methods and 
of occupational mortality statistics is evidenced in these 
two important reports, which also deal more fully than their 
predeoessors \\ith the chief causes of death. The Decennial 
Supplement for 1901-10 has been contributed by Dr. T. H. C. 

11111 
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Stevenson, and. it is the most complete and most valuable 
of the series. It is described as Part ill, Registration 
Summary Tables 1901-10 of the Supplement to the Seventy­
fifth Annual Report of the Registrar-General, England and 
Wales, a.nd it is. the best guide for the student in search of 

--a complete study of the. incidence of each of the chief diseases. 
Part I of the same Decennial Supplement has been prepared 
by Mr. George King, F.I.A., and contains an invaluable series 
of national life-tables with a. full description of their method 
of preparation. Pa.rt II by Dr. E. C. Snow gives a number 
of life-ta.bles prepared by an abbrevia.ted method. 

Each week the Registra.r-Genera.ls of Engla.nd, Scotlsnd, 
a.nd Irela.nd publish a. weekly return of births and dea.ths, 
a.nd certa.in ca.uses of dea.th in 105 grea.t towns. The English 
return gives fuller weekly pa.rticulars for London, a.nd the 
births a.nd dea.ths, also doo.ths from. the chief epidemic 
diseases .in a number of foreign cities, a.nd a sta.tement · of 
the number and na.ture of notified infectious diseases in ea.ch 
sa.nita.ry a.rea of .· Engla.nd a.nd Wales. This return was 
formerly ··published sepa.ra.tely by the Loca.l Governinent 
Boa.rd, and the publica.tion in one return of mortality a.nd 
sickness • returns is a useful improvement, assuming equal 
promptitude in publica.tion. The Miriistry of Health has 
published sepa.rately the yearly return of " Incidence of 
Notifia.ble Infectious Diseases in Ea.ch Sa.nitary District in 
Engla.nd and Wales/' which was begun in 1911. With each 
yea.r of continua.nce, the series is becoming of increasing 
epidemiological value. For 1921 this return appe&rs in 
the Annual Report of the Registra.r-General, and lilses 
much in value by the .delay involved in this method of 
publication; · · 

The Qua.rterly Retiirn of the Registra.r-Generalsummarizes 
the weekly returns, giving also death-ra.tes and case-ra.tes 
for the chief infectious diseases, some interna.tional statistics, 
etc.. In this return the chief vital statistics of 155 smaller 
English towns, as well as of the 105 grea.t towns, are 
given. 

American Returns.-The Federal Government of the 
United States issue a.n a.nnual report of " Mortality Statistics," 
of which the report for 1920 is the twenty-first in the series. 
It is issued from the Bureau of the Census, in the Department 
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of Commerce, of which Mr. S. L. Rogers is the Director, and 
Dr. Wm. H. Davis, the chief statistician for vital statistics. 
These reports are rapidly increasing in qompleteness and in 
value, and show that the difficulties in securing registration, 
of deaths are being rapidly overcome. 

From the same Bureau a valuable report on United States 
Life-Tables for 1890, 1901, 1910 and 1901-10 has recently 
been issued (1921), which gives not only life-tables for the 
registration states and various parts of these, but also for 
life insurance companies and for foreign countries. The 
explanatory text prefixed to the report ' forms a gnide to 
the construction of. life-tables. 

The same Bureau publishes annual " Birth Statistics for 
the Birth Registration Area of the United States," of which 
the report for 1920 is the sixth in series. The birth regis­
tration area is smaller than the death registration area, and 
returns are incomplete in some states. This report also deals 
with infant mortality rates, the reason given for publishing 
these in the Birth Statistics volume being that the Annual 
Mortality Report is already a large volume, and that it has. 
been thought best to give in the report on Birth Statistics 
infant mortality tables for the birth registration area. Other 
tables showing deaths under one year of age for the larger 
death registration area will be found in the Annual Mortality 
Statistics. 

By the American Permanent Census Act, approved 
March 6, 1902, the collection of both birth and death 
statistics was approved, so far as concerns such· communities 
as in the opinion of the Director of the Census possessed . 
records of sufficient accuracy. 

The Public Health Reports issued weekly by the United 
States Public Health Service contain special articles on 
public hea.lth subjects, and much statistical information as 
to disease in various American states and cities and in foreign 
countries. 

It is impracticable to summarize sources of statistical 
information in other countries; but National Year Books 
for each country indicate the more important material 
available, and give references to special publications on 
vital statistics, etc. 

Information as to Social Conditions.-The student of 
88 
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vita.l statistics is not concerned solely with the vital statistics 
of the community in which he lives. He needs to know 
much more both locaJly and nationaJly, if he is to utilize 
fully the vita.l statistics already in his possession. 

Local Reports.-Looa.l reports by medica.l officers of 
hea.lth for counties and for nearly every sanitary area in 
this country are published a.nnuaJly, which supplement &!ld 
extend the information given in nationa.l reports. The same 
applies to a. varying extent to reports for American states, 
cities, etc. 

Vita.l statistics are concerned with other &~~pects of 
communa.l life besides births, deaths, and sickness, and tbe 
socia.l student and the hea.lth officer should be familiar with 
the chief sources of statistics throwing light on his· work. 

The various volumes of the. Census Reports for this country 
give important information, 'not only on age and married 
condition of the population in the chief areas (p. 57), but 
a.lso regarding occupations (pp. 311), housing conditions 
(pp. 302 and 385),. birthplaces of the population of each 
country (p. 49), etc. · 

The Poor Law reports, loca.l and central, sbow the amount 
of destitution which receives officia.l relief, a subject of moment 
to the medica.l officer of hea.lth. He needs equaJly to be 

familiar with the statistics . of various forms of oha.ritable 
relief, and particularly with the extent and variety, as well 
as the qua.lity, of the hospita.l treatment available ip his are&: 

The statistics of convicti6:p.s for drunkenness," of the 
distribution of public-houses (sa.loons) in his area, have an 
important bearing on infant and child morta.lity. 

Information as to the distribution of industries, the 
number employed and the conditions of. work, and accurate' 
detailed information as to housing conditions, are necessary 
to an accurate knowledge of loca.l hea.lth conditions. 

The price and qua.lity of foods, and especiaJly of milk, 
and many other items lending themselves to statistical 
statement, have important bearings on vita.l statistics. It 
is assumed that through the school medica.l service the 
medica.l officer of hea.lth has accurate information as to aJl 
schools and scholars. 

The above pa.rtia.l list may serve to indicate tbe need 
of the wider socia.l outlook which the study of vita.l statistics 
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should take ; and many Government departments issue 
reports suitable for the table of the medical officer of health. 
Among these may be enumerated the Registrar-General's 
annual and other returns, the reports of the Ministry of 
Health and of the Board of Education, and of their Medical 
Departments, the Annual Report of the Factory Department 
af the Home Office, and the Licensing and Criminal Statistics 
of the same Department, reports of the Ministry of Pensions 
and of the Ministry of Agriculture. 

Measures of Public Health Work.-The tabular in­
formation given in various parts of this volume indicates the 
information which should be comprised in a report on the 
vital statistics of a town or county. It is convenient here 
to add an appreciation of the various tests of public health 
which are commonly employed. Attention may be drawn to 
the discussion of the difficulty in measuring the value of 
certain parts of public health work in statistical terms (p. 535). 
Of the death-rates which can be ascertained the following 
should, wheno'lver practicable, be given :-

1. Death-rate per 1,000 of population at all ages 

{
male • ·} 
female • • · 

2. Death-rate standardized for age and sex distribution. 

3. For larger areas, death-rate {fmalel "} per 1,000 
. emae .. 

living at each age-group (as on p. 202). 
· 4. A comparison of 1 and 2, and if possible of 3 for a series 

of years. 
5. A statement for the current year and for a series of 

years of the death-rate under 1 year of age per 1,000 births. 
6. A similar statement for the first week and for the first 

month after birth. 
7. A statement of the death-rate per 1,000 births from 

diarrhroa and enteritis of children under 2 years of age. 
8. A statement of the number of deaths from septic and 

from other diseases and accidents associated with child­
bearing per 1,000 births, if possible for a series of years. 

