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PREFACE. 

WHEN, some years ago, I first undertook the.duties 

. of & Medical Officer of Health, I had considerable 

difficulty in obtaining trustworthy guidance in the pre

paration of statistical reports. . My researches on the 

subject revealed the fact that the chief if not the only 

sources. of trustworthy information were the official re

ports of the Registrar-General and some scattered articles 

in encyclopmdias and in the transactions of learned 

societies. Further investigation showed that, apart from 

the reports arid articles referred to, & large mass of statis

tical information was current, which was untrustworthy 

in its methods of compilation and arrangement, and 

fallacious in its inferences. It became necessary, there

fore, to enter on & somewhat ex.tensive ex.ammation of 

the whole subject; and from the notes gradually accu-

. mulated dnring the yean; which have since elapsed, I 

have prepared the present guide to the subject, in the 

hope that it may b~ as useful to. oth~rS as such & guige 

would have been to me at an earlier stage. 



vi .PREFA.CE. 

The issue of the selections from the writings of Dr. 

Farr (" Vital Statistics") by the Sanitary Institute in 

1885, which appeared after I had begun my task, did not 

prevent me continuing it. Everyone interested in the 

progress of publio health owes a debt of gratitude to the 

Sanitary Institute, and to Mr. N. A. Humphreys, the 

editor of the work, for thus giving in a readily accessible 

form these seleotions from Dr. Farr's writings i but the 

form in which the work is necessarily cast-consisting. 

of extracts from various reports and articles, the subjects 

of which not infrequently overlap,-although very valu

able for reference, does not meet the requirements of the 

ordinary student. 

It is evident that in such a subject the substantive 

facts must be derived chiefly from the Registrar-General's 

Reports j and, where it is not otherwise stated, the reader 

may assume that the facts adduced in the following 

pages are derived from this source. The value of the 

Registrar-General's Reports is increasing year by year ; 

and there is no country in the world which pos~esses so 

rioh a mine of information for all who know how to avail 

themselves of its treasures. 

Other sources of information are acknowledged in their 

proper place j and the bibliography on pages xix. to xxi. 

will indicate the chief authorities which have been' 

consulted in its preparation. I am indebted to my 
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friends, Mr. C. Mansford, B.A., and Mr. W; J. H. Whit

tall, F.I.A., assistant-actuary to the Clerical, Medical and 

General Assurance Society, for valuable assistance in the 

more technical actuarial and mathematical portions of the 

book. 

In conclnsion, I venture to hope that this book will 

be found useful as a guide to junior medical officers 

of health and to all who are preparing for the various 

sanitary examinations, whose requirements I have had 

especially in view in writing it. 

ARTHUR NEWSHOLME. 

TOWN HALL, BRIGHTON. 

March 15th, 1889. 

PREFACE TO THE SECOND EDITION. 

THE fact that a new edition of this' book is required 

within a few months of its first issue is gratifying, as 

indicating that it meets the needs of students. The 

opportunity hits been taken to make some verbal correc

tions i but, with these exceptions, the book remains prac

tically as before. 

A.N. 
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INTRODUCTION. 

vrr,AL Statistics may be defined as the science of 
numbers applied to the life-history of communities 

and nations i and in the following J>&t,cre8 the chief statis
tical fact3 concerning the various phases and stages of life 
will be in turn presented. Th~ subject naturally divides 
itself into two sections: first, the sources of informatio~ 
as. the census enumerations, registration of births, 
marriages, sickness, death, etc. i and second, the infor
mation derived from these sources, which will be discussed 
in detail in the following pages. (See table of contents, 
pa."o'es ix.-xiii.). 

As the scope of a science widens, it is generally 
found necessary sooner or later to adopt numerical 
standards of comparison. In medical science this is 
found to be especially necessary, though perhaps in no 
other science is the difficulty of exact numerical state
ment so great. The value of upuience, founded on an 
accumulation of individual facts, varies greatly according 
to the character of the observer. As Dr. Guy has put 
it: "The 80mdimu of the cautious is the OfteR of the 
sanguine, the always of the empiric, and the neur of the 
sceptio i while the numbers I, 10, 100, 10,0)), have but 
one meaning for all mankind." -



xxiv INTRODUCTION. 

The variable accuracy of individual observers makes 
us distrustful of generalities founded on imperfect reason
ing or defective facts, and necessitates·the use of figures. 
Experience tells us that a certain event is to be expected, 
while the numerical method can tell us how often it is 
to be expected. We shall discuss later on the application 
of the numerical method to medical problems, and the 
difficulties involved in it. It is sometimes said that 
8tatistics may be made to prove anything j and no doubt 
they may be manipUlated in such a manner as to make 
it difficult to detect the fallacies involved in their abuse. 
But this ignorant or unscrupulous abuse of figures does 
not discredit their legitimate use, and that they have a 
very important and perfectly trustworthy application to 
medical facts will be abundantly shown in the following 
pages; while at the same time we hope to effectually 
guard against the errors which many writers have 
committed, and so help to rescue the subject from that 
disrepute into which it has undeservedly fallen. 



VITAL STATISTICS. 

CHAPTER I. 

POPULATION. 

Requirements of Correct Statistics.-Census Enumerations.-Age and Sex 
Grouping of Population.-Criticism of Acouracyof Census.-Methods 
of Estimating Population.-Registrar-General's Official Method.
Instances of Mistaken Estimates.-Estimation from Number of Inhab
ited Houses.-Estimation from Birth·rate.-Quinquennial Census.
Requirements of a good Census.-ElIeot of Migration on Population.
Population Registsrs.-Progress of Population.-Economio Value of 
Population. 

To obtain correct vital statistics, it is essential to have (1) 
a correct enumeration of the population; (2) a complete 

and accurate registration of births and deaths and other im
portant events in the life-history of individuals, as marriages 
and sickness j and (3) an accurate statement of the age, sex, and 
cause of death of each deceased person. 

An accurate estimate of population is ~he first desideratum, 
for population forms the natural basis of all vital statistics. In 
comparing different communities, it is necessary to state th~ 
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 enumerations 
For the years intervening between two census enumerati.ons& 
estimates of the population are made. 

The first census of modern times was taken in the year 1751 
in Sweden. In this country the first census was in 1801, and 
then decennially, the ninth being taken on April 4th, 1881. 
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 

B 
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as t.o ages, but it waa left optional whether this information 
should be furnished or not. The first census which could be 
described as fairly completl' was that of 185], which was 
organized under Dr. Farr's supervision. It obtained informa.
tion as to occupation, birthplace, relationship (husband, wife, 
etc.), civil condition (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. 
The accuracy of the information under this head has been 
impugned i but it is noteworthy that the mean age of females 
as returned in England exceeds the mean age of males by ten 
months, so that the tendency of women to understate their 
ages evidently only operates in comparatively small numbers. 

In the census report of 1881 the age and sex distribution of 
the population of each urban and rural sanitary authority, as 
constituted that year, was given for the first time. It is now, 
therefore, possible in these large districts and towns to give the 
death-rate at each group of ages and in the two sexes separately, 
a result which, as we shall snbsequently find, is of the highest 
importance (p. 101). 

Dr. Farr, many years ago, fonnd that in both the death 
registers and the census schedules there was a tendency for 
the ages to be ·stated in round nnmbers, as 30, 40, 50, etc. In 
classifying ages, he therefore adopted the groups 25-35, 35-45, 
etc., which minimises the effect of such displacement of ages. 
It would be well if all medical officers of health would adopt 
the same groups of ages in their annual reports, as comparison 
of results wonld be thus rendered possible. 

The correctness of census enumerations haS been doubted 
chiefly on three grounds: (1) the infrequency of the census i and 
(2) the conseqnent incompetence of the enumerators i and (3) 
misrepresentations of the enumerated, either from ignorance 
or wilful misrepresentation. We have already alluded to in· 
accuracy in respect of information as to age. Such errors are 
most apt to occur at the extremes of age. They are of greatest 
importance in the first years of life, infants being often 
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returned in the census a year older than their true age. The 
methods of checking these errors will be subsequently described. 
Infirmities are apt, for obvious reasons, to be understated. 

The most serious error, howE)ver, occurs in regard to occupa
tions. Master and servant are confused. Thus a watchmaker 
may mean either the master ·or a journeyman; and there are' 
similar errors arising from the fact that of those returned nnder 
a given occupation, some are actually engaged in it, while 
others have retired from it • 
. Each succeeding census, however, is more accurate and com

plete; and with the. advance of education among the masses 
of the people, the information obtained will become st~ll more 
reliable. . 

Estimates of Population require to be made in the intervals 
between each census and the next succeeding one. Several 
methods of varying accuracy have been proposed. 

1. Theoretically, if we knew the number of births and 
deaths, and of emigrants and immigrants since the last census, 
the population in any year could be accurately stated. But an 
uncertain number of births and a smaller number of deaths 
escape registration, and ~1though the number of emigrants is 
roughly known, there is no information as to the number of 
immigrants into this country. 

2. It is assumed· that the increase of population in an estab
lished country like ours remains fairly constant from one decade 
to another. Thus, given the population of any town or district 
in April, 1871 and 1881, and required to find the population, 
say, in the middle of 1888. The difference between the two 
census populations divided by 10 will, on this supposition, give 
1:he annual increase of population, and this multiplied by thE' 
·number of years since 1881, and added on to the population of 
1881, will give the total population in April, 1888. In esti
mating death and other rates of a non-stationary population, 
the mean popUlation of the year must be taken. For the 
three' months between April and June, 1888, therefore, add on 
one-fourth of the annual increase of population. 

Thus,-
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PopulO. in l881-Popul . in 1871 = annual increase of populD• 

10 

Annual increase x 7 + annual !ncrease + population in 1881= 

mean population in 1888. 
For example,-

If population in 1871=32,000, and the population in 1881 
=36,000, what is the mean population in 1885 ? 

36,000-32,000 400 1 • 10 =annua mcrease. 

4~=100=increase from East.er to Midsummer. 

400 x 4+100+36,ooo=37,700=mean population of 1885. 

This method of estimating the population, which assumes 
that the annual increase of population throughout a decade is 
constant in each year, is necessarily falIaciouFl, 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 years. The error is similar to the assumption 
that simple interest and compound interest will produce 
identical results. In simple interest the principal remains 
constant, and a constant rate of interest would produce a con
stant actual increase in capital. With compound interest, 
however, the capital (by addition of principal and interest) 
becomes greater each year, and consequently the interest itself 
increases year by year. In other words, with compound intereFlt 
the rate of inter6FIt remains the same, but the principal on which 
the interest is calculated is increased year by year. 

S. The Registrar-General'. method is based on the assump
tion that the Bame rate of increase will hold good as in the 
previous in tercensal period. 

In order to sh"ow how this principle is applied, we have to 
consider the following problem, which, it will be seen, is prac
tically the same as a problem in compound interest, and 
demands for its treatment an elementary knowledge of the 
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principles of logarithms, which can be obtained from the intro
duc.tion to any table of logarithms, or from any standard work 
on algebra. 

Having given the population of a district at any :fixed date, 
to find the population a. given number of years hence. 

Now the extent to whic.h th~ population will have increased 
will clearly d(lpend upon the annual rate of increase; i.e., the 
rate per cent. or per unit by which the births exceed the deaths 
in the population in question. 

Suppose, for the sake of example, that this net aimual rate 
of increase is r per unit of population~ so that for every unit at 
the beginning of the year there exists 1 +r at the end of that. 
year, or, which is the same thing" there exists l+r of popula
tionat the beginning of the second year. Then assuming that 
the same rate of increase continues· in the second year, the 
population at the end of that year will be found by the follow
ing proposition: 

l:l+r:: 1+r:(1+r)2=population at end of second year. 
Similarly 1:1+r:: (1+r)2:(1+r)~=population at end of third 

year. 
In like manner the population at the end of the nth year 

will on the same principles be (l+r)", the· formula being pre
cisely the same as in compound interest when r=interest of 
one pound per annum. 

From these formuloo, which give the results for every unit 
of population at the end of one, two, three, etc.; n years to be 
(l+r)I, (1+r)2, (l+r)~ • • • (l+r)", we easily find the cor
responding formuloo for population P. For if we commence 
with population P, then, since every unit inn years produces 
(l+r)", the. total result will be P times (1 + r)"=P(l +r)". By 
giving to n the successive values 1, 2, 3, etc., we obtain the 
population produced by P after 1, 2, 3, etc., years. 

It will simplify these formuloo if we write R= 1 + r. 
Then a population of P will, after n' years, amount to 

P(l + r)" = PRn, where R = amount of every unit of popu
lation in one year, the word amount being used as in the 
language. of intere.st, to represent the original unit + the 
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increase for one year = principal and interest added to
gether. 

Now in order to apply these formulm to any given popula
tion it will be first requisite to find the value of r. Thill may 
be done if we know the population at any two consecutive 
census enumerations in the following way. Let P=population 
at the one census, and P'=population at the next census 
folfowing. Then if r=annual rate of increase per unit, and 
R= 1 + r=annual amount of each unit per annum, it is clear 
from what has been already shown that 

P(l +r)D=PRD=P'. 
But n=10 in this case. 
:. PRIO=P'. Hence taking the log. of each side of this 

equation, 
Log. P+I0 log. R=log. P', and 
10 log. R=log. P'-log. P. 
:. log. R=~ (log. P'-log. P) 
Whence R is easily obtained from a table of logs. 
An example will make this clear. 
If the census population of a town is 82,000 in 1871. and 

3G,OOO in 1881, what is the mean population in 1885? 
Here P=32,000, P'=3G,OOO. 
Hence log. P'=log. 36,000=4·55G303. 
And log. P = log. 32,000=4'505150. 

:. log. P'-log. P=0'051153. 
And y\ (log. P'-log. P) =0'005115=log. R=lng. (l+r). 

:. R, i.e. l+r=I-Q118 from the tables. 
Also n=I885l-1881!=41 years. 
'Ve take 1885l, because the mean population is the popula

tion at the middle of the year; and 1881! because the censl:8 
was taken in April, 1881; 

Therefore in this case 
P'=PR·, where P=36,000, R=I'0118, and n=41. 
:. P'=population required=3G,OOOx(l-o118)'-{. 
And log. P'=log. 3(l,000+¥ log. 1-0118. 
But log. 1'0118=0'005115. 
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:. 1 .. ' log. 1'0118=(}021739 J -
And log. 36,000 =4'556303 
Consequently by addition log. P'=4·578042. 

'i 

And from tables P'=37,848, the required population of 1~5. 
The assumption that the same rate of increase holds good as 

in the previous decade is by no means universally true. A 
population may remain stationary, or even decline; or, on the 
other hand, may increase very rapidly, from the rise of some 
new industry, or by reason of a place becoming notorious as 
a health resort. Thus (Lancet, August, 1888) the estimated 
population of Bradford in the middlE!. of 1888 was 229,721, but 
there is a note in the Registrar-General's weekly returns, that, 
judging by the number of houses in the rate-books, there are 
grounds for believing that the population is over-estimated, 
and, therefore, the death-rate under-estimated. In the year 
1881, the birth-rate in Bradford was 33'0 per 1,000 inhabitants, 
but in 1887, on the Registrar-General's hypothesis, it was only 
27'7, which in a manufacturing town is so low as to suggest 
some error. The calculated birth-rate of England and Wales 
fell from 33'9 in 1881 to 31'4 in 1887, but even in the impro
bable event of the Bradford birth-rate falling in the same 
proportion it would be only 3(}6. If the true birth-rate was 
30'6 in Bradford in 1887, then the corresponding population 
was only 202,712 instead of 224,507, as published by the 
Registrar-General. If 202,712 was the true population, then 
the death-rate in 1887 was 22'0 instead of 19'9, and the zymotic 
death-rate similarly was S'16 instead of 286 per 1,000 in
habitants. 

It is evident from this example that the Registrar-General's 
method may in individual cases allow the possibility of an 
error of at least 10 per cent. With such an error a recorded 
death-rate of 20 per 1,000 may represent an actual death-rate 
of 18 or of 22 per 1,000 .. 

Other Ilxamples are given in the Sanitary Rec~rd of Septem
ber, 1888. Thus 

In 1881 the population of Paddington was estimated at 
123.677; the census showed it to be 107,218. 
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In 1881 the population of Kensington was estimated at 
206,422; the census showed it to be 163,151. 

In. 1881 the population of Hampstead was estimated at 
64,541; the census showed it to be 45,452. 

In these cases the estimated numbers were 15'25 and 20 
per cent. respectively over the actual numbers, so that a death
rate of 15 per 1,000 in Kensington on the assumed population 
was one of 18'75 on the actual population. At the 1871 census 
the population of Gosport was found to have been over-esti
mated to the extent of 33 per cent., and of Cambridge under
estimated by about 15 per cent. Dr. Longstaff, in a letter to 
the Times in August, 1888, maintains that there are strong 
reasons for believing that the total population of the United 
Kingdom is half a million less than the official estimate. The 
Registrar-General in his 50th Annual Report shows, however, 
that although the birth-rate in the last few years has decreased, 
the death-rat.e has decreased to a corresponding extent, and 
although emigration has increased, an increased immigration 
has been proved by Mr. Giffen to accompany increased emi
gration, and that there is reason to believe, therefore, that the 
official estimate of the population of England and Wales is 
moderately accnrate. At the same time, this does not obviate 
the inaccuracies resulting from the application of the official 
method to the different districts and towns of the country. 

4. The results obtained by the previous methods may be 
to some extent checked by ascertaining the number of inhabited 
Muses for the year from the assessment books, and then 
multiplying this by the average number of inhabitants in each 
house, as ascertained at the last census. This method, although 
it forms a 1llleful check on the preceding method, involves the 
fallacy that new houses may be of a diflerent class from those 
previously in existence, and may therefore have a different 
number of occupants. In the rapidly growing suburbs of 
London, where old-fashioned large houses with gardena have 
been superseded by terraces of amall houses, this is particularly 
the case; but in many instances this method givea an approxi
mately correct r~sult. 
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In Brighton, in 1861, the number of inhabited houses was 
12,727, of persons, 77,693, equal to nearly 6'1 persons per house. 
Now in 1871 the number of inhabited houses was 14,438, and 
at the same rate the population should have been 88,071 
instead of 90,011, the actual number. The difference was pro
bably due in great measure to the increased number of large 
hotels. . 

It should be noted also that there is often difficulty in ascer
taining from officials the number of inhabited houses for the 
current year. An estimate founded on previous years is, of 
course, open to all the fallacies connected with similar estimates 
of population. 

5. An additional means of checking the official population 
is obtained, if we assume that the birth-rate per 1,000 in
habitants remains fairly constant in a series of years. On 
this assumption, the number of births in any year being 
registered, the population is easily calculated. 

Thus in the Wandsworth District the average birth-rate for 
the ten years 1872-81 was 35'68 per 1,000, and the number of 
births in 1881 was 7,582. Therefore the population in 1881, 
on the assumption that 35'68 was the birth-rate, was 

7582 X 1000 212 500 
35'68 ' 

By the census. return the population in 1881 was found to 
be 210,434, to which a small addition must be made for increase 
during the second quarter of the census year. 

By finding the estimated population of the Wandsworth 
District in 1881, according to the Registrar-General's'method, 
we can compare the accuracy of. the results obtained by the 
two methods. 

Population of Wands worth District in 1861 was 70,403, anCl 
in 1871 was 125,050. 

Required to estimate the population in 1881. 
By adopting the method described on p. 6 it will be 

. found to be 221,093, much further remote from the facts as 
revealed by the census than the population estimated from the 
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birth-rate: It should be remembered that the birth-rate started 
with has been calculated on the Registrar-General's official 
estimate of the population j and the preceding method can 
therefore only be regarded as testing the consistency of his 
figures, and not as determining the actual population. 

The conclusion from the preceding discussion on estimates of 
population is, that a more frequent census is required. Every 
calculation in vital statistics rests on the assumption that the 
population is accurately known, and consequently the trust
worthiness of such calculations steadily diminishes as the 
interval from the preceding census increases. 

It must be remembered that the mean population of the 
year is taken as the basis of calculation of mortality and other 
rates, which involves an estimate, even in the census year, for 
the three months between the census and midsummer. It 
would therefore be advantageous to have the census enumera
tions at the end of June as well as to have them more frequently • 

.&. Quinquennial Census would go far to remedy the present 
uncertainties. Such a census is practised in France and 
Germany (triennial in some German states), in New Zealand, 
Queensland, Manitoba, and the North-western Territory of 
Canada, as well as in twelve states and three territories of the 
American republic. It is trne that there are not as powerful 
reasons for a quinquennial census as on the continent, where it is 
required for military purposes j nor is there the same necessity 
as in many American states, where the increment of population 
is by leaps and bounds, and not steadily, as in most parts of 
our own country. Still, however, there are very strong reasons 
why a quinquennial census should be adopted. 

Vital statistics must always furnish the basis on which 
sanitary reforms shall rest, especially in regard to legislation. 
Dr. Farr may in this sense be called the father of sanitary 
science. There are also political reasons for the change, as 
political representation for both imperial and local purposcs 
will rest in future on a strictly numerical basis. In ad.Htion, 
a more frequent census would lead to the work being better 
done, owing to less difficulty in collecting a sufficient staff of 

l' 



POPULATION. 11 

intelligent enumerators, and greater experience on their part. 
The chief obstacle is the expense of the enumeration; but in 
view of the important results obtainable, it may be hoped that; 
the reform will be soon realized. The Government has been 
recently memorialised on the subject by the Statistical Society, 
and a deputation urging its importance has been favourably 
received by the Secretary of the Local Government Board (Dec., 
1888). 

The Requirements of a. good Census from a sanitarian's 
standpoint are, that the enumeration shall be accurate and 
complete, and that it shall be rapid and simultaneous through
out the country, in order to avoid the disturbing influences of 
migration. The particulars stated should comprise the follow- . 
ing items as a minimum: name, sex, age (children under two 
year'J stated in months), relation to head of household, conjugal 
condition, calling, religious persuasion, illiteracy, birthplace and 
nationality, language, residence, infirmities. The 'occupation 
should be given with such definition as will obviate confusion, 
and will e'nable different classes to be compared. The accurate 
enumeration of age.and sex is of great importance, as on it 
depends ~he correct'interpretation of mortality statistics. 

Effect of Migration on Population.-Between any two 
censuses there is a constant inflow and outflow of population. 
There is first the naturaZ increment of population due to the 
excess of births over deaths. Then there is the inflow caused 
by the p;esence in this country of visitors and settlers from 
other countries; while there is the much larger outflow due to 
the departure o~ travellers and emigrants. Probably there PI 
no other State in Europe in which the influence of immigration 
and emigration is so great- as in England. In the ten years 
1871-80 the natural increment of the population was 3,425,982, 
the actual increment (as determined by the census) was 
3,256,020. Thus in. ten years there was a loss by excess of 
emigration over immigration of 169,962, which excess consisted 
of 138,324 males and 31;638 females. 

Population Registers.-The on.ly way in which an exact re
cord of migration can be kept is by population registers, which 
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are kept in Sweden, Belgium, Holland, and Italy. The number 
of emigrants from England and Wales is approximately known 
from the annual returns of the Board of Trade, but there are 
no. trustworthy data as to immigration. 

During the year 1886 there were in England and Wales 
903,866 births and 537,276 deaths, so the natural increment 
was 366,590, equal to 1'32 per cent of the estimated population 
at the beginning of the year. Now the population of England 
and Wales enumerated in April, 1881, was 25,974,439 persons. 
The excess of births over de~ths (natural increment) from that 
date to t.he middle of 1886 was 1,971,600, making the population 
in 188.6, if determined simply by natural increment, 27,946,039. 
We have no data, however, for checking the influence of migra.
tion, and are obliged, therefore, to assume the same rate of 
increase as in the previous intercensal period, on which assump
tion the population of England and Wales in the middle of 
1886 consisted of 27,870,586 persons. 

Migration not only affects the actual numbers of persons, but 
has an important effect on the age and sex of the resultant 
population. Inasmuch as the mortality ,differs in the two sexes 
and at different ages, it is evidently of great importance to 
know for statistical purposes the age and sex constitution of a 
population. 

ProgreBl of Population.-The following table shows the 
population .()f England and Wales and London at each of the 
nine census enumerations : 

Population of 
een .... y ...... 

Bagland &04 W.l ... Loudon. 

1801 8,892,536 958,863 
1811 10,164,256 1.138,816 
1821 12,000,236 1.878,947 
1831 13.896,797 1,654,994 
18-11 15.914 148 1.948,417 
1851 17,927,609 2,362,236 
1861 20,000,224 2,808,989 
1871 22,712,266 8,254,260 
1881 25.968,286 8,814.671 
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Thus in England every 100 persons living in 1801 had in
creased to 132 in 1821, and every 100 persons Hving in 1821 
had increased to 132 in 1841. Every 100 persons living in 
1801 had increased to 175 in 1841, and at the sa"me rate of _ 
increase would amount to 200 in the year 1850 and to 300 in 
the year 1879. The mean rate ofjncrease was '0141 per unit, 
or 1'41 per cent. annually during-these years. The method by 
which these facts are worked out is as follows :-

Let r =rate of increase per unit of population, so that 
l+r=population at end of one year j and generally 

(1+r)D= " " " n years. 
Let R=(1+r) 

Then if P =total population in any given year •. 
n =number of years under observation. 
P'=population at end of n years. 
P (l+r)D=PRD=P' 

To find the time in which a population will double itself, i.e. 
in which P' will become equal to 2 P. 

p'=PRm 
2P=PRm 
·.RD=2 

. n log R=log 2 
log 2 log 2 • . 

n=log R=log (l+r) number of years ill which 

the population doubles itself. 
In the preceding instance r=·0141. 

log 2 '3010300 ' 
... n log 1'0141 '0060808 49'5 years. 

Similarly, to find in how many years the population trebles 
itself, we ha ve-

l~k 3 '4771213 
~ log 1'0141 'UUtJUt:SUt:! 78'4 years. 

The following table gives the estimated population and the 
area of the United Kingdom, and its several portions in the 
middle of 1886 :-
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Feroona. Malee. Femalea. Area In Ac ..... 

-
United Kingdom . 86,70M77 17,871,2'8 18,838,289 77,143,938 --- - - - -England and Wales 27,870,586 13,5~2,621 14.807,965 87,239,851 
Scotland 8,949,893 1,911,997 2,037,896 19,Otl4,6r,9 
Ireland. ',889,'98 2,896,630 2,492,868 20,819,928 

Economic Value of· Popul&tion.-Dr. Farr has shown that 
each individual member of the community has an actual money 
value represented by the wages he is capable of earning, and 
that this constitutes the most important factor in the wealth of 
the community. Deducting the amount required for subsistence, 
£150 is the mean net value of each member of the male popu
lation estimated by the standard of the agricultural labourer. 
This' amount is obtained by capitalizing the income derived 
from wages and deducting all the expenses of subsistence. It is 
evident that this value will vary greatly at different ages, being 
partly dependent npon the expectation of life, and very low in 
infancy on account of the bigh death-rate under five years of 
age. On Dr. Farr's basis, the child of an agricultural labourer 
is worth only £5 at birth, £56 at the age of 5, £117 at the age of 
10, £192 at the age of 15, increasing to £246 at the age of 25, 
then steadily declining to only £1 at the age of 70, while at 80 the 
cost of future maintenance is greater than the earnings by £41. 
It is evident that diseases like enteric fever and phthisis, which 
destroy life at its most prodnctive period, must necessarily 
involve an immense waste of money, and that the economic 
value of the population has been increased by sanitary measures. 
Thus by Dr. Farr's English Life Table the mean lifetime is 
40-86 years; by the Healthy Districts I .. ife Table it is 49'0 
years. It is fair to assume that if the mean lifetime in the 
latter case is one-fifth greater than in the former, at least one-
61th bas been added to the money value of a working population. 



CII.APTER II. 

BEGISTRATIOY OF' BIBTHS n7J DEATHs.. 

IIistolJ of &gistratiOu.-System of Begisb'ation.-Defects of Begisb'ation.
Number of UnceriiJiecl Deatbs.-Number of Inquests.-ImproYeDlents 
of BegistntioD required.-Uedical Begistrars.-Begistrat;ion of Causes 
of Death..-Deatbs from. i11-4e1inecl Causes.-Lact of UDiformity of 
Nomenclature.~&ssification of Diseases.-The Royal College of Ph,-

~ aicians on Nomencla.~ and Classification.-The Begisbar-General's 
Classification of Causes of Death. 

N EXT to a correct enumeration of population, the accn
rate and complete registration of births, marria.,o-es, and 

deaths constitutes an essential basis of vital statistics. The 
question of registration of disease will be discussed in the nm 
chapter. 

Such is the importance of this matter, that the lat. Dr. 
Parkes. only expresses the literal truth when he says: «The 
attention now paid to public health is in ~a large degree 
owing to the careful collection of the statistics of births 
and deaths, and of the causes of death, made in England dur
ing the last forty years. It may. truly be said, indeed, that 
not only all Europe, but gradually the entire world, has been 
influenced by the work of the Registrar-General of England. 
\\'"e are now able to determine with some precision the limits 
of mortality and its causes, and are being led up to the con
sideration of the causes which bring about a high death-rate." 

History of Registration. - The office of Registrar-General 
of England was created in 1836, and civil registration began as 
the result of an Act of Parliament on July 1st, 1837. The first 
of the series of annual reports of ~the Registrar-General W':!S 

Ii 
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published in 1839, and to this first report Dr. W. Farr, who 
acted 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, which have become so widely known, and 
must be constantly referred to by all who write on Vital Statis
tics. Even in this first letter he emphasized the importance of 
a correct and exact medical momenclature, saying that "the 
nomenclature is of as much importance in this department of 
inquiry .as weights and measures in the physical sciences." 
Successive amendments to the law of registration were made, 
and in 1874 a new law was enacted, rendering the registration 
of births and deaths compulsory, with penalties for non
compliance. 

In the 391 years before registration became compulsory, the 
registration of births was defective, the proportion of unregis
tered births being estimated at about 6 per cent. Only a small 
proportion of deaths were believed to have escaped registra
tion, though in a considerable proportion the medical certificate 
of cause of death was either unsatisfactory or altogether want
ing. The returns of 1876 showed the excellent effect of the 
compulsory law. The stated birth-rate of that year,36'6 per 
thousand, was the highest on record, being 1'2 per thousand 
higher than the average for the ten previous years; while the 
nnmber of uncertified deaths had greatly decreased. 

System 01 Registration. - The registration of births and 
of deaths is performed either at the offices of local regilltrars 
or the houses of the pqople. Copies of the certificates are for
warded to the General Register Office, Somerset House, where 
they are collated and abstracted; ll'.1d from these abstracts the 
weekly, , quarterly, and annual repor., of the Registrar-General 
are prepared. For the twenty-eight great English towns a 
weekly report is iSBued on the Tuesday morning next following 
the end of the week, which contains fuller information in 
regard to the causes of death in London, and states also the 
death-rate in the principal foreign kwns, as well as the 
meteorological facts of the week. The'. quarterly reports for 

\ 
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F;ngland and Wales are issued in the month following the end 
of the quarter, while the annual reports appear toward the end 
of the year subsequent to the year to which they apply. An 
annual summary, however, appears at an earlier date, and in 
regard -to the delay in the issue of the annual reports, it must 
be remembered that they are works of much labour and skill, 
and necessarily occupy considerable time in preparation. As 
Dr. Farr says: II They may be regarded as storehouses of facts, 
which have been arranged on methods that are approved as 
the most useful and convenient, and to which, both now and 
in future years, students of vital statistics may resort for the 
elucidation of questions bearing on the social condltion of the 
people, on national progress, on life, health, and disease. It is 
important they should be done well. It is desirable only in the 
next degree that they should be done quickly." 

The admirable decennial supplements of Dr. Farr have been 
continued since his decease by Dr. Ogle, and we shall have 
frequently to refer to their contents. 

The value of these various reports can scarcely be exaggerated. 
The rates of mortality in the weekly reports require, however, 
to be accepted with caution, as large fluctuations in short 
periods may be due to accidental causes. But in indicating the 
character and amount of prevalent diseases, and their geo
graphical distribution, they are invaluable. As Farr eloquently 
puts it: II Thus observers, like watchmen on the walls, are ever 
on the look out, so that they can see exactly what is going on, 
and neither plague, cholera, nor any other great epidemic can 
take the nations by surprise. The deaths serve the purpose 
of a self-registering inspection. Death cannot be deceived by 
sham defences." 