9. A statement of the death-rate from tuberculosis 

{
All Forms .. } f . f 
Phthisis . . or a scncs o years. 
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10. A statement of the death-rate from­

Typhoid fever, 
Diphtheria., 
Scarlet fever, · 
Measles, 
Whooping cough, 

and of any other prevalent infectious disease, e.g. 

Malaria., 
Cerebro~spinal fever. 

The value of each of these is increased when the rateS 
for a. series of years can be given. 

The above list is "-ot exhaustive, and it may ea.sily be 
extended. 

Of the statistical mortality indices giving the best tests 
of the stage of social and sanitary civilization which a. com­
munity has reached, 5, 6, 7, 8, 9, and 10 (especially typhoid 
fever) are the most valuable. 

Sanitary Indices.-Va.rious attempts have been made tO 
combine some of the above rates into a. common figure which 
can be a. true criterion of the health conditions of a. com­
munity. An illustration of one of these is given on page 521. 
Another sanitary index ·employed in . one State is the rate 
per 1,000 of population of deaths caused by the disea.s!ls 
numbered 1-15 in the abridged. international classificJLtion o( 
causes of death, exclusive of . influenza. and inclusive of 
deaths under one year. It thus gives a. conglomerate 
measure of the deaths due to the acute infectious diseases, 
to tuberculosis, and to'. iirlant mortality. Of the pitfa.llll, 
attaching to the " zymotic death-rate," there is a discussion 
on page 583. The addition ·of the further items above 
increases the confusion. Accurate knowledge can only be 
attained by analysis of diseases, not by their composition, 
and there can be no short out to the satisfactory relegation 
of a community to its due place in the sanitary hiera.r'chy. 

Death-rates as End Products.-The relative value of 
morbidity and mortality statistics is discus~ed on page' 123, 
and it must be confessed that under present conditions deaths 
as a rule gi.ve more reliable statistical information than cases 
of Sickness. But in adjudging the value of sanitary work 
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importance must be attached to the statistical statement 
of the amount and variety of various public health and 
associated activities, even though the influence of these 
activities on the death-rate cannot be immediately deter­
mined. Thus-

(1) A statement of the amount and character of hospital 
provision for various diseases including insanity, 

(2) A statement of the number of cases treated at various 
treatment centres, and 

(3) A statement of the extent of activity of inspectors, 
health visitors, tuberculosis nurses, etc., and other allied 
tests form important indices of the distance which a given 
COLlmunity has emerged from sanitary barbarism, even if 
the death-rate of this community is higlier than· that of others 
in which these activities are less advanced. A death-rate 
(general or specific) must be measured, or at least viewed 
when it cannot be measured, in the light of the weight of the 
existent adverse factors, ~ well as of the work done to 
counteract thl'se factors. 

Aids to Calculation.-It is assumed throughout that the 
student is fa.milia.r with the use of tables of logarithms. For 
the majority of the calculations required in medical statistical 
work, Crelle's Multiplication Tables, or the Direct Calculator 
of M. B. Cotsworth (York, 2ls. net; at present out of print), 
are more expeditious than logarithmic tables, and simply 
invaluable for every-day work. Fuller's Slide Rule is also 
us!')ful, but in my experience is not so convenient as Crelle's 
or Cotsworth's Tables. 

For particulars as to the use of the various arithmometers 
the manufacturers' catalogues and textbooks on statistics 
may be consulted. 



CHAPTER LI 

STATISTICAL FALLACIES 

THEORETICALLY, a separate chapter for consideration of 
statistic&! errors is almost as unnecessary as would be a 
chapter devoted to the consideration of grammatical errors 
at the end of a treatise .on grammar. In both instances 
the reat of the treatise should make such a special chapter 
redundant. There is practical convenience, however, 
especially for the medical student, in summarizing some of 
the more important statistical errors ; and the opportunity 
is taken, furthermore, to detail some instances which have 
not arisen in the preceding chapters. 

Quetelet's four ehief. rules are always worthy to be held 
in remembrance, as their observance would render statistical 
errors. relatively rare :-

(1) Never have preconceived ideas as to what. the figures 
are to prove. · 

(2) Never reject a. number that seems contrary to what 
you might expect, merely because it departs a good deal. . 
from the apparent average. 

(3)_Be careful to weigh and record aU the .possible cauSes 
of an event, and do not .a.tj;ribute to one what is really the 
result of the combination of several. · 

(4) Never compare data which are not fully comparable. 
Errors Already Exposed._:The indispensability of accu­

rate records of the population concerned, and of the vital 
events', birth, marriage, sickness and death, affecting the 
given ·population, have been urged repeatedly in previous 
pages. The necessity for confining comparisons to popula­
tions of equivalent age and of the same sex has been 
emphasized. Wrong methods of presentment of fa.cts have 
been pointed out in ea.ch chapter ; and the possibility that 
cyclical changes, or the la.ck of knowledge of all fa.ctors 
concerned, or other conditions, may render compared fa.cts 

IIIII 
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in reality incomparable or unmeasurable, has been repeatedly 
indicated. 

Reference may be made to the errors implied in the ratios 
between two variables (p. 340), in comparing incomparable 
items (p. 504), in drawing inferences from insufficient 
data (pp. 496 and 606) in variable age and sex distribution 
of population, e.g. in cancer and phthisis mortality (pp. 218 
and 335), in .giving average rates (p. 390), etc. 

Sources of Error .-A chief cause of error is lack of atten· 
tion to the definition, meaning, and limitation of each item 
which is under consideration. Perhaps this is the most 
common source of fallaJ;if)J of observation. Another source 
of such errors is the non-realization that some elements in 
the problem, e.g. of health, poverty, or crime, may not, in 
our present stage of knowledge, be able to be measured 
numerically. Often a part is mistaken for the whole, or a 
part is given an extravagant value, and this is perhaps the 
chief source of error in measuring the relative importance 
of environment and heredity in human development. The 
statistical measures adopted may give nothing beyond a 
fractional measure of the environment whose influence is 
being assessed. Often, again, the mental bias of the observer 
gives disproportionate magnitude to one factor, and this 
happens especially in medical observations, in which experi­
mental check observations may be impracticable. Errors 
from paucity of data are illustrated on p. 606. · 

. Errors of Inference have been considered in Chapter XLIV, 
and illustrations occur in other chapters and in the appendix 
to this chapter. 

The succeeding paragraphs consist of notes of some errors 
which have not yet been fully considered. 

Errors as to Avera!le Stren!lth.-The sickness and 
mortality statistics in the Army and Navy are calculated on 
what is known as the average strength or mean force. When 
many changes of troops occur, it is often difficult to ascertain 
the mean strength, and erroneous calculations are conse­
quently not uncommon. An example, quoted by the late 
Dr. P>\rkes from a paper by Dr. Balfour, affords an instance 
in which an unhealthy station in India (Ma.snlipatam} was 
credited with a more favourable rate of mortality than its 
renl rnt.e. The :Madrns llledical Board st.atro that the death-
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rate among all the European regiments in the Presidency, 
from January '1813 to December 1819, was 56·9 per 1,000; 
while that of the regiments, at Masulipatam from' 1813 to 
183~ inclusive was 51·0' per 1,000; and they inferred that 
the rate of mortality having been somewhat lower than 
throughout the rest of the Presidency for such a period, there 
was. reason for concluding that the station could not be 
considered under ordinary· circumstances as unhealthy. In' 
arriving at the preceding death-rate for M&sulipatam, how­
ever, the fact had been lost sight of that in several of the 
years between 1813 and 183~ the regiments were quartered 
at' Masulipatam during part of the year only. Under such 
circumstances, in calculating the annual death-rate, only 
such a proportion of the mean annual strength should be 
taken as corresponded with 'the period during which the 
regiment was stationed there. If it was stationed there six 
months, the calculation should be based on half the strength ; 
if nine months, on three-fourths of it, and so on. 

When the necessary correction was made in the instance 
cited, the annual death-rate from 1813 to 1832 was found 
to average 63·94 per 1,000, instead of .51·00 as previously 
stated. 

The error we have just described is similar to the 
assumption. that, in a town with a population of 100,000 
persons, and in which 3,000 deaths occurred during nine· 
months, the annual death-rate 'j.s 30 per 1,000. The popu-' 
lation should, of course, .be reduced by one-fourth ; and ~he 
annual death-rate, on the assumption that the same rate 
of mortality continues during the remaining three months 
of the year, is 40 per 1,000. · 

.Fallacies of. Hospital Statistics.-Much of the misappre­
hension which prevailed for some years concerning hospital 
mortality was due to a lack of appreciation of similar considera­
tions. The subject iS discussed in the Sixth Report of Sir 
John Simon to the Privy Council fof 1863, which was founded 
on an investigation made by Dr. Bristowe and Mr. Holmes 
into the sanitary conditions of, and results obtained in, various 
large hospitals. · · 

To begin with, the word "healthy," as· applied to a 
hospital, evidently cannot denote that its inmates shall be 
persons in health ; nor t.hat its inmates shall not have a high 
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death-rate, for this is involved in the condition of the inmates. 
A " healthy " hospital is one " which does not by any fault 
of its own (whether inherent fault, as of site or construction ; 
or fault of keeping, as dirtiness or overcrowding) aggravate 
ever so little tile sickness, nor oppose ever so little the recovery 
of persons who are properly its inmates." 

Death is unquestionably the most serious form in which 
lack of success in treatment is evidenced. It is essential, 
however, if hospital death-rates are to possess the slightest 
value, that they should be calculated on given magnitudes 
of illness. The comparison of the death-rate in a fever 
hospital with that in an orthopredic hospital would obviously 
be absurd. Unless due regard be had, therefore, to the 
uncertain import of the word "patient," death-rates are 
worthless as evidence of success or failure in hospital treat­
ment. Hospitals differ enormously from one another in 
regard to the quality and magnitude of the cases reeeived in 
them for treatment. Large urban hospitals receive patients at 
any time and of the gravest character, and "wage an ever 
precarious contest against the least conquerable forms of 
disease " ; while in country hospitals admission often is by 
subscriber's letter, and there may be comparatively infrequent 
change of patients and a minimum of severe cases. Hence 
the hospitals with high death-rates have no reason to be 
ashamed, nor the hospitals with low death-rates to congratulate 
themselves on these grounds • 

. The census on April 8, 1861, showed how many special 
inmates were contained in each of the hospitals of England, 
while the death-returns of the year 1861 showed how many 
deaths occurred during the year in the same hospitals. From 
these materials the Registrar-General in his Twenty-fourth 
AnnuoJ Report compiled an annuoJ death-rate per 100 occupied 
beds, which may be called a. bea death-rate. Such bed death· 
rates are misleading. 

(a) In the first place, they were co.lculated pn the 
hospitoJ population of a single day-that of the census, 
which may have been much above or below the average­
and not on the average daily sick population. 

(t.) Each bed in a hospital usually receives during the 
year a succession of patients. All that a bed death-rate 
means is that there occurs in eVl'ry occupied bed in a hospital 
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a certa.in number of deaths per annum. A bed death-rate 
of 100 per cent. per annum me&ns that on an average one 
.death occurs during the year in every occupied bed of the 
hospita.l. 

(c) These objections, however, are trifling when compared 
with the objections· a.Iready stated against death-rates for all 
causes in the aggregate as measures of hospita.l healthiness. 

Thus the Nottingham hospita.l had a bed death-rate under 
41, while that of Manchester was over 130 ; at Swansea the 
death-rate was only 10, while at Bath it was 102, per 100 
occupied beds. 

These results are quite untrustworthy .. Assuming that 
the niorta.lity in urban hospitals was twice as great as in 
rura.l hospitals, then we might form any one of three con­
clusions : "either (1) that the urban hospitals change their 
sick population twice as often as the rural hospitals, and that 
other conditions are equa.l ; or (2) that in the urban hospitals 
the mean gravity of cases received for treatment is twice 
&8 great as in the rura.l hospitals, and that other conditions 
are equa.l ; or (3) that in the urban hospitals the suceess of 
treatment of given magnitudes of disease is ha.lf as great as 
in the rura.l hospitals, and that other conditions are equa.l." 
In all probability the two f4"st of these suppositions express 
the truth. 

If general death-rates are employed at all in regard to 
hospitals, the true principle on which to ca.lculate "them ia · 
on the basis of the aggregate arinua.l number of cases t~ted 
to a termination. This may be caJied the patient death-rate, 
as distinguished from the bed death-rate. There ,is no 
necessary connection between the range shown by bed death"" · 
rates in the preceding statisticaJ comparison and the range of 
patient death-rates in the same institutions. Whether the 
two ranges would correspond depends on whether the average 
1ime of &taying in OO&pital is the same in the hospitals com- · 
pared. But as a matter of fact the staying-time varies greatly 
in different hospitals, being usually shorter in larger hospitals, 
and shorter iii. hospitals where the proportion of acute cases 
is high. If the mean stay of patients in hospitals is known, 
bed death-rate& may at once be converted into patient denth­
rate&, or vice verati. 

It follows from ~he preceding considerations that com• 
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parisons of hospital statistics, if they are to serve any useful 
purpose, must be in considerable detail. Not only should 
cases of like nature be compared, but, inasmuch as the 
mortality from many diseases varies with age, the age-con­
stitution of the patients of the institutions under comparison 
should be noted. Thus a typhus patient aged 55 is 10 
times as likely to die as a typhus patient aged 15. 

The success of the major amputations again varies greatly 
according to the age of patients, and according. to whether 
operation is required as the result of injury or disease ; and 
in regard to all statistics dealing with the results of treat­
ment it is desirable that the age and special circumstances 
of the individual cases should be fully stated. 

Errors from the Composition of Ratios.-As a gener8.1 
rule, it is dangerous to combine or compound rates. This 
error is so commonly fallen into that the following illustra­
tions of the resulting mistakes cannot be considered super­
fluous:-

Thus the population of-

A was 125,091, and its death-rate 20·00 
B , 14,450 , , , 13·70 

33•70 

Incorrectly obtained mean death-rate ofthe two = 16· 85 

The true method is as follows :-

A population, 125,091 ; deaths, 2,503 
B , 14,450 ; , 199 

139,541 2, 702 

'fh f 2, 702 X I ,000 19 59 . th t d h f ere ore 
139

,
541 

= · , IS . e rue eat -rate o 

A and B together. 

In the first calculation equal weight was erroneously 
given to the healthiness of A and of B, although B had only 
one-eighth of the entire population. 