Imperfections of Registr.ation.-In order that registration 
may hl!ove its full value, the facts should be given uniformly, 
accurately, and completely. There are imperfections in tho 
present system of registration, which. are, however, steadily 
diminishing in .extent and importance. 

1. A certain proportion of the births remain unregistered. 
(a) There is strong reason .for thinking tlmt l\ certain number 

c 
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of children born alive are buried as BUll-born. (b) In addition 
to these, a small proportion of births escape registration from 
negligence; in other cases (c) owing to the shame of illegitimacy, 
ESpecially in large towns i others (d) in order to avoid com
pulsory vaccination; and also (e) among migratory people, aa 
gypsies, Italiana, etc. The Act of 1837 made registration 
voluntary on the part of the parent, saying he alla11 give in
formation when requested to do so by the local registrar, but 
there being no penalty for refusal. Spite of this deficiency in 
the law, the number of unregistered births steadily decreased. 
The estimate of the annual deficiency in births registered 
during 18GI-70 (founded on the Census Report) was 13,G14 out 
of 7G3,G23, as compared with an annual deficiency of 19,323 in 
1851-00, and of 38,036 in the years 1841-50. 

2. The regiBtration 0/ deatli8, both as regard the fact itself 
and the cause of death, is steadily becoming more satisfactory, 
as will be shown shortly. There is still, however, a possibility 
of deaths escaping registrl'tion. In my annual report (1884) 
as Medical Officer of Health for Clapham, I made the following 
remark. .. , which refer to this point. "An important defect of 
the Registration of Deaths Act may be here alluded to. It is 
not necessary to register the death of any person before burial, 
but the 17th section of 87 and 38 Viet., cap. 68, provides that 
the person who buries or performs any religious service for the 
burial of any dead body &I to which no order or certificate 
under this section is delivered to him, shall within seven days 
Ilfter the burial give notice thereof.to the registrar, and if he 
fail to do 80 shall be liable to a £ina not exceeding £10. In 
the case which drew attention to this defect in the Act, the 
parents, who were unmarried, only l:ved two days in this sub
district before their child died. They then took the body to 
Chelsea, obtained a death certificate from a medical man who 
had previously known the child, and subsequently buried the 
child at. Hanwell. A week afwr the burial, and two week. 
after the death, a misdirected p08tcard was received by th~ 
Clapham ngistrar from the person who officiated at the buriall' 
baldly stating this fact. It is evident that Buch a canjunctio[ 
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of circumstances renders evasion of investigation in suspicious 
cases a comparatively easy tuk." 

Number of Uncertified Deaths.-In 1886 the causes of 
490,264, or 91-3 per cent_, of the total deaths were certified by 
registered medical practitioners i while the causes of 28,690, or 
6-3 per cent_, were certified by coroners i and the causes of 
18,322, or 3-4 per cent_ of the total deaths, were not certified_ 
In the previous yearS the proportion of uncertified deaths had 
steadily declined from 4-7 per cent. in 1879 to 3-5 per cent. in 
1886_ The number of uncertified deaths varies greatly in dif
ferent parts of the country. Thus in 188~ the proportion in 
the metropolis was only I-I per cent_, while in Durham it wae 
6-6, in Cornwall and Huntingdonshire 6-0j in Herefordshire 6-3 
and in Wales 8-1 per cent. 

ProPOI-tiOil per 100 Deaths of Uncertified Deaths. 

1880. lSSI. 1883. 1883. 18M. lBSS. 

-- - ------
England and Walc.q · · 4-S 4-1 S-9 S-' S-6 S-5 
Wales. · · 11-4 11-0 10-' 9-S 9'6 S-5 
Cornwall • · · · S-' '1-0 6-9 6-6 6-6 5-9 
Wiltshire • . · · · · loS O-S 1-1 0-7 0-' , 0'8 
Durham . . · · · · ,-a '1-a 6'9 5-8 5-8 I London . · · · · 1-S l'S l·a 1-S 1-1 Hl 

A considerable proportion of these uncertified deaths were 
submitted by the registrars to the coroner, who in an informal 
manner decided that no inquest was required. Such a pro
cedure would be justifiable if a private medical invesmgation 
were instituted, 'but as matters now stand there is little reason 
to doubt that many crimes remain undetected, which investi
gation would have brought to light. Even when a coroner's 
inquest is held, the result is often little if at all more satis
factory. 

Number of Inquests_-During the year 1886,.28,690 in
quests were held i i_e_, on 6'3 per cent of the total deaths, the 
proportion having varied in the seven preceding years from 
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4'9 to 5'5 per cent. The death on account of which an inquest 
is held is very commonly registered subsequently as "from 
natural causes," the coroner considering his sole function to be 
the detection of crime, and ignoring entirely the medical 
problems toward the solution of which he might contribute so 
greatly. In other inquest cases the certification is almost 
equally defective, the cause of death being returned as " sud
den death," "death by the visitation of God," " found dead,"ete. 
Such l'eturns are useless for classification j and it goes almost 
without saying that no coroner's inquest is satisfactory which 
does not include a post-mortem examination by a competont 
medical practitioner. 

Improvements in Registration required. -This unsatis
factory state of matters would be effectually remedied by the 
adoption of the, system advocated by Dr. Farr as early as 1804, 
As matters now stand, when there is no medical certificate of the 
cause of death, the registrar makes inquiries of the relatives of 
the deceased person, and if he is satisfied with their eX!Jlan
ation of the cause of death, enters it according to their state
ments, adding the statement that the death is "not medically 
certified." If he does not care to undertake the responsibility 
he refers the matter to the coroner, who generally gets his officer, 
a functionary as irresponsible as the local registrar, to make 
inqUlrIes. If the coroner's officer reports favourably, the 
coroner writes to the registrar that an inquest is unnecessary. 
Such a system is obviously open to the grossest abuses. All 
this would be remedied if, as Dr. Farr proposed, medical regis
trar, were appointed, who shoUld be in close association with 
the local sanitary authority, and whose duty it would be to 
inquire into the causes of death where there was no certificate 
or an unsatisfactory cause of death was returned. 

The medical officer of health ought to be the medical regis
trar of each district, and it should be part of his duty to make '" 
medical inquisition into the cause of death in all dubious cases, 

At the present time every medical practitioner is required 
under a penalty to certify the causes of his patients' death. 
Such compulsory certification under a penalty cannot be justi-

, I 
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fied in the absence of remuneration. The medical practitioner 
should receive a fee for his certificate, and the certificate should 
never come into 'the hands of the relatives of the deceased 

'person, but be sent direct to the local registrar. This would 
, insure much more accurate results, as at present family prac-

titioners have great difficulty in returning the true cause of 
death incases of alcoholism, syphilis, etc. , 

The Registra.tion of Causes of Death ,has given an im
mense impetus to sanitary work, and it is scarcely' too much 
to say that modern sanitary science owes its existence to the 
registration of deaths and their causes: and the localization of 
insanitary conditions thereby insured. Byits means w~ are 
able to submit to numerical analysis the facts relating to the 
laws of vitality, the influence of age and sex, of civilization, 
occupation, locality, season,and many other agencies j and 
our knowledge of all the facts bearing on health and disease 
has attained a precision never before known. ' 

There are certain fallacies in the registration of causes of 
death, partly owing to the imperfection of medical science and 
of a portion of its practitioners, and partly owing to differences 
of nomenclature and classification of diseases. 

The deaths uncertified have been already considered. It is 
evident that as these gradually diminish there will be a trans
ference to death under some definite head. The same applies 
to the mortality from ill-defined causes, the increased accuracy 
of diagnosis causing a steady decrease under this head. Thus 
in 1886 there were 29,283 deaths classed as from" ill-defined 
and not specified causes," being 5'5 per cent of the total deaths. 
In 1862 the death-rate in England and Wales per million 
living was 2,104 under this head; in 1872 it was 1,854 j and in 
1882 it was 1,154, decreasing still further to 1,047 per million 
living in 1886. 

The number in 1886 would have been greater had not 
between two 'and three thousand letters been sent out from tlle 
Registrar-General's office (a system first st~rted in 1881, when 
about 1,200 letters of inquiry were sent) to medical men, asking 
for further i~formation than was given in their certificates. 
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The informatioa received in answer to these inquiries reduced 
the deaths under dropiy from 966 to 336, adding the balance 
to cardiac renal and hepatic diseases. Similarly an addition 
was made of 202 deaths to childbirth and puerperal fever, of 
148 deaths to violence, and of 472 deaths to other headings. 

Faulty diagnosis, and the desire to shield relatives, are per
haps the most prolific sources of inaccurate and indefinite 
certificates. In many cases the certified causes of death are, 
as Dr. Rumsey long ago pointed out, nothing more than mode. 
of death, as cardiac syncope. The most common headings 
found in this indefinite class are, iWdomillal disca.e, debility, 
atrophy, inanition, innutrition, tcasting, congenital debility, 
cachexia, tumour, blood-poisoning, hremorrllage, dropsy, con
vulsions, etc. 

Peritoniti. standing alone is similarly unsatisfactory with
out its cause being defined, a large proportion of the casel 
being puerperal in origin. 

In many parts of the country, especially in Wale., the cansel 
of death stated by friende are very commonly accepted by the 
local registrar, without any medical certificate. Thil probably 
explaine the prevalence of consumption in 'Valee, any wasting 
disease, especially if accompanied by cough, being called by 
that name. 

The mortality from "abdominal disease" is on the dccrEllIse, 
nnd this may possibly account for at least a part of the in
creased mortality in recent years from cancer. 

The lack of uniformity of nomenclature among medical men 
is another source of fallacy. There appears to be a fashion even 
in the names of diseases. In one doctor's practice nearly all 
the deaths from respiratory diseases will be returned as bron
chitis, in another perhaps as pneumonia. It is necessary, 
therefore, in inetituting comparisons for a series of years, to 
take only some well-marked and easily recognisable cause of 
death, or some large group oC diseases in which the sources 
rS fallacy will counterbalance each other. Such factors 
LO not, however, invalidate the results obtainable from the 
national statistics. 'Vith the exception oC the figures relating' 
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to alcoholism, syphilis, and perhaps insanity, the figures on 
the whole are reliable. The case of cancer will be discllssed 
subsequently (page 208). Even the errors themselves tend to 
balance each other, and are subject to laws which, produce 
more or less constant factors. 

Perhaps there is no other case in which variations of nomen
clature are so unfortunate as in diphtheria. A large proportion 
of the deaths' due to this disease are doubtless returned as 
ulcerated throat, quinsy, laryngitis, membranous laryngitis, 
and especially croup. I have known cases certified as mem
branous laryngitis which were not entered in the Registrar
General's weekly reports as diphtheria, although they were 
acknowledged to be this by the practitioner in attendance, when 
inquiry was made by the local sanitary officials. Croup and 
quinsy were formerly placed by the Registrar-General next to 
diphtheria, as zymotic diseases, but have now been relegated 
to another position in deference to the classification of the 
Royal College of Physicians, London. 

A perfect medical registration of causes of death can only 
be insured by steady and gradual steps. This end will be 
greatly furthered by,- , 

(1) Improved education of medical practitioners, especially 
of those attending the poor, and a development of increased 
interest on their part in the important results to be obtained 
from exact statistics. 

(2) The appointment of skilled medical sanitarians as local 
registrars. Such registrars would reject every certificate 
which was not provided by a qualified person, and would 
institute further inquiries in dubious cases. 

(3) A uniform nomenclature of diseases. 
Nomenclature of Diseases.-The necessity of uniformity is 

obvious, as otherwise any classified results must be untrust
worthy. The nomenclature of the Royal College of Physicians 
of London, 'of which the second edition and first revision 
appeared in 1885, is the standard adopted in all English
speaking countries; and all death-returns should be made in 
accordance with this. Of coursf' no classification will obviate 



24 VITAL STATISTICS. 

the differences due to the opinions of individual practitioners, 
as, for instance, the return by one practitioner of death as 
due to croup which another would certify as diphtheria. 

The preface to the R. C. P. classification contains many 
weighty remarks' bearing on this question of Nomenclature 
and Classification which we cannot do better than quote. It is 
pointed out that the great ends of such a. nomenclature are 
(1) to perfect the statistical registration of diseases, (2) to form 
a steady basis on which medical experience can be built up, 
and (3) to throw light on the causes of disease, which, in many 
cases, may thus be brought within the range ofpreventibility. 

The committee appointed by the Royal College of Physicians 
expressed their sense of the desirability of as little deviation 
as possible from the list of names employed by the Registrar
General of England j as otherwise his settled plans and his 
forms of returns would require to be remodelled, the comparison 
of future with past returns would be made difficult and per
plexing, if not impossible, and a. damaging break would be 
Caused in evidence which becomes more and more trustworthy 
and valuable in proportion as it is prolonged and continuous. 

They also refused to exclude names, such as dropsy, palsy, 
convulsions, merely because they may seem to express only 
vague or imperfect knowledge, agreeing with Dr. Farr that the 
refusal to sanction such terms as these in the region of disease 
"would have an obvious tendency to encOurage reckless con
jecture" in making returns. The Revision Committee (1885), 
however, while fully acknowledging the wisdom of the above 
remark, "felt it right to indicate as strongly as possible the 
necessity of avoiding the use of the name. of symptoms wherever 
the names of diseases or of causes of symptoms could with 
reasonable certainty be substituted." Thus the term apoplexy 
should only be used when the morbid condition causing it 
cannot be recognised. 

The classification of diseases is a more difficult. task than 
their nomenclature, and it is pointed out that the comparison of 
single diseases (if well marked) is more reliable than that of 
groups of diseases. But although a good classification ill very 
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'difficult, it is very important, as it "aids and simplifies the 
registration of diseases, helps towards a more easy comparison 
and knowledge of them, and towards the storing of experience 
respecting them, and facilitates the discovering of general prin
ciples from the collected, grouped, and compared phenomena." 

A classification might be according to (1) symptoms, (2) 
causes, (3) intimate nature, (4) tissues or systems of the body 
affected, (5) parts of the body as they lie anatomically. The 
committee based their classification on anatomical considera
tions, and in subservience to this grouped diseases as General 
an Local. General diseases were divided into section Ai 
co prehending those disorders which appear to involve a 

.:>rbid condition of the blvod, such as the specific fevers; and 
action B, comprising for the most part disorders which are 

lpt to invade different parts of the same body simultaneously 
or successively, sometimes called Constitutional Diseases. The 
Revision' Committee pointed out that the name General 
Diseases fails to express the nature of the group which it 
heads, and that Morbi Oorporis Universi. would convey more 
clearly the idea intended, or "Diseases of the whole body 
and diseases which may be distributed in several parts at one 
time,:.-General Diseases." 

The system of classification of diseases must vary according 
to the object of the registration. Thus (1) the Registrar-General 
tabulates deaths and the caUses of death. His is essentially a 
classification based on an etiological basis, and thus possesses a 
supreme importance from a sanitary standpoint. The College 
of Physicians' classification is one of diseases, while that of the 
Registrar-General is of assigned causes of death; one is patho
logical, the other etiological. This is seen 'very strikingly> in the 
classification of injuries, the College of Physicians olassifying 
them according to their position and nature, while the Regis
trar-General divides them into accidental, hElmicidal, suicidal, 
and execution.l 

1 Similarly cases of whooping llough with death from pneumonia are 
referred by the Registrar.General to the former and IIluch more remote 
cause of death. Most classifications which give a single cause of dea.th in 
~heir ultimate analysis would ascribe the death to pneumonia. 



26 VITAL STATISTICS. 

(2) The army and navy medical departments tabulate 
diseases as well as deaths occurring in the two services. Hence 
many diseases appear which are not seen in the death returns. 

(3) The registrars. of hospitals and the medical officers of 
infirmaries deal mainly in their returns with the distribution of 
morbid processes within the body, and seek rather to find the 
proportion of deaths to attacks than the proportion of number 
of attacks or deaths to population. As this method takes note 
of ultimate and proximate causes of deaths, stating the original 
disease and its complications, there is commonly for each 
individual disease a multiple return. 

It is evident, therefure, that there must co-exist two dissimilar 
methods of classification, of which the etiological is for our 
present purposes by far the most important. 

Appended is the skeleton of the Registrar-General's classifi· 
cation, as it is on this the details of our knowledge of diseases 
must be fitted. We must repeat, however, that the knowledge 
of a separate disease is safer for comparative purposes than 
that of a group of diseases. For instance, the term Zymotic 
Diseases includes enteric fever and whooping congh, which 
certainly have a very unequal value as a test of the sani
tary condition of any locality. In regard to constitutional 
diseases, it should be remembered also that certain diseases, 
such as contracted granular kidney, which are classed under 
local diseases, might perhaps more justly come under the head of 
constitutional diseases, while in other instances the converse 
holds good. 

Registrar-GeneruJ,'. Classijlcation 0/ Cau.e. 0/ Death. 

L Specific Febrile or Zymotic Diseases-
1. Miasmatic Diseases-

{

Vaccinated. . 
Smallpox Unvaccinated. 

No Statement. 
Chicken Pox. 
Measles. 
Epidemic Rose Rash. 
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Scarlet Fever. 
Typhus. 
Relapsing Fever. 
Influenza. 
Whooping Cough. 
Mumps. 
Diphtheria. 
Cerebro-Spinal Fever. 
Simple and ill-Defined Fever. 
Enteric Fever. 
Other Miasmatic Diseases. 

2. Diarrhceal Diseases-
Cholera. 
DiarrhCBa, Dysentery. 

3. Malarial Diseases
Remittent Fever. 
Ague. 

4. Zoogenous Diseases
Hydrophobia. 
Glanders. 
Splenic Fever. 
Cowpox and other Effects of Vaccination. 

5. Venereal Diseases-
Syphilis. 
Gonorrhooa, Stricture of Urethra.. 

6. Septic Diseases
Phagedcena. 
Erysipelas. 
PYCBmia, SeptiCCBinia.. 
Puerperal Fever. 

II. Parasitic Diseases
Thrush. 
Other Diseases from Vegetable Parasites. 
Hydatid Disease. _ . 
Other Diseases from Animal Parasites 
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m. Dietetic Diseases-
Starvation, Want of Breastrmilk. 
Scurvy. 

I 
r Chronic Alcoholism. 

ntemperance l Delirium Tremens. 

IV. Constitutional Diseases- . 
Rheumatic Fever, Rheumatism of Heart. 
Gout. 
Rickets. 
Cancer. 
Tabes Mesenterica. 
Tubercular Meningitis (Acute Hydrocephalus). 
Phthisis. 
Other Forms of Tuberculosis, Scrofula. 
Purpura, Hlilmorrhagic Diathesis. 
Anlilmia, Chlorosis, Leucocythwmia. 
Diabetes Mellitus. 
Other and undefined Constitutional Diseases. 

V. Developmental Diseases
Premature Birth. 
Atelectasis. 
Cyanosis. 
Spina Bifid .. 
Imperforate Anus. 
Cleft Palate, Harelip. 
Other Congenital De!ects. 
Old Age. 

VI. Local Diseases-
D;seases of Nervous System. 

" "Organs of Special Sense. 
" "Circulating System. 
" " Respiratory-System. 
" _" Digestive System. 
" "Lymphatic System and Ductless 

Glands. 

" " Urinary System. 
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Diseases of Organs of Generation. 
" "Parturition. 
" " Organs of Locomotion. 
" " Integumentary System. 

VII. Violence-
Accident or Negligence. 

Homicide 
Suicide. 
Execution. 

VIII. TIl-Defined and Not Specified Causes
Dropsy. 
Debility, Atrophy, Inanition. 
Mortification. 
Tumour. 
Abscess. 
Hremorrhage. 
Sudden Deaths (causes unascertained). 
Other TIl-defined and Not Specified Causes. 



CHAPTER IlL 

BEGISTRATION OF SICK.YESS. 

Estimatioa of Prevalence of • DUe ... from ita HortalilJ.-EcoDomically 
Sicm- more importaDi thaD Death.-AUempta mad, to Register 
Sicm-.-BequiremeDta of SickDesa Registration.-Inlormatiou DOW 
Aftil&ble.-Object Prophylactio as well as ScieDti60.-CompulaorJ 
NotilieatiOD of Inlectiooa Diaeuee.-AdQlltagee of Noti4eatioD.
lIetboda.-E:deD&iou of Notilication.-Diaeuee to be Notilled.
E1fect OD ZJIIIOtio HortalilJ.-NatioDlll RegistratiOD of Infecuooa 
Dw--. 

THE registration or deaths gives a very imperfect view of 
the prevalence of disease. Sanitarians would have a 

greatly increased power oC protecting the public health if 
they could by early information of every case of preventible 
disease track its development and progrelll, and adopt mea
aurea or prevention. Dr. Lyon Playfair, in 1874, emphasized 
the importance of registration of sickneu in these worda: 
"The record of deaths only registers, aa it were, the wrecks 
which strew the shore, but it gives no account oC the vessels 
which were tossed in the billows of 8ickness, strained and 
maimed as they often are by the effecta of recurrent 8torms. 
Registration oC sickneu would tell us oC the coming 8torms 
and enable us to trim our vessels to meet them." 

Mortality statistics necessarily "ignore all that precede8 
the close or life." Can we from them obtain any idea aa to 
the pretNJumce of CI given dUeale in the absence of rep 
tration of disease 1 Under certain circumstances this may be 
possible, when a disease usually attacks an individual but once 
in a lif~time, and ita Catality baa been determined by observa
tion on a sufficiently large scale. Thus in the year 1876 

JO 
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there were 2;!f.fl deaths from scarlet fever in- London. In the 
metropolitan hO';1>itals there were during the same year 1,355 
cases, with deaths in a little oVer 10 per cenL Assuming the 
same rate of mortality, within and out of the hospitals, there 
were at least 22,885 cases of scarlet fever in London during 
that year. But the severer cases were more likely to be taken 
to the hospital, and the mortality would in that eVent be 
greater among hOb--pital patients; on which 8SS1UD.ption the 
total number of scarlet fever patients in London was greater 
than estimated above. Nearly 70 per cenL of the fatal cases 
occurred among children under five years of a."ae, whence the 
Regi,;1rar-General infers that at least 15,<xx> out of the 4S3,171 
children living under that a",ue in London, or about 1 in 30, 
had scarlet fever during the year. 

In other cases, however, as rhewnatism, a.,,"1le, asthma, it 
would be impossible to form even a rough idea of the pre
valence of a given disease from its fatality, as it may recur 
an indefinite number of times in the same individual. 

In a few cases, such as hydrophobia, splenic fever, and 
possibly cancer (which may, however, not recur after operation), 
the number of deaths may be taken as indicating the number 
of cases. 

It is very Callaci0!ll'l. however, to 8SS1UD.e any fixed rati~ 
between sickn~d-mortality. In order to ebtain a rough' 
idea of the prevalence of scarlet fever from the number of 
deaths and the number treated in hOb--pitals, it was necessary 
to wait until after the occurrence of a large number of cases, 
when the information was of no practical value. Thefatality 
of II girJel& dUnue TaTin fT'Wllly in di1£erent outbreaks under 
Tarying circomstances. The highest ratio of sickness is occa-1 
sionally found associated With a favourable rate of mortality. 
Ch(llen. is much less fatal towards the end....o.E...aaepidemic than 
at its beginning; so a conclusion drawn simply from the death 
ietUrDS migilCeasi1y exaggerate the diminution in the pre
valence of the disease. .. 

There are some disea~ again, the knowledge of which is 
llemable, but which do not perceptibly afFect the mortality 
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(except in some cases, through secondary consequences), as 
quinsy, influenza, mumps, chicken-pox, gonorrhooa. 

The medical officer of health, who only knows of fatal 
cases of preventible diseases, often feels himself in the im
potent position of a mere recorder of events. If he knew of 
every case, preventive measures could be adopted at an early 
stage, and the outbreak could be .tracked to its true origin, as 
not a single link in the chain of evidence would be missing. 

Death returns are silent about the large mass of common 
sickness, which, although it may disable a man, is not "unto 
death." From an economical point of view, this sickness is 
more importa.nt than deaths, "for it is the amount and 
duration of sickness rather than the mortality that tell on the 
prosperity of' a community" (Dr. Dickson). Or as Charles 
Dickens has stated it: CI It concerns a man more to know hiE 
risks of the fifty illnesSGs that may throw him on his back 
than the possible date of the one death that must come. We 
mllst have a list of killed and 0/ the wounded too I" 

Local returns of disabling sickness of every description 
would not only enable us to deal promptly with epidemic 
disease, but would also throw great light on the influence of 
season and climate, of social condition, and of trades and 
manufactures on health, and would thus enable preventive 
measures of diverse kinds to be brought into action. 

It is evident that even were it possible it is hardly required 
to know of every case of sickness. The lines of demarcation 
between health and sickness are ill-defined,- and the data, 
particulars of which will be given in a later chapter (page 275), 
are practically limited to the disabling diseases. 

Attempts made to Register SickneI8.-Without attempt
ing to give a history of the various attempts made in this 
country to obtain registration of prevalent diseases in different 
towns, including Dr. B. W. Richardson's experiment, we can 
only allude to two organized efforts which were for some time 
successful. 

The first was made by the lIetl'(lpolitan A8sociation of Health 
officers in 1857, and included sickneM of all kinds attended at the 
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public expense, in hospitals, and by poor law medical officers, 
dispensaries, workhouses, etc. The returns wer.e contributed 
volun~ily by the respective medical officers, the general 
Board of Health undertaking to print and circulate the weekly 
and quarterly tables. Of 109 hospitals and dispensaries, 
generally less than 60 contributed; in some cases boards of 
guardians refused to supply information; and before the expira
tion of the second year, the tables, which had never been com
plete for all sickness attended at the public expense, ceased to 
appear, voluntary co-operation being evidently unequal to the 
enterprise. It should be noted also that the returns were not 
entirely trustworthy so far as they went, for the diseases and 
accidents notified were not all new cases; that many returns 
represented patients who had come up from country districts 
for hospital treatment; and that an indefinite number of patients, 
who wander from hospital to hospital, must have been notified 
more than once. Dr. Ransome and the Sanitary Association of 
Manchester IIJ:d Salford· organized in 1860 a system of registra
tion of sickness for these towns which ~ppears to ha"e been 
very complete and exact, and was 'not finally abandoned until 
the compulsory notification of infectious diseases came into 
force nearly twenty-five years later. .An attempt was made, at 
Dr. Ransome's suggestion, to obtain simultaneously with the 
returns of disease a record of the mortality occurring amongst 
the cases reported. This was then compared with the total 
mortality, and a very fair guess could thus be made as'to the 
total number of cases occurring within the district. 

The Requirements of & Plan' for the registration of disease 
have been set forth by Dr. Farr as foilows, in the supplement to 
the Registrar-General's Thirty-fifth .Annual Report: "The 
reports of the existing medical officers are of great practical 
value, and will become more valuable every day. What is 
wanted is a staff officer in every county or great city, with 
clerkfl, to enable him to analyse and publish the results of 
weekly returns ·of sickness, to be procured from e..,ery district j 
distinguishing, as the army returns do, the. new cases, the re
coveries, the deaths reported weekly, and the patients remaining 

D 
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in the several hospitals, dispensaries, and workhouses. These 
compiled on a uniform plan, when consolidat,ed in the motro
polis, would be of national concern. It has been suggested 
that the returns of sickness should, to save time, be sent to 
London, and there analysed on a uniform system, as the causes 
of death are. That with the present postal arrangements is 
quite practicable.' The thing to aim at ultimately is a return 
of the cases of sickness in the civil population as complete as 
is now procured from the army. in Englllnd. It will be an 
invaluable contribution to therapeutics, as well as to hygiene: 
for it will enable the therapeutists to determine the duration 
and the fatality of all forms of disease, under the several 
existing systems of treatment, in the various sanitary and 
social conditions of the people. Illusion will be dispelled, 
quackery, as completely as astrology, suppressed, a science of 
therapeutics created, suffering diminished, life shielded from 
many dangers. The national returns of cases and of causes of 
death will be an arsenal which the genius of English healers 
cannot fail to turn to account." 

Information now Available.-l. Under an order made by 
the Local Government Board in February, 1879, it is incumbent 
on all district and workhouse medical officers appointed since 
that date to furnish the medical officers of health with returns 
of pauper sickness and deaths, as well as to notify the outbreak 
of dangerous infectious disease. A similar obligation has been 
imposed upon medical officers of district schools appointed after 
June, 1879. 

By means of these returns of pauper sickness a fair estimate 
of the prevalence of disease among the poorest classes can be 
obtained. The information is not quite so valuable as might 
be expected, especially in large towns, owing to the fact that 
only a small proportion of cases of enteric fever, diphtheria, 
etc., are treated at the patienta' own home; the chief exception 
to this rule being diarrhma. 

2. The keeper of a common lodging house is bound to give 
information to. the local authority of any case of dangerous 
infectious disease occurring on his premises. 
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3. Where bye-laws are in force in any district in relation to 
houses occupied by more than one family, the householder may 
be compelled to notify the occurrence,of infectious disease to 
the local authority. 

4. In addition to these sources of compulsory informationJ 

information is usually available from medical men where disin
fection or removal of patients is required,· from the clergy, 
.from school-board officers, and from the post-office ·authorities 
when any of their employes suffer from infectious illness. 

If the information accumulated by Friendly Societie~ were 
available, it would possess great value; and a combination of 
information from this source, and from other sick~lubs, from 
medical charities,· and from the poor law guardianS, would 
supply a fairly good system of registration of illness for each 
district. None of these would, however, suffice for sanitary 
purposes; they would not furnish the necessary information in 
regard to such children's diseases as measles and whooping 
cough, and but imperfect information as to scarlet fever: For 
these and like diseases compulsory notification of infectious 
diseases is essential. 

What may be regarded as an ideal system is that in force in 
the army and navy, where every case of sickness is tabulated 
as to character, duration, and result. Although it is not likely 
that any such complete returns will be obtained for the civil 
population, it may be hoped that in the not very distant future 
compulsory notification will not be confined to infectious 

. diseases. 
Compulsory Notification of Infectious Diseases.-The mai,n. 

object of registr~tion of sickness is prophylactic, and from this 
standpoint the registration of infectious diseases is supremely 
important. Such registration, in order to be of value, must 
be co;mpulsory. Whenever it has been simply voluntary 
and optional, the· returns have been invariably imperfect. and 
incomplete. Voluntary notification has been tried in a. 
few places, medical men being paid a fee for every case 
information of which they furnish to the sanitary authority. 
The result has been only very partial. The medical prac-
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titioner is by possibility subjected to odium and accused of 
a breach of professional secrecy when he notifies, unless the 
notification is compulsory. Such partial information is not 
trustworthy as indicating the prevalence of a disease, though 
it is better than none; nor is it efficacious in stopping the 

. spread of disease. The more cases the medical officer of health 
knows of and the wider the basis on which his etiological 
deductions can be built, the more likely are preventive mea
sures to be successful. It must not be supposed, however, that 

. compulsory notification of infectious diseases forms a complete 
means of meeting and combating infectious diseases. " 'Ve 
do not only seek to suppress them when they arise, but to 
prevent their origin" (Ransome); and to this end, we require 
to study thoroughly their natural history, their habitats, and 
the conditions under which they develop. and recur. 

Advantages of NotilicatiOll.-l. Early prophylactic measures 
can be taken, and thus it may be possible to choke epidemics 
at th!1ir birth. The centres of infection are diminished 
not only by the isolation of those actually ill, but also by 
preventing the commingling of "suspects," who have been 
exposed to infection, with others. In the case of small-pox, 
early notification allows time for successful vaccination of 
exposed persons. More effective isolation in hospital of persons 
without proper home isolation can be enforced. Dr. Tatham 
reports in regard to Salford, that in 1883, the first year of 
work under its local notification Act, only 26 per cent of the 
cases notified were removed to the hospital, while duriug 
1887-8, the proportion had reached nearly 50 per cent. The 
work of disinfection is very largely increased whenever notifi
cation is adopted_ 

2. The attendance at school of children from the infected 
family can be controlled. 

S. Incidentally the inspection mad) leads to the discovery of 
other conditions likely to spread disease~ as, for instance, milk 
supply, bl18iness of laundry, tailor, etc. 