A further amusing instance is furnished by a correspon­
dence in The Times during September 1888. X wrote to The 
Timu newspaper, and on the assumption that the death-rate 
in the British Army at home and abroad in 1885 was 11·12 
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per 1,000, and the death-rate of troops at home 6· 68, argued 
gravely that the death-rate of troops abroad was therefore 
4·44 per 1,000 I Y wrote to correct this statement, and 
pointed put that if X's method were correct, then it would 
be equally true that if the death-rate of the English and Irish 
in the United Kingdom was 21 per 1,000 and that of the 
Irish 20 per 1,000, the mortality of the English was only 
1 per 1,000 ; or if the death-rate of the Irish was over 21, 
then the English live for ever ! Y then prooeeded to main· 
t&in that the true mortality of the troops abroad was 15·56 
per 1,000, without mentioning, as Z pointed out in a subse­
quent latter, that this was only correct when the troops at 
h9me and abroad were equal in number ; on which Y replied 
that " rates per 1,000 are quite irrespective of numbers at 
home and abroad"-& conclusion which is true for rates 
regarded separately, but flagrantly false when applied to 
their composition. 

The general poblem is BS follows : Having given the death-rate 
of the component parts of a population, to find what is the death-rate 
for the whole. 

Let a+ b =total number of population (or body of men, 88 in 
the preceding example), where a and b repl"ll88nt the population of 
each part. 

Also let z = death-rat<!.per unit of the portion a, 
-andy= .. , , , 6., 

where z differs from II• 
Then the number of deathe in a = a X z = az. 
Also n , , b=bXy=by. 

Therefore the total number of .. deathe in (a + b) = az "+ by. 
Hence, dividing by the total population; we obtain-

""'+ by • • ,. + b = death-rate J?Br unit for the whole. 

If the two parts of the population are equal, i.e. if a 9 b, 

the death-rete for the whole = ..., + oy = o(:o +Ill ="' + II• 
a+a · 2a 2. 

which is the mean of the two ratee z and y. 

Hence, when the parte of which a population is composed are equal. 
the death-rete of the whole is the mean of the death-ratee of the 
components parts. 

But if a be twice aa great 88 b, i.e. if a = 2b, then the formula 
0:0 '1- by • 2bz + by b(2z + y) 2z + !I 

0 + b may be wnttsn 2b+ b 3b = -a• where 
evidently the death-rate for the whole is not the mean of the death·retee 
for the two parte. 
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• From this it is evident that when the deeth-rates of the component 

parts of a population are given, the deeth-rate of the whole population 
will depend on the relative proportion existing between its com­
ponent parts ; and any variation in these proportions will cause a 
corresponding variation in the total deeth-rate. In order, therefore, 
to aecertain the total death-rates from .the death-rates of the parts, 
we must either know the actual population of each component part or 
their relative proportions. 

Reverting once more to the formula a.lreedy given, viz., 

""' + :y = death-rate per unit of the population (a+ b), it is evident 
a+ 

that, where the total death-rate is given and the death-rate of one 
component part of the population, this eame formula will enable us 
to find the death-rate of the remaining portion. 

Thus, taking the exe.mple already quoted from The Times news­
paper, 

The death-rate of the army at home and abroad in 1885 = 11·12 
per 1,000. 

The deeth-rate of the army at home = 6· 68 per 1,000. 
To find the death-rate of the army abroad :-from the Director­

General's returns, we lind the strength of the tote! army in 1885 
= 198,064; of the army at home= 91,579; of the army abroad 
= 105,748. 

B h f 
I az +by l 

12 
91,579 X 6·68 + 105,748 X y 

y t e ormu a a + b = 1 • = 198,064 
From which we obtain the result that y = 15 nearly. 
Similarly, having given the death-rate of the army in the United 

Kingdom in 1887 to be 5·3 per 1,000, of the army abroad 14·0, to find 
the deeth·rate of the total army, the strength of the army in the 
United Kingdom being 106,767, and of the army abroad 102,807. 

Deeth-rate of the whole army 

a:o +by 106,767 X 5·3 + 102,807 X 14·0 
= a + b = 106,767 + 102,807 
= 9·6. 

The use of the deeth-rate per 1,000 instead of per unit in these 
calculations doee not alter the result, aa it affects both numerator 
and denominator equally. 

ILLUSTRATIONS. 

Lack of Definition of Terms.-A letter in the Specta4or of April!, 
1922, quotes figures ehowing thet in 59 cities in the United States, 
with a combined population of 20,000,000, there wern during the 
year 1920 109,768 arrests for drunkenness. and then oontrasts these 
figures with the fact thRt in England and Wales in the same year, 
with a population of 37,000,000, the convictions for drunkenness 
numbered 91), 763. It is added: " It would appear thet the United 
Stat.., und~r prohibition are not nearly so sober as EnglaD.d and Wales 
without it.. u · · 

Ant these figures comparable t Can any valid deduction be made 
from them t 

O"""""lioM.-It "'ill be noted that "arrestd for drunkenness •• 
are compared with "convictions for dnmkennNB,11 which may not; 
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be strictly comparable, and we bave no information as to the relative 
police stringency of action in the two countries. Evidently no valuable 
conclusion can be drawn from these data. More detailed and exact 
statements are required, and especially it is desirable tbat the number 
of "·arrests 11 'and "convictions 11 for drunkenness should be ascer­
tained for a series of yeare in each country, including yeare before the 
prohibition Jaw was enactod. 

The following miscellaneous examples are added in illustration of 
eommon mistakes needing to he avoided. 

Two Varlables.-In a local municipal discussion, a councillor 
observed tbat whereas before the war the coot of education, as com­
pared with the national expenditure, was 15 par cent., it had now 
decjined to 9 per cent. Instead of spending !eBB we ought to spend 
more. 

Ob.......uon...-Thio is the old fallacy of a proportion between 
two variables. Although the expenditure on education is now. a 
smaller proportion of the total expenditure than formerly, ito amount 
may at the eame time bave increased, either absolutoly .or in terms 
of the population. Each of the items, (a) educational, (b) other public 
expenditure, should be given for a series of years if argument is to 
be based on a aatisfactory statement. 

Inadequate Data.-An extreme instance of a conclusion, widely 
advertised, which is based on inadequate data, insufficiently analysed, 
is the following extract from the Annual. Report of a Medical Officer 
of Health : " 240 babies under one year old were fed on X, and 
only 1 died. T~ gives an infantile mortality rate of 4 per 1,000. 
• •• Amonget the remainder (about 160) 37 died. which yields an 
infantile mortality rate of 232 per 1,000." 

Ob...,..tions.-No conclusion is jilstified· from the above figures, 
though the above very limitod experien~e might bave been instruc­
tive, had the age in weeks or ]Jlonthe of all the infants been otatod, 
as also the duration' of each method of feeding in the experience of 
each infant. -'l'he eocial status of the contraotod infants ahould aJso 
be defined. · 
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be strictly comparable, and we have no information 88 to tbe relative 
police stringency of action in the two countries. Evidently no wluable 
conclusion can be drawn from these data. More detailed and e:mot 
statements a.re required, and especially it is desirable tbet the numbel 
of ... arrests 11 Bnd "convictions 11 for drunkenness should be ascer. 
tained for a series of years in each country, including years before the 
prohibition law W88 enacted. 

The following miecellaneous examples a.re added in illustration of 
common mistakes needing to be avoided. 

Two Varlables.-In a local municipal disoussion, a councillor 
observed tbet whereBB before the war the cost of education, 88 com­
pared with the national expenditure, WBB 15 per oent., it had now 
decJined to 9 per oent. Instead of 'spending less we ought to spend 
more. 

Ob...,..tiom.-Tbis is tbe old fallacy of a proportion between 
two variables. Although the expenditure on education is now. a 
smaller proportion of the total e:r:penditure than formerly, its amount 
may at the same time have increBBed, either absolutely .or in terms 
of the population. Each of the iteme, (a) educational, (b) other public 
expenditure, ehould be given for a series of years if argument is to 
be bBBed on a eatisfactory statement. 

Inadequate Data.-An extreme instance of a conclusion, widely 
advertised, which is based on inadequate data, ineulliciently analysed, 
is the following extract from tbe Annual. Report of a Medical Officer 
of Health ' " 240 babies under one year old were fed on X, andl' 
only I died. ~ gives an infantile mortality rate of 4 per 1,000. 
• •• Amonget the remainder (about 160) 37 died. which yields an 
infantile mortality rate of 232 per 1,000." , 

O~tion.t.-N o conclusion is jU.tified: from the above figures, 
though the above wry limited experienqe might have been instruc­
tive, had the age in weeks or 1_11onths of all the infants been stated, 
as also the duration 'of each method of feeding in the experience of 
each infant. "!"he eocial status of the contrasted infants ehould aleo 
be defined. • 
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APPENDIX B 
RULES FOR ALLOCATION OF DEATHS 

I

IR'GLF.S IN USE IN THE GENERAL REGISTER OFFICE, 
ENGLAND, FOR SELECTION OF ON.E FROM TWO OR 
MORE JOINTLY STAT.ED CAUSES OF DEATH. 

(From Manual of the International List of caWJeB of IW:Lth a• adapted 
for UBe in Enutand and IValeB, 1912, H.M. Stationary Office.) 

1. IN cases where the effect of any two rules appears to be at 
variance, the first stated is to .be followed, 1lllless the second referS 
explicitly to an exception to be made in the application of the first. 

2. In cases of the separate statement as joint causes of death of 
two diseases the names of which are components of a single compound 
pathological tenn, the death is generally to be classed as indicated in 
the Manual, for the compound term, e.g. Gastritis, Enteritis, treat 
as Gastro-enteritit:~, 

N.B.-This does not apply to Bronchitis, Pneumonia. 
3. The general order of preference iet as follows :-

. 1. VIOLENCE, 
2, 0ENER.AL DISEASES. 
3. LooAL DISEAsEs. 
4. ILL·DEFINED CAusEs oF DEATH (Nos. 187-189). 

(For Nos. 15(}-154 see Rule 8.) 

VIOLENCE. 
4. Where any forms of violence and dises.se are jointly stated s.s 

causes of doath, the violence is to be preferred except in the following 
instances :-

(a) Deaths from any definite dises.se stated to have been acceler· 
ated by accident are to be classed to the dises.se. 

(b) Deaths during or resultant from operation or the adminis. 
trotion of an amesthetio are to be classed to the disease 
or injury for which the operation was performed. 

(o) Deaths from pneumonia or other lw>g dises.ses consequent 
upon accidental immersion are t.o be classed t.o the disease. 

(d) Deatll8 from injuries received during an epileptic or apoplectic 
fit are to be cls.ssed t<> epilepsy or apoplexy, as tile case 
may be. 

(•) Deaths from tetanus, erysipels.s, pyll!mia, septicemia, Wc.xi­
poisoning. eto., following accident are to be classed to 
tlle disease if the injury was slight. such as u scratch .. 
or "abrasion"; but if the injury was apparently severe 
enongh to kill by itseU (e.g. by vehicle, machinery, etc.), 
the death ia to be classed to \'iolence. 

(/) Deaths from canoer and accident in conjunction sre to be 
clsssed to cancer. 

<07 
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GENERAL DISEASES. 
5. Any general disease, except-

(a) Membl"&IlOUS laryngitis (9 B.) and croup (9 C.), which for 
this purpose are regarded as local diseases, and 

(b) Undefined BDiflfTDia. and chlorosis (in 54). "other tumours 11 

( 46), and chronic rheumatism ( 48 A.) which for this pur· 
pose rank below all except the ill-defined causes of death, 

is to be preferred to any local disease except aneurism (81 A.), strangu· 
lated hernia and acute iotestinal obstruction (io 109), and puerperal 
fever, phlebitis, ..,d diseasee of the breast (137, 139 A., and 141), which 
for this purpose are iocluded with the general diseases in Group I 
below •. 

6. The general d!•eosee are divided ioto four groupo io order of 
their importance for the purpose of selection. Any disease io Group I 
is to be selected io preference to any other not io Grqup I ; any io 
Group II is to be preferred to any other not io Groups I and II, and 
ao on. If two or more of the diseases io any group are stated together, 
the disease of longest duration, or that first mentioned io the Certificate 
should as a rule be chosen. (~e Rule 10.) 

Group I. 
6. Smallpox. 

12. Asiatic cholera. 
21. Glanders. 
22. Anthrax (Spleillc fever). 
23. Rabiee. 
24. Tetanus. 
39-45. Cancer (all forms). 
67-69. Chronic lead and other chronic poisonings. 
81 A. Aneurism. 
In 109.lStrangulated hernia.and acute iotestinal obstruction. 
137. Puerperal fever. 
139 A. Puerperal phlegmasia alba dolens and phlebitis. • , 
141. Puerperi.l diseases of the breast. 

And other epidemic diseases of exceptional iotereot, such as Mediter: 
ranean fever (3 B.), Plague (16), Yellow fever (16), Leprosy (17), Beri· 
beri (27), etc, · ' 

1. 
2. 
3 A. 
4. 
6. 
7. 
8. 
9 A. 

14. 

Enteric fever. · 
Typhus. . 
Relapsiog fever. 
Malaria. 
Meaeles. 
Scarlet fever. 
Whoopiog cough. 
Diphtheria. 
Dysentery: 

10. Inftuenza. 

_Group II. 

25. Mycooee. 
28-35. Tuberculosis (all fcmns).• 
I Deatha from tuberole of two or mOTe organa Bhould be assigned to 

No. 28 or No. 29 if the)ungs are iovolved: otherwise to 35. (See notes to 
Nos. 28 e.nd 35, pp. 6 'and 8 of the Manual.) • 
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37-38. 
47. 
o2. 

18. 
19 A. 
19 B. 
19 c. 

VeneresJ diseases. 
Rhewna.tio fever. 
Addison's disease. 

Group IV. 
Erysipelas. 
Mumps. 
German measles. 
Varicella. 

20 (A. B. 
36. 

Pymmia and Septicmmia,l 
Rickets, scftening of bones. 
Osteo-arthritis. 48 B. 

48 c. 
49. 
50. 
51. 
53. 
In 54. 
55. 

Gout. 
Scurvy. 
Diabetes. 
Exophtbalmio goitre. 
Leucocythlllmia, Lymphadenoma. 
Pernicious anmmia. 
Other genersJ diseases. 

7. If one of the diseases mentioned is an immediate and frequent 
complication of another, the primary disease should be . preferred to 
ita complication. 

8. The conditions comprised under headings 15(}..154 are to be 
dea.lt with as follows, notwithstanding anything to the contrary 
implied in any preceding rule :-

(a) Congenital defects (150), premature birth (151 A.), icterus 
neonatorum (151 C.), and solerema and <edema neonatorum (151 D.)-­
U~ 3 mon<ka-these conditions are to be preferred to any 

disease except syphilis and the diseeses in Groups I and IL 
Over 3 month.o-any definite disease not presumably the conse­

quence of a congenital defect is to be preferred to thees 
conditions. 

Premature birth (151 A.) is to be preferred to congenital defects 
(150) and "other diseases peculiar to early infancy" (152), when 
occurring together on the same Certificate. 