4. A vast amount of inspection of bad premises follows on 
the information received, and sanitary measures are adopted. 
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6. The necessary inspections, have a marked educational 
influence on parents, householders, teachers, etc. j and lead to 
increased care in taking measures to prevent the spread of 
infection. 

Methods of Notification.-The different systems of com
pulsory notification in force are: (1) notification compulsory 
only on, the householder j (2) compulsory only on the medical 
attendant j (3) compulsory on both separately; (4) compulsory 
on the doctor to certify to the householder, and on the latter 
to notify to the local authority or the medical officer of health. 
Of the fifty-two towns in which compulsory notification pre
vails, in all but two (Aberdeen and Edinburgh) the occupier is 
bound to give notice to the local authority in case no medical 
man is in attendance. In nine towns the householder is 
exempt from notification if a doctor is in attendance (Ashton
under-Lyne, Dewsbury, Hartlepool, Manchester, Norwich, 
Preston,' Rotherham, Edinburgh, .A.berdeen). At only one 
town (Greenock) is the doctor exempt from a share in the 
notification. 'In Bradford, Norwich, -and Nottingham it is 
compulsory on the medical attendant to furnish a certificate 
of the disease to the householdert and the latter is responsible 
for its transmission to the local authority. This method seems 
clumsy and roundabout j but in practice it works well, and 
relieves the practitioner from any possible odium connected 
with the divulgence of his patient's complaint. It .puts the 
real onus on the guardians of the patient, who are the only 
persons who owe this duty to the State. 

Notification, to be of service, should be early and complete, 
and notification by the householder is probably insufficient for 
this purpose. It has,failed at Greenock. Eve~ wherenotifi
cation'is compulsory on the householder, in practice information 
is nearly always given by the medical attendant'; by being 
associated in compulsion with the householder he avoids any 
possible odium; and it is probable that this "dual method" 
will be the one approved by the Local Government Board, and 
recommended for universal adoption. It is urged that this 
method will, in the event of secrecy being desired, prevent a 
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medical man being called in; but the same thing would on 
this supposition happen if the onus of notification rested sololy 
on the householder. For the doctor would be bound to give 
evidence that the nature of the illness had been stated by him 
to the householder, and the latter would in consequence have 
no excuse for not notifying. 

When notification has been in force for some time, the 
theoretical difficulties have been found to dwindle, and there 
is usually little or no friction. The dijJicultie. urged are as 
follows: (1) the desire of the doctor to respect his patient's 
confidence j and, in connection with this, (2) the desire to avoid 
publicity. There is, however, not the slightest need that the 
returns should cease to be strictly confidential; and the public 
interests may be guarded with full regard to the welfare of 
the sick and non-interference with trade and other concerns. 
(3) There is the difficulty of hospital accommodation. To secure 
the full benefits of notification, hospital accommodation must be 
provided, and where neceBBary there must be power of com
pulsory removal. (4) In towns where the medical officer of 
health is in practice medical men object to give information 
concerning their private cases. \Vith tact on the part of the 
medical officer, this difficulty can be overcome j but the best 
arrangement is for the medical officer to have charge of a suffi
ciently large area to justify his not engaging in private practice. 

Extension of Notifica.tion.-As the law stands at present, 
it rests with individual towns to apply for the neceltsary 
powers. Three towns, Bury, Manchester, and Salford, obtained 
provisional orders from the Local Government Board, which 
were subsequently confirmed by Parliament. Most corpora.
tions who have obtained this compulsory power have prefelTed 
the more expensive machinery of a local Act. 

The Local Government Board hilS within the last year 
(December, 1887) sent round a circular to each notification 
town, asking for particulars of the working of the system j and 
it may be hoped that the time is now ripe for an Imperial 
measure on the subject for the whole country. The principle 
of notification is already folly acknowledged by the Legislature 
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ln the case of towns where byelaws are in forca fOil' houses 
let in lodgings, and in regard to common lodging houses. Such 
piecemeal and class legislation should be extended to the 
whole community. It would appear also that more thought 
is taken by the Legislature for cattle than for human beings; 
for by the Contagious Diseases (Animals) Act, of 1878, every 
cattle owner is required under heavy penalties to report with
out delay any outbreak of infectious disease among his stock 
to the local authority. 

D:seases to be Notified. - Small-pox, Scarlet Fever, 
Diphtheria, Typhus Fever, and Typhoid Fever, are ufluaUy the 
only diseases included in the schedule of notifiable diseases. 
In a few towns Measles is notified; and considering how great 
mortality this disease may cause, there is strong reason fo1' 
including it in every instance. Epidemic Diarrhooa does not 
appear to be notified in any town, though we think there are 
very strong reasons for its addition to the list. 

Effect of Noti1ica.tion on Zymotic Mortality.-An at
tempt has been recently made to determine by appeal to figures 
whether compulsory notification diminishes the prevalence and 
fatality of infectious diseases. We doubt whether such an ap
peal to figures can be trusted, because it is hardly possible that 
the periods compared should fulfil an indispensable condition 
when comparisons are instituted; viz., that other things shall 
be equal. There are collateral sources of error. Notifica
tion often is not the only improvement which has occurred in 
notification towns. Alongside of notification various sanitary 
measures may have 'been taken, tending to a diminution of 
infectious disease. At the same time it must be remember~d 
that after such a disease as measles or scarlet fever has gone 

. through a town it exhausts the supply of persons prone to 
these· diseases; and apart altogether from any sanitary 
measures, some years must elapse before sufficient material has 
accumulated to furnisQ. fuel for another outbreak. In addition 
to this, there are probably periodic cyclical influences, the 
nature of which is imperfectly known, but which have im
portant bearings on the prevalence of a giyen disease. So that 
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neither on the one hand, the comparative absence of a given in
f~tions disease since notification c.'lme into force, nor, on the 
other hand, its increased prenlence, proves the utility or inu
tility of notification. 

The question is miIed up also .... ith that of hO!lpital accom
modation and isolation. Notification is but a means to all end. 
There may be no good results from it if the patients notified 
cannot be properly isolated. 

It should be remembered also that the materials anilabl(} 
for dra..-ing conclusions are very scanty, and that in many of 
the notification to..-os the period since notification began is 
too short to enable valid conclusions to be dl'3\\"D. Perhaps 
the best example of the value of notification, c.ombined "ith a 
good sanitary organization, is that of Leicester, cited by Dr. 
Seaton. During the six years precOOing 1887, in LonJon, 
1rithout any compulsory notification, the average annual 
mortality from small-pox was 26 per 100,00), "hile in Leicester 
it .... as only 1 per loo,OCO, spite of the large proportion of 
unvaccinated children. 

Dr. Tatham, Medical Officer of Health for Salford, has c.ol
lected the statistica of the five follo"ing dise.a..'les from 41 to\\"D!I, 
representing a population of over' millions, in "hich notific-a
tion is in force; and from his Annual &port (Salford, 1887) "e 
abstract the appended table. 

r.afe 0/ SickncSl J)(!T 100,(00 0/ Population in 41 torrn./rom 
the .ereral In/cdiOfU Di$ffU(!', notification 0/ rrlli .. h i. 
compfl18OrY lInd(T the Ux:al .Ad. 0/ rarliament. 

18'IS. ~ ... 1'166. I_ I 1!IIl7. 

--- ---
8m~n Pox · 20 12 19 10 8 
FearIPtFnew · a.~9 ""1 11'>4 412 6:'0 
Diphtheria · 83 U 26 Ii 4/1 
T~phQ. FeY« U 10 11 9 1 
EDIerio F~ew • 121 I~ 13' 140 1:!9 

While, however, depreeating a premature arrenl to statistics 
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in a problem where the conditions necessarily vary so widely, 
we must state our earnest conviction that universal notification 
of infectious disease, combined with the strictest isolation in 
hospitals or elsewhere. constitutes an immensely beneficial 
sanitary measure, the importance of which can scarcely be 
exaggerated. 

Ba.tiona! Registration of InlectiOlUl DiseaseL-Li a paper 
read at the meeting of the British Medical Association in 
August, 1888, Dr. Tatham drew attention to this subject, 
which is complementary to that of local compulsory notifi
cation, and if carried out would probably be of almost equal 
value to the public health. Although there are already 52 
notification towns, no machinery is available for making the 
local information generally serviceable. Seeing this defect, 
Dr. Tatham, at the beginning of 1888, made a private ar
rangement with the medical officers of health of 32 other no
tification towns, by which he. should receive from them weekly 
returns of the cases notified in each town. These were tabu
lated by him, and then circulated confidentially amongst the 
contributing medical officers early in the succeeding week. 
The practicability of this plan having been fully established, 
Dr. Tatham brought the matter to the attention of the Local 
Government Board, in the hope that they would take it over 
as a " going concern." There can be no doubt that they are 
the proper authority, whose duty it should be to publish these 
returns. Many of the local authorities, on the strength of the 
representations of their medical officers, petitioned the Local 
Government Board to take the matter in hand. The Board then 
addressed a circular of inquiry to the local authorities, whether 
in the event of the Board undertaking the publication of weekly 
returns of sickness, the individual authorities would agree to 
furnish the Board with the requisite local returns. Favourable 
answers were generally given to this circular; but no further 
steps have hitherto been taken (December, 1888). 

Such a system would form the natural complement of local 
notification of infectious diseases. It would enable every 
medical officer to know what infectious diseases were pre-
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valent in neighbouring towns, to watch their progress, and 
take precautionary measures against the invasion of his own 
area. To be forewarned is to be forearmed. 

While these pages are passing through the-press (Feb., 1889), 
the medical journals announce that the Local Government 
Board has just undertaken the tabulation and distribution of 
the statistics of cases of sickness notified to the sanitary 
authorities of those towns in which the notification of infec~ 
tious disease is compulsory. Only the co-operating towns 
receive the table summarising the statistics of these notifica
tion towns; and it is marked" not for publication." We may 
reasonably expect that this experiment will end in a nationR.1 
registration of infectious disease, and similar tabulation and 
distribution of the national statistics by the Local Government 
Board. 



CHAPTER IV'. 

MARRIAGES. 

Methods of Estimating Marriageso-Causes of High Marriage·Rate in 
Townso-Influence of National Prosperity on Marriage.Bateo-General 
Decline in Marriage-Bate.-Marriage Calendar.-Marriages and Be
marriBges.-Ages at Marriage.-OccupBtion as Influencing Age at 
Marriageo-Marriage of Minorso-Duration of Married Life.-Fecundity 
of Marriage.-Belation between Marriage and PopulBtion.-Proportion 
of Population Unmarried • ...,..Signatures in Marriage Begister. 

M ARRIAGE statistics possess great interest for all who 
. are concerned with the welfare of the people, affording 
as they do a valuable index of national·prosperity, and inci
dentally throwing an interesting light on the progress cif 1-

elementary education. 
Estima.tion of Ma.rriages. - 1.. The usual method is to 

state the proportion to the actual population, or the number 
per 1,000 living. Although this method is fairly reliable in 
comparing the same town or" community in successive years, 
it might lead to some inaccuracy if employed in comparing 
different communities in the same year; inas~ch as, owing to 
varying age and sex constitution, the number of marriageable 
persons, living in different communities, must vary consider
ably. It is, however, the only method at present available in 
comparing different communities, and is the one adopted in the 
following table ;-
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III Ito 

-----------------
167 14'3 10'7 14'4 - 18'9 14'9 13'8 
IN 15-1 10'0 19'5 20'6 18'6 150 H'O 
17'G 15-5 !I'G 17'7 20'0 18'8 15'9 14'5 
17'0 15'2 9'2 166 19-1 18-1 15'8 15'3 
16'7 14'8 9-1 164 18·2 17'1 16'8 15'7 
16'5 15'0 9'9 15'8 17'0 16'5 11l'8 15',l 
15'7 14'4 9'8 15'1 11l'0 15'0 15-4 15-1 
15'2 13'4 9'5 151 IH 15'2 14-2 14-6 
IN .128 87 15'l 15'0 15'5 16'0 13'5 
14-9 13'2 7-8 14-9 15'0 15':.1 138 13'8 
15-1 139 8'5 15'0 14-9 16'0 16'2 12'8 
15'5 14'l 8'6 14'8 15'4 16'4 15'7 18-4 
15'4 14'0 8'5 15'0 15'4 15'7 11l'0 13'2 . 
15'0 IS'S 9'1 15'8 15-7 15'7 111-4 H7 
144 12'9 8-6 14'9 15-8 15'2 15'8 U-8 
14-1 12·4 8'4 14-8 158 15 Ii 15'6 13-1 
14'2 12'5 8-7 14-6 lii'6 15'6 16-5 -

14'6 
15'0 
16'2 
16'4 
17'0 
17'1 
16-1 
148 
14'7 
15-2 
156 
lli'4 
15'4 
15-6 
15'1 
14-2 
14-0 

2. The more accurate method of estimating the marriage
rate for comparative purposes is to base it on the enumerated 
or estimated number of bachelors, spinsters, widowers, and 
widows living at marriageable ages. The number of these can 
be obtained for the census year from the census returns for 
each county and every urban sanitary district with a popu
lation of over 50,000 persons; and as there is every reason to 
believe that the proportion does not vary appreciably from 
year to year, the same method of estimation for increase of 
this portion of the population can be adopted as described 
(p. 6) for the whole population. 

The marriage-rate, as estimated by the ordinary method, is 
fairly trustworthy for successive years for the same country. 
As shown in the preceding table, it was very low in 1886, and 
in fact was the lowest since civil registration began. The 
highest had been 17-9 in 1853; the next higbellt 17-6 in 18i3, 
as compared with 14-4 in 1885 and 14-1 in 1886. 

-Higher Marriage-Rate in TowD •. -The marriage-rate is 
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always higher in large towns than in rural districts. This is 
chiefly .explained by the fact that a large number of young 
country-people resort to populous districts, where, owing to the 
presence' of large trades and manufactures, higher wages can 
be secured, and there they marry. In towns there is nearly 
always an excess of persons between twenty and forty years of 
age. Many also resort to towns merely to be married, subse-
quently returning to rural districts. I 

Influence of National Prosperity on Marriage-Rate.-Dr. 
Farr has 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 we find that the marriages of England increase as 
"the result of peace after war, abundance after dearth, high 
wages after want of employment, speculation after languid 
enterprise, confidence after distrust, national triumphs after 
national disasters." 

The same conclusion is borne out by the fact, frequently 
alluded to by the Registrar-General in his reports, that the 
marriage-rate varies in the same direction as the value of 
British exports, the average price of wheat, and the amount 
per head of population cleared out at the Bankers' Clearing 
House. The coincidence, it should be pointed out, is one in 
direction, but not in degree. Twice only in twenty-two years 
did the marriage-rate and exports move in different directions, 
while the marriage-rate and imports moved' diversely seven 
times in twenty-two years. 

The fact that marriages increase as the price of wheat rises 
is explained by the Registrar-General as follows: Evidently' 
the price of wheat, and therefore of food, has ceased to be the 
one determining factor rendering marriage justifiable or the 
reverse. The amount of wages is more important than the 
price of food, and the wages are determined by the demand for 
laboul', and this, speaking generally, by the amount and value of 
the goods produced and exported. Consequently the marriage
rate fluctuates with the exports of British goods rather than 
with the cheapness of food; and this explains the fact that 
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marriages do not increase when food is cheap. It does not 
explain, however, their increase when food is dear; and the 
Registrar-General (48th Annual Report) suggests that with 
increased wages, or an increased number of persons earning 
wages, there is a greater consumption of bread and a consequent 
rise in the price of wheat. He acknowledges, however, that the 
question requires the attention of experts, and a portion of his 
reasoning ill certainly undermined by the fact, for which we 
can vouch, that in agricultural districts, like Lincolnshire, it is 
the price of wheat which determines the amount of wages, and 
not vice verBa. 

General Decline in Marriage-Rat e.-The preceding table 
sho'ws that in this country there bas been.a considerable and 
almost continuous fall in the number of marriages, which set in 
with 1874. A similar decline is shown in other States; in 
France, Prussia, and the German Empire it set in a year earlier. 
In the latter countries the diminution appears greater, owing 
to the abnormally high marriage-rate in 1872, at the conclullion. 
of the Franco-Prussian war. It is evident that, as the decline 
in the marriage-rate is not confined to England, it cannot be 
regarded as indicating any falling off in the prosperity of this 
country, as compared with other parts of Europe. 

Marriage Calendar:-The Registrar-General's statistics show 
that most marriages occur in December, October, Apri~ and 
June. The greater number of marriages in December, April, 
and June are accounted for by the festive periods of Christ
mas, Easter, and 'Whitsuntide coinciding with these months; 
while October is the period after the harvest, when the agri
cultural labourer has comparative leisure as well as money in 
his pocket. The month of May, for some unknown reason, 
is lowest on the list as regards number of marriages. The 
favourite days in the week for marriages are Saturday, Monday, 
and Sunday. 

Marriages and Remarriages.-In the year 1886, of the 
total marriages 87'6 per cent. were of bachelors and 12'4 per 
cent. of widowers. Of the bacuelors who married (171,G64 in 
number), 95'6 per cent. married spinsters and 4'4 per cent. 
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widows. Of the widowers who remarried (24,407 in number), 
62 per cent. married spinsters and 38 per cent. widows, Of 
the women married during the same year, 91'4 percent. were 
spinsters and 8'6 per cent. widows. Of the spinsters (179,301 
in number), 91'6 per·cent. were married to bachelors and 8'4 
per cent. to widowers. Of the 16,770 widows who were re
married during the' year, 44'7 per cent. were married to 
bachelors and '55'3 per cent. to widowers. 

Ages at Marriage.-The statistics under this head are 
imperfect, owing to the phrases" full age," "minor," "under 
age," being frequently inserted in the register. There is 
evidence, however, of steady improvement in this respect; for 
while in 1851 in 63 per cent. of the total marriages the precise 
age was not stated, in 1861 the proportion had fallen to 37, 
in 1871 to 29, in 1885 to 8'5, and in 1886 to 6'9 per cent. It is 
unfortunate that such statement of age at marriage is not 
compulsory, as it would form an important datum in deter
mining the relative fecundity of different populations. 

Of the 93'1 per cent. of the total marriages in 1886 in which 
the age of the contracting parties was stated, the mean age of 
the women married was 25'9 years, and of the men 28'2 years. 
Taking marriages and remarriages separately, the mean age of 
widowers married was 43'8 years; of widows, 40'1' years; of 
bachelors, 26'2; and of spinsters, 24'6 years. Postponement 
of marriage of course limits the childbearing period; and a 
portion of the lowering of birth-rate which has occurred of late 
years may be ascribed to this cause. 

Age at Ma1'riage (in Years) oj 

Year. Bachelcrs. I Spinsters. 

1880 25'8 24'4 
1881 25'9 21-4 
1882 25'9 24-4 
1883 25'9 24'4 
1884 26'0 24'5 
1885 26'1 24'6 
1886 26'2 24'6 
1887 26'2 24'7 
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The mean age at marriage has been gradually rising since 
1873. In that year there was great prosperity, and the 
marriage-rate was at its maximum, the meall age of bachelors 
at marriage being 25·6, and·of t1pinsters 24·2 years, the lowest 
recorded. Since then the mean age at marriage has gradually 
risen, the figures for 1887 (see above table) being the highest 
yet recorded. It appears, therefore, that ,,·hen the marriages 

1 
are few in number, they are also delayed to a 80mewhat later 
period of life. 

Mr. C. Ansell in his "Statistics of Families in the Upper 
and Professional Classes" (page 44), found that the mean age 
at marriage of bachelors of these classes during the period 
1840 to 1871 was 29·9;, years. 

The following table from the Registrar-General's Annual 
Report for 1886 gives the relative age at marriage in different 
social conditions, widows and widowers being left out of ac
count. 

Average Age. at Marriage 0/ Bachelm-. and SpiruttT' i1l 
Occupational Group., 1884-1885. 

I 
D;tr. ..... .., ..... 

Occupaao.... IIIIcbelan. SpiDa_ 'ii:::.~-:.::: 

1----------1----1---1 Wlfe. 

Yin~1'8 • • • • • • • • • • 
Textile bauds • •••••• 
8Loemakers, T&ilora • • • • • 
Artisans. • • • • • • 
Labourers •• • • • 
Commercial Clerkl ••••• 
Shopkeepers, Shopmen • • • • 
Fanner. aud Soos • • • • • • 
Prof_lonai IUld Independent Class 

n06 
24-38 
".!12 
25·3 .. 
25·56 
26-2.) 
26·67 
29-23 
81-2;1 

2!H8 
23·'" 
nal 
2:1·70 
2366 
2-H.1 
IU2J 
2691 
2G·40 

- H,o 
- 0·95 
- 0111 
- 1·I\S 
- l·to 
- 1·"'2 
- 2-45 
- 232 
- 4"tj2 L-_________ ~ __ ~~ __ ~ ___ _ 

It will be seen from this table that in the groups in which 
men marry early, 80 do the women. Thus in the case of miners 
and textile hands the mean age at marriage in both men and 
women is at its lowest; while in farmers and those of the 
professional and independent classes there is the highest 
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mean age at marriage of both. It will be observed also that 
the more advanced the mean age, the greater becomes the 
difference between the age of husband and wife. 

Marriage of Minors.-Spite of th'e gradually rising mean age 
at marriage, the marriages of minOr9 do not show any cor
responding decrease. S"l per cent. of the bachelors (13,079) 
and 23"6 per cent. of the spinsters (39,533) whose ages at 
marriage were stated in 1886 were under 21 years of age i \ 
and in 6"2 per cent. of the marriages between bachelors and 
spinsters whose ages were stated both contracting parties 
were minors. 

The following table 'shows, without discrimination between 
first marriages and re-marriages, the proportion of marriages 
per 1,000 total marriages which occurred in successive years 
under 21 years of age :-

Proportion pet· 1,000 Marriages, occurring under 21 year. 
o/age. 

Ye.1'Io I Men. I Women • 
.. 

1841 4-1 133 
1846 43 137 

"1851 60 157 
1856 67 183 
1861 6t. 195 
1866 67 200 
1871 '19 220 
1876 83 220 

• 1881 '12 214 
1882 '16 220 
1883 '14 218 
1884 '13 213 
1885 '10 210 
1886 67 206 
1887 65 202 

To ascertain more exactly the proportion· of women marrying 
under age, we should require to know accurately the number 
of unmarried men and women living under 21 years of age. 
·Dr. Farr, acting on this method (35th Annual Report), came 

11: 
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to the conclusion, 'from figures given in the following table, 
that there was an increasing tendency to early marriage 
among the young people of this country, though since 1872 the 
proportion of marriages under age as thus measured has 
probably decreased (see tabie, page 49). 

Number of Marl'iages per 1,000 persons living unde,' 21. 

-y ....... XeD. WomeD. 

185lh'i2 7·6 24-8 
1860-62 9'6 29'6 
1870-72 11'8 8H 

Fecundity of Marriage.-Marriage being the great institu
tion by which the population is chiefly regulated, it becomes 
necessary to consider the conditions regulating the fertility of 
marriage. The two most important of these are the duration 
of married life, and the age at which marriage is contracted 
by women. 

Dr. Farr in his census report for 1871 stated that 8 out of 
every 10 brides and bridegrooms at their first marriage are 
between 20 and 30 years of" age, the mean of both sexes at 
their first marriage being 25, that of the bridegroom 25'65 
years, and of the bride 24'3 years. The' mean time that a 
couple of such lives survive is, as shown by calculations, 27 
years, which. represents the duration of married life, and 
approximately the time during which the issue of the marriage 
enjoy the joint protection of both paren?,. The further mean 
lifetime of the surviving parent is in the case of the father 
9'44 years, of the mother 11'31 years. 

Late marriages, by shortening the probable duration of 
married life, increase the proportional number of orphans. 

The age at marriage is the chief factor controlling the 
proportion of children to a marriage, the age of the wife being 
the most important element, because of the fact that child
bearing is limited practical1y between the 16th and 45th yoars 
of life~ The fathers and Dlothers of nearly half the children 
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bom are, according to Dr. Farr, under 30 years of age. If all 
the women at 30 should marry, and none before, the births, -
would be reduced to about two-thirds of their present number; 
and if the marriage age were postponed to 35, the births would_ 
faU to one-third of their present number, and the population 
would rapidly decline. For not only (a) would the number of 
births in each genoration diminish, but also (b) tho interval 
between the births of. sUllcessive generations would lengthen, 
the length of life remaining the same according to the hypo-
thesis. . - -

It has been doubted whether 'early marriages are really more 
fnlitful than later ones; and this is certain, that women wlio 
have married at about 17 or 18 frequently cease child-bearing 
before they are 30, the reproductive powers 'being exhausted. 
_But even supposing the fertility of early and late marriages 
to be identical, the number of children in the latter is less 
because of (a) the greater length _ of the ge!leration, and (bJ 
the fact that many who would have been parents have died be
fore reaching the later-age of marriage. 

The following table, from the Registrar-General's 40th 
Annual Report, _ gives the comp~rative fecundity of various 
European States. During the three years 1876-79 the average 
number of births to a marriage in England was 4'57. 

Comparative Fecundity in Different European States. 

Years. European States, BirtIui t? a. Marriage, 

1876 Italy · · '. .- 5-15 

" 
Prussia · · 4-92 

It . Sweden · . · .-- 4'84 
It Netherlands. · .- 4'S3 
II England. · · 4'63 .. Belgium. · · 4·48 

1870 Spain. · · · 4'47 
1876 Denmark · 4-24 

" 
Austria · · · 3'73 

" 
-France .- 3'42 

Assuming that the interval between the mean age of mar-



5:A VITAL STA.TISTICS. 

riage and the mean age of mothers in England is six years, 
then the legitimate births in 1874, divided by the average 
number of marriages in the three years 1867-9, will give the 
average number of births to a marriage, which was 4-07. In 
1864 it was 4-30, but the apparent increase is probably owing 
to improved registration of births. 

According to the last census in France, 20 per cent. of the 
families in that country have no children, 24 per cent. have 
one child, 22 per ~ent. 2 children, 15 per cent. 3 children, 9 per 
cent. 4 children, 5 per cent. 5 children, 3 per cent. 6 children, 
and 2 per cent. have 7 or more children j while there are on an 
average 259 children to 100 fertile marriages. 

Proportion of Population Unmarried.-The census report of 
1851 shows that of the population at ages of 20 and upwards, 
about 1 in 10 men and 1 in 8 women may be referred to the 
categQry of those never marrying. It is evident, therefore, that 
celibacy as well as marriage without children is the natural 
state of a portion of the population. 

The relative number of married and unmarried women 
during the decennium 1851-60 is shown in the following table: 

Married and Unmarried Women aged 15-55 in Year. 1851-60. 

Number In Each C1aaa. 

Eng1an4. 

Women •• 6,437,769 

Wives • •• 2,843,37' 
Spinsters anel 

Widowl.. 2,594.895 

Scotlan4. 

867,062 

883,271 

483,791 

Percentage In Each Cl ..... 

Eoglan4. 

100'00 

62'29 

47-71 

Soot1ao4. 

100-00 

"-20 

65·80 

Thus in England 62 ia 100 women of the age 15-65 were 
wives, while in Scotland only 44 were such~ 

The following table, arranged by Dr. Longstaff from the 1881 
eensus 'report, gives the numbers and conjugal condition of 
both sexes at the last census :-
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Excess 0/ Males Of' Females at Different Groups 0/ Ages, 
together with their Oonjugal Oondition. 

Agee and 
Condition. 

Children under 15 • 
Unmarried,15-35. 

.. 35-45. 
" 45-. 

M'arried, 15-35. • 
" 85- •• 

Widowed, all ages • 

Males. 

NumberB. 

4,728,466 
2,704,062 

195,427 
200,255 

1,469,040 
2,907,858 

434,794 

E:s:ceBB over 
Females. 

72,629 

248,133 

Females. 

Numbers. 

4,740,125 
2,631,433 

233,820 
292,151 

1,778,237 
2,659,725 

999,046 

Excess over 
MaieB. 

11,659 

38,393 
91,896 

309,197 

564,252 

Total • • • 12,639,902 320,762 13,334,587 1,015,897 

Balance, Excess of 
Females ••• I 694,635_ 

Signatures in Marriage Register.-These throw an interesting 
sidelight on the state of elementary education in this country, 
as indicated by the ability to sign the marriage register. 

Proportion Uruible to sign Marriage Register. 

ye .... _ ISD. 1861. 1861. 1871. 1881. 1887. 
------ ---

Out of 1,000 Men 
Married, No. 
unable to sign 

326 308 246 194 135 91 

Register 
-------

Out of 1,000 Wo-
men Married, 488 453 347 268 177 106 
No. unable to 
sign Register 

--- ---r------
Out of 1,000 Per-

sons Married, , 235 
both unable to 

161 113 64 M 

sign Register 

In the country as- a whole, the number of men unable to 
write is considerably less than of women,-though the difference 
between the two sexes, as shown in the above table, is rapidly 
diminishing. Taking the counties separately there is great 
discrepancy, the general rule being, 'according to the Registrar-
G~neral, that in agricultural counties the male, and in mining 
and industrial counties the female, is the worse educated sex. 

, 



CHAPTER V. 

BIRTHS. 

·Estimation of Birth·rate.-History of Registration of Birth •• -Dirth 
statistics of Counties of England and Wales.-InOuence .of Bocial 
Position and National Prosperitl.-InOuencs of Nationalitl.-Btill. 
Birthllo-Proportion of Males and Females at Birth.-IlIegitimacl'
InOuence of Earll Marriage and of Education on Dlegitimacl.-The 
Malthusian h1Pothesia.-Law. of Inorease of Population lind of Bub· 
.ilitence.-InOuence of Birth·rate on Age.Constitutioll of Population.
Natural Increase of Population. 

THE consideration in the last chapter of marriag~s and 
their average fecundity naturally opens the way to II 

discussion of birth statistics. Such statistics are of value in 
giving infonnation as to the rate of increase of the population, 
and the age and sex·distribution of the population, in addition 
to their great BOcial interest, especially when the statistics of 
illegitimacy are included. 

EBtimation of Birth.rate.-The birth·rate may be estimated 
by the following plans, of which the second is the more 
accurate, though not so easily available for ordinary purposes. 
(1) It is reckoned as a rate per 1,000 of the population living 
at all ages, in the middle of the year. This may be described 
as a crude birth-rate. It is satisfactory when used for the 
same community in a series of years, or in comparing the birth. 
rates of communities whose populations are known to be nearly 
if not quite identical in their age and sex·composHion. If, 
however, the number living at child·beanng years differs in 
two populations, the birth·rate per 1,000 of the total population 
would vary from this cause, apart t.ltogether from varying 

M 
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fecundity of the two populations. Thus iii. 1870 the number 
of persons in'the United'States aged 20-60' years amounted to 
43'9 per cent. of· the total population; while in France. the 
correspond!ng number was 53'7 per cent. 

When more accuracy is required, we must (2) calculate the 
, proportion the births registered bear to" the wori:).en' living at 

child-bearing years; i.e., roughly between about 16 and 45 years. 
These are shown by the census returns for each urhan and 
rural sanitary district; and as the age and sex composition, 
except in very abnormal' cases, does not vary materially in an 
intercensal period, the, same proportion of women aged 16-45 
to the total population holds good throughout the intervening 
period between any two census enumerations. A birth-rate 
obtained in this way is doubtless more accurate in comparing 
one country with another, and even different towns or districts 
of the same country; but the crude' birth-rate is sufficiently 
reliable for ordinary purposes. 

(3) It has been proposed to estimate the fecundity of a 
population by determining the proportion of births to each 
marriage. This method, however, makes no allowance for ille-
gitimate births. , " 

To ascertain the number of births to each marriage, the 
annual births should be divided by the annual marriages of 
some previous year. It is assumed that tlie- interval between 
the average age at marriage and at the birth of children is six 
years; , and on this assumption in the table on page 51 the 
legitimate births in 1876 are divided by the marriages 
registered six years earlier. 