(b) "Other diseases peculiar to early infancy" (152) are to receive 
t.he same preference as congenital defects under 3 months of age. 

(<) Atrophy, debility and marasmus of infants (161 B.), want of 
bt"""'t milk (161 E.), and senile decay (154 B.), are to be treated as 
ill·d•lined causes of death. 

(d) Lack of care (163) is to be treated for this purpose as a form 
of violenoo. 

(e) Senile dementia (164 A.) is to be treated in the same manner 
as other forms of insanity (IMlO Rule 9), 

LOCAL DISEASES. 

0. The following arc to be eelected in preference to any other local 
diseast'6 appearing in the same Certificate, except aneurism (81 A.), 
st.rungulated hernia, and acute inteetina.l obstruction (in 109), and 
pu•rperal fever, phlebitis, and diseasee of the breast (137, 139 A. 
tmd ai). 

t P).'ll!lmia and septit'annia are aubjed to Rule 7. bu' in cues where &.be 
applil."&tion of \hie rule aa.u~ a local di8ea!e to be preferred '<a either of lbem1 

lobe local eli......., aoquireo Group l V precedence 
89 
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61 A. 
61 B. 

78 B. 

Column .A. 
Cerebro-spineJ fever. 
Posterior basal 

meningitis 
Infective 

endocarditis · 
92 A. Lobar pneumonia. 

104 & 105 A. Infective enteritis. 
106, '107, 
112, 121, 
and other 
headings 

' a.ccording 
tcpart 
affected. 

Parasitic diseases 
(except thrush). 

108. Appendicitis. 
H 3. Carbuncle, Boil. 
144 A. Phlegmon. 

62. 
63. 

67. 

Column B. 
Locomotor ataxy. 
Other diseases of spinal 

cord. 
General paralysis of in-

sane. 
68. Other forms of mental 

alienation. 
69. Epilepsy. 
74 A. Idiocy, Imbecility. 
7 4. C. Cerebral tumour. 

154 A. SOnile dementia. 

A disease in Column A is to be preferred tc any diSease in Column 
B, when occurring upon the same Certificate. (See also Rules 6 and 10.) 

10. Where two or more local diseases, neither of which is included 
in the preceding list, are certified together, that of longest duration 
ehould be preferred; if duration is not recorded, any disease of a chronic 
nature ehould be preferred to a disease not so characterized ; if neither 
disease can be asswned to be chronic, the first mentiont·d on a medical 
cartificate should be selected. · Exceptions to thie rule are ae follows :-

(a) Any definite disease of the heart (77-80 and 85 A.), or kidney 
'(119-122) is to be preferred to any 'diseaee·of the respiratory 
system (86-98). 

(b) "Congestion" of any. organ, convulsions · (70 and 71), 
- " hllliilorrhags " ( 85 C.), laryngismus stridulus ( 87 A.), 

thrush (99 B.), and dyspepsia (in 103 B. and 104 and 105 Ji:,.) 
rank below all except t!le ill-defined causes of death. Alco­
holism, ho....,ver stated; takes the same rank, lit view of 
the treatment of organic Clisellse attributed to it (see pp. x) 
and xiv of Manual). 

(c) Arterial sclerosis (81 B.), heart diseases (77-80 and 85 A.), 
cirrhosis of the 1iver ( 113). an!f Bright's disease ( 120 4.) 
are to be preferred to aP.Oplexy ( 64 A.), cerebral hlelllorrhaga 
( 64 E.), hemiplegia ( 66 A.), and cerebral embolism and 
1brombosis (82 A.), which on the other hand are to be pre· 
ferred tc bronchitis ( 89 and 90 B.). 

(d) Cirrhosis of tlie liver with neuritis is to be taken ae alcoholic 
cirrhosis of liver (113 B.). 

(•) In the case/of deaths occurring in lunatic asylums, nervous 
diseases other than those mentioned under (b) and (c) are 
to be preferred to other local diseases, except those receiving 
special preference under rules 6 and 9. 

Nom.-Tbe foregoing rulee have been framed primarily for the 
selection of one from two jointly stated causee of death. Where tbrea 
or more ceusee are jointly stated it may occasionally be found that 
the e1feot of different rules is conBicting. In these cases, which are 
infrequent, the coder must rely upon hie own judgment for guidance 
as to the rule to be followed. 
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RULES ISSUED BY THE INTERNATIONAL COMMISSION 

IN 1903 FOR THE SELECTION OF ONE FROM TWO 
JOINTLY STATED CAUSES OF DEATH, ' 

N.B.-Not in ..,.._in tile General Register Office for England and 
Wales. 

1. If one of the two diseases is an immdiate and jrequ,m,t complica­
tion of the other, the death should be classified under the head of the 
primary disease. Examples :-

Infantile diarrhaa and cont-ulsiorut, classify as infantile diarrhaa. 
Mea8le8 and -broncho-pneumonia, classify as meaBle8. 
Scarlet fever and diphtheria, classify as scar/a fever. 

, Scarlet fever and nephritis, classify as soar/a fever. 
2. If the preceding rule is not applicable, the following should 

be UHed : If one of the diseases is surely fata.l 1 and the other is of 
leas gravity, the former should be selected as the cause of death. 
Examples:-

Cancer and bronclw-pneumonia, classify as cancer. 
Pulmonary tuberculoaia and puerperal septicamaia, classify as 

tuberculaaia. 
Icterus gravill and pericarditi8, classify as icterus gravis. 

3. If neither of the above rules is applicable, then the following : 
If one of the diseases is epidemic and the other is not, choose the 
<'pidemio disease. Examples :-

Typhoid fever and saturnism, classify as typhoid fever. 
Jf easle8 and biliary calculi, classify as measle8. 

4. If none of <he three preceding rules is appiicable, the following 
may be used : If one of the diseases is much more frequently jam! than 
the other, then it should be selected as the cause of death. Examples:­

Rheumatism (without metastaBiB) and salpingitis, classify as sal­
pi:ngitis. 

Pericarditis and appsndicitis, classify as pericarditis. 
S. If none of the four preceding rules applies, then the following : 

If one of the diseases is of rapid tkvelcpmeott and the other is of slow 
dt>v.elopment, the disease of rapid development should be taken. 
•;xamples:-

Diabetu and icterUB gravis, classify as iclerU8 gravis. 
Cirrlloaia and angina pectoris, classify as angina pectoris. 
Pleurisy and ..,.;z. debility, classify as pleurisy. 

6. If none of the above five rulee appliee, then the diagnosis ohould 
be selected that best characterises the case. Examples :­

Sammism and peril<milis, classify as saturnism. 
Precise diagnosis should be given the preference over vagne and 

indeterminate terms, such as "h1Bl1lorrhage," u encephalitis,'' etc. 
Arbitrary deoisiona should be avoided as much as possible by the use 
uf tJ>e preceding rules. None of them is absolute, but all are subject 
l<t exceptions, which may vary according to locaJ usages. In practice 
the first rule, which is the most logical of all. is the one of most frequent 
application. The others have been formulated only to prepare for 
all cades and to treat them with system and uniformity. 

• A pan from all U...t.ment. Tbio provioioo ion........,. to........., otability 
in tht'l application of the ruiN. Otherwise a ~utio discovery for 
.. xample that of the anti-diphtheritic aerum.. would modify ti.be tablea• and 
loju.N \be comparability of the et.t.tiatica. 



APPENDIX C 

NOSOLOGIC NOMENCLATURE 

NOMENCLATURE OF DISEASES AND CAUSES OF DEATH 
AGREED UPON BY THE INTERNATIONAL COMMISSION, 
PARIS, OCTOBER 14, 1920. 

GENERAL 0BSBBVATIONs.~The statistics of diseases and causes of 
death should be given by ages in as detailed a manner as possible, and 
should allow at leas~ the following groupe :-

From 0 to 1 year. 
From 1 to 19 yeam. 
From 20 to 39 years. 
From 40 to 59 years. 
From 60 years and over. 

It seems <ks1rGhle to divide, if possible, the seoond ag<~ group as 
follows : From 1 to 4 years, from 5 to 14 years, from 15 to 19 years. 
Tbe distinction by eex for each group is equally desirable. 

It is indispen.oable to publisb the population by age (and by eex, 
if the mortality data are so given), conforming to the &g<~·groupe adopted 
for the statistics of causes of death. 

DETAILED NOMENCLATURE. 
(The titlu given in italic& rela16 lo morbtdtty staiNHc. only.) 

I. EPmEMic, ENDEMic, ..um. ·INnccTzous DISEASBS. ' ' 
1. Enteric fever : 

(a) Typhoid fever. 
(b) Paratyphoid .fevers. 

2. Typhus. 
3. Relapsing fever ('-'Spirillum obermeieri ,), 
4. Meditarranean fever·(" Melitp·coccQllis "). 
5. Malarial fever or cachexia : 

(a) Malarial fever . 
. (b) Malarial each~. 

6. Smallpox. 
7. Measles, 
8. Scarlet fever. 
9. Whooping cough. 

10. Diphtheria. 
11. Inftuenza : 

(a) With pulmonary oomplicatioos specified. 
(b) Without ·pulmonary complioatioos specified. 

12. Miliary fever. ' 
13. Mumps. 
14. Aaiatio cholera. 

011 
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15. Cholera nostras (choleriform enteritis}. 
I 6. Dysentery : 

(a} Amrebic. 
(b} Bacillary. 
(c) Due to other causes or of unspecified origin. 

17. Plague: 
(a} Bubonic. 
(b) Pneumonic. 
(c) Septic~emic. 
(d) Not otherwise defined. 

I 8. Yellow fever. 
I 9. ·Spirochll!tosis ictero.bll!morrhagica. 
20. Leprosy. 
21. Erysipelas. 
22. Acute poliomyelitis. 
23. Encephe.litis lethargica. 
14. Meningococcal meningitis. 
25. Other epidemic diseases. 
26. Glanders. 
27. Anthru. 
28. Rabies. 
29. Tetanus. 
30. Mycoses. 
31. Tuberculosis of the respiratory system. 

613 

32. Tuberculosis of the meninges and centre.! nervous system 
genere.lly. 

33. Tuberculollis of the intestines and peritoneum. 
34. Tuberculosis of the vertebre.l column. 
35. Tuberculosis of the joints. 
36. Tuberculosis of other organs : 

(a} Tuberculosis of the skin and subcutaneous cellular 
tissue. 

(b) Tuberculosis of the bones (vertebre.l column exoepted). 
(c) Tuberculosis of the lymphatic system (mesenteric and 

retroperitonee.l glands excepted}. 
(d) Tuberculosis of the genito-urinary system. 
(e) Tuberculosis of organs other than the above. 

37. Diseominated tuberculosis : 
(a} Acute. 
(b) Chronic. 

38. Syphilis : 
(a} Prima'l/. 
(b) Secon®ry. 
(c) Terti<1ry, 
(d) Heraditnry. 
(o) Stage not illliicaled. 

39. Soft chancre. 
40A. Gonoooccl\1 infection (ophth..Jmia excepted). 
40s. Uonorrhooal or purulent ophthahnia. 
41. Purulent infection, ""Pt.iCII!Dlia. 
t2. Other infectious di......,.. 

lJ, 0SN&R&L DISRABSS NOT INCLUDED ABOVB. 

43. M.Uignant tumours of the bucol\1 ca\'it.y. 
44. 1\l..Jignant tumours of the stomach and liver. 
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45. Malignant tumours of the peritoneum, intestines and rectum. 
46. Malignant tumours of the female genital organs. 
". Malignant tumours of the breast. 
48, Malignant tumours of the skin. 
49. Malignant tumours of other or unspecified organs. 
50. Benign tumours, and tumours not returned as malignanli 

(tumours of the -female genital organs excepted). 
51. Rheumatic fever. 
52. Chronic rheumatism, osteo-arthritis, gout. 
53. Scurvy. 
54. Pellagra. 
56. Beriberi. 
56. Rickete. 
57. l)iabetes. 
58. Anam>ia, chlorosis : 

(a) Pernicious an~emia. . 
(b) Other an~emias and chlorosis,' 

5jl. Diseases of the pituitary gland. 
60. Diseases of the thyroid gland : 

(a) Exophthalmic goitre. 
(b) Other diseases of the thyroid gland. 

81. Diseases of the parathyroid glands. 
62. Diseases of the thymus. 
63. Diseases of the adrenals. 
64. Diseases of the spleen. 
65. Leukemia, l,ymphedenom'!­

(a) Leuk~emia. 
(b) Lymphadenoma (Hodgkin's disease). 

66. Alcoholism (acute or chronic), · 
67. Chronic poisoning by mineral substances. 
68. Chronic poisoning by organicr substances. 
69. Othef general· diseases. 

Til. DISEASES or THE NERv'ous SYsTEM AND. SENSE ORO&Ms. 

70. Encephalitis. 
71. Meningitis. · .. 
72. Tabes dorsalis (locomotor ataxy). 
73. Other diseases of the spinal cord. 
74. Cerebral h~emorrhsge, apoplexy : 

(a) Cerebral h~emorrhsge. ' 
(b) Cerebral thrombosis and embolism. 

7 6. Paralysis of unstated origin. 
(a) Hemiplegia. 
(b) Other forms of paralysis. 

76. General paralysis of the insane. 
77. Other forms. of mental alienation. 
78. Epilepsy. 
79. Convulsions (non-puerperal ; 6 years and over~ 
80. Infantile convulsions (under 6 years of sge). 
81. Chores. 
82&. H 1J8terla and ...,.ralgia. 
82R. Neuritis. 
83. Cerebral softening. 
84. Other diseases of the nervous system. 
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85. Diseases of the eye and annexa. : 
(a) Diseasu of 1M orgarur of 1M •Y•· 
(b) FoUicuiDr conjunclivilis. 
(c) Trachoma. 
(d) Tumours of 1M eye. 
( •) Other diseasu of 1M eyo and annexa. 

86. Diseases of the ear and of the mastoid sinus. 

IV. DISEASES OJ' THE CIRCULATORY SYSTEM. 

87. Pericarditis. 
88. Acute endocarditis and myocarditis. 
89. Angina pectoris. 
110. Other diseases of the heart. 
91. Diseases of the arteries: 

(a) Aneurism. 
(b) Arterial sclerosis. 
(c) Other diseases of the arteries. 

92. Embolism and thrombosis (not cerebral). 
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93. Diseases of the veins (varices, luemorrhoids, phlebitis, eto.), 
94. Diseases of the lymphatic system (lymphangitis, etc.). 
95. Hmmorrhage without detennined cause. 
96. Other diseases of the circulatory system. 

V. DISEASES 01' '.tRS RESPIRATORY SYSTEM. 

97. Diseases of the nasal fossm and of their annexa. 
98. Diseases of the larynx. 
99. Bronchitis : 

(a) Acute. 
(b) Chronic. 
(c) Not otherwise defined under 5 years of age. 
(d) Not otherwise defined over 5 years of age. 

100. Broncho-pneumonia (including capillary bronchitis). 
'JOI. Pneumonia: 

(a) Lobar. 
(b) Not otherwise defined. 