Defects in·RegiBtra.tion of Births.-Prior'to the operation of 
the Civil Registration Act of 1837, there were no trustworthy 
birth. statistics. In the earlier years of the operation of the Act 
the birth registration was undoubtedly deficient, Dr. Farr esti
mating the deficiency during the 39t years ending with 1876 at 
5 per cent. The registration of births was first made compul
sory by the Births and Deaths Registration Act of 1874.; and it 
is probable that at the present, time tl1e failure of registration 
is very small, and chiefly confined to Ulegitimate births. There 
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are two grave defects in the Birth Registers of the United 
Kingdom. The ages of the mothers at the birth of each of 

. their children are not stated, nor is the order of their birth 
recorded, so that the Jtumber of children borne by women at 
different ages, and the total number in the course of their lives, 
cannot be ascertained in this country. 

Birth. Statistics 0/ England and Wale •• 

JlInba &0 1,000 Living. m."'Um .... Jllrth. or 
y- Birth. III Malea 10 

1,000 BirIIIa. 1,000 Hirth. 
'1'o&aI. ~ Dleci&lmalie· 01 J'emaleo. 

18U.sO· 82'6 80-6 t-1 67 IOU 
1851~0 84-1 81'9 11'1 65 1046 
1861-70 85'11 83'l t-1 61 104i 
1871-76 85'6 8307 1-8 611 1039 
1876 86'8 84'6 1-7 47 1088 
1877 86-0 84-8 1-7 47 1036 
1878 85'6 83'9 1-7 47 104i 
1879 84'7 83'0 1'7 48 1036 
1880 M-II 8i-6 1'6 48 1036 
1881 83'9 82'11 1-7 49 1039 
18811 83-7 82'1 1-11 49 1088 
188S 83'8 81'7 1-8 48 1035 
188' 83'8 81'7 1-8 47 Ion 
1885 8i'6 80-9 H 48 1040 
1886 8~H • 80-9 1-5 47 1038 
1887 81'6 119'9 1'5 48 1039 

It will be seen from the above table that the birth-rate in 
this country is steadily decreasing, the comparatively loW' 
figures in the earlier years of the preceding table being at 
least in part ascribable to imperfect registration. 

The birth-rate varies considerably under different circum· 
stances. Some of these will be noW' considered. The variation 
in different countiel is shown by the table on pages 68 and 
69 from the Registrar-General's 49th Annual Report. 

The loW'est rates occur in the agricultural, and the highest in 
mining and industrial districts. Thus, in the table referred ,to, 
we find the birth-rate in Staffordshire 36'1, in Durham 86'2, 
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in Lancashire 33'7, as compared with 29'8 in Dorsetshire, 29'5 
in Devonshire, and 27'3 in Herefordshire. 

The higher birth-rate in urban populations, which are to a 
gre.at extent included in mining and industrial districts, is 
owing in part to the higher marriage-rate, and in part to the 
earlier marriage of women, and the greater mortality among 
infants, which, by shortening the period of suckling, diminishes 
the intervals of child-bearing. But the chief reason is doubt
less the fact that in urban populations there is a greater pro
portion of women at child-bearing ages. 

Social Position has a considerable influence on the birth-rate, 
though there are very few data to determine this point. The 
fallacy involved in the fact that people's social position tends 
to improve as their ages advance should be remembered. We 
have already seen (page 48) that persons of the higher classes 
marry at a later age than others •. There are serious fallacies 
involved in comparing the crude birth-rate of" two populations. 
Thus Mr. Chadwick compared the metropolitan births, which 

. at the time of his remarks were 1 in 37 of the population, with 
those of Herefordshire, which were 1 in 44; but Mr. Neison 
showed that this difference was largely explained by the fact 
that while the population aged 20 to 40 was 36'33 per cent. of 
the total population in London, it was only 28'39 per cent 
in Herefordshir8'. 

The influence of National Prosperity on the birth-rate is in 
the same direction as its influence on the marriage-rate (page 45). 
A high birth-rate is due to prosperity, unless artificial and 
voluntary checks to population are introduced. The numbers, 
of the population are increased by an abundance of the neces
saries of life, and reduced by converse influences, as famine, 
epidemics, and other calamities. The only exception to the 
rule that national prosperity is accompanied by a high birth-

\. rate occurs when, from any cause, early and improvident 
marriages or illegitimate births increase to a large extent~ 



, . 
REGISTRATION 

COUNTY. 

ENGLAND · · · 
L-LoIIDON '. · · n.-SOUTH E£BHRII. 

Surrey (.slrG.m'lFopolitafl) • 
Kent (1.2:IrG-motlropulitafl) • 
Sussex. • • • • • • • 
Hamp~bire • · · · Berkshire. • · · · · · III.-SOUTS MIDLlIID. 
Middlesex (eztrca.""It'op,) 
H ertfordshire • • • • 
Buekingbamahire • · · O:lfordshire • · · Northamptonshire · · Huntingdonshire • · · · Bed10rdshire · · · · · Cambridgeshire · · · · IV.-E£BTUR. 
Essex. · · · · · · Bultolk · · · · · · Norfolk · . · · · · · ",,-SoI1TS WII8TBlIII. 
Wiltshire • · · · · · · Dorsetshire • · · . · Devonshire • · · . . · Cornwall • · . · . · · 

III IritimRle I lIRle. Born 
I D.'o.ths t·o 1.000 LIVillg. Death. of 

Firth. to Birth .. to to 1,000 I 'ren ChildtPD nnner 
1.000 Living. 1,000 Dirt.b~. Fema.les .Born. YesTa 1886. one Year to 

lH76-~fi, 1,000 Birtbe. 

I Ten 
1886. I i 

.. ,.; 
Ton Ton " ,.; " Ten 

Y ...... 1888. Yea ... 1888. Yea", 0 ., ;; Yeara 1886. i ;; ! 1876-86. 1876-86, 1876-88. ~ ':51 187_, 

= -- -- = 
84-4 82'4 48 47 1038 1038 I~ 19'8 20-3 18'3 142 

i-
149 

84-7 8lHo 39 88 1039 1041 21" 19'9 21'6 18" 162 159 

80'5 28-7 39' 41 1033 1016 16'3 16,0 17'3 14'8 112 120 
82'9 31'7 43 43 1044 1028 17" 17'8 18'6 17'1 118 130 
99'7 117'4 61 62 1045 1036 16" 16-1 17'2 16'0 110 121 
3a 31'4 44 41 1036 1022 17'8 19'3 20'4 18'2 112 131 
8l'11 119'9 .a 61 1041 1036 17'3 17,0 17'8 16-1 110 121 

83-9 35-l 85 3!J IOU 1041 17'5 17'8 19'9 16-5 128 142 
31-1 80-3 65 Ii4 1036 1072 17'5 18-2 19-0 IN 112 115 
82-9 8~N 53 46 1043 1026 17-9 18-0 19-0 18'1 122 132 
31-0 30-8 66 67 1037 1094 17-7 18'2 19-3 17-1 117 121 
83'9 311-l 45 45 1040 1032 18-3 18-3 18'9 17-7 135 143 
119,6 29-7 

1

49 46 1u54 980 17'2 19-3 '20-5 18-2 114 III 
82-6 83-2 68 64 1027 1079 18-7 18'9 20'6 17-4 138 137 
80'9 30-1 66 54 1043 10!5 17-9 19'5 20-3 18-8 128 140 

I 
34-5 36'8 ' 36 M ]034 1058 18-0 19-0 19'7 18'2 : 125 134 
82-0 32-11 68 59 1036 1015 18-2 18'7 19-7 17-8 118 132 
3a 81-8 77 72 10!6 1068 19'0 19-4 20-8 18-1 139 149 

30-8 2H 48 48 1033 11)12 17-9 175 18-0 17-0 105 .108 
29-3 29-8 50 

46\ 
1037 1029 16-9 17-6 18-1 17-1 102 105 

2\)'6 29-6 48 :~ ! 1037 105~ 19'0 19-7 20-7 J8-9 121 126 
119-4 80'6 63 1051 1109 19-9 22'1 23'1 21-3 138 160 

en 
(;Q 

~ 
!1J 

~ .... 
fI) 

~ 

S 
!A 



VI,-WES"l' MWLAND. 
Gloucestershire • 31-5 29'6 46 43 
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Shropshire. • • 29'8 28'8 82 82 
Staffordshire 39'2 36'1 48 49 
Worcestershire • 33'0 30'8 50 49 
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The influence of Nationality is shown in the followlDg 
table :-

Birth-Rates pe,. 1,000 Living in Different Countries. 

, 'Mean A nnnal 
COnnt.rl .... Birtb.RAIA! In tbe 1881. 188J. 1883. 189'- 1885. 1888. 1881. 

110 7 ...... 1881-110. ---------- -
England and Walel 85'S 83'9 88'7 83'8 83'8 82'5 82-4 81'4 
Scotland. · · 84'9 83'7 83'8 82'5 83" 82'S 82-4 81'2 
Ireland · · ,. 26'2 (17 J1'8.) 2"5 2"1 23'6 24'0 23'5 23'S 23'2 
Denmark. · · · 81'2 82'3 82" 81'8 83" 82'6 82'6 82'0 
Norway · · · · 80'8 (10 pa.) 80'0 80'9 80'9 81'0 81'8 80'9 -
Sweden I- 0 · · 80'9 29-1 29'4 28'9 80'0 29'6 29'8 -Austria · · · 89'7 88'7 88'9 88'2 88'4 81'4 87'7 88'2 
Hungary •• · 42'8 (15 yrB,) 43'7 44'6 45'3 46'0 - 45'5 -Switzerland • · 80'6 ~1l yra,) 29'8 28'8 28'4 28'l 27'5 27'5 -German Empire 89'6 9yrl.) 87'0 87'11 86'6 87'2 87'0 87'1 86'9 
Netherlanda • · 85'8 . 35'0 85'8 84'8 84-9 84'4 846 83'7 
Italy . · · 87'1 (18pa.) 88'0 87'1 87'l 88'7 88'1 861 85'8 
France. · · · 25'9 24'9 24'8 24'8 24-8 24,8 289 23'0 

It will be seen that there is a general tendency to decrease 
of the birth-rate in the years for which registration is reliable. 
The decrease is much- more marked in some countries than in 
others. In England and throughout Great Britain the decrease 
has been steady and uninterrupted. It may be ascribed 
to a smaller number of marriages (page 46), which doubtless 
has had some influence, or to diminished fecundity of each 
marriage, or to postponement of marriage to a later period 
of life, or to other causes; the relative importance of these 
different agencies being in fact somewhat doubtful 

The United States furnishes a good example of the difficulty 
encountered in estimating the true relative fecundity of the 
"native born" and immigrant population. The former com
prises not only true Americans, but also the offl!pring of 
foreigners born in the States, and contains an excess ~f 
children; while the" foreign" popl1lation contains an exc!:" 
of adults of reproductive ages. It is evident that the com
parison of births per 1,000 of each population would not be 
fair. Such an erroneous method has led to the conclusion that 
foreigners are three or four times as prolific as the native-bo~ 
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population; whereas the difference which actually exists is 
much less marked. Thus the census of the State of Massa
chusetts for 1875. (quoted by Buck) showed that over 57 per 
cent. of the native-born women, twenty years of age ap.d 
upwards, were mothers, and nearly 66 per cent. of foreigners 
of the same age. 

Still-births are not registered in England; but under the new 
Registration Act no still-born child can be buried without a' 
certificate from a registered practitioner in attendance, or from 
one who had examined the body, or a declaration from a mid
wife to the effect that the child was· still-horn. The proportion 
of' still-births to total births in this. country is supposed to be 
about 4 per cent., but this is uncertain. In France the children 
dying either before or after birth, if they die before registra
tion, are recorded as still-born. This fact should be remem
bered in estimating the true death-rate and birth-rate of 
France. Thus the corrected death-rate of France in 1875 
becomes 23'4 instead of 23'1 per 1,000 of population (Reg.
General's 38th Annual Report). The proper plan would be to 
register all still-births in a separate. category, distinct from 
both births and deaths. The males outnumber females in still
births, probably owing to greater difficulty in childbirth. 
Thus in the ten years 1865-1875, they were in France, 144; 
Italy, 140; Belgium, 135; Sweden, 133; and in P;russia, 129 
to every 100 female still-births. 

Proportion of Males and Females at Birth,-The· following 
table shows the proportion in successive groups of years in 
Englang. and Wales:-

Years. Males bom to every 
1,000 Fema.les born, 

... 
In the ten years 1838-47 1050 .. .. 1848-57 1046 .. .. 1858-67 1044 

II .. 1868-77 1039 .. aix years 18.78-83 1038 .. year 1884·, · 1041 

" 
.. 1885; · 1040 .. .. 1886 • · .. 1038 .. " 

1887 • · . 1039 
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Thll proportion borne by male and female births during the 
ten yea1'8'1870-79, in different European countries, is shown in 
the following table ;-

Country. Yal •• born to every 
1.000 Female. born. 

Itl\ly •• · · · · . 1071 
Austria. · · · 1068 
France . . · · 1116' 
Switzerland · . 106S 
German Empire • · 11)62 
Holland. · · · · 1061 
Belgium · · · 1059 
Scotland · · · · 1057 
Ireland • · ... 1056 
England and Wale •• 1039 

It' will be seen that the proportion of boys to girls at birth 
is smaller in England than in any, European country; while the 
preceding table (page 61) shows that for some unexplained 
reason the excess in the proportional number of boy~ is steadily 
decreasing. The proportion of boys to girls at birth in the 
various counties of England is shown in the table at page 68. 

According to the" Upper Class" Table, there are at ltirth 
1,053 boys to every 1,000 girls, and by the English Life Table 
of Dr. Farr, 1,048 to 1,000. The preponderance of males 
steadily diminishes with age, the diminution being most rapid 
ia the first year of life. At the age of thirty-four, the two 
sexes are equal in number; after that, the diminution in the 
proportion of males goes on, until at the age of seventy, by the 
Upper Class Table they are 813, and by the English Life Table 
925 to 1,000 females. The proportion of males is greater in 
large than. in small families; it is greater also among the 
earlier born than the later born children in a family. 

megitimacr has such important bearings on social problems, 
as well as on the chances of life of infants, that it deserves 
careful conSideration. 

It may be stated, (1) like the total death-rate, as a proportion 
to Avery 1,000 of the population. 
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(2) The most accurate method is to state it-as a proportion to 
the number of unmarried women liviitg at child-bearing ages. 
The number of both married and unmarried women of child
bearing years can be estimated from ~he census returns in the 
case of counties, and so their true rate of illegitimacy can be 
estimated. 

(3) We may state it as a proportion to the total births, as. in 
the table on page 58. This last method is somewhat fallacious, 
as the number of legitimate births varies with the marriage
rate, and this with the activity of trade j so fliat if the mar
riage-rate were low, and the number of illegitimate births 
remained stationary,the proportion of illegitimate to total 
births would appear larger than usual. Thus, in the year 
1881, there were 4'9 illegitimate birtJ1s to every hundred 
children born, a higher proportion than for the six preceding 
years, which was explained by the Registrar-General to -be 
due, not to increase in the number of illegitimate births, but 
to diminution in the number of legitimate births, owing to a 
lower marriage-rate. That' this was the true explanation is 
shown by the fact that the illegitimate birth-rate in 1881 (1'7 
per 1,000 of the population) remained the same as i;t the six 
preceding years. It is therefore satisfactory that, notwith
standing the continlled low marriage-rate, the illegitim~t6 
birth-rate was not afl'ected thereby. 

IUegitimate Bi1·th-J?ates. 
-

YetmI. Illegitimllte Births \ Dlegitimate Births 
to 1,000 Living. in I,lOO Birtl>s. 

1841-50 2'21 67. 
1851~0 2'23 65 
1861-70 2'15 61 
1871-80 1-76 50 
18Bl 1-7 49 
18B2 1·6 . 49 
IBB3 1-6 48 
188i 1'6 47 
IBBI> 1'6 ' 48 
1886 1'0 47 
1887 1'0 48 
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The same remarks apply even more for 1886-7, when the 
illegitimate birth-rate was the lowest on record. 

lllegitimate births are more prone than legitimate births 
to escape registration, especially in populous districts. . This 
deficiency of registration is probably on the decrease; but, spite 
ef this, there is an uninterrupted and satisfactory decrease of 
total registered illegitimacy. 

In different countiu the proportion of illegitimate births 
varies greatly. In the table on pages 58, 59, they were 47 per 
1,000 births, varying from 82 in Shropshire to 41 in Surrey, 34 
in Essex, and 32 in MiddleseL The differences between 
various counties as regards the prevalence of illegitimacy 
remain very constant from year to year: The Registrar-General 
has pointed out that England and Wales can be not very 
roughly divided into three zones; a south zone with an 
illegitimate rate below the general average; a midland zone 
with ill(Jgitimacy somewhat above the average; and a northern 
zone with an exceBBively high' rate of illegitimacy (see table, 
pages 58, 59). Shropshire always experiences an uncnvillble re
putation in this respect. Thus, in 1885, while, roughly, 1 in 21 
infants born in the whole country were born out of wedlock, 
in Shropshire the proportion was 1 in 11. It must not be 
assumed that th9 exact relative morality of different counties 
is undoubtedly stated by the figures in the table on pages 58, 59, 
on account of the fallacies to which we have previously alluded. 

A considerable proportion of the illegitimate births occur in 
.wm-khouse.. Thus, in 1882, out of every 1,000 illegitimate 
'births in Englaud and Wales, 163 occurred in workhouses, 
while only 2'1 out of every J,OOO legitimate births occurred in 
these institutions. It is curious to note, that the proportion of 
illegitimate births in workhouses is greatest in thoso counties 
in which the illegitimate birth-rate is lowest, and conversely 
the proportion is lowest where there is a high rate of illegiti
~, possibly owing to more extensive and systematic domestic 
concubinage in the latter case. 

Influence of Early Marriage on Illegitimacll.-The increasing 
number of early marriages during the ten years 1865-74 does not 
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appear to have accounted for the decreasing rate of illegitimacy 
in England during the same period. This is shown by the 
fonowing comparison made by Dr. Farr between the proportion 
born ou~ of wedlock and the ~ under age in the four 
counties of Cumberland, Norfolk, Salop, and Westmoreland 
(in which illegitimacy was very high), with the same data for 
extra-metropolitan lIiddlesex and Surrey, London and Mon
mouth (in which illegitimacy was very low). 

! ProportioD per Ie» I ~-=~lfaniagea I IIiniuI bona "'" vi 
WeaIoeL 

I 

I 

r: 
w ....... 

Cumberland, Norfolk, } 
, 

Salop, aDd • H 17'5 
WestmorelaDd. 

Extra-metropolitan 1 I lliddlesex and Saney. 8-0 5-0 IS-2 London. and I YonmontlL , . 
This conclusion is confirmed by the fact that during the pre

sent decennium the proportion of marria.,ues under age and the 
illegitimate birth-rate have both decreased. 

Influence of Education on Ilkgi/imacy_-There are few data 
bearing on this point j but the following table, abstracted from 

! Births oa& 01 Weel-' Pen:eutllf!'! 01 
c-miea. 

kct 10100 L"_ llarned w __ ho I W_agecl_ oigDedl:;LlIar!ta" 

London · · - 0-82 23 
Devonshire · · · 112 36 
MiddlEsex • · · · 1-17 30 
Saney. · · · 1-35 29 
Com...n • · · · 1'36 52 
Sossex. . · · · I-51 29 
Ken, . . . . . 1-62 M 
England and Wales 1-72 fa 
Wiltshire • · · · 1-89 47 
Lancashire · 1-90 63 
NOl'thnmberland · 1-95 38 
Cambridgeshire • · 2-01 46 
Durham · · 2{)! 48 
WeaBiding. · · 2-G9 59 
Shropshire • · · 2-17 47 
Slaflordshire • · · 2-40 60 
Norfolk . - · · 2-83 44 
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the Registrar-General's 14th Annual Report, shows the births 
out of wedlock in different parts of the country to 100 un
married women aged 15.,-55, and in a parallel column the per
centage of married women who signed the marriage register 
by marks in 1851. 

The column giving the state of elementary education among 
married women throws indirect light on the state of education 

.of the unmarried women; but it is evident that there is no 
uniform relationship between the state of education and amount 
of illegitimacy. 

The Malthusian lIypothesis.-The "Essay on Population," 
by Malthus, the first edition of which appeared in 1798, has 
excited great criticism, both favourable and unfavourable; and 
as the opinions of Malthus have been espoused by eminent 
scientists, it becomes necessary to consider them carefully. 
For a fuller consideration of the subject, the reader should 
refer to Dr. Farr's Supplement to the 35th Annual Report of 
the Registrar-General, from which most of the facts hereafter· 
stated have been obtained. The eflsay of Malthus was chiefly 
written to combat the views of Condorcet and Godwin, who held 
that the human race is advancing towards an ideal state of per
fection. Malthus's conclusion was the exact opposite of this, the 
"principle of population," according to his contention, rendering 
vice and misery inevitable in all ages. He laid .dOWD the fol
lowing principles, that (1) "population cannot increase without 
the means of subsistence," that (2) "population does invariably 
increase where there are the means of subsistence," and that (3) 
"the superior power of population cannot be checked without pro
ducing misery or vice." In. a later edition he states that" the 
checks which repress the superior power of population, and 
keep its effects on a level with the means of subsistence, are all 
resolvable into moral restraint, vice, and misery." He further 
enunciated the doctrine, that U the population is increasing in 
a geometrical progression, the means of 'subsistence in an 
arithmetical progression; and unless wars, destructive epi
demics, marshes, dense towns, close workshops, and other 
deadly agents, carry off the excess of the numbers born-unless 
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the outlets of life and blood be left open-the whole people 
must be exposed to a slow process of starvation." 

In this theory Malthus left out of account the fact that at 
child-bearing ages a large proportion of the population in 
every civilized country is unmarried and virtuous; only a 
partial recognition of this fact being given in the later editions 
of his work under the phrase" moral restraint." He insisted 
that the increase of mankind is the chief source of misery, and 
that the repression of population, or extensive celibacy, is a 
necessary condition of human happiness in the aggregate. He 
argued also that any decrease in the mortality from a given 
disease, as small-pox, must be accompanied by an increase in the 
mortality of some other diseases j and thall great and ravaging 
epidemics are necessary, in the absence of war, to destroy what 
is redundant. It was but a corollary from this doC)trine that 
Malthus should propose the plan that, after a given date, the 
poor laws should be abolished, and no child borD. from any 
marriage taking place after that date" should ever be entitled 
to parish assistance.'? 

We may take each of Malthus's statements in turn, that 
(1) population increases in geometrical progression, while (2) 
the means of subsistence only increase in arithmeticalprogres
sion. 

Increase of Population in Geometrical Progression.-As 
shown on page 5, a population increases in geometrical pro
gression when the births exceed the deaths, and the bitth 
and. death-rates remain constant. Thus, if the birth-rate 
were to remain 30'0 per 1,000, and its death-rate 19'0 peT\ 
1,000, the population would double itself in 63'4 years. But 
the numbers never actually increase, as the numbers in the 
geometrical series, 1, 2, 4, 8, 16, 32, indefinitely. As Farr 
points out, the principle of "an increase of the population in 
geometrical progression" has nothing in it irresistible or in
exorable j it consists simply in an excess of births over the 
deaths, and becomes a "decrease of population in geometrical 
progression" if the births become fewer in number than the 
lieaths j and the births may be reduced rapidly by retarding 
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the period and number of marriages i so that the mathematical 
terror propounded by Malthus is purely theoretical. ' 

The fact that one-fifth of the people of this country who 
attain the age of marriage never marry, and that women, al
though capable of bearing children at 16, do not marry unhl 
they attain a mean age of 24'7 (pl\ge 47), proves that" moral 
restraint" is in practical operat,ion to an extent which is hardly 
realized. 

Darwin applies the doctrine of Malthus to the whole vege
table and animal kingdom, and makes "the struggle for exist
ence amongst all organic beings which inevitably follows from 
the high geometrical ratio of their increase" the basis of a 
vast generalization. He concludes that "all we can do is 
to keep steadily in mind that each organic being is striving 
to increase in a geometrical ratio i that each at some period 
of its life, during some season of the year, during each gene
ration or at intervals, has to struggle for life and to suffer 
great destruction. When we reHect on this struggle, we may 
console ourselves with the full belief that the war of nature 
is not incessant, that no fear is felt, that death is generally 
prompt, and that the vigorous, the healthy, and the bappy sur
vive and multiply." This struggle doubtless reigns over the 
whole animal' kingdom i but the presence of reason in man 
gives'him certain prerogatives, by enabling him to control his 
fertility and ward off the blows of disease. 

Increase of Subsistence in Arithmetical Progression.-The 
assumption that the increase of subsistence is in arithmetical 
progre!l8ion will not bear examination. Subsistence-under
standing by this term all that supplies men's wante-may for 
a certain number of years increase in geometrical progresllion. 
The productions of any country come under two natural divi
sions: (1) the natural produce of the earth, and (2) the portion 
which is created by human industry. The first of these corres
ponds to the food of animals, and is the only food available for 
savages. The second increases as the number of civilized men 
increases, and may be expected to continue to increase until 
the resources of science are exhausted. Malthu8, however, 
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throughout his work, loses sight of this necessary division, and 
confounds the natural and untilled yield of the earth with the 
produce of human indusf·ry. He also limits his view of pro
duce to the single country occupied by the population under 
consideration, whereas, in: virt~e of the extension of trade, the 
resources of a country such as ours are drawn from every 
quarter of the globe. We have no exact valuation of the pro
duce of this country at stated intervals. But money capital 
may be taken as representative of other working materials j 
and at compound interest its increase is much more rapid that 
that of any European population. Thus, at 3 per cent. per 
annum, compound interest, capital doubles itself in 24 years. 
A birth-rate of 3 per 100, which is. near the actual present rate 
in England, would imply, in the absence of deaths, that the 
population would be doubled in the same period. But as the 
death-rate in 1886 was 1'9 per 100 of population, the real in
crease per 100, on the assumption that the birth-rate was 3 per 
100, was 1'1, or '011 per unit. 

Now Rn",,2 
(1'011)"=2 

n = log 2 '3010300 . 
log 1'011 ='0047512 "" 63 4 years. 

Therefore the population doubles itself in about 63 years, a 
much longer period than capital takes to double itself. The 
assertion that the disappearance of cholera or other epidemics 
must be followed by famine, or an increase of other diseases, 
falls to the ground. It may apply to the lower animals, like 
rabbits, who are dependent on the natural produce of the 
earth j but it is inapplicable to civilized man, who has the 
power of creating subsistence. 

It has been already pointed out, that each member of the 
population, when the balance between expense of subsistence and 
wages earned through life is worked out, represents enormous 
wealth. It should be added, that if the Malthusian doctrine, 
which assumes that the restraint of population is the corner
stone of policy, were ar.ted upon, it would lead to the annihila-

I ' 
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tion of what is best in mankind, and we might never have had, 
for instance, a Robert Stephenson or a James 'Vatt. 

To the sanitarian, the Malthusian doctrine, which assumes 
the fewer the happier, is of the most serious import; for, if 
sanctioned, it must inevitably lead to relaxation of the 
efforts now being made to improve the condition of the publio 
health. Only the most depraved would cany the doctrine so 
far as to propose the actual destruction of life; but its ad
vocates are logically bound to welcome a high infantile mor
tality, and to regard the large destruction of juvenile life by 
such diseases as whooping cough and measlcs with complacency, 
while efforts to remove insanitary conditions and obviate un
healthy employments must be regnrded as an attempt to evade 
the action of an inevitable and, from their standpoint, a bcndi
ciallaw. We shall find later that the birth. almOlI illt'ariabi!l 
incrra.e ,chen the mortality incrta.(', i where the mortnlity is 
greates~ the population is multil)lying most rapidly; and that 
thus an increase of mortality is by no mcnns the specific for 
the cure of over-population which Malthns considered it to bo 
(page 84). 

IDfluence of Birth-rate On Age-Conatitution of Population. 
-The age-distribution of a populntion, i.e., the relative number 
of persons living at different groups of ages, depends principally 
upon the rate of increase of the population (page 73). Thill 
increase may be due to excess of births over deaths (natural 
increase) or to immigration. ImmIgration is generally of com
paratively young adults, and thns has an important bearing on 
the death-rate, which it tends to lower. A pop Illation sllch as 
that of England, with a birth-rate persistently higher than the 
death-rate, contains an undue proportion of children, of youths, 
and of persons of middle life, and, as in the case of immigration, 
there results a lowering of the death-rate. The undue propor
tion of persons of a lower age may be explained as follo\\'s: In a 
stationary population undisturbed by migration, the number of 
births equals the number of deaths, and if the rate of mortali ty 
at different ages does not vary from time to time and the births 
and deaths are unifonnly distributed throughout each year, the 
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age-constitution of the population remains uniform. The births 
and deaths in the stationary population being equal in number, 
the birth- and death-rates are also identical. If now the birth
rate suddenly increases, the number living in the first year of 
life will increase; and if this higher birth-rate persists, in the 
second year of its OCC\uTenCe the number living under two 
years of age will be increased, in the third year the number 
living under three years, and so on. If the high birth-rate 
continues for, say,40 years, the number living at all ages under 
40 will be increased, and so on. But for about twenty of these 

. forty years a further influence will have been brought to bear. 
Those aged 20-40 who were born under the conditions of" the 
hypothesis have children of their own; so that, assuming the 
Lirth-rate to remain stationary, the absolute number of birth. 
per annum is increasing rapidly every year. The consequence 
of this uninterrupted increase in the annual number of births 
is, that the proportion of those living at the earlier ages as 
compared with the entire population becomes greater, and a 

. distribution of the population is arrived at which we shall find 
is favourable to a low death-rate (page 84). 

The disturbing effect on the age of a population of a yearly 
increasing number of births is shown in the accompanying 
diagram from the supplement to the Registrar-General's 85th 
Annual Report (page 73). 

We have as~umed in the preceding remarks, that the change 
was from a stationary population to one with a Lirth-rate 
higher than its death-rate, but in which the birth-rate remained 
constant after it had once increased. If, however, the birth
rate were continuously to increase, the effect in disturbing the 
normal or Life-Table distribution of • population would be 
still greater, and for many yeara this was the state of things 
in England. In the last few yeara, however, the birth-rate has 
decreased, and, as shown by the following figures, there is but 
a very slight increase in the absolute number of births. Such 
B condition of the factors producin~ population will obviously 
have a much less disturbing influence on its age-distribution 
than if the number of births were continuously to increase. 
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If the total annual births were to remain stationary m num
ber, the disturbance in the age-distribution of the population 
would, as the wave of population advances, gradually dis
appear. 

Now, a high mortality depresses the average age of those 
living, owing to the fact that the mortality steadily increases 

Year. Number of Births, I Birth.Rate. 

1880 881,643 34-2 
1881 883,642 33'9 
1882 889,014 33'7 
1883 890.722 33'3 
1884 906,750 33'3 
1885 894,270 32'5 
1886 903,866 32'4 
1887 886,331 31'4 

with advance of years. It follows that, as 'the death-rate is'. 
low in England, its people should on an average be older than 
elsewhere. But the increased number of births during the last 
century has so increased the proportion of children and young' 
persons that it may be doubted whether the people of any other
country are so young as those of England and Scotland. The 
exact relationship between birth-rate and death-rate will' be, 
discussed at page 84. 

Natural Increase of Population.-The natural increment of 
a population in any year equals the births minus the deaths. 
,It may be greater, owing either to a diminished number of 
deaths or an increased number of births. The actual incre'
ment is governed also by the balance between immigration and 
emigration, and we have not the necessary data for determin
ing it accurately during each year. During the ten years 
1871-80 the natural increment amounted to 3,425,982, and 
the actual increment, as determined by the censns, amounted 
to 3,256,020. Thus in the ten years there was a loss by the 
excess of emigration over immigration of 169,962 persons, which. 
loss consisted of 138,324 males' and 31,638 females. The 
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Registrar-General has therefore adopted the method (which, in 
the absence of more frequent census enumerations, seems the 
least open to objection) of assuming that the rate of growth 
which existed in the last intercensal period has been maintained 
in the years which have since elapsed. 

A stationary rate of natural increase might occur undel' 
the following different conditions: (1) if the birth-rate and 
death-rate both increased to a corresponding extent j (2) if tllll 
birth-rate and death-rate both decreased to a corresponding 
extent. It is the difference between the birth- and death-l'ates 
which governs the result. Thus in 1883 the natural increase of 
the population of England and Wales was lower than in tho 
previous year, a result which was due, not to increased mor
tality (the death-rate falling slightly in 1883), but to a decline 
in the birth-rate from 33'7 in 1882 to 33'3 in 1883. 

Similarly in 1881 there was a high natural increase, owing 
not to a high birth-rate (which was the lowest since 1851), but 
to a great diminution in the deaths, which in this year were 
only 1 in 53 of the population, the lowest record in any previous 
year being 1 in 49. In 1882, on the other hand, there was a 

I Natural In..-. , 
Natnral In ........ I Birth. DOBIII_rel' 

y ...... ~r 1.0Ii1 per 1.000 1,Of)O of 
of opDla~ion. I of l'upulMiOIL PopulaUoD. 

-----
1880 353,019 18'7 8j-2 20'6 
1881 391,707 15'2 88'9 189 
188a 872,360 IH 83'7 19'6 
1883 367,725 13'8 838 19'6 
1884 375,m 13'9 8S'S 19'6 
1~95 371,520 13'6 82'6 19·0 
1~ 366,590 13'2 112'4 19'8 

I 18~7 855,573 12'6 81'4 18'8 
. 

falling-off in the natural increase, not due to a diminution in 
births, but to an increase in the number of deaths. 

From the rate or natural increase we can obtain directly the 
time rt'l}nired for the population to double itself. Thll~, in 
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. 1886 the rate of natural increase 'Per 1,fX1J was 13'2=-0132 
per unit. 

Now M=P R", where, ali in compound interest, 
M=amount when inerea.sed=principal+interest. 
P = principal = original population. 
R=1+rate of increase per unit. 
r=rate of increase per unit. 
R=I+r. 
n=number of years. 

Required, the time required to double the population. 
Call M=2, and P=I. 
Then 2=1 x R"=R"=(1 +r)". 

= (1 + -(132)" = (1'0132)". 
:. Log. 2=n log. 1'0132. 
• log. 2 301030 _ . 
.. n log. 11)132 -005694 - 528 years. 
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MORTALITY statistics surpass all others in importance, 
whether they are considered from a social, or actuarial, 

or sanitary standpoint. We must therefore consider them ill 
detaiL 

Estimation of Death-Rate.-The death-rate may be reckoned 
(1) 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, in 1886 the death-rate per 
1,000 was 19'3, which is equivalent to 1 in 51. 

The two are easily convertible by division. 

1,000 19'3 1,000 51 61= . 19'3 = . 
Death-Ratel for Short Perioda.-It is evident that the shorter 

the period to which a death-rate refers the greater the liabilit)~ 
to error, owing to accidental causes of variation. But the 
death-rate for a short period expreslles a fact, the errors only 
arising when we draw wide inferences from facts relating to 
short periods. Large fluctuations from accidental causel occur 
especially in connection with small populations. A temporary 
high death-rate may, for instance, only mean that, owing to t11C 

1~ 
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prevalence of inclement weather, a considerable number of 
unstable and fragile lives have had their deaths slightly 
hastened. 

The death-f'ates for each week published by the Registrar
General are annual death-rates per 1,000 of the mean popula
tion of the year j i.e., they represent the number who would 
die per 1,000 of the population, supposing the same proportion 
of deaths to population held good throughout the year. They 
are, therefore, not actual rates at all, and the public should .be 
warned against the indiscriminate use of them for comparison. 
They may be of service in contrasting with the death-z:ate of 
the same place at the corresponding period of a preceding 
year, and as showing the influence of seasonal variations j but 
should be received with caution when used to compare one 
town with another. 

'fhe death-rate for a week might be obtained, if there were 
exactly 52 weeks in a year, by multiplying the deaths by 52, 
or dividing the population by 52, and then proceeding as for 
an annual death-rate. But the correct number of days in a 
natural year is 365'24226, and the correct number of weeks 
therefore 52'17747. The Registrar-General therefore divides, 
for the purposes ot' his weekly returns, the estimated popula
tion of each town by 52'17747, thus obtaining what may 'be 
(JaIled the weekly population of the town. Thus, if the popula
tion of a town is 143,956, its weekly population is 

143,956 
52'17747=2,758, 

which is assumed to remain constant for the year for which 
the calculation is required. Now, if there are 35 deaths in 
(lIle week j then the annual death-rate for the week in question 

_ 35 x 1,000 -12'69 
- 2758 -

It would be more logical to multiply the deaths of each 
week by 52'17747 than to deal with the population j but as 
this would require to be done each week, the former method 
is evidently less laborious, and produces the same results. 

The Registrar-General makes his death-rates for eac" 
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quarter refer to the thirteen weeks most nearly corresponding 
with the natural quarter; and the quarterly population is 
obtained by multiplying by thirteen the population of one 
week. 

The death-rate, expressing the proportion borne by deaths • 
from all causes to each thousand of the population, is Mown 
as the general or crude death-rate. The fallacies detracting 
from its value as a test of relative vitality will be sub
sequently considered. It should be regarded as the first 
test, to be followed up by further research. It is doubtful, 
however, whether, in the case of large populations, any more 
trustworthy test is available; and its value may be regarded as 
remaining unimpaired, spite of numerous attacks upon it. 

Special death-rates are also employed; and these may be 
divided into two kinds: (1) those which differentiate the 
persons affected as to age and sex, race, social condition, occu
pation, density of population, locality, season, etc.; and (2) 
those which differentiate the causes of mortality, as zymotic 
diseases, phthisis, violence, suicide, etc. 

We can only discuss in this chapter the influence on the 
death-rate of movements of the population, of large institu
tions, of the birth-rate, and of the age and sex distribution of 
the popUlation. 

Ell'ect ot Movements ot Population.-The effect produced by 
immigration and emigration will vary in proportion to the 
average age and sex of the migrants. The mortality of most 
large and growing towns would stand higher than it does but 
for the large number of young and healthy immigrants from 
the country. Similarly, watering-places and residential towns 
appear somewbat healthier than they are, because of the large 
proportion of young domestic servants. -

The low death-rate of New Zealand-12-4 per 1,000 for the 
years 1866-75-was doubtless due partly to its equable climate 
and the prosperous condition of its population; but much more 
to the constant stream of mostly young immigrants, and to its 
high birth-rate. 

The bulk of the immigrants to towns are probably in good 
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health j but. a certain" number go from the country into the 
town hospitals. On the other hand, many townspeople suffer
ing from phthisis or other chronic disease migrate into the 
country, and aged persons very commonly do the same. " 

Dr. Ransome has proposed not to calculate the deaths over 
• fiftee~ years of age, as being affected by migration, but to com

pare the death-rate of various towns for ages under fifteen. This 
might be suitable for Manchester, but not for other towns. Thus" 
seaside toWIl;s like Margate and Brighton: which have·a large 
number of boarding-schools, would be unfairly represented. 

The only' way to avoid the fallacies arising from this cause 
would be to have records kept of the movements of population, 
and the births and deaths of each place subjected to analysis 
before comparison is made: In order that the death-rates of 
two populations should be comparable on equal terms, so far as 
migration is concerned, it would be necessary that (a) the 
number of immigrants a~d the average duration of their 
resid·ence should balance the number of emigrants "and the 
average duration of their absence j and that (b) the proportion 
of sexes living at each -age, their state of health and. liability 
to disease, should be the same among both. 

Such conditions are not" attainable even in European States, 
where a record of migrants is kept, and much less so in this 
country j and it is satisfactory to remember, therefore, that in 
most instances the sources of mistake tend to counteract each 
other j and the most important fallacy, that arising from 
varying age-distribution of the population, can be avoided by 
giving the death-rate separately for different groups of ages. • 

There is another way in which migration may affect mor
tality statistics. In the case of districts inhabited by artisans 
and labourers, there is always an extraneous p~puiation press
ing in to fill the vacuum caused by removal or death, so that, 
as pointed out in regard to Liverpool by Dr. French in 1865, 
the same house may in one year represent the accidents, 
deaths, and diseases of twenty-four persons, instead of the six 
persons which the census gives for each" house. This is 
analogous to the error in hospital statistics, when the number 
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of deaths per bed (the bed death-rate) is given as an estimate 
of the relative mortality and sanitary condition of different 
hospitals and infirmaries. Of course the chances of death are 
increased in proportion to the number of times a house or 1\ 

bed is occupied during the year. In a less degree, the samo 
remarks may apply to a town subject to frequent ingress oj 
visitors, the chances of death increasing with the frequency 
that the population of the town undergoes change. 

The following remarks from a local report of my own give a 
good example of the difficulties in estimating the tnle death
rate in a town where the visitors at certain times of the year 
increase the population of 143,956 by as much as 60,000 
persons:-

"The fact that the population of Brighton is, during the 
greater part of the year, sw.ollen by the ingress of thousands 
of visitors, of whose number we have no trustworthy estimate, 
and who yet furnish a quota to its mortality, makes a true 
calculation of the death-rate per thousand of the population a 
difficult matter. My predecessor, Dr. Taaffe, estimated thl\t an 
addition of 10,000 to the resident population would represent 
the average number of visitors in Brighton. It should be 
remembered, however, that the census enumerations in April, 
1871 and 1881 (which form the basis of calculation of the 
population for the current year), necessarily included all the 
visitors present at those dates, and that Brighton benefits by 
the very slightly lowered death-rate which these additions to 
its population involve. It must be added, however, that there 
is probably no time of year in which the number of visitors in 
Brighton is at so Iowan ebb as in April (when the national 
census is taken). 

"So far as population is concerned, the course theoretically 
least open to objection is to exclude any estimated population 
of t:isitors and all deaths of visitors in calculating the true 
death-rate of Brighton. 

"I append a comparative table of death-rates for recent 
years; those in the first column being the crude death-rates 
as given by the Registrar-General, and those in the sec?nd 
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column being the death-rates calculated on the number of 
deaths excluding deaths of visitors, and the popUlation exclud
ing all visitors except the small number included in the' 
resident April population, which latter I can suggest no means 
of eliminating. The death-rates in the second column are 
consequently too small, though this deficiency cannot exceed 
0'5 per 1,000 inhabitants." 

/ Crude 'Death-Rate Year. Death-Rate. excluding visitore. 

1882 21'6 20'4 
1883 19'2 17'9 
1884 18'0 16'7 
1885 17'l 15'7 
1886 17'l 16-1 
1887 16'3 15'9 

Effect of :!?ublic Institutions.-The consideration of the effect 
public institutions exert on local bills, of mortality naturally 
follows on a consideration of the effect of migrations, as the 
inequality arising from such institutions is due to migrations 
into them from outlying districts. The rule in dealing with a 
public institution is to deduct the deaths of 'those inmates 
derived from outside the district concerning which the calcula
tion is made, at the same time including the deaths of inhabit
ants of the said district which may have occurred in other 
institutions outside the district. Thus, Workhouses and Asy
lums are often situated outside the district from which they, 
receive inmates; an,d in London and other great towns the large 
public hospitals receive patients from outlying districts. , The 
deaths in all these cases must be relegated to their respective 
districts. 

Thus, during the three months ending Sept. 30th, 1888, there 
were 71 deaths in the public institutions of Brighton (hospitals 
ana workhouse). The total number of deaths in Brighton 
during the same period was 416-i.e., 345 in private houses, and 
71 in public institutions. 

G 
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Of the deaths in private houses 7 were of visitors. 
" " institutions 12 " " 

Deaths excluding visitors=416-19 =397. 
Now the quarterly population of the municipal borough of 

Brighton =29,996. 
397)( 1000 

Therefore the annual death-rate 29 996 13'23. , 
A more difficult case is that of the Wandsworth sub-district 

of the Wandsworth District (London, S.W.). This sub·district 
has within its borders the County Lunatic Asylum, the Hospital 
for Incurables, St. Peter's Hospital,'Wandsworth Prison, and 
the Royal Patriotic Asylum for Girls j and it sends its sick 
poor to the Wandsworth and Clapham Workhouse Infirmary, 
which is outside its borders, while some of its inhabitants die 
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 
outlying Institutions 78 deaths. 

The mean population of Wandsworth in 1885 was 81,497. 
(1) The death-rate, uncorrected for internal institutions, and 

. 1 din tl' . 't' . 628)( 1,000 19 83 not me u g ou ymg mstl UtlOns, IS 31 497- =. per 

thousand. 
, 

(2) In order to ascertain the death-rate corrected for internal 
institutions without including the deaths in outlying institu
tions, we must ascertain the population of it. institutiun. as 
well as their deathl. By the census of 1881 this was 1,482, 
which may be taken as nearly correct for 1885. 

Corrected population = 81,497 -1,482=30,015. 
Corrected deaths=628-132=496. 

496 x 1,000 
Death-rate 30 015 = 16·52. , 

(8) The death-rate excluding the population and deaths ot 
internal institutions, and including the deaths (but not the 
population, because this is unknown) of Wandsworth parish
ioners in outlying institutions. 
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Population = SO,015~ 
Deaths =496 +78=574. 

574 x 1,000 . 
Death-rate =-S(f015-= 19·12. , 
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The last death-rate more nearly than any other represents 
the true mortality of the Wandsworth sub-district. For it 
excludes the population IIcD.d deaths in its numerous internal 
institutions (to which Wandsworth contributes only an inap
preciable quota); and it allows for the deaths of Wandsworth 
parishioners in external institutions. The only fallacy is, that 
no allowance is made in the population for those inhabitants 
of ·Wandsworth who are in the outlying institutions without 
their illness proving fatal. This number must,however, be 
comparatively small,and cannot very materially affect the 
result. 

Each Sanitary -Authority in London is supplied quarterly 
from the Registrar-General's office with particulars of deaths 
of their inhabitants in outlying institutions, so that the necessary 
correction can be made. In provincial towns, however, there is . 
reason to believe that such corrections are commonly avoided. 
A lunatic asylum or workhouse outside the borders of the 
town -receives patients from it, but its mortality is steadily 
ignored. On the other hand, the mortality of many rural 
districts is lowered by the fact that many poorer people when 
ill become inmates of the neighbouring town hospital and there 
die. No just reason exists why these deaths should not be 
fairly stated, and we may hope that public opinion will in time • 
,lemand this. 

Influence of Birth-rate on Death-rate.-The influence of the 
birth-rate on the increase of the population and on the age
constitution of the population has been already considered. 
The age-constitution of the population has a most important 
baaring on the death-rate, which it may considerably modify; . 
the birth-rate affecting the death-rate- only in so far as it alters 
the .age-constitution of the population. 

Great fallacies are involved in the question of the relation 
between the birth-rate and death-rate. The two are assumed. 



YlTAL STATISTICS. 

to be connected in two different ways. (1) A high birth-rata 
causes a high death-rate, and a low birth-rate causes a low 
death-rate. (2) The exact converse of this holds good, the 
death-rate controlling the birth-rate. 

The interpretation of the true relationship between the birth
rate and death-rate depends on an appreciation of what has 
been said (page 70) concerning the influence of the birth-rate 
on the age-constitution of a population. It is evident that if, 
owing to a high birth-rate, there is a larger proportion of 
children in one community than in !!nother, and the relative 
sanitary conditions of the two are equal, there will be more 
deaths of children in the former; and inasmuch as the rate of 
mortality of young children is higher than that of all others 
except the aged, the general death-rate will be raised. But if 
the high birth-rate be continued, there will not only be a large 
proportion of children, but of others between "10 and 40 years 
of age, at which ages a low rate of mortality holds; and this 
factor counterbalances the other, and makes a continued high 
birth-rate produce a low death-rate. Thus, speaking generally, 
the mortality of a population in which there is an excess of 
births over deaths is lower than that of a stationary population, 
in which the births and deaths are equal in number; the 
reason being on reflection obvious. In the latter case there 
is a larger proportion of old people than in the former. The 
rule therefore is, that the lower the average age 0/ a popula.
tion (mean age of living) the lower ought to be itl death.".ate. 

The late Dr. Letheby may be regarded as the spokesman of 
those who take a view diametrically opposed to that just stated. 
He held that" the birth-rate is the controlling element of the 
death-rate"; that" an increase in the rate of mortality is often 
a sign of prosperity, for a high death-rate means a high birth-

\ rate, and a high birth-rate is the invariable concomitant of 
i prosperity." According to this view, a high birth-rate is a 

direct cause of a high death-rate, owing to the great mortality 
among infants We hav(\, however, following the lines of Dr. 
Farr'. argument, shown the fallacy of this theory, ignoring as 
it does the important fact that a continuously high birth-rate 
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no' only causes an excess of the infantile IK'pulation, among 
whom the mortality is great, but also an ucess of persons 
between 10 and 40 years of age, among whom the mortality is 
low. 

Birth-Rates alld lkath-Ratcs ill 1887. 

ToWDS. Jlinh.Rate DeaUl.Raie. 

I B~hton •••••• 2S-S 16-9 
I JlerlIy. • • • • • • 30-0 IN 

Nottingham. • • • • U-3 IS-7 
50 Large Town Districts • Sit 19-0 
Hull . . · · · · · st·s 19-t 
Leicester • · · · · · IIt-S 19-$ 
Porlsmouth · · · · · 86-S 19-$ 
London · . · · · · 31-7 19-6 
BiJ:mingham • · · · · n-s 19-7 
Sunderland · · · · · 84-6 19-7 
Edinburgh · · · · · 29-3 19-5 
Bradford • · · · · · 117-7 19-9 
Norwich · · · · · · 83-9 20-4 
Bristol. · · · 119-7 20-4 
2S Great Towns. · · · st-t lIQ-S 
Birkenhead · · · · · Si-$ 111-0 

I Halifu. · · · · · · 2S-4 21-0 
Leeds · · · · · · 83-3 21-1 
Bolton. · · · · · · 3iS ~1l-3 

Sheffield · . . · · · Sj-9 21-6 
W olVl'.rhamptoD. · · · 83-t 2t'7 
Cardi1f. • • · · · · n-l Sl-9 
BerliD • · · · · · n-6 111-9 
Amstenlam · · · · · 86-6 ti-l 
Salford · · · · · 31-9 ti-S 
Plymouth • · · · · · 31'$ ti-7 
B uddersfield • · · · · SH lI3-o 
G~w · · · · · · 81-0 23-t 
Paris . . · · · · · Sa 113-4 
LiTel'pOOl. · · · · · 3t-t 113-7 
Oldham · · · · · · 81-3 lIS-S 

I Ne..-easUa. · · · · · sg-1 2S-3 
Blac:kbum. · · · · · as-s 2S$ 
Bombay · · · · · lIO-() 26-3 
New York. · · · · · 113-0 26-' 
Pr.!ston · · · · · SS-S 27-9 
Manchester · · · · · as-g ~7 
Dublin. · · · · · · 28-0 SO-6 
Madras. · · · · · · n-II .0-3 

That a high birth-rate and a high death-rate ~-Ommonly co-
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exist IS certain; though the concurrence is by no means constant 
nor do the variations in the two follow on equal lines, as shown 
in the preceding table. in which the towns are arranged in 
order of their death-rates (page 85). 
If a high birth-rate is necessarily followed by a high death

rate, the former must be regarded as an indication of a low 
sanitary condition. It is difficult to believe, however, that an 
increase of reproductive power argues a depression of vitality. 
The greater fertility in crowded districts is explained by 
the much higher proportion of people at child-bearing ages, 
owing to the inrush of young workers in search of the higher 
town wages. That there should be a high death-rate in such 
populations is in spite and not in consequence of the high birth
rate; and the high death-rate is due in reality to density of 
population and its concomitant social and sanitary evils. When 
a high death-rate follows a high birth-rate, it is due largely to 
excessive infantile mortality. Infants form a delicate index 
to the sanitary status of a population. 

Low birth-rates and low death-rates also usually coexist. 
But the conclusion that one causes the other is altogether 
untenable. In France there is a low birth-rate and a. high 
death-rate, owing largely to the fact that the continuous low 
birth-rate has caused the average age of the population to be 
considerably higher than in this country. On the other hand, 
in Staffordshire and Durham, in which the excess of births 
over deaths is very great, the death-rate is by no means the 
highest (see table, page 58). 

To sum up: Dr. Farr has clearly shown that populations 
having a continuously high birth-rate, should (sanitary Con
ditions being equal) have lower death-rates than populations 
having low birth-rates, because a. continuously high birth-rate 
means an exceptionally large proportion of young adults in a 
population, and consequently an unduly small proportion of old 
people. Conversely, a low birth-rate means a small proportion 
of young adnlts and a large proportion of adults and old 
people, and is therefore unfavourable to a low death-rate. 

The same. conclusions are clearly demonstrated by lIr. N. A. 
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Humphreys, in his paper on "The Value of Death-Rates as a 
Test of Sanitary Condition." He takes as examples the birth 
and death-rates of three agricultural and three urban counties 
in 1871, and finds the normaZ death-rate in-the two groups by 
allowing for varying age-distribution. The result is shown in 
the following table :-

Three Three Urban 
A~~f~ Counties_ 

lJirth-Rate . . 30-6 39-2 
Death-Rate • ....... 20'0 26-9 
Normal or Life-Table Death-Rate 23·8 22-0 

It might be assumed that the higher death-rate of the urban 
counties is explained by their higher birth-rate j but when. 
correction is made for different age-constitution of the two 
populations, it is seen that, all sanitary conditions being equal, 
the age-constitution of the urban populations favours their 
death-rate to-the extent of 1-S per 1,000, instead of in any way 
explaining the high death-rate, as maintained by Dr. Letheby 
and others. . 

Influence of Age and Sex-Distribution on Death-Rate.-We 
shall consider at this point the modifications in the general 
death-rate which may result from varying age and sex-con
stitution of a population, reserving to the next chapter' the 
consideratIon of death-rates at different ages. 

Dr. Ogle has summed up the matter in the folloWing words:, 
" It is necessary to point out that two places might be on a 
perfect equality with each other as regards their climate, their 
sanitary arrangements, their closeness of aggregation, as also 
the habits and occupations of their inhabitants, and yet ;might 
have very different general death-rates, owing to differences in 
the age and sex-distributfun of their respectiv~ p·opulations. 
Such a supposed case is, of course, scarcely likely to present 
itself j for when the prevalent occupations are the same in two 
places, the age and sex-distribution is almost certain to be the 
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same also. But in places where the prevalent occupations are 
not the same, there are often very great differences in the age 
and sex-distribution of the populations, and such as seriously 
affect the general death-rates." 

The age and sex-distribution in any district determine mainly 
the prevalent occupations; and as the occupations remain fairly 
constant, the age and sex-distribution likewise vary but little. 
Thus no difficulty arises in comparing the death-rate of the 
same district or town at different periods. It is only when 
different districts or towns are compared that the necessity 

I for correction (and ofttimes considerable correction) arises. 
The differences due to varying sex-distribution are usually 
very small, and it therefore generally suffices to correct for 
age-distribu tion. 

In order to appreciate the influence on the death-rate of 
varying age and sex-distribution, we must examine the death
rates at different age-groups and in the two sexes. These are 
shown for four decennia in the following table from Dr. Ogle'S 
Supplement to the 45th Annual Report of the Registrar
General:-

Annual Mortality per 1,000 of Male. and Females in 
BUcce88ive Decennia. 

JlaleoI. I Female&. 

INl-lO.1861-1O.'11161-70.'I871-80. 1861-10. 18111-10 1881-70. 1871-80. 

All Agee 23-11 23'05 23'61 22'61 21'68 21'82 21-28 20-00 
Under 61e&r8 71-20 72'43 73'16 68'14 61'09 63'74 68'43 68'10 
5-. · · · 9'16 8'51 8'15 6'67 8'89 8'42 7-76 6'20 

10- • · · · 5'12 4'88 4-46 8'69 5'411 5'06 4'48 8'70 
15- • · · · 7'05 6'69 6'16 0'28 7'88 7'88 6'611 0'43 
20- • · · · 9'50 8'83 8'46 7'82 9'08 8'58 7'96 6'78 
25- • · · · 9'94 9'57 9'90 9'80 10'06 9'92 9'68 8-08 
85- • · · · 12'86 I~N8 13-46 18'74 12-91 IHo 12'08 11-68 
45- • · · · 18'22 17'96 19'16 20'00 16'04 10'20 15'06 10-09 
65- • · · 81'81 80'85 83'00 84'76 23'44 27'01 27'77 28'04 
65- • 67-61 65'38 66'69 69'57 60-97 68'66 68'80 60'82 
75 .. apw.,da 1168'661165-401164'64116908 illli7"89 155'45 164'2i 165'88 
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The table shows that bet~een the ages of five and fifty-five 
the death-rate per 1,000 living at each group of ages is lower 
than the death-rate for all ages. It is evident, therefore, that 
an unusually large proportion of persons living at these ages 
would be a cause of low mortality. Under five and 6ver fifty
five the death-rate is higher than the death-rate for all ages; 
and an excess of population at these ages would consequently 
raise the general death-rate. 

The age-distribution of populations is therefore of great 
importance in determining the relative value of their death
rates. H they are identical in two localities, then any differ
ences in their death-rates may be referred to influences peculiar 
to each place. .As Farr puts it, "Independently of other causes 
of variation, the mortality of different populations will differ 
according as they consist of numbers in various proportions at 
the ages at which the mortality is high or low." The same 
reasoning applies for sex-distribution. At nearly all ages the 
death-rate of females is lower than that of males. Consequently 
an excess of females (as in residential neighbourhoods with a 
large number of domestic servants) m:ust tend to lower the 
death-rate of a district, without implying a necessarily better 
sanitary condition. 

Number of Males living to every 100 Females living (exclu
sive of the portion of the Army, Navy, and ll[erchant Seamen 
abroad). 

Number of Males 
Census Years. living in 

England and Wales 
to 100 Females. 

Mean of 1821-31 96-35 

" 
1831-41 95-S7 

" 
1SH-51 95-S0 

" 
1851-61 95-51 

II 1~61-71 94-96 

" 
1S71-81 94-84 

The prececling table shows that; spite of the excess of male 
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births, females preponderate in the entire population. This 
excess of females in the EngliRh population would be still 
larger but for the large proportion of the population living 
at the earlier ages, when the number of males considerably 
exceeds that of females. The proportion of the two sexes 
would be somewhat altered if the number of Englishmen 
engaged abroad in the army, navy, and merchant service were 
taken into account. The differences of mortality due to vari
ations in sex-distribution are usually so small that they may 
be in practice neglected. 

The distribution of the population, as to age and sex favours 
a low mortality-

(1) In newly settled communities. 
(2) In towns, and especially when they are rapidly increas

ing; and 
(3) In manufacturing as compared with· agricultural neigh

bourhoods. 

The high mortality which usually holds in such populations 
would be still higher but for their favourable age and sex
consti tu tion. 

Dr. Ransome gives an example which may serve to illustrate 
differences in the general rate of mortality, due simply to 
varying age-d.istribution of population. Suppose two towns, 
A and B, each with 1,000 inhabitants, and exactly alike in 
their sanitary conditions. A has 150 children under fivo; n 
has only 100 under five, which in each case die at the rate of 
10 per cent. per annum, while persons over five die at the rate 
of 10 per mille. Reckoning up the total mortality per 1.000 at 
all ages, we find that 

In A, out of 150 children, 15 die. 
" " _ 850 over 5, 8'5 die; equal to 23'5 per 1,000 of 

the entire population. 
In B, out of 100 children, 10 die. 

" ,,900 over 5, 9 die; equal to 19'0 per 1,000. 

Thus there is a difference of 4'0 per 1,000 in the death-rate, 
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due simply to differences in the composition of the two popula; 
tions, and apart altogether from their state of health. 

Dr. Ransome further points out that a death-rate' of ten or 
even. twelve per 1,000, which is not infrequently recorded in 
certain favoured districts, cannot be regarded as a true measure 
of longevity of its inhabitants. A death-rate of ten per 1,000 
means either that every child born attains the age of one 
hundred before he dies, or else that the average age at death 
is one hundred, and that if some die in infancy, others must 
have lived much more than a hundred. Similarly, a death-rate 
of twelve per 1,000 means an average age at death of over 
eighty. "Under present conditions such figures are not at
tained by any community in the world, and can only be looked 
for in the millenniuIIi, when, as Isaiah says, the child shall 
die an hundred years old." 

There are only two ways of avoiding the fallacies involved 
in unequal age and sex-constitution of populations submitted 
to comparison:' , 

(1) The method to be immediately described; and 
(2) A statement of the death-rate at various groups of ages, 

,and in the two sexes, as given in the next chapter. 

Method of Correction forAge and Sex-Distribution.-The 
Registrar-General describe'd, in his Annual S_ary for 1883, 
the method of correcting the death-rates in the twenty-eight 
great towns, giving in parallel columns the recorded and cor
rected death-rates for each town. This has been continued 
for subsequent years, and I append the table for 1887, the 
towns. being arranged in the order of their corrected death
rates. 
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Standard Factor for aoeor· Cor· Compamtive Towno in the order of thoir Correction tor ded rocted 
Corrected Death·rate .. DeRth· Ago and 8.,,· Death· Death· 

Murtality 
rate. Distribution. rate, rate. Figure. 

C~1& 1. I. 8. ., •• 
England and Walel • - 1'0000 18'78 18'78 1,000 
England and Wales, 

less the 28 tOWDI • - - 17'79 17-40 927 
28 TOWDI · 19'96 1'0657 20'88 2220 1,182 
Brighton · 20'66 1'0296 1688 17'88 925 
Derby · 20'45 1-0402 1718 17'82 949 
Norwich. · 22'24 0'9565' 20'44 1965 1,041 
Nottingham 20'07 1'0599 18'71 19'88 1.056 
Hull. , • 20'62 1-0316 19'25 19'86 1,058 
Portsmouth · · 20'65 1'0301 19'51 20'10 1.070 
Leicester · · · 20'31 1'0474 19'02 2045 1.089 
Sunderland · 20'48 1'0412 19'72 20'58 1.098 
London. · · 20'04 1-0615 19'57 20'77 1.106 
Birmingham · 19'95 1-0668 11)'72 21'08 1,120 
Bristol 20'55 1'0351 20'39 21'11 1.124 
Bradford 19'26 H045 19'98 22'01 1.172 
WolverhamptOD 2068 1'0311 21'67 22'84 1.1911 
Birkenhead. • · 19'89 1'06\15 2099 2245 1,195 
Leeds · · 19'90 1'0689 21-06 22'51 1.199 
PIYIIIODth · · · 21-48 0"9908 22'74 22'02 1,199 
Halifax • · · · 19'58 1'0864 20'95 22'76 1.212 
Sheffield. · · 19'78 1'0754 21'60 23'28 1,287 
Bolton . · 19'41 1'0959 21'81 28'85 1.248 
Cardiff · · · 19'60 1'0858 21'92 23'79 1.267 
SaUord · · · 19'54 1-0886 22'15 24'l1 1.284 
Haddenfield · · · 19'37 1'0982 22'99 25'25 1.845 
Liverpool · · 19'89 1-0971 28'70 26'(0 1.884 
Oldham • · · · · 19'17 H097 23'84 26'46 1.409" 
Newcastle · · 20'10 1'0583 25'26 26'73 1.423 
Blackbnm • · 19'52 1'0£198 25-48 27'77 1.479 
Preston. · 19'59 1-0859 27'92 80'32 1.614 
Manchester • · · 19'09 H143 28'67 81'95 1,701 

In the preceding table the Btanda,'d dcath--rate signifies the 
death-rate at all ages, calculated on the hypothesis that the 
rate at each of twelve age periods in each town was the same 
as in England and Wales during the ten yeara 1871-80, the 
death-rate at all ages in England and Wales during that period 
being"21'27 per 1,000. 

The factor fo1' CO'I'rection is the figure by which the recorded 
death-rate should be multiplied in order to correct for varia
tiona of BeX and age-distribution. 
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The corrected death-rate is the recorded death-rate multi
plied by the factor for correction. 

The comparative mortality figure represents the corrected 
death-rate in each town, compared with the recorded death
rate, at all ages, in England and Wales, taken a1l1,OOO. 

The figures in this column may be read as follows :-After 
making approximate correction for differences of -age and sex
distribution, the same number of living persons that gave 1,000 
deaths in England and Wales in 1887 gave 925 in Brighton, 
949 in Derby, etc., etc., and 1,701 in Manchester. 

The first column in the preceding table is obtained by 
assuming that the mean mortality in England and Wales in 
1871-80 held good in each toWn. The age and sex-distribution 
of each town at the last census being known, the mean mor
tality in England and Wales, 1871-80, is applied to the popu
lation thus constituted, and we have as a result the series of 
death-rates in Col. 1. The differences between the various 
towns in this column are consequently caused simply and 
solely by difference in age and sex-distribution. As an example 
of the m-ethod of obtaining these standal'd death-rates, Brighton 
may be taken. 

Mean Annual Death· 
B~~ll.':1~ti::.n 1~1. Calculated number rate for England of Deaths. and Wales, 1871-80. 

Ages. Males. Females. Males. Females. Males. Females. 

Under 5 68"14 58-10 6,213 6,371 423'85 370'16 
5 to 10 6'67 6'20 I 5,653 5,533 37'70 34'30 

10 to 15 3'69 3'70 : 5,294 5,447 19'53 20'15 
15 to 20 5'23 5'43 . 4,480 6,512 23'43 35'36 
20 to 25 7'32 6'78 4,326 6,398 81'67 43'37 
25 to 35 9'30 8'58 7,217 9,927 67"12 85-17 
85 to 45 13'74 11-58 5,356 7,305 73'59 84-59 
45 to 55 20'05 15'59 8,910 5,552 78'40 86'55 
55 to 65 34'76 28'54 2,707 3,988 94'09 113'82 
65 to 75 69'57 60'82 1,409 2,343 98'02 142'50 

75 and upwards 169'08 155'83 631 974 106'69 151'78 

47,196160,350 
-

Totals 1053'59 1167'75 
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Here the total population of Bright-on in 1881 =107,546. 
The total number of calculated deaths=2221'S4. 
The standard death-rate will therefore=20'66 per 1,000, 

which corresponds with the rate given in the table on page 92. 
Now the annual death-rate of England and Wales in 1871-80 

was 21'27. This ought to be the same as the calculated death
rate for Brighton, which has been obtained by applying the 
mean annual death-rate of England and Wales at the different 
age-groups to the population of Brighton at these age-groups. 
But the death-rate for Brighton is lower, as shown above, which 
mUllt arise from the fact that the distribution of age and sex 
in the Brighton population is more favourable than in the 
country generally. That this is so will be seen more clearly 
from the following table, in which the composition of each 
population per 1,000 is given :-

01 

Age-Distribution i .0 ~ = &I .,; i ~ :g :8 ~ 1 .. 
of Population. =; S S B S S .t S S S s :t 

1881. 0 ... ~ == 51 :: ... ~ :a 18 1 ~ 
OJ 

~ 

- - -;1;- - 1----~i~ England It Wales 1.000 136 120 108 146 118 88 59 
Brighton . 1,000 117 10-1 100 103 99 159 118 88 62 85 16 

f- f-- -
Selt - Distribution 

of same Popa-
IatioDa 

Brighton {w:~~ 439 58 03 49 42 40 67 60 86 25 13 6 
661 69 61 51 61 69 92 68 62 87 22 9 

EDgland {Males 486 67 60 64 49,43 70 6~ 40 128 15. 8 
It Wales Fem, 614 68 81 64 49 47 78 69 4.8,81 18 8 

I 

It is evident that there is a considerably larger proportion 
,of females in the Brighton population, and that while there is 
a much smaller number of children under 5, there is only a 
slightly larger proportion of persons over 55, or in other words, 
at the ages of high mortality. 

The standard death-rate being lower for Brighton must be 
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raised in the same proportion in order to bring it into com
parison with the deat.h-rate of England and Wales-i.e., it must 
be increased in the proportion of 20'66 to 21'27. But the 

fraction ~~:~~=l'0296.' This, ~hen, is the factor for correc

tion for age and sex-distribution, by which the recorded death
rate of Brighton m'ust be multiplied in ord.er that it may be 
comparable with that of England and Wales. It may be 
objected that the mean age and ~ex-distribution of the decen
nium 1871-80 is assumed in the aipove calculation to hold good 
for every year of the succeeding ·~ecennium. This, however, 
can be proved to be approximately accurate, inasmuch as in 
populations whose chief occupations remain the same the age 
and sex-distribution after a time assumes constant proportions. 
It may be objected again that the factor or correction figure, 
which is accura.te when applied to the ,(rate of an entire decade, 
may not be equally accurate for each y~r of that decade. But 
on selecting for comparison two years, '~e extremely hot and 
therefore dangerous to the young, and the tIther extremely cold 
and dangerous to the aged, the Registrar-General found that 
the error due to the use of the decennial corr,ection figure as 
'a constant, instead of a special correction figure for each year, 
'was so small that it might practically be disregarded. 

By multiplying the recorded death-rates in column ,3 
(page !12) by the factors for correction, we obtain the corrected 
death-rates given in column 4. These are the death-rates 
whic~ would have been recorded in each town had its popu
lation been identical, so far as age and sex-distribution are • 
concerned, with the population of England and Wales. 

Trustworthiness of General Death-Bates. - The following 
remarks of the Registrar-General (Annual Summary, 1883) on 
this point are apposite: "It may naturally be, asked, of what 
use are the general death-rates, as usually given, if they cannot 
be accepted without further and considerable correction?' In 
the, first place, if the death-rate in any given town or other 
area in one year be compared with its death-rates in other 
years, no correction is required j for the age and. sex-distribu-
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tion in an individual town or other area remains practically 
constant; and, secondly, although it is doubtlessly true that the 
general death-rates of towns or other areas cannot safely be 
used for accurate comparison between such towns or areas 
in' respect of healthiness without further correction, yet they 
serve as a very valuable approximate indication i for if the 
column 3 be compared with column 4, it will be seen that 
whether the towns be arranged according to their recorded or 
according to their corrected death-rates, the order will scarcely 
be changed. The correction simply alters the amount of dif
ference between the towns, leaving the position in which they 
stand to each other but sligl~tly changed." 

In the table on page 92 it will be seen that only in two of 
the twenty-eight towns, Plymouth and Norwich, is the corrected 
death-rate lower than the recorded death-rate. In all the other 
towns a correctional addition to the recorded death-rate is 
required, varying in aJIlount from 0'50 to 3'28. 

If the death-rates i~ the counties are corrected for age and 
eex-distribution, so o.&s to conform to the standard of England 
and Wales, the cOlTected rate in the greater number of the 
counties is somewhat lower than the recorded rate. In the 
table given at page xviii. of Dr. Ogle's Supplement to the Regis
trar-General's Report for 1871-80, only ten counties have the 
corrected rates higher than the recorded rates. Of these ten, 
all, except the extra-metropolitan parts of Surrey and Middle
sex, are industrial counties, where the death-rate even before 
correction is very high; while all the agricultural counties are 
comprised in the majority, and have their death-rates, which 
are already low, lowered by correction. Before correction the 
extreme limits of variation in the death-rates of different 
counties lie between 16'77 and 25'17, while after correction 
they range from 15'97 to 26'87 per 1,000. As a general rule, 
it may be stated that correction raises the rates of towns and 
industrial centres, but lowers the rates of rural districts. 

Another instance of the importance of correction for age and 
sex-distribution may be quoted from Dr. Ogle. In 1881 the 
general death-rate in England and 'Vales was 18'9 per 1,000 of 
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all. ages, while the general death~rate in France was 22'0, i.e. 
3'1 higher than England. But had the age distribution of the 
French popUlation been identical with that of the English 
population, the French ge~eral death-rate would have been 20'9 
and not 22'0. Thus of the 3'1 difference between the two rates, 
2'0 was due to difference of health condition, and 1'1 was due 
til difference of age distribution. 



CHAPTER vn. 
JULE 4ND FEM.dL~ MOllT.ALITY .AT DIFFEIlENT .dGES. 

Death·Rates at Age·Groups.-Falae Methods of Estimating the.e.-Inlantile 
Population.-Inlantile Mortality.-Mortality la each Month of Fil;llt 
Year.-CauBel of Infantile Mortality.-lnBurance of Children.-Mor
talityof 1Jlpgitimate InlantB.-Female Mortillity.-The Standard Mil. 
lion. 

I N the 1ast' chapter, the disturbing influence ot, varying age 
and sex distribution of the population on the general 

mortality has been discussed, and the method by which the 
fallacy involved can be avoided has been described. ' We have 
also pointed out that the relative position of the tw~nty-eight 
great towns is scarcely changed, the correction simply altering 
the amount of difference between the towns, but leaving their 
relative position practically the same. 

Death-rate at Age-groupl.-A statement of the death-rate 
at various groups of ages per 1,000 living at these ages, is'quite 
trustworthy for comparison with other towns and districts. 
To obtain this, it is necessary to know~ 

1. The population at different age-groups. ' 
2. The deaths at different age-groups. 

The latter are obtained from the local registrar's death
returns; the former may be ascertained in the case of each' 
urban and rural sanitary authority by an application to each 
group of ages of the same method of estimation for increase of 
population as that described on page 6. For the population 
at all agei the same rate of increase at each group of ages, as 
in the previous intercensal period, is assumed to continue 

'118 
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. daring the .present decennium. Thus, if the nUIJlbers living 
at each age:-group in 1871 and 1881 are known from the census 
returns, the calculation is short.. If, however, in the 1871 
census, the age-constitution of the population in question was 
not given, a subsidiary calculation is required. It is assumed 
that the age-distribution does not vary between the two census 
enumeratious, an assumption practically correct when the .pre
vailing industry in a given . neighbourhood has not altered. 
Then having given the total population in 1881 and in 1871, 
and the population. distributed according to age and sex in 
1881, the finding of the distributed population of 1886 is a 
mere question of proportion. 

Thus if the total population 'of a town in 1881 is 107,546, 
and the number living &","'ed 10-15 is 10,741, while the total 
population in 1871 is 92,481, to find the number living aged 
10-15 in 1886. 

The calculation will be in three stages. 

(1) Find rate of increase per nnit of population from 1871 
to 1881. 

92481(1 + r)lO= 107546. 
~o /107546 

Therefore l+r= V 92481' 

And log. (l+r)='t\ (log. 107546-log. 92481). 
Therefore l+r=I'0l5. 

And r=rate of increase per unit of popula
tion=o()I5. 

(2) Find from this the total mean population for 1886, i.e. 
after the lapse of 5l- years. If P=mean population of 1886. 

P= 107546 (1'01& )¥. 
Hence P=116363. 

(3) Find in this population the number living aged 10-11). 

If z=this number, 
Then 107546 : 116363:: 10741: z. 
Therefore z=11625. 
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There are two false methods of estimating the rate of mortality 
at different· ages. The first of theee is to calculate the pro:, 
portion of deaths to total deaths j and 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 consideratio"n, though 
its interpretation in the two cases would be essentially differ
en~. Or if a reduction in both the total deaths and the deaths 
at a given age-group occurred, this reduction might be entirely 
hidden by the statement of the result as a proportion between 
the two. 

The second method is equally fallacious j 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 nllmber living at the same age
groups. 

For .mall populatiOnB a too minute division of age-groups 
is unadvisable. Deductions from a small number of individual 
facts are never so trustworthy as when the basis on which an 
inference is founded is wider, and accidental causes of varia
tion are thus to a large extent eliminated. " 

The following table gives the death-rates at various age
groups per 1,000 living at these age-groups. 

It will be eeen that under 6 and over 65 the death-rate per 
1,000 living at each group of ages is higher than the general 
death-rate at all ages j while at intermediate ages the mortality 
is lower than the general death-rate, being at its lowest ebb 
between 10 and 15, and much lower between 6 and 25 than at 
succeeding ages. It is evident, therefore, that the age-distribu
tion which would be most favourable to a low mortality is one 
containing an undue proportiOD of persons aged 6 to 25-such 
a population as would naturally arise from a continuously high 
birth-rate. 
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Annual Death-1'ates .in England and Wales at Twelve Groups of 
. Ages in Groups of Yea'l's,1838-87.--Males and Females. 

AGES. 

PERIOD. 

A~~;·1i ~ I ~ 11~\1~\2~\~\ 8~ I ~- \ 6~ \ ~ I I 85 75-' and 
upwdS.! 

DEATHS TO 1,000 LIVING. 

MALES. 

'1838} 
to 22'8 70'1 7'9 H 6'2 8'3 9'5 13-1 18'9 32'8 67'6 147'7 313'5 1886 

1838-40 23'3 72'6 9'7 5'3 7·1I 9'5 10'2 12'9 18'2 32'1 65'8 144'0 306'2 
1841-50 23'l 71'2 9'2 5-l 7'l 9'5 9'9 12'9 18'2 31'8 67'S 148'3 312'3 
1851-60 23'l 72'7 8'5 4'9 6'7 8'8 9'6 12'5 18'0 31'0 65'S 146'7 308'2 
1861-70 23'7 73'5 8'2 4-5 6'2 8'5 9'9 13'5 19'2 33'l 67'l 147'2 315'0 
1871-80 22'7 68'S 6'7 3'7 5'3 7'4 9-4 13'8 20'1 34'9 69'7 150'8 327'4 
1881-85 20'4 59'6 5'8 3'2 4'6 6'0 8'2 12'7 19'4 33'6 68'8/144-6 296'4 
1886 20'3 60'3 4-6 2'8 4'3 5'6 7'6 12'0 19'3 33'S 72'7 151-0 333'0 
1887 19'8 57'8 4'9 2'9 4'2 5'3 7'4 11'9 18'8 ~3'5 72'0 146'7 303'5 

FEMALES, 

1838} 
to 20'8 60'3 7'7 4'6 6'7 7'9 9'5 12'1 15'6 28'0 59'8 134'3 288'1 

1886 
1838-40 21-5 62'4 9-4 5'8 8'3 9-l 10'3 12-7 15-8 28'1 57-3 130'0 278-4 
1841-50 21-6 61'1 8'9 5'4 7'9 9'1 10'6 12'9 16-1 28-4 60-9 135'9 293-3 
1851-60 21-4 63'0 8'4 5-1 7'4 8'6 10'0 12'2 15'3 27'l 58'9 134'5 288'9 
1861-70 21'4 63'7 7'8 4-5 6'7 8'0 9'7 12.-1 15'6 27'9 59-1 134-9 285-1 
1871-80 20'1 58-4 6'3 3'7 5'5 6'8 8-6 11'6 15'6 28'7 61'0 135-4 296'4 
1881-85 18'2 50'5 5'6 3-3 4-7 5'9 7'9 10-9 15'2 27'8 59-5 129'4 267-8 
1886 18'3 50-9 4-7 3'l 4'5 5'3 7'2 10-3 15'0 28'4 64'2 137'6 307'0 • 
1887 17'8 48'9 4'9 3'0 4'3 5'5 7'l 10'2 15'2 28'0 63'4 132'7 276-2 

It has often been asked why, in a population with a con
tinuously high birth-rate, these inequalities in the proportion 
of persons living at, the different groups of ages do not in a 
series of years adjust themselves, This cannot be answered 
.better than in Mr, N" A, Humphreys' words: II It must be 

• The populations used are deduced from the rates of increase observed 
in the 40 years 1841-81, and .are dietributed in the several groups of ages 
according to the proportions found to prevail at the last five censuses, 
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CHART OF DEATH RATES 
AT DIFFERENT AGE-GROUP8.1886. 
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remembered that an annually increasing number of births 
forms a continuously recurring wave, which is always raising 
the proportion of those living at the lower ages, and which 
cannot cease its disturbing- influence unless the birth-rate were 
for a lengthened period to remain stationary, as is assumed in 
a Life-Table population." 

Infantile Population.-In considering the mortality at dif
ferent. ages, the first group of ages (under 6) requires further 
consideration, and especially the mortality under one 'year of 

. age (infantile mortality). In order to ascertain the infantile 
mortality, it is necessary to know the infantile population. 
And in this case the census enumerations do not give, us 
information which is as trustworthy as in most cas,es. The 
ages of . infants are very commonly incorrectly returned at the 
census. The number under one year old is certainly under
stated (many in their first year 'being returned as o~e year 
old). A smaller number in their seco!ld year are returned as 
two years old, and so on. - It has been sought to explain the 
deficiency of infants returned at the census by omissions in 
enumeration, but Dr. Farr has attributed it rightly to con
fusion between the current year of age and the completed 
years of life, rather than to actual omissions. On account of 
this deficiency in the census number of infants, it is more 
trustworthy to estimate their mortality in proportion to every 
thousand births . . A more strictly correct plan would be to 

, take the mean of the births of the current and the immediately 
preceding year as giving the true infantile population~ but 
as this plan is not usually adopted, for the sake of uniformity' 
the births of th~ current year are taken. 

'IJlfantile lI'Cortality.-The infantile mortality then is the 
annual number of deaths of infants under one year of age to 
every thousand births during the same year: nr. Rumsey • 
rllgarded the infantile mortality as a most reliable test, owing 
to the faef ,that nligration does not greatly affect the result 
at this early age. He held, however, that premature births 
sho~ld be struck out of account ?oth of the living and dying. 
It should b~ remembered that still-births are in this country 
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thus excluded from registration, though in France they are 
included. Probably the beat plan would be to insist on regis
tration in every case, making a class separate from births and 
deaths, in which still-births and premature births would find 
a logical place. 

A table showing the infantile mortality in the different 
counties of England and Wales is given at page 68. This 
table shows that the infantile mortality is usually lowest in 
agricultural neighbourhoods and highest in industrial centres. 
The following table compares the infantile mortality of the 28 
great towns during 1887:-

To" .... 

Englanel anel Walet • • 
28 Town.. ••• 
Londau •••••• 
BrightoD •••••• 
Port.mouth. • • • • 
Norwich. •••• 
Plymouth •••• 
Briatol • • • 
Wolverhamplou • • • 
Birmingham •• • • 
Leicester. • • • • • 
Nottingham. • • • • 
Derby ••••••• 
Birkenhead. • • • • 
Liverpool. • • • • • 
BOUOD ••••••• 
Manchester. • • • • 
Balforel • • • • • • 
Oldham • • • • • • 
Blackbum ••••• 
Pn.km • • • • 
Huddersfteld • • • • 
Halifa.·. • • • • • 
Bradforel. • • • • \ • 
1-eed. • • • • • • • 
Sheffield. • • • • • 
BuU ••••••• 
Sunderland. • • • • 
Newea!lllie •••• 
Cardill ••••• 

DlaI", ... 1dn 0nI r,M to 1.000 Birth •. 

Ten Tea... I 
1877-86. 

142 
161 
162 
148 
188 
178 
167 
145 
169 
16' 
201 
175 
148 
187 
188 
177 
17' 
178 
169 
187 
218 
169 
169 
162 
172 
163 
161 
167 
lliO 
169 

11187. 

145 
1118 
168 
149 
143 
168 
196 
149 
176 
176 
2011 
170 
142 
166 
1~ 
171 
191 
198 
187 
201 
21' 
181 
163 
178 
172 
177 
165 
151 
17' 
172 



KIlrt&lit7 of hfaata ill eadt. lloatk ofl'irs& Year.-Life is 
mQSt l.i.able ~ perish in its earliest staaooes, 1& the' l.i.ability 
decreasing ia something lib geometrical progression until the 
body becomes developed and the reproJucuT9 function is 
established, ... hen the chances of destruction ~craiD. increase, 
the su.c:cession of the species being thus secu:nld" (Rumsey). 
With each week after birtla the ~ of death diminishes.. 
For this nason ii is advisable in dWing with large popula
tions to state the IIlQnthly or even ...-eekly mortality of infants. 
The rate of mortality of boys in every mOD.th of the first year' 
of life e~ that of girls, so that, spite of the much larger 
!lumber of lK-ys at birth, they do not greatly ueeed the number 
of girls 'at the end of the first year. The following table from 
the Regis~neral's 38th Annual Repon (1875) gives the 
annual rate of mortality per I,OCO living at each month of 
age:-

~i!t. I laB_oF f1:"r: laLi.~ ....... Disono:I& Do8IricL 

• .U-5l m-3:t 67!-19 
1 UiH9 US-Sf SIS-n 
t 10:Hl0 UNO 3j6-7S 

• 87-1i 131-87 309 Sf 

• SI0()9 1~-O& ~~ 
5 '15-5-& l»~ 3I.lSw .. ~ U50()9 2JO.&-S9 
'l 65-9T 1~ 31.19-11 
8 '1~ 100-01 US-t:t , is:-3:t 1~3S t37-30 

10 S5-ti IIQ-S& tn-&> 
U '~S6 ' 91-61 llOO-:!3 

It will be seen that the conditions of life in a large town 
lib Liwrpool are so unfavourable to infantile life, that the 
mortality is in some mont1ls double that in the healthy dis
tricts, ... hile at the seventh mOD.th and upYlll'lh it is more than 
three times as great. 
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Causes of Infantile Mortality.-Some of the causes of infantile. 
mortality are common to every locality. Such are-

(1) Prematurity of birth and cQngenital defects. The health 
conditions under which the mother lives have an undoubted 
influence on the vitality of her progeny, and on the occurrence 
of premature birth. 

(2) Hereditary tendencies, such as the inheritance of syphilis, 
or degradation and drunkenness of parents, have also a very 
important influence. Dr. Hope has suggested Bome check on 
the marriage of unsuitable people, securing the greatest good 
of the greatest number, and, in Dr. Farr's words, rendering 
" growth more perfect, decay less rapid, life more vigorous, and 
death more remote." 

(3) The inexperience and neglect of 'fIwthers, especially of 
the industrial classes, is a most important factor in infantile 
mortality. As regards inexperience, it has been suggested 
that the deaths of first-born children should be separated from 
the general infantile mortality. Such returns would undoubt
edly show that first-born children die at a higher rate than 
children of a later birth j but some of the excess would be 
attributable to greater difficulty. in parturition, as well as to. 
parental inexperience. In the year 1875 the mean infantile 
mortality in twelve urban districts, which Dr. Farr tabulated, 
was 192 per 1,000 births, and the mean proportioll of women 
who married under 21 to every 100 marriages was 28; whereas 
in twelve rural districts, in which the mean infantile mortality 
was 92 per 1,000 births, the percentage of marriages of minors 
was only 18. Neglect on the part of parents is largely due to-

(4) Industrial conditions. In the large centres of industry 
the employment of women in mills during pregnancy and at an 
early interval after childbirth has a most deleterious effect 00 

the welfare of their infants. The latter are sent out to nurse· 
during the day. and commonly fed on farinaceous food instead . 
of milk, which cionstitutes the natural food of infanc,'y. It has 
been suggested that the employment of women in mills, etc., 
should not be allowed for one year after childbirth, and that 
the local registrar should have instrnctionsto furnish when 
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each birth is register~d simple print~d ~ections concerning 
the food and general maJ?agement· of infants. Dr. Ashby· 
estimates that among the wor~ing classes in large manufac
turing towns the number of deaths under one year of age is 
equal to ope.third of the. number under five, . and represents 
lI.bout one-half of the total deaths at all ages. 

(5) Improper food and methods of' feeding are responsible 
for a large share of infantile mortality. The improper substi
tution of farinaceous for milk food has been already mentioned. 
The use of uncleanly bottles containing milk in an incipient 
state of putrefaction is a common source of infantile diarrhwa. 
The close connection" between methods of feeding and infantile 
mortality is. shown by the fact that during the sufferings and 
starvation connected with the siege of Paris in 1870-71, while 
the general' mortality was doubled, that of infants is said to 
have been reduced by about 40 per cent;, owing to mothers being 
obliged to suckle their iD.fants. The same increase of adult and 
diminution of infant mortality was seen during the Lancashire 
cotton famine, when mothers were not at work at the mills. 
When improper feeding is a chief factor in producing infantile 
mortality, then a largepr6portion of the 'deaths are from 
diarrhwa and digestive diseases. Convulsions, again, are very 
commonly due to the irritation produc~d by improl>er food. 
The administration of opiates in the form of" soothing syrups," 
etc., and the dosing of children with medic~es of various kinds, 
"apart from medical advice, constitute another . cause of much 
evil. On the other handJ the neglect to obtain early medical at
tendance in illness not unQommonly leads to fatal consequences.' 

(6) The deaths from accidental or homicidal violence require 
consideration. In 1886 nearly half the total murders-81 out 
of 171-were cases of infanticide, i.e. murders of children in the 
first year and generally the first month of life; and more than 
.10 per cent. of the deaths ascribed to manslaughter were also 
deaths of infants. Taking these two together, the mean annual 
death-rate from homicide during .the years 1858-86 was 183 
for males, and 189 for females, per million births of each sex. 

Among "the industrial classes, death is occasionally due to 
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suffocation from overlaying of infants. It haa been repeatedly 
noted that such deaths are especially common on Saturday 
nights and holidays, and there is little doubt that they are 
frequently due to the drunkenness of parents. 

(7) Insurance of infants, ostensibly to provide funeral ex
penses in case of death, to say the least, constitutes an additional 
hazard· for the children. This is practically acknowledged by 
the Insurance Offices doing this kind of business, in the rates 
of premium they charge; which are enormously in excess of 
what would be required to cover actual risks, as shown by the 
English Life Table. £6 is the legal limit of insurance for a 
child under five; but the fact that in such cases parents have 
a direct pecuniary interest in the death of their children is 
found to lead to a much greater rate of mortality among in-
sured than among uninsured children. . 

If the general mortality of the great towns (p. 85) be com
pared with their infantile mortality (p.l04), it will be seen that 
there is not necessarily a close association between the two. 
The infantile mortality is largely governed by the amount of 
summer diarrhooa (p. 189), but the origin of the excessive amount 
of this and of ·infantile mortality from all causes in some 
towns requires further elucidation. 

Effect of ruegitimacyon Infantile Mortality.-An examina
tion of the table on p. 68 does not show any constant relation be- . 
tween the rate of illegitimacy and the entire infantile mortality. 
Possibly a certain number of illegitimate births are in towns 
registered as legitimate, while in rural districts they are 
correctly registered; BOme illegitimate children again escape 
registration altogether. If, however, we separate .the births 
of legitimate a~ illegitimate children, and adopt a like method 
for the corresponding deaths, a very different result is obtained. 
Thus, in the years 1871-75,the mean mortality of infants in 
twelve urban districts was, for legitimate children, 192 per 
1,000 legitimate births; for illegitimate children, 888 per 1,000 
illegitimate births. In Glasgow, during 1873-75, the annual 
deaths of legitimate infants to every 1,000 legitimate births 
were 152; of illegitimate infants to every 1,000 illegitimate 
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births,' 286. The following more recent figures from Dr. 
Tatham's Annual Report for 1887 may be compared with the 
preceding statistics. 

Births and Deaths of Illegitimate Infants in Salford. 

Proportion' of 
Births. Percentage of Deaths Under Deaths Under One 

One Yea •• Year per 1,000 
Years. Illegitimate Births. Births to 

Total Births. 

Total. Illegit. Total. D1egit. Total. Legit. TIlegit. 

------
1887 • 6,956 821 4-6 1,857 119 195 187 871 
EIght years, 

918 1,179 1879-86 • 56,492 2,506 4-4 . 10,127 171 866 

In the face of such facts, ,the importance of illegitimacy as a. 
national calamity is evident, and the following remarks, quoted 
by Dr. Farr from Von Bernoulli, are so apposite' that we 
reproduce them here: "The invariable fact that the mortality 
among the illegitimate is far greater than among the legitimate, 
and th~t many more of them are. still-born, shows c1.early 
enough how much mo'l'e unfavpurable their position is from the 
first. Who can doubt that their bringing up is much harder 
and more difficult ?-that the existence of a. class of men, 
bound to society by few or no family ties, is not a. matter of 
indifference to the State? The great- majority of foundlings 
are illegitimate, which of itself shows how little, as a general • 
rule, the Jllothers can or will care for these children. It is 
beyond doubt that fewer illegitimate children grow up to 
maturity,-that they get through the world with more trouble, 
than children born in wedlock,-that more of them are poor, 
and that therefore more of them become criminals. Ille
gitimacy is in itself an evil to a. man j and the State should seek 
to dimmish the number of these births, and carefully inquire 
to what circumstances any increase is to be ascribed." 

The following table gives the deaths of infants in England 
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and Wales during 1887 from various causes, and in. parallel 
column the total deaths during the same period :-

Infantile and Total Death, in 1887. 

Under One Year. A'AU Agea. 
Caneea of Death. 

Kalel. I Fema! ... Kal ••• Femal .... 

From All Causes . · · 71,468 56,8U 272,187 258,621 --- - - - -
Measles . . · · · 1,902 1,485 .8,657 8,108· 
Scarlet Fever · 239 205 8,899 8,9t;0 
Diphtheria • • • · · 134 91 2,116 2,327 
Whooping Cough. · · · 2,195 2,555 4,928 6,623 
Diarrhma ••• · · · 7,750 6,851 10,725 9,517 
Parasitic Diseases · 862 278 415 879 
Dietetic Diseases • · . · 145 124 1,0!!9 666 
Constitutional Diseases • · · 4,713 8,537 44,181 45,223 
Developmental Diseases · · 9,l79 7,305 21,219 22,714 
Local Diseases • · · 80,611 ~3,2il 140,7Iil 133,776 
Violence. ..... · · 1,091 1,044 12,979 5,U6 

ID-Defined and noU!pecified · 11,889 9,279 14,578 12,387 

Death-rate at other Age.Groupa.-Of these the one requiring 
special mention is the death-rate of children under I) year, old, 
which, like all other rates, should be calculated on the number 
of children living at these ages. This forms, perhaps, a more 
important sanitary test than the death-rate at any subsequent 
age-period. By the English Life Table, No.8, of 1,000 children 
bom, 150 die in .the first year, 04 in the second, 28 in the third, 
18 in the fourth, and 14 in the fifth year of life, making a total 
of 264 deaths in the first five years of life. Of the 150 who die 
in the firat year of life, 50 die in the first month, and 20. in the 
second. The tables on pages 88 and 101 give the death-rate 
'lJ1der I) for different periods, and it will be seen that there has 
been a considerable gain at these earlier periods, while ~t the 
higner age-groups there is a slight increase of mortality. 

Dr. Farr has adopted a quinquennial grouping of ages before 
25, and after this age a decennial, odd figures being selected as 
the limiting ages of the groups (25-85, ete.). This method was 
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adopted iIi. order to avoid the fallacy·caused by the tendency 
. which both the census and death~returns showed to state. ages 
'at round figures as 20, 30, etc. It might be supposed that 
smaller groups of years would ~ve more· valuable results j but 
it must be remembered that the age-distribution of the popula
tion and the ages registered. at. death are not yet·entirely trust-

• worthy, and that the elaboration of groups' would tend to 
diminish the true value of the results obtained. Dr. 'Fan states 
the case against further differentiation of groups thus: II In 
exhibiting sllch an abstract, I should commit a fault which I 
deem it most important to !!ovoid-that of assuming 'the delusive 
appearance of rnore minute accuracy than actually exists." 

Dr. Ransome has suggested that inasmuch as' the general 
death-rate is open to criticism as a test of sanitary condition, 
the death-rate under the age of 15 should be employed. He 
points out that II few comparatively leave their homes 'under 
15 years j consequently, up to this period of life, the population 
of any particular· place may be looked upon as' tolerably 
stationary." This is probably true of Manchester, to which the 
remarks particularly apply, hut in many towns 'there is con
siderable migration to boarding schools, etc. In addition, this 
test is defective, as it relates only to a small part of life, leav. 
ing out of consideration the ages between 15 and 55, when 
persons are of an age and strength for remunerative labour .. 
. On the whole, we should prefer the general death-rate to this, 
though the two in conjunction would give more reliable indi
cations of sanitary status than either alone jand better still 
is the death-rate at the different age-groups given by the. 
Registrar-General. For small populations, however, the age
groups selected should not be ~oo small, as the trustworthiness 
of death-rates diminishes steadily with the decrease' of th'l 
number of facts on which the rates are founded. 

A recent address by Mr. Chadwick to the Association of 
Sanitary Inspectors (August, 1888), forms an illustration of an 
important. fallacy. He stated that in Brighton the deaths of 
children under 5 years pf age formed 35'17 per cent., while 
among the rich they were only 8'9 per cent. of the total deaths 
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Any conclusion from such premises, as to the relative healthi. 
ness of the two classes, would be misleading. The larger 
number of children among the poor implies a larger population 
exposed to children's ailments, and consequently B larger 
number of. deaths under I) years of age as compared with the 
total deaths, apart altogether from any difference in sanitary 
condition. 

Effect of Sell: on Mortality.-The table on page 101 shows that 
female mortality is lower than male mortality at all ages except 
10-15, and 15-20, at which ages there is an excess of femalo 
mortality. 'It is evident, therefore, that the dangers tlonnected 
with child-bearing do not prevent the general female mortality 
at child-bearing ages from being lower than that of males. In 
1887, while the general death-rate for persons in England and 
Wales was 18'8 per 1,000, that of males was 19'8; of females, 
17'8. 

From what has been stated, it will be evident that an excess 
of females, at any ages except 10-20, would tend, though very 
slightly, to lower the general rate of mortality. Residential 
towns and watering-places appear slightly healthier than they 
are, owing, among other reasons, to the large proportion of 
domestic servants at ages when they are least prone to ill· 
·ness and death. The female death-rate is generally lowest in 
the towns in which the excess of the female population is 
greatest. 

At the 1881 census the population of England and Wales 
consisted of 11,947,726 males and 12,660,665 females, showing 
an excess of 712,939 females. We have already seen that the 
proportion . of boys to girls at birth is steadily decreasing 
(page 61),· whichwonld tend to increase the preponderance 
of females in the entire popnlation shown in the census re
turns. The comparative death-rate at all ages of males and 
females for successive groups of years is shown in the following 
table:-
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Death-Rate at all Ages of Males and Females. 

Years. Males. Females. 

lS38-40 23·3 21-5 
lS41-50 23-1 21'6 
lS51-60 23-1 21-4 
1861-70 23·7 21-4 
lS71-80 22·7 20·1 
lS81-85 20-4 18·2 
1886 20·3 lS'3 
IS87 19·5 17·S· 

It might be inferred that inasmuch as (a) the proportionate 
number of males with their higher rate of mortality is di
minishing in the population, and (b) the female death-rate is 
decreasing more rapidly than the male, the recent improvement 
in general mortality is due to these causes, and not to an 
improvement of the condition under which the male population 
lives. Mr. Humphreys has shown, however, that the disturbing 
influence of sex-distribution on the general death-rate is but 
slight. As determined by the English Life-Table, the male mor
tality is 25:05, and the female mortality 23·90 per 1,000. Thus 
if it were possible to have two different populations, consisting 
of males and females separately, the death-rate of the male 
population would exceed that of the female population by 1'15 
per 1,000, on the assumption that sanitary conditions were Ilqual, 
and the age-distribution of the two populations was normal. 
This represents the greatest possible error, and stich an extreme 
case is impossible. The excess of female population· actually. 
present in any district has so small an. influence that it may be 
practically neglectea. 

In his 50th Annual Report (for 1887), the Registrar-G-eneral 
has pointed out that the ordinary method pf giving the death
rates of males and females-that is to give the proportion of 
annual deaths to a million or a thousand living of each sex-is. 
faulty for purposes 0:( strict comparison., owing to the fact that 
the age distribution differs grea.tly in the two sexes. Thus 
among females there is a much larger proportion of very aged 

I 



CHAPTER TIll. 

I .. YFLr:E'SCII OF' CLIJUTIO .L.YD SOOIAL C01i7JITIOXS 
os llOBT.ALITY. 

In1laenee of Climate.-In1laenee of s-.-Yild W'mters and Cool Sam
men.-SeucmaI Preolenee of Dise&ses.-CJ'clieal Changea.-Effed of 
CondilioDS of Sab60iI.-Effec& of Bace.-Efleal of lIarital Condition. 
-Effed of Sanitation.-Increued Urban PopnlatioD anel lowered 
Uortality.-Effed of Sanitation on PhUUsis and TyphoH\ Fever.
School Life anel Uortality. 

"lATE have in the two last chapters discussed the effect of 
V V varying age and sex distribution on the general death

rate, and the death-rate at dift"erent age-groups.. Before con
sidering the mortality from special diseases, the influence of 
climatic and social conditions, of density ~.population, and 
occupation require attention, and to these the present and two 
subsequent chapters will be devoted. . 

The influence of climate cannot easily be separated from 
that of other conditions of environment. To obtain trus\
worthy statistics under this head, it would be necessary to 
eliminate the effect of variations in the age distribution of the 
populations compared, of density of population, staple in- • 
dustries, and of dift"erences in food and in other particulars. 
Thus the Army Reports for dift"erent foreign and home stations., 
which would appear a most promising field of investigation in 
this connection, not only exhibit the influence of climate, but 
also of the sanitary condition of barracks, etc. It would be 
well in investigations concerning climate to consider separately 
its effect on strangers and on the indigenous inhabitants. 

Seaaoll has an influence which can be stated in figures. As 
shown in the following table, in five out of the six years. 
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1881-6, the general mortality is highest in the first quarter of 
the year, and lowest iu the third quarter. This low mortality 
in the third quarter of the year would be still more marked 
but for the prevalence of Summer Diarrhooa. 

Town and Count1'Y Districts of England and Walcs.-Annual 
Death-Rates in each QUa/'fer of the Six rCa;'8, 1881-8G. 

EITJIIU,TID A. •• v,u. R.lTB of MOBTu.rry per 1,< 

Area in POPUL.lTIO. Quam. 
In each CjUArwr 01 the Yoar. 

in the Acres, middle of ending. 

lM81,/1883'1 1888'_!1884.1 11l86,\ 181 1886. 

YEAR. 18'9 19'8 19'61 19'6 19'0 19 

ENGLAND AND 37,239,851 27,S70,5S6 fIarCh 2l'/i 21'5 22'2 19'5 21'S 22 
WALES • . June. 18'6 19'0 200 18'9 19'3 IS 

Sept, • 16'S 17'S 16'S 19'7 16'6 17 
Dec •• lS'7 20'0 19'2 19'9 lS'5 18 

TOWN DISTRICTS, I 

All Registration I 
Sub - Districts, 
three - fourths 

YEAR. 20'1 20'9 20'& 20'6 19'7 20 of the popula- : -- ---- -- --"-
tion of which, ' 

{MarCh 22'6 22'9 23'0 20'8 22'1 2a 
as enumerated a,6sM36 17,716,932 June. 19'2 20'0 20'6 19'6 20'0 18 
in lSSl. re- Sept •• lS'8 19'3 18'1 2l'/i 17-5 19 
sided within I Dec •• 20'2 21'4 20'6 21'0 19" 1\1 
the boundaries 
of Urban San i-
tary Districts' 

existing in 1886 1 

- - - ~ - --
CoUNTRY 

I DISTRICTS. 

All the remain-) 
ing Registra.- YEAR • 16'9 17'3 17'9 17'7 17'8 18 
tion Sub,Dis- --

19'212'1-0 
---- -

tricts of Eng- rarch 19-7 18'S 21'8 22 
land and 33,550,915 I 10,153,654 June. 17'5 11'41 19'2 17'7' 18'2 17 
Wales, - not 8."t, • 14'2 15'2\14-6 16'7·1407 15 
coming with- Dec •• 16'1 17'6\16'9 "0°(' 16 
in the aboye I 
definition of 
Town Districts' 

Dr. Edward Smith's elaborate physiological researches have 
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a bearing on seasonal mortality. He found that the amount 
of carbonic acid eliminated was much greater in winter than 
in summer. Corresponding with these facts, Mr. Milner, the 
medical superintendent of the Wakefield prison, found that 
the prisoners uniformly lost weight during the first and fourth 
quarters of the year, and gained weight during the second and 
third quarters, the gain beginning about the end of March, 
and the loss at the beginning of September, about the same 
time as Dr. Smith fOlWd a similar change in the amount of 
carbonic acid eliminated. 

The effect of season appears to be more than can be explaine<l . 
by the physical phenomena of temperature and atmospheric 
pressure. Even with the same amount of exertion, less car
bonic acid is apparently evolved in 'summer than in winter, as 
compared with the corresponding amounts when at rest at 
these two periods. These facts have important bearings on the 
viability of children born at different seasons of the year, Dr. 
E. Smith concluding that the viability is greatest for children 
born in the winter or spring months. Other factors are doubt
less also at work. 

Mild winters and cool summers both lower· the mortality, 
the former especially of the old, and the latter of the young, 
and especially of the infantile population. A cold, damp 
summer is always accompanied by a low mortality. During 
the third quarter of 1887 the death-rate in England and Wales 
was 3'0 per 1,000 below the mean rate in the corresponding 
periods of the ten years 1878-87, and considerably lower than 
that recorded in the third quarter of any year since the begin- , 
ning of civil registration in 1837. .The mean temperature of 
the quarter was 57.60 Fahr., or 2'10 below the average for the 
corresponding quarters of 117 years. The amount of rain at 
Greenwich was 11·21 inches, or 3'93 inches above the average 
amount in corresponding periods of 73 years. The number of 
hours of sunshine recorded .at the Royal Observatory was 
361'5, or 81'3 hours bel(lw the average amount of the ten years 
1878-87. 

Season has also an impor.tant influence on the characte.r of 
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prevalent diseases, intestinal diseases being most prevalent in 
summer, and respiratory diseases in winter. 

Seasonal Prevalence of Diseases.-The following table from 
Netten Radcliffe's article in Quain's Dictionary of Medicine, 
shows the seasonal prevalence of various diseases and cnuses 
of death. 

WIDt.er. Sprlnr. Summer. Autumn. 

--
Jan. Feb. Mar. Apr. M.,. JI108. Jul,. AUg'/Sept. Oct. 1 Nov. 

Small.Pox . . + + + + l + - - - - -
Measles + - - - + l + - - - + 
Scarlet Fever - - - - - - - + + t + 
] liphtheria ... + + - - - - - - + + l 
Whooping Cough • + + + + + - - - - - -
Typhus (6 years) • + + + + - - + - - + -
Typhoid (6 years) • + + - - - - - + + + t 
Erysipelas • • • + + - - - - - - - + t 
Diflrrhrea &Dd Cholera - - - - - - : : + - -
Old Age . . : + + + - - - - - - -

+ Above average.. - Below average. : Maxima. _ Minima. 

It will be seen from this table that Enteric Fever is least 
prevalent in late spring and early summer, and most prevalent 
in the autumn. Dr. Longstaff's researches show that, accord
ing to the statistics of the London Fever Hospital, the minimum 
is in April, and the maximum in October. According to the 
Metropolitaa Asylums Board Hospitals returns combined with 
the returns of deaths in London since 18G9, there is a June 
and July minimum with a more rapid rise to a maximum about 
the end of October or beginning of November. In all cases 
the mean is reached about the end of the year, and then occurs 
a gradual fall to a minimum in April, sometimes interrupted 
by a slight outbreak in January or Februalj'. The curve of 
Scarlet Fever is very similar to that of enteric fever, but its 
minimum is in March, and it rises more gradually to a maximum 
in the first week of November. For TlIpltU' Fever the preva
lence in London, as indicated by the mortality and number of 

D, 
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admissions to hospitals, sho'wsa minimum in July, August, or 
September, rising to a maximum in October, or more usually 
November; and usually continuing excessive during ~he winter, 
with another maximum in January or February, commonly 
higher than the autumn maximum. Its prevalence may 
decline suddenly to a minimum in March,- or more gradually, 
the minimum being reached as late as May. . 

Seasonal Ourveo! Typhoid Fever. 
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-(NoTII.-The Berlin cu1'1le represents the time of death of the patients; those 
of Basle and London the time of their reception into hospital.] 

Cyclical Changes.-The fact that certain diseases, especially 
those of an infectious character, recur after an interval of 
years, shows that, apart from the influence of the season of 
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'lear, there are periods of change ~hich require for their com
pletion a series of years. Mr. Netten Radcliffe has drawn 
attention to the fact that the law of periodicity of epidemic 
and pandemic diseases is not yet determined. Two factors 
appear to be at work: (1) the influence of an accumulation of 
susceptible persons in the intervals between two epidemics of 
the same disease; and (2) certain extraneous conditions whirh 
appear to be operative in determining the periodicity, but about 
which little or nothing is known. The first factor is exempli
fied by the fluctuations in the amount of small-pox in England, 
which have been observed to have a close relationship with 
the fiuctuations in the number of unvaocinated children,-a 
relationship so close that the periods of recurrence of epidemio 
small-pox could be pretty accurately forecasted. The second 
factor appears to be exemplified by the fact that, in 1871, when 
one of the periods of epidemic increase was due, some other 
undetermined condition gave to the epidemic of 1871-72 a 
severe character not observed in small-pox since the general 
introduction of vaccination. Mr. Radcliffe gives as other 
instances of a similar character the great epidemic of syphilis 
~n the fifteenth century; the exceptional development of fatal 
liarrhrea in this century; the great development of diphtheria 
within the last thirty years; and the appearance within recent 
years of cerebro-spinal fever; which he regards as evidences 
of secular-pathological changes, to which a clue must be sought 
by studyiug their relation with secular meteorological and 
telluric changes. The solution of the problem why cholera 
is now endemic in India, then becomes epidemic, and finally 
pandemic at intervals, belongs to the same category. 

Effect of Conditions of Subsoil.-It is well known that 
respiratory diseases are more prevalent in districts with a cold, 
damp soil than elsewhere, and that diphtheria and rheumatism 
also prevail to a greater extent in such districts. The table on 
p. 129 shows the diminution in mortality from phthisis and 
typhoid fever which has followed on the execution of main 
drainage works, which l'mong other things have tended to 
drain and dry the subsoil The following statistics tend to 
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throw some doubt on the essential cause of the diminution in 
the prevalence of phthisis. It will be observed that in West 
Sussex, which is chiefly an agricultural district, and in which 
no main drainage is to any great extent in use, phthisis does 
not vary in amount as the soil becomes more or less pervious 
to moisture, though lung diseases and diphtheria do so in a 
striking manner. The figures are derived from Dr. C. Kelly's 
Annual Report on the Health of West Sussex, a district which 
covers an area of' 335,492 square acres, or about 524 square 
miles, with a population in 1887 of 105,520. The different soils 
fmmd in -this district are (1) pervious soils, which include the 
upper and lower greensands, the chalk and the lower Tunbridge 
Wells sands; (2) the retentive soils, which include the Weald 
clay, the clayey beds {)f the lower greensand and the gault; 
and (3) moderately pervious soils, sloping from the sea to the 
South. Downs, where the chalk is covered for a depth of 15 to 
50 feet with loam and brick-earth. 

N atore of Soil. 

Pervious. • 
Moderately } 

Pervious. 
Retentive 
West Sussex 

Population. ~eath'Raterer l,OOO,~ !dying at all Ages f~m 
Phthisis. DI~~:::e. Diphtheria. All Causes. 

33,820 
29,640 

23,530 
86,990 

1514 
1467 

1542 
1506 

2131 
1892 
2583 
2172 

127 
216 
454 
246 

14,852 
14,463 

14,942 
14,741 

These figures show that the mortality from diphtl;teria and 
lung diseases is much higher on retentive than on pervious ' 
soils, while that from phthisis and from all causes is very 
nearly the same on each variety of soil. 

Another table given by Dr. Kelly shows that West Sussex 
has participated in the great decrease in mortality from 
phthisis which is to be noticed throughout England, but that 
this decrease is not confined to the districts with pervious 
soil, or apparently greater in them than in the districts with 
retentive soil. 
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Effect of Race.-The following table shows the death-rate 
in different countries; but it is obvious that other causes of 
difference are at work in addition to race. 

/)eath-Ratcsl'cr 1,000 Lit-illg ill Difcrcnt Count/-it's. 

MOAn Annuill 
COlln&ri ... Dp"th·lt.lue In 1881. 1881. 1881. 188'. IIISI. 1880. IAA7. "be :ttl ,'p"rt, 

1""1-11<). 
- ---- - -- ---- --

England &: Wale. 21'9 18'9 19'6 19'0 19'0 19'0 19·8 IR'8 
Srotland 21'9 19'8 19'8 20'1 19" HI'1 hl'6 111'7 
Ireland. · 17-0(1711'.') 17'1i IN 19'1! 17'6 ItH 17'9 It1·a 
Denmark. 19'7 18'8 19'8 18-4 IIH 17'9 18'2 Ill'll 
Norway · 16'9 (10 yn.) 16'8 16" 17'1 18-4 16'0 16'1 -
Sweden · 19'!I 17-7 IN 17'8 IN 17'8 16'6 -
Austria. 81-1 80'6 80'8 80'1 20'!I 29'0 29'4 2t1·0 
Hungary StI'7 (10 yn.! 85'6 86'6 82'6 81" - 8~'11 -
Switzerland • 23'6 (Uyrs. 22-4 111'9 20'8 20'1 21-1 20" -
German Empire. 26'9 (011"') 25'0 20'7 26'9 26'0 26'7 26'2 Ull 
NetherlancU. • 24'7 21'& 20'7 21'8 2:l'2 21'0 21'8 H/'7 
Belgium 22'8 20'9 20'2 20'8 110'9 2U'1 ~11'1 1\1'8 
France • 23'6 22'0 22'!I 2:l'2 !l2'!1 !ll'9 . 2~·.'l 21'0 
1tal1 80'0 (18rn.) 27'6 27-0 27'& 211'7 llti'6 ; lId'lI IlI1'7 

The United States would appear to be the best field for thil! 
inquiry, as its population is largely recruited by immi~ration. 
The following figures are given rather as exemplifying the 
difficulties of the problem than as justifying a defiuite cou
clusion. In 1870, according to Duck, 14'4 per cent. of itl! 
aggl'l'gate population consisted of foreign-born; viz., Irillh, 4'R 
per cent.; Germans,4'4 per ct'nt.; English and 'Velllh, l'GllPf 
cent.; all other nationalities (none over 1 per cent.) amounting 
together to 8'6 per cent. In the same year the population of 
New York consisted of 45 per cent. foreign-born, of whow 
21'4 per cent. were Irish. In 1873, by the State cenSU8, 84'2 
per cent. of the Doston population consisted of foreigners. 
Dut, although the deaths among the!le different races are 
serarately stated, aDomalons age distributioD makes it very 
difficult to institute comparisons. The general death-rates are 
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of no value for this purpose. General Walker has attempted 
to show that the different foreign populations are similarly 
constituted as to age, and can therefore be compared amongst 
themselves. But we refrain from quoting his figures, as it is 
probable that social conditions and overcrowding (especially 
among the Irish) are more potent in producing the differences 
observed than race. 

Dr. Beddoe, in his article on II Mortality" in Quain's Dic
tionary of Medicine, gives the Jews as the best example of the 
influence of race apart from habits of life; as, for instance, at 
Frankfort-on-Maine, where the mean age at death of Christians 
is stated to be 36'9 years, of Jews, 48'7. The fallacies involved 
in the acceptance of the mean age at death as a sanitary test 
will be stated at page 245. 

Effect of Marital ConditioD.-Dr. Bertillon's tables, compiled 
from the returns of France from 185~, show that the death
rates of married adults. are considerably lower than those of 
the unmarried, the death-rates for widows and widowers being 
the highest of all. 

Death-Rate per 1,000 Living of Married and enmarricd. 

Males. i Females. 

Agee. 
I 
i llarried.1 Wi.lowa. Single. llarried. Widowers.: Singl ... 

--- --- ---
to-25 12'88 8'9:1 49'60 8-32 9'92 12-31 
25-30 10'17 - 6'24 21'84 9-0') 8'9:'3 23'62 
30-35 11-51 6-!tl 19'17 9-87 9'36 16-90 
35-40 13-15 '1"52 17-50 10'87 9'29 15'03 
40-45 16'62 9'55 18'89 13'28 10'14 1:)-73 
45-50 19'60 11-47 22-20 15-71 19-69 13-30 
50-55 25'80 15'61 26'80 20-97 H,ll 15'20 
55-60 32'10 21-50 34-17 26-90 19-29 24'47 
60-65 45'92 32'60 47-50 I 40-52 30'75 37-07 

I 65-70 5S'SO 44'80 62'97 I .58-30 45'30 53'50 

Married life exposes women to the dangers of child-birth; 
but, spite of this fact, married women have a much lower 
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mortality than spinsters, and still lower than widows. Although 
it is probable that married life is more conducive to longevity 
than single life, the proportionate salubrity of the two is not 
expressed by the proportion between the corresponding rates, 
in the above table. Although the influence of class is almost 
eliminated by the national character of the figures quoted, it 
may fairly be argued that, by a process of selection, it is the 
healthy men and women who chiefly marry, while the origin
ally sickly are more likely to be found classed among the 
single. 

The high rate for widowers aged 20-25, in comparison with 
bachelors and married men of the same age, may be largely 
due to accidental causes of difference. It should be remem
bered that the number of widowers aged 20-25 is compara
tively small, and it is a sound rule in statistics that the 
smaller the number of individual facts on which a given rate 
per centum or per mille is founded, the less trustworthy is the 
result. 

Eff'~ct of Saaitation.-The effect of density of population on 
mortality will be discussed in the next chapter. In view of 
the fact that such increased density tends to produce increased 
mortality, which we may assume for the present, and remem
bering that the population of England and \Vales is every year 
becoming urban in a greater proportion, even a stationary rate 
of mortality cannot be regarded in any other light than as a 
cause of congratulation and not of reproach to sanitarians. 
Dr. Farr pointed this out in his 34th Report (1871). "In the 
last twenty years the towns of England have increased from 
1>80 to 938, their population from 9 to 14 millions, and the 
health of the whole population has remained stationary." The 
same tendency to increased aggregation in cities is seen in 
France, where, in 1846, the urban population formed 24'4 per. 
cent. of the entire population; in 18u6, 27'3 per cent.; in 18G6, 
3(}4 per cent.; and in 1872, 31'0 per cent. 

The following table from the preliminary report of the 1881 
censlls, shows the relative numbers of the country and town 
populations. 
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Increase in Increftse 
Area in Acres. Years. Popnlation proceding per cent. ill 

Enumerated. Decennium. preceding 
Decennium. 

; 

37,819,321_ { 

1851 17,927,609 - -
ENGLAND AND } 1861 20,066,224 2,138,615 11-93 

WALES ••• 1871 22,712,266 2,646,042 13-19 
1881 25,968,286 3,256,020 14-34 

T_~~m'} i.e., inhabit-

3,184,419 { 

1851 9,155,964 - -ants of the dis-
tricts and sub- 1861 10,933,234 1,777,270 19-41 

districts which 1871 12,910,647 1,977,413 18'09 

include the 1881 15,444,808 2,534,161 19'63 

chief toms. • 

C...... P""la-1 tion i i.e., in-
_ habitants of the 
remainder of 

34,134,802 { 

1851 8,771,645 - -
England and 1861 9,132,990 _ 361,345 4'12 

WoI" wmohr 1871 9,801,619 668,629 7-32 
oomprises the 1881 10,523,478 721,859 7'86 
smaller towns 
and the country 
parishes. • • 

The following table shows in a succinct form the percentage 
of urban and rural populations at three decennial periods. 

Percentage of Population of England and Wale •• 

1861 I 1871 1881 

Urban Population .- 62'3 I 64'8 66'6 
Rural Population. . 37'7 35'2 33-4 

Now, although this steadily increasing amount of urban 
population would, according to natural laws, imply an increased 
mortality, up to 1871 the health of the whole country remained 
stationary. Since that time there -has been a remarkable 
reduction in the -death-rate, concerning which we cannot do 
better than quote the Registrar-Generai's report for 1881 
(page xv. et seq.). "There is nothing in the series of annual 
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reports issued by this office that comes out more distinctly and 
unmistakably than the wonderful effect which the sanitary 
operations of the last decade have had in saving life. The 
Public Health Act came into operation in 1872. The average 
annual death-rate for the immediately preceding ten. years 
(1862-71) had been 22·6, and there were no indications what
soever of any tendency of the rate to fall lower. Indeed in 
1871, the final year of this period, the rate was exactly the 
average, viz., 22·6. The Act came into force, and at once the 
rate began to fall, and continued to fall year by year with 
almost unbroken regularity, unt~ in 1881 it was no more 
than 18·9. Once only in the ten years that had elapsed 
since the Act came into operation was the rate as high as the 
average of the previous decade. That was in 1875, when the 
rate was 22·7. In that year a second Public Health Act, of 
more stringent character, came into operation; and from that 
date down to 1881 the death-rate did not once reach 22·0, and 
averaged no more than 20·5. 

"Had the fall in the death-rate been limited to a single year, 
or to two years, or even to three, it might have been argued by 
sceptical persons that the improvement was due to a Buccession 
of seasons favourable to health, or to other causes unconnected 
with sanitary administration, and that the setting in of the fall 
coincidently with the coming into operation of public health 
measures was no more than casual; but in face of a fall, lasting 
for ten years in succession and increasing each year in amonnt, 
no one can seriously maintain lIuch a position. There can be 
no real doubt that the saving effected in life was the direct 
product of the money and labour expended in sanitary improve
ments. Doubtless the money thus expended was enormous in 
amount; and it will be wel~ therefore, to consider what return 
it has brought in. If, theD, the death-rate in 1881 had been 
only equal to the average death-rate in the decade precedin~ 
the Public Health Act of 1872, there would have died in thE 
course of that one year 96,917 persons who, as it was, survived. 
From this total, however, a deduction must be made of somE 
5,000 for the following reason :-The birth-rate in 1881 and h 
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each of the two immediately preceding years was considerably 
below the average annual birth-rate in 1862-71. Consequently 
there was a smaller than average proportion of children in the 
first three yea.rs of life in the population of 1881. But the 
death-rate at this early period of life is always very high. 
Ha.d the birth-rate in 1879, 1880, 1881 been equal to the 
average birth-rate in 1862-71, there would have been so many 
more young children living in 1881 as to have increased the 
deaths in that year by a number close upon 5,000. Instead, 
therefore, of 96,917 lives saved, we have only about 92,000. 

uNow we shall probably be well within the mark if we assume 
that for every fatal case of illness there are from four to five 
more cases which end in recovery. This is about the proportion 
in enteric fever, which is a more fatal disease than the average 
of diseases. The result, therefore, on this assumption, would 
be that, speaking in round numbers, there were 500,000 fewer 
cases of illness, and 92,000 fewer deaths in England and Wales 

. in 1881 than would h~ve been the case had the population been 
living under the conditions that existed in 1862-71. It may 
perhaps, be objected, and not unreasonably, that the year 1881, 
with its extraordinarily low death-rate, was 80 exceptional that 
it can hardly be taken as a fair sample by which to measure 
the annual return in life and health from the moneys spent in 
sanitary improvements. Let us then take the entire period of 
ten years that elapsed between the first Public Health Act 
and the close of 1881. Had the death-rate remained during 
that period at its mean level in the preceding decade, the 
total deaths from 1872 to 1881 inclusively would have been 
5,548,116; whereas they were actually no more than 5,155,367. 
Thus no less than 392,749 persons who, under the 'old regime, 
would have died were, as a matter of fact, still living at the 
close of 1881. (The mean birth-rates in the two decades 
1862-71 and 1872-81 were almost exactly the same, so that DO 
correction Deed be made in this case). Add to these saved 
lives the avoidance of at least four times as many attacks of 
non-fatal illness, and we have the total profits as yet received 
from our sanitary expenditure. Moreover, it is important to 
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note that these profits were not equally spread over the ten 
years, but that there was a manifest tendency to progressive 
increase throughout the period. This is what might be anti
cipated; for the full. effect of sanitary improvements requires 
time for development." We may add that if· the death-ra.tes 
between 1881 and 1888 are included, the improvement realized 
becomes even more striking. Thus-

M ... nAnnu .. l 
Period of Yea.rs. Deatb·Rate per 

1,000 Living. 

Ten Years, 1862-71 22'8 
Public Health Act, 1872-

Four Years, 1872-75 21'8 
Public Health Act, 1875-

Five Years, 1876-80 20'79 
Five Years, 1881-85 19'30 

1886 19'28 
1887 18'79 
1888 17'88 

In the decennium 1871-80, the mean annual death-rate 
varied from 14'13 to 33'57 per 1,000 in different districts, 
During this period England and Wales were divided, for 
registration purposes, into 647 districts, in 8 of which the 
mean annual death-rate was under 15 per 1,000; in 31, under 
'16 per 1,000; and in 62, did not exceed 17 per 1,000. These 
101 districts constitute what are called the Selected Healthy 
. DiBtrictB, and form a convenient standard of comparison. In 
326 districtll the death-rate was between 17 and 20; in 195, 
between 20 and 25; in 23, between 25 and 30 per 1,000; 
and in the remaining two exceeded the last figure. Dr. Ogle 
points out that it would not be fair to assume that the differ
ences between these different dil!tricts are due to the varying 
efficiency· with which the Public Health Act is carried out; 
and that apart from the slight differences due to geological 
and climatic influences, these districts should have an equal 
mortality. While it is true that there is a great and general 
decline in mortality since active efforts have been made at 
sanitation, and that this decline is grea~est in. the districts 
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where sanitary administration has been most active (greater 
in the urban than in the, rural districts), other factors of. ex
cessive ;mortality, over which sanitary authorities have little 01" 

no control, must be remembered-as poverty, crime, drunken
ness, unhealthy occupations, and the degree of aggregation of 
the population. 

The report made by Dr. Buchanan to the Privy Council in 
1867 on twenty-five towns, having an aggregate populatiDn 
of 606,186 inhabitants, showS very strikingly the influence of 
definite sanit!U'Y works on the mortality from typhoid fever and 
from phthisis. ' The, sanitary improvements in these towns 
included drainage of houses and of the surface and subsoil; 
improved water supply; measures for removing decomposing 
organic matters, for improved paving and scavenging and 
public cleanliness, and for the amendment of lodging-houses 
and the repression of overcrowding. The following table gives 
a few illustrations of the effect of such sanitary works from 
Dr. Buchanan's more extensive tabie. 

, Effect of Sanitary Works on the General Death-Rate and 'on 

the Mortality from Typhoid Fever and Phthisis. 

-
Death·Rate Death·Rate :Reduction 01 ,Reduction of before after Towns. Construction Construction Typhoid Phthisis 
oeWork&. of Work&.· per (;ent. perCent. 

Banbnry • · 23" 2()'S ~ U 
Cardiff · 33., 22-6 40 17 
Croydon. · 23"7 18'6 63 17 
Dover. . · 22'6 20'9 36 20 
Ely. 23'9 20'S 56 47 
.Leicester • 26-' 25-2 48 32 
Macclesfield: 29'8 2S'7 4~ 31 
Merthyr · 33-2 26'2 ·60 11 
Newport • · 31 'I! 21'6 36 32 
Rugby · 19'1 18'6 10 43 
Salisbnry • · 27'S 21'9 75 49 
Warwick. · 22"7 21'0, 52 19 

In these twelve towns the average death-rate was lowered 
II: 
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from 20'6 to 21'7 per 1,000 j the mortality from typhoid fever 
was reduced 10-75 per cent., and from phthisis 11-'9 per 
cent. 

The facts stated in the preceding table may be compared 
with Dr. Kelly's figures (page 120). There can be no question 
as to the great diminution of phthisis in this country, and that 
this is due to sanitary improvements. It is worthy of note 
that Mr. (now Sir John) Simon, commenting on Dr. Buchanan's 
results in his report for 18G7 "to the Privy Council, while 
thinking that there is no poasibility of quelltioning the con
clusion that dampneas of soil is an important cause of phthisis 
to the population living on the soil, i. careful to state that 
this conclusion does not purport to be more than a contri
bution to the etiology of phthisis. lIe points out that the 
disease has an industrial aspect, that its hereditary relations 
are important, and that the infective nature of the morbid pro
cess accompanying it requires elucidation. 

Mortality at School Age .. -The influence of the present 
educational system on the health of children in this country 
i. so important a question that no apology i. necessary for 
quoting the following statement from the Registrar-Oeneral's 
Annual Report for 1882. 

U We have no means of giving the death-rate. of children of . 
the precise ages 3-13, as requested, for this age-period is not 
one that is used by us in abstracting deaths. 'Ve can, how
ever, give the death-rate of children of from 5 to 15 yearl of 
ago, and this age-period will probably be a better one than 
3-13 to test the possible effect of school-work OD children'. 
mortality j for, thQugh the children of three and four years or 
age are omitted, school can scarcely be lupposed to affect them 
in the way of injury from overwork j and, though boys and 
girls of 14 and 15 are included, it must be remembered that 
any injurious effects of overwork at Ichool that may exillt will 
be carried on after the actual Ichool attendance il finillhed. 
The effect, if there be any, of overwork would be in the latter 
years of school attendance j vi •. , the 12th and 13th yeaTl, and 
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the injury would cause increased mortality, not only in those 
years. but at least. for some few years afterwards. The age
period, then, which we take is the decade from 5 to 15 years of 
a".toe, and the periods we take for comparison are the decennia 
1861-70 and 1871430. 

.. The death-rate of children (5-15) in 1861-70 was 6'3 per 
l,CXXl. It fell in 1871-00 to 5-1 per 1,<xx>; a decline of 19-05 
per cent. The main pari in this fall was due to diminished 
mortality from the chief zymotic diseases ;kamely, small-pox, 
measles, scarlatina, whooping~ugh, diphtheria, fever, and 
diarrhma. These diseases caused a mortality of 2"9 "per l,<XX> 
in the fir.rt decffllDjaJ period, but only of 2"1 per l,<XX> in the 
SE'ICOnd. 

.. But after excluding these diseases from the account as 
irrelative to the question at issue, there was still a considerable 
decline in mortality. h the first period (1861-70) the death
rate from all-,~tTaec than zymotic was 3"4: per l,OOJ; in 
the second it was only Ml. 

.. But inasmuch as school work, if it be injurious to health, 
would probably be so by affecting the brain and, generally, the 
nervous system, it would be well to split up these death..ntes 
from causes other than zymotic, into death-rates from. diseases 
of the nervous system and death-rates from other causes. 
When this is done, we find that the entire fall was due' to 
diminished mortality from other causes. The rate from these 
fell from 2"9 to 2"5 per l,<XX>, whereas the death-rate from ner
vous affections remained unatfected. Indeed, if a second place 
of decimals were taken, it would appear that nervous dise&ses 
had sli:;htly, very slightly, increased. 

· .. It would appear, therefore, that, while the mortality of 
children from all causes and from zymotic causes has consider'
ably diminished, their mortality from diseases of the nervowt 
system has exceptionally remained stationary." The general 
improvement has not affected this class of diseases. 
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Annual Death-Rate per 1,000 living of Cldldren aged 5-15 
in England and Wale. in the two decade. 1861-70 and 
1871-80. 

Yeara. 
Dille .. e.. " I All causel..\ ~,;:~ri!l IN :;:~'::!.':!m;1 Other Canlr •. 

-~-:-~~-=-~-+1--:-:~-· --1-:':\ g:~ I' 
" To the above answer to the question addressed to this office 

may now be added the supplementary fact that the figures for 
1881 and 1882 also showed a further and considerable decline 
in the deaths of children of the ages in question from all causes 
together, and from the chief zymotic diseases, while their death
rate from nervous diseases remained in each of' the two years 
at exactly the same point as in the two preceding decades." 

"It may also be well to note that tubercular meningitis or 
acute hydrocephalus is not included in the foregoing table 
among diseases of the nervous system; and that the mor
talityascribed to this cause was somewhat higher in 1881 and 
1882 than in 1861-70. Both in 1881 and 1882 the death-rate 
among children of school age from this cause was 0'22 per 1,000, 
whereas in 1861-70 it averaged 0-20." 

These statistics undoubtedly appear to give countenance to 
the view that the ,strain of education produces in a certain pro
portion of children injurious effects on the nervous system. It 
'Would, however, be unsafe to draw certain conclusions from 
these figures. The medical certificates of death relating to 
children are often ambiguous in statement, and the absence of 
any decrease in diseases of the nervous system may be due to 
accidental causes of variation and not to the influence of school
life. The whole question of "overpre8Bure" is discussed in 
my manual of School Hygiene. 



CHAPTER IX. 

DENSITY OF POPULATION AND MORTALITY. 
, ' 

Estimation of Degree of Aggregation.~Relation between Density and 
Mortality • .,-Urban and Rural Population.-Urban and Rural Mortality. 
-Apparent and Real DilIerences.-ElIeot of Density on Mortality of 
Young.-Range of Action of Density on Mortality.-Ellect of Higher 
Degrees of Density on Mortality.-Siz9 of House and Mortality.
Artisans' Blook Buildings.-Baok to 'Back Houses.-Causes of High 
Mortality from Increased Density.-Impure Air.-Infeotious Diseases. 
-Phthisis.-l'overty and Drunkenness. 

D R. F ARR first called attention to the influence exerted by 
density of population on mortality in the fifth Report 

of the Registrar-General (1843), and since' that time the re
lationship between den.sity and mortality has been further 
'elucidated. 

Method of Estimating Degree of Aggregation of Population. 
-Two methods are commonly adopted. (1) The number of 
persons living to each square mile of area is stated. (2) The 
a.verage number of acres occupied by each person in the popula
tion i~ stated. 

The following table gives an example of both these 
methods:-

England and Wales-Density and Mortality. 

- 1841-00 1851-60. 1861-70. 1871-80. 

--- --- --- ---
Death·Rate per 1,000 • . . . . 22 22 22 21'3 
Persons to a Square Mile. . - 325 865 415 
Acres to a Person (Mean Density) • 2'21 1'96 1-74 1-53 

133 
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If Area=A, and population=P. 

Then i:::::n=mean population on each unit of area, 

While ~= the mean area to each person. 

The unit of space in the first method is taken to be a mile; 
in the second (so that whole numbers may be secured), an 
acre. 

:Relatioll betweell Density and Mortality.-Dr. Farr found 
that the mortality increases with the density of the population, 
but not in direct proportion to their densities. but as their 
6th root. 

Thus if d and d'=density of population in two places. 
and m and m'=mortality II II II 

then m' = -e,r!... 
m 'Vd 

and mi : m:: vet : Va 
In his report for 1843, Dr. Farr gives as examples seveD 

groups of districts the death-rate of which, calculated from 
their densities, approximated very closely to the observed 
death-rates. Thus-

Duth-Ratu-
Calctdate4: 18'90-19'16-20-87-25-02-28-08-87-70-88-7',_ 
OWenJe4: 16-75-19'16-21-88-24-90-28-08-83-49-88-62. 

The formuia was subsequently altered by Dr. Farr (Supple
ment to 35th Annual Report, page clviii). (}11998 being 
substituted for 1 in the above formula; or. more exactly-

m'=m(:)~ 
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 was the mortality? 
It was happily not expressed by the proportion of the two 
densities; i.e .• 186 : 4,499 :: 19-2 : :1:; but by this proportion 
nearly-

(186)'"1 : (4,499)- :: 19-2 : :1:=28-1. 
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This formula only gives slightly different results from the 
preceding one. So closely was the ratio 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 went so far as to 
propose that in any sanitary inquiry the influence of density 
should first be discovered by means of the above formula, 
and that the effect of other influences above or below this 
should then be investigated. As he remarks, "the formula thus' 
eliminates the element of density from the analysis of the 
causes of insalubrity." 

Urban an~ Rural Popul&tion.-From what has been already 
said, it would appear that "urbanization" tends greatly to 
neutralize the effects of sanitation:. We have seen (page 125), 
that the percentage of urban population is steadily on the 
increase, while the rural population shows a corresponding 
decrease. It should be noted that the urban population 
consists of the inhabitants of the chief towns and their 
immediate vicinities, while th~ rural population includes 
the inhabitants of the smaller towns, as well as the strictly 
country. parishes. Using the words in this sense, the urban 
stood to the remaining or rural population in 1881 in the 
proportion of 147 to 100; the proportion in 1871 having been 
132 to 100. The rural population thus determined includes -
the inhabitants of a very large number of places, which al
though not large enough to rank as "chief towns," are yet 
of such a size that their inhabitants can scarcely be said 
to live under rural conditions. The division of the country 
into sanitary areas affords the best basis for calculating what 
would be the urban population if made to include these. At 
the time-of the census of 1881 there were 967 urban sanitary 
districts, besides the 39 dist.ricts within the jurisdiction of 
the Metropolitan Board of Works; the aggregate population 
of these 1,006 districts being 17,648,354, while that of the 
remaining rural sanitary districts amounted to 8,319,932; the 
proportion between the two being, therefore, as 212 to 100. 
Among these urban sanitary districts, however, some are of 
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such small dimensions that they should be excluded from the 
list. If all districts with a smaller population than 8,000 are 
excluded, 771 urban sanitary districts are left (reckoning 
London as one), the constitution of which is shown in the 
following table :-

- P"""",tage 

Urban Sanitary Di.tri0t8 in 1881 with NumbBrof Aggregate of POl'u1 ... 
PopulaLion, &tonof Eng-

l'opulali.oD of DiaJ.rict& 1881. lan4&Walea. 
1881_ 

100,000 and npwards • · · · · 20 7,696,182 29'7 
~noluding 

60.000-100,000 
ondon) 

1,850,088 7-1 · · · 28 
20,000-50,000 · · · · · 96 2,888,702 IH 
10,000-20,000 · · · 160 2,214,M6 8'6 
3,000-10,000 • · · · 467 2,640,738 10'2 

Total Urban Population • · · · 771 17,285,026 66'6 
Total Raral Population • - 8,688,260 .88-6 

-I'opulation of England and Wales. - 25,968,286 100'0 

The following figures represent approximately the respective 
growths of the present urban and rural populations, as consti- . 
tuted in the preceding table. 

Percel1tage of Popu)at.ioD of England and w .. le .. 

1861. Ih71. I 1881. 

Urban Population. . . 62'8 64'8 

I 
66·6 

Rural Population • . . 8i'7 35'2 8H 

Urban and Rural lIortality.-The table given on page 116 
gives the death-rate in town and country districts for each 
quarter of several years. The urban is invariably higher than 
the rural mortality, the difference being usually least in the 
second quarter of the year and greatest in the third and fourth 
quarters. In the ten years 1874-83, if the mean rural mor-
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tality in each quarter 'be represented as 100, the urban 
mortality was, in the four successive quarters, beginning with 
tho first, 116, 112, 128 and 127. In the table referred to, and 
in the following table, the rural and urban districts are' con
stituted as defined in the table at page. 116. 

Death-Rates in Town and Oountry Districts of England, 
1851-86. 

-
ADnual Deaths Deaths in 

Pe1'8onsto to 1,000 Persone Living in Town DiBtricte 
a Square to 100 Deaths 

Year. Mile in inCountr;Y 
Enjrland England Town Country Districts, In 

and Wales. and EqnalNumbers 
WaJes. Districte. Districte. Living. 

1851-60. 325 22'2 24'7 19'9 124 
1861-70. 365 22'5 24'8 19'7 126 
1871-80. 415 21'4 23-1 19'0 122 
1881 • . 447 18'9 20'1 16'9 119 
1882. 454 19'6 20'9 17'3 121 
1883. 460 19'5 20'5 17'9 115 
1884. . 466 19'5 20'6 17'7 117 
1885. 473 19'0 19'7 17'8 111 
1886 • . . 479 19'3 20'0 18'0 111 

In 1886, while the ur~an death-rate was 20'0, the rural 
death-rate was only 18'0 per 1,000 living. The difference 
between the two is, however, as shown by the last column of 
the preceding table, steadily decreasing; for while the urban 
rate before the present deceIlIl,ium had been 22 to 26 per cent. 
above the rural rate, the excess fell to 11 per cent. in 1886, 
although in this year summer diarrhooa, a.. specially urban 
disease, was more than usually prevalent. 

The true difference between urban and rural mortality is 
greater than is shown in the preceding tables, ifdue allowance. 
be made for age and sex distribution. There is in towns (a) 
a much larger proportion of females, (b) a larger proportion of 
adults of both sexes in the prime of life, and (c) a much smaller 
proportion of very aged persons, who commonly retire to the 
country. There is the slightly counterbalancing influence of 
a large· number of infants in towns j but these,' as shown 



138 VITAL STATISTICS. 

before (page 70), are followed by an increase of young adults, 
and, therefore, apart frcma mayezee •• 0/ infantiU mortality, 
ought Dot to raise the general rate of mortality. The extent of 
the correction required on this account may be gathered from 
an example. In 1884 the urban death-rate was 20-6; the rural 
death-rate 17'7. Owing however to the great differences of 
age and sex-distribution of the respective populations, the 
urban death-rate ought, with equal healthiness, to have been 
nearly 11 per cent. lower than the rural death-rate, instead of 
being, as it was, 20-1 per cent. above it. 

Similarly, in the decennium 1871-80, taking as a standard 
the mean death-rates at each age-period in England and Wales 
for the decennium, the general death-rate in urban districts 
should have been 20-4 (instead of 23'1), and in rural districts 
should have been 22'83 per 1,<XX> (instead of 19'0), that of 
England and Wales being 21'7. That is, assuming that ths 
urban and rural populations were equally healthy, the death
rate of the former should have been 4-09 per cent. below, 
and that of the latter 7'33 per cent. above, the mortality of 
England and Wales. 

Efl'ect of Density OD mortality of YOUDg.-The ill effects or 
increased aggregation of population are much greater in the 
earlier years of life. This is clearly shown by the following 
figures (Supplement to 35th Report, p. ca.). 

Penou to a Square HiIe 166 188 87i 1.718 40499112.857
1
65.823 

Death- Rate a' all AII1I8 • 16-94 li-18 11'90 14-81 28-02 82-931 88-67 
Death·Bate _dar Fift • 87-80 47'03 63-06 82-10 H'04 111-90 ISi'52 

I I 
The figures in the last vertical colnmn refer to the Liverpool 

district. Comparing these figures with those for 64 healthy 
selected districts (with a mortality or 15-17 per 1,<xx> living, 
and comprising a population or abont one million people), we 
find that while the death-rate for all ages is increased 128-3 per 
cent., the death-rate under five is increased 2G9-1 per cent.; i.e., 
to every 100 deaths at all ages, and to every 100 deaths under 
five in healthy districts, there were daring 1861-70 in Liverpool 
228 deaths at all ages and SG9 deaths under five respectively. 
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lWlge of Actioa of Density CIa Kortality.-In individual 
_ &here is occasional di1Iiculty in determining whether an 
open area within a auaita17 clistrict ough' &0 form pad of its 
true area. The population may be lodged on only a portion of 
the area of a district, the nmaining area being occupied by a 
lake, common, park, etc. The usual plan adopted is to include 
these (thus diminishing the appa.ren.' density. of population) 
it they are within the borders of the sanitary district. 

The following table. from. Dr. Ogle's supplement to the !5th 
Annual Repon of the Registrar-General, illustrates the connec
tion between aggregation of population and death-rate:-

GrotIpa 0/ Distrid$ fll'f'QJ)gt:d atXOrding Co IkRsityand Drotlt-
~1S71~ 

Iii,. - Teol ~ lSl'l-8l. lI,:-4 K...., ........ Dooasi'7 
~Doooth-"" iS~ ~~ 

lOa .. ~ :-05 v~ Dealba. 
.......... ~":-1'- a.). 

-
o..lIa .. .. .. .. • .. .. L L a. .. ... ... 

U aoa aDaer 15 8 liun tt.ro& INS I-53 ISS 
15 .. .. 16 al 60S,S94, TS,S70 1£-60 a-3O 100 
16 .. .. n 6:i 1,S'i9.iSO ti9.301 16-63 H8 ISS 
n .. .. 1$ 1M 1,166,690 a..~.9..~ n-68 a-o& Ul 
18 .. .. 19 U9 1,'lS'I.SS6 616,671 IS-53 a-so 1" 
19 .. .. 30 9S l,aos.T:U "'9.i36 IHS 1-" Il'r 
to .. .. 11 60 I,GO.W 603,7Oi 10-56 NO ~ 
11 .. .. Ii «6 i,SSI.807 us_m U-" 096 67'1 
H .. .. U U 1.69t,101 607.00s ti-SS H9 1.301 
is .. .. It so i,666,"-~ 637,600 u-" &35 1.819 
II .. .. Ii 17 l.o..~MO 609,661 U41 &30 1,166 
t:.5 .. .. t$ U 1,S'i.6Si 1i1,SlS as-" &iS 1,819 
!6 .. .. 11 I SSO_6& ".M 16-96 O-U 1,9" 
17 .. .. II 6 ~906 ~'.lt7 SG-U &10 6,lU 

In this table the districts have been classified in the order 
of their recorded death-rates.. It the death-rates were detel'
mined simply by degree of density of population, Dr. Ogle 
points out that the series of figures in col. 6 woulJ. of course 
increase regularly from. the top downwards, as do the rates 
in col. '. anJ. this is actually the case for the latter anJ. 
much greater part of the' column, but there is oonsiJ.erable 
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irregularity in' the first few terms of the series. Apparently 
only after the density has reached a certain degree of inten
sity does it begin to exert an appreciable effect. " This might 
have been anticipated. For though in crowded communities 
it may be a matter of vital importance whether there are 
600, or 1,000, or 2,000, or more persons living on a square 
mile, yet it can scarcely make any difference, so far as health 
goes, whether in rural districts there be two acres or three 
acres ou an average to each inhabitant. The differences in 
the death-rates in these sparse populations are determined by 
other conditions than aggregation." . 

Effect. of Higher Degree. of Density on Morta,1ity.-No better 
illustration of the evils connected with overcrowding can be 
given than that furnished by Dr. J. B. Russell in his address 
to the Glasgow Philosophical Society (November, 1888). He' 
brings out very strikingly the connection between size of the 
average ho.use and the general death-rate. Aberdeen, which 
has 13'6 per cent. of its population living in one room, has the 
lowest death-rate of eight great Scotch towns, the death-rate 
rising pari paBBu, with the diminution in size of the average 
house, until we come to Glasgow with 24'7 per cent. of its 
population living in one room, and the highest death~rate. In 
comparing the twenty-four districts into which Glasgow is 
divided, the' same general relation is demonstrated. The popu
lation of Glasgow in 1885 was 643,295, the number of deaths 
13,439. The distribution of population and deaths in the in
habited houses according to their size was as follows:-

Si .. or Roue. Popu1at1oD. ~. 
PeroeulAlge of 

• 
Population. Deo.tbe. 
-----

ODeRoom •• · · · · · · 134,728 ',636 24-7 27'0 
TwoRooma. · · · · · 243,691 6.325 44-7 47'0 
Three .. . · · · · 86,956 1,747 16'0 13'0 
Four 'f •••••• 82,74lJ 681 6'1 4'8 
Five Boom. aDd Dpwards • 88,647 434. N 8'8 
ID8utatioD' • · · 6.531 427 1'4 8·lJ 
UDU8ced. . · · · · · - 289 - 2-2 

--- ------ ---
Whole cit1 • · · · · 543.296 13,439 100'0 100'0 
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It will be seen that; in both' one and two-room hOuses the 
deaths were 2'3 per cent. above the due proportion, while in 
the houses above. this size they were all below the due propOl"
tion in varying degree. The difference between the distribu
tion of population and deaths may be seen at a glance from 
Dr. Russell'A diagram. 

Population. Death •• 

The one and two-room houses mentioned above are com
monly II made-down houses," i.e., parts of houses of larger 
size, which are now let sepa.rately. Insome cases single rooms 
are divided by wood partitions, and let to two separate families. 

If the deatk-rates in these various classes of the population 
be compared-the deaths in institutions and the unallocated 
deaths being placed, as in the diagram, along with the deaths 
contributed by one and two-room houses-it will be found that 
among those living in one and two-room houses, the death
rate is 27'74 per 1000 i among those living in houses of three 
and four rooms,19'45 i and among those living in houses of 
five rooms and upwards, only 11'23. 

Next as to the incidence of certain classes of disease upon 
these sections of the population, Dr. Russell selected zymotic 

. diseases j diseases of the lungs, mcluding consumption j diseases 
special to children under five years of age' (as convulsions and 
other diseases of the nervous system, atrophy or wasting, 
and premature birth) j deaths of children from accident and 
syphilitic disease, "a small class, but one pregnant with 
meaning." In the following table the rates per 100,000 in-
hnbitants from each of these are shown:- . 
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ODland Two· Th ...... ndFonr· Flv.Room. 
ItoomHou ..... Room Hon .... andnp" .... d'" 

Zymotio Diseases. • • • • • 478 2t6 IH 
Aoute DiseaseB of the Lungs (in. 

-eluding Consumption) • • • 985 689 828 
Ne"ou8 DiseaseB and Diseases of 

Nutrition in children. 480 236 91 
Accidents and SyphiliB in children 82 11 -

Miscellaneous Unclassified Disease. 799 764 690 

All Causes . . . . . 2.774 l,9t6 1,129 

The same results are exhibited in the following diagram, 
in which the three columns being drawn on the same scale, 
the comparative general death-rate in the three grades of 
houses, as well.as the comparative prevalence of these classes 
of disease can be seen by the height of the columns and their 
different positions. 

(1) 

(I) 

(3) 

(6) 

(1) Z VfIIOlie Di.t4IIu. (2) N enlOU' an4 olher Dut4llu ,ptdallo Childrm. 
(3) Accidenll anti Sllp1&ili, I" Children. (4) Diu"u 0/1114 Lunge. 

. (6) Milctllan,_ 
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Glasgow foruis an instance of a dense population undeI 
i¥sanitary conditions. It would be a mistake, however, to 
suppose that the ratio of density to mortality demonstrated by 
Dr. Farr is an inexorable law. ins:apable of mitigation. The 
fact that the urban death-rate, is generally decreasing in spite 
of increasing density, and is decreasing at a more rapid rate 
than the rural death-rate, is a disproof of this. In the follow
ing table there is no constant relationship between ·the density 
of population and the height of the death-rate in the twenty
eight great towns of England and Wales:-

Bnmm 
Tolal Dea&bs.. , 

in POP1JL.I.ftOll'. 
CITIES ~Weeks 63 or III Weeks ending Estimated Persons 

AIrD ~"'e to an 
BOROUGHS. endillg 

Srd Ind 1G Sls& middleot Acre. IndJan., 
1881. JaD., Jan., Jom .. Dec., 1887. 

1886.. 1886. 1887. 1887. 

Col .. 1. ll. S_ 6- i. I. 7. 

28 Towns · 32-2 21-6 20-6 20-9 20-8 9,244,099 369 
London. · · · 31-7 2O-f 19-8 19-9 19-6 f,215,192 56-0 
BrigMon · · 25'8 18-0 17-1 17-1 16-9 118,186 47'0 
Portsmouth · · 36-8 19-f 19-7 23-8 19-5 137,917 31-9 
Norwich · · 33-9 21-2 20-3 233 20-4 92,SfS 12·4 
Plymouth • · 31-5 21-0 22-3 23-5 22'7 77,127 52-5 
Briswl • 29'7 18-4 19-7 19-3 20-4 223,695 48-3 
Wolverhampwn • 33'2 23-f 20-2 222 21-7 SO,M7 23-8 
Birmingham · 31-8 21-4 19-3 19-9 19-7 441,095 52-5 
Leieesw · · 32-8 22-1 19-8 20-3 19-5 143,153 fH 
Nottingham · · 33'3 22-9 19'9 20'4 18-7 2U,230 22-5 
Derby •• · 30-0 18-f 18-1 18-2 17-1 94,006 27-2 
Birkenhead · 32-5 19-6 19-5 19-1 21-0 97,703 25'4 
Liverpool • · · 31-2 25-2 23-8 238 23'7 592,991 113'8 
Bolwn • · 32-5 2f·l 20-8 23-1 21-3 112,35f 46-7 
Yanchester · · 35-9 26-4 26-5 26-3 28-7 377,529 879 
Salford. · 31'9 22-3 21-1 22-1 22-2 218,658 42'3 
Oldbam. 31-3 24'5 22-0 22-8 23-8 134,158 2S'4 
Blackburn • 35-8 24-1 21-8 255 25-5 116,8« 16-8 
Pres\on. 385 27-3 27-1 28-9 27-9 102.283 27-5 
Hud,lersfield _ · 27-7 19'6 20-1 19-6 23-0 90,OM 8-6 
Halifu. · · 28-4 234 19'7 22-8 21-0 79,207 21-0 
Bradford · · · 27-7 20-1 17-7 19-2 19-9 224,507 20-8 
Leeds · - 33-3 242 19-9 21-9 21-1 345,080 16-0 
Sheffield · · 329 22-4 20-7 198 21-6 316,288 16-1 
Hnll. · · 32-8 21-1 17-2 18-8 19'2 196,855 24'9 
Sunderland · M-6 23-1 23'8 19'5 19-7 129,684 42-8 
Newcastle. · · 39-1 t3-1 26-1 22'2 253 157,048 292 
CardiJI • · · · 411 24-" 25'7 22'6 21-9 104,580 14-2 

I 
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The Pea.body and Artisans' Block Buildings in London may 
be taken a.a an instance of a large number of tenements massed 
on a very small area, and yet arranged so that each shall 
receive sufficient air, and fulfil all other sanitary requirements. 
In 1884 there were 10,144 living rooms provided in the Pea
body Buildings, occupied by 18,453 persons. The birth-rate 
wa.a 44'6 per 1,000, or 10'9 higher than the rate for all London. 
-l',his is good evidence that the population of the Pea'body 
Buildings wa.a of an age-distribution favourable to a low death
ra.te. The recorded death-rate corrected for hospitals was 19'1 
per 1,000, or 1'2 below the general death-rate of London. The 
infantile mortality was 138'7 per 1,000 births, 13'7 below the 
average for London. It cannot be denied, however, that the 
population in these buildings is to some extent a selected one, 
and that the weakly and old are drafted from them. At the 
present time (1888) over 100,000' people are housed in Artisans' 
Block Buildings, and it may be hoped 'that ere long trust
worthy vital statistics concerning them, making due allowance 
for favourable age-constitution of their population, will be forth
coming. 

Back-to-Back Housea illustrate very clearly the effect of 
close aggregation of population, involving as it does in this 
ca.ae deficient light and ventilation, and imperfect sanitary 
arrangements. This practice of building houses back to back, 
and therefore without provision for through ventilation, is 
common in many Yorkshire and Lancashire towns. The most 
trustworthy statistics bearing on the subject are those furnished 
by Mr. Gordon Smith and Dr. Barry in their report on Back. 
to-Back Houses. Of course other factors may have influenced 
the results shown in the following table besides the presence 
or absence of through ventilation, as the arrangement of the 
streets, the sanitary aurroundings of the houses, social status 
of the inhabitants, etc. 

The Greengates and Regent Road registration sulHiistricts 
of Salford were each divided into three groups, 8S shown in the 
following table, which will enable the relative mortality ·of 
each from various special causes to be seen at a glance:-
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Death-rate per 1,000 living from 

Popu- Pulm~~ ,il Seveu I latlOU. All Cbief Dilll Di ........ :s Caueea. excluding Zymotic rbm. 
Pbthisis. ... 1li8eaees·

l
_ Po 

(Group I.-No back-to-back houses 8,713 27'5 6'6 2'8 4'5 HI 
Green- Group II.-Average proportion of 
gates 23 per cent. of back-to-back 
SUb_t houses. • • • • • • • • 11,749 29'lI 7'8 3'3 4'8 1-51 
Dis- Group llI.-Average proportion 

~ <rift ~~~~~~~ 11,405 30'5 7'9 3·6 6'lI 2'11 

Group I.-No back-to· back houses 54,264 26-1 5-7 2'7 4'9 1'5~ 

....... {Gn>.P II.--A....,. prop_.' 
Road 18 per cent. of back-to-back 
Sub- houses.....,.. 8,773 29'1 7,5 2'7 4-9 1'81 
Dis- Group IH.-Average proportion 
trict of 60 per oent. of baok-to-back 

houses • • • • • • • • 4,380 37'3 8'6 4'5 7'6 2'8, 

It will be seen that the mortality from aU causes, from 
pulmonary diseases, from phthisis, and from the seven chief 
zymotic diseases taken together, as 'well as from diarrhrea 
alone, increase pari passu with the proportion of back-to-back 
houses. 

Causes of High Mortality with Increased Density.-The higher 
ileath-rates, which go hand in hand with increased density of 
population, are not the direct results of the latter. The crowd
ing of persons together doubtless leads to the risks of fouling of 
lI.ir and water and soil, and to the increased propagation of in
Eectious diseases, and thus directly affects the mortality. But 
lhese " direct consequences of close aggregation are probably 
II.S nothing in comparison with its indirect consequences or con
IlOmitants. The more crowded a COIDJil.unity, the greater, 
;peaking generally, is the amount of abject want, -of filth, of 
crime, of drunkenness, and of other excesses, the more keen 
is the competition, and the more feverish and exhausting the 
conditions of life; moreover, and perhaps more than all, it is in 
lhese crowded communities that almost all the most dangerous 
Ilnd unhealthy industries are carried on. It is not so much the 

L 
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aggregation itself', as these other factors which are associated 
with aggregation, that produce the high mortality of our great 
towns or other thickly populated areas" (Ogle). 

(1) Of the direct influences connected with close aggrega
tion of population, filth conditions of air and water and soil are 
the most important. If the source of water supply is pure and 
the drainage is good, densely populated towns may be, and are, 
commonly better off in these matters than rural districts. 
But atmospheric impurities, especially in the form of decom
posing organic matter, are doubtless more rife in town than in 
country j and Dr. Farr rightly lays special stress on these. 
Even in towns the amount of such impurities varies greatly in 
houses of different sizes, and such differences throw a flood of 
light on the facts already given regarding the higher mortality 
in one and two-room houses. The following table, given in a 
paper which appeared in the Philosophical Transactions for 
1887, by Professor Carnelly and Drs. Haldane and Anderson, 
as the result of elaborate observations made at Dundee, shows 
very strikingly the differences in houses of varying size. 
Taking the average amount (in excess of outside air) of carbonic 
acid, organic matter, and micro-organisms, respectively, in the 
atmosphere of houses of four or more rooms as unity, then 
in one and two-room houses, the relative amount WIlS as 
follows:-

Cubic Space per person • 
Carbonio Acid. • • • • 
Organic Matter. • • • • 
Micro-Organism •• total. • 
Bacteria. • • • • • • 
Moulds. •••• 

BOOAe! of 
Four Rooms 

awlllpwardl. 

1 
1 
1 
1 
1 
1 

Two-room 
Ho ........ 

0'13 
l'S 
1'6 
H 
8-1 
S'S 

One·room 
Houael. 

(2) The more rapid spread of infectiou. disease. is shown by 
-the higher zymotic mOl"tality iillarge towns, their more rapid 
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spread beiIig partly due to the shorter distance the infection 
has to travel from individual to individual, and partly, also, to 
the fact "that a fouled state of the atmosphere and soil facilitates 
the propagation of infection. 

(3) Other diseases, as phthisis, are more common in urban 
than in 1"111"801 districts. The close connection between phthisis 
and a fQul atmosphere is well established. Dr. Anderson's 
researches in Dundee, ;;t.nd Dr. Russell's in Glasgow, both show 
that the mortality frQm phthisis in these towns is highest 
among the inmates of threfHQom houses; and the explanation 
suggested by the former is probably correct, that the high 
infantile mortality from other forms of tubercular disease re
turned as·nervous diseases, atrophy, wasting, etc., prevents the 
growth of young adults (who are most prone to tubercle of the 
lungs) in the smaller houses. 

(4) Poverty of the inhabitants of densely populated districts, 
implying as it does inadequate food and deficient clothing and 
shelter, has a great effect in swelling their mortality. Dr. 
Drysdale, in a paper read at the meeting of the British Medical 
Association in 1887, quotes as evidence of the importance of in
digence as a cause of a high death-rate the lower mean age at 
death of the working classes (this is fallacious; see page 314); 
and the fact that in France 65 per 1,000 deaths among the rich 
are due to tubercular diseases, and 250 per 1,000 among the poor. 
In Dublin, Dr. Grimshaw states that in 1886 the death-rate per 
1,000 living was 13'4 among the independent and professional 
classes, and 33'7 among the II service classes." 

(5) Other eVl"l sociaZ conditions commonly accompany poverty •. 
Cities are commonly the hotbeds of vice and misery, of crime 
and drunkenness, as ·well as of filth and want. The Select 
Committee on Intemperance (4th Report, 1878) say: II On the 
whole, in the towns where the drunkenness is greatest, the 
population is most dense." The density of population and the 
drunkenness each of them probably stands in the place of 
both cause and effect. 

Accidents are more common. and more fatal in cities than in 
the. country. The evil influences of heredity should also be 
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mentioned, the organism tending to degenerate when placed, 
generation after generation, in an unwholesome environment. 
, (6) The influence of occupation and of homes involving 

exposure to poisonous efiluvia and other poisonous agencies 
will be considered in the nexi chapter. 



CHAPTER X. 

EFFEOT OF OOOUPATION ON MORTALITY. 

Class and Oceupation.-Difficulties of Classification.-Methods of Compari
son between Occupations.-FaUacies of Mean Age at Death.-Dr