102. Pleurisy. 
103. Congestion Md hmmorrhage infarct of tha lung. 
104. Gangrene of the lung. 
105. Asthma. 
106. Puhnonary emphysema. 
I 07. Other di....,..... of the respiratory system (tuberculosis excepted): 

(a) Chronio interstitial pneumonia, including occupational 
diseases of the lung. 

(b) Diseases of the mediaotinum. 
(c) Di.....,..... not included under (a) or (b). 

VI. DISEASES or THB DIOESTIVB SYSTBK. 

1l'll.l.. D._._ of IAe t«ll& and guru. 
108B. Other disoasee of the bucoal oavity and its annexa. 
109. Diseases of the pharynx and tonsils (including adenoid vege· 

tations). 
110. Diseases of the <EISOphagus. 
111. m- of the stomach or duodenum: 

(a) Uloor of the stomach. 
(b) t:loor of tbe duodenum. 
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112. Other diseases of the stomach (cancer excepted). 
113. Diarrhooa and enteritis (under 2 years of age). 
114. Diarrhooa and enteritis (over 2. years of age). 
lUi, Ankylostomiasis. • 
116. Diaeases due to other intestina.l parasites : 

· (a) Cestodes (hydatids of the liver excepted). 
(b) Trematodes. 
(c) Nematodes (other than ankylostoma). 
(d) Coccidia. 
(•) Other parasites. 

. (f) Undefined parasites, 
117. Appendicitis and typhlitis. 
118. Hernia, intestina.l obstruction : 

(a) Hernia. 
(b) Intestina.l obstruction, 

119.&. Diaoasu of the """" and •torcoral flow/a, 
119B. Other diseases of the intestine. 
120. Acute yellow atrophy of the liver. 
121. Hydatid tumour of the liver, 
122. Cirrhosis of the liver: 

(a) Returned as a.lcoholio, 
(b) Not returned as ·a.lcoholic. 

123. Biliary ca.iculi. 
124. Other diseases of the liver. 
125. Diaeases of the pancreas. 
126. Peritonitis of unsteted origin. 
127. Other diseases of the digestive system (cancer and tuberculosis 

excepted). 

vn. No.w·VENEBB.u DISEASEs o .. THE . GENITO~UBINARY SYS""""'. • 
AND lTS ANNEXA. • ' • ' 

128. Acute nephritis (including unsPecm.ed under 10 years of a~). 
129. Chropic nephritis (including unspecified over 10 years of age). 
130. Chyluria. · 
131. Other diseases of the' kidneys and their. annexa (diseases of· 

the kidneys in pregoancy. excluded). • 
132. Calculi of the urinary pasasges. 
133. Dieeases of the bladder. · 
134. Diseasei! of the urethra, urinary abscess, etc. : 

(a) Stricture of the urethra. 
. (b) Other diseases. 
J:35; Diaeases of the prostete. · 
136. Non.venerea.l diseases of the male genita.l organs. 0 
137. Cyste and other benigo tumours of the ovary. 
138. Sa.lpingitis and pelvic abscess. 
139. Benigo tumours of the uterus. 
140. Non·puerpera.l uterine hlllmorrhage. 
141.&. Melritio • 

. 141B. Other diseases of the fema.le genita.i organs. 
!4_2. Non.puerpera.i diseases of the breast (cancer excepted), 

VIn. TH10 l'oERpJOBAL s., ... .,,.. 
143.&. Normal ohildiMIA. 
l43B. Acoidente of pregoancy : 
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(a) Abortion. 
(b) Ectopic gestation. 
(c) Other accidents. 

144. Puerperal h"'morrha.ge. 
145. Other accidents of childbirth. 
146. Puerperal sepeis. 
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147. Phlegmasia alba dolens; puerperal embolism or sudden death 
in the puerperium. 

148. Puerperal albuminuria and convulsions. · 
149. Childbirth (without other explanation). 
150. Puerperal diseases of the breast. 

IX. DisEASES oF mE SKIN AND CELLULAR TissuE. 
151. Gangrene. 
152. Furuncle. 
153. Phlegmon, acute abscess. 
154A. Tricltophylosi.o. 
154B. Scabies. 
154c. Other diseases of the skin and its annexa. 

X. DisEASES Ol' THE BoNES AND ORGANS Oil' LocoMOTION. 

155. Disease& of the bones (tuberculosis and rickets excepted). 
156. Diseases of the joints (tuberculosis and rheumatism excepted). 
157. Amputation. 
158. Other diseases of the organs of locomotion. 

XI. MALFORMATIONS. 

159. CongenitaJ mu.lformations (still·hirths excepted). 

XII. DISEASES OF EARLY INFANCY. 
160A. N ursling• diochargetl from lwBpital without dioeaoe. 
160s. CongenitaJ debility, icterus and scleroma. 

'161. Premature birth; injury at birth. 
162. Other diseases peculiar to early infancy. 
163. Lack of care. 

XIII. OLD AoE. 
164. Senility. 

XIV. ExTERNAL CAUSES. 

165. Suicide by solid or liquid poisons.· 
166, Suicide by corrosive substances. 
167. Suicide by poieonoue gas. 
168, Suicide by hanging or strangulation. 
169, Suicide by drowuing. 
170. Suici<ie by liresrms. 
171. Suicide by cutting or piercing instruments. 
172. Suicide by jumping from high places. 
173. Suicide by crushing. 
I H. Other suicides. 
176. P<>isoning by food. 
17 6. Poisoning by venomous animals 
177. Otl1er acute accident..! poisoninge. 
17 8. Conflagration. 
179. Burns (conflagration ~J<ct>pted). 

' 
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180. Aooidental mechanical suffocation. 
181 .. Accidental absorption of irrespirable or poisonous gas. 
182. Accidental drowning. ' 
183. Accidental injury by firearms (war casualties excepted). 
184. Accidental injury by cutting or piercing instruments. 
185. Accidental injury by fall. 
186. Accidental injury in mines and quarriee. 
187. Accidental injury by machinery. 
188. Accidental injury by other forme of crushing (vehiclee, rail· 

ways, landslides, etc.). 
189. Injury by animals (poisoning excepted). 

, 190. Wounds of war. 
191. Execution of civilians by belligerent armiee. 
l92A. Fatigue. 
l92B. Hunger or thirst.· 
193. Exceesive cold. 
194. Exceesive heat. 
195. Lightning. 
196. Electricity (lightning excepted). 
197. Homicide by firearms. 

· 198. Homicide by cutting or piercing instruments. 
199. Homicide by other means, 
200. Infanticide (murder of infante lees than one year of age). 
20]A, .Di8/ocation8, 
201B, Spn>inB. 
20lc. Fracture (cause not specified). 
202. Other external violence. . 

· 203. Violent· deaths of unknown causation. 

• 

XV. ILL-DEFINED DISEASES. • • 

204. Sudden death. 
205A. Cause of death unstated or ill-defined. 
205B. No disease; simulation. 
206. Diseases omitted as having caused lees than I 0 deaths. 

NO'.tE.-Wben lOBS than Ill aeaths are attributed to a disease ths.· 
data may be given simply in a footnote. The total number of deaths • 
from causes omitted for this reason ~ust then be given under No. 2011. 

The International Commission charged with the third decennial 
revision of the Nosologic Nomenclatures was convoked by the French 
Ministry of Foreign Affaire upon the recommendations of the Leagua 
of Red Cross Societies to meet at Paris, October 11, 1920. The above 
nomenclature was agreed to by the delegatee of forty-two nations, and 
the articles of agreement wera signed October 14, 1920. The official 
report with deteiled index and the minutee of the m .. ting is not 
yet issued (June _1923); 
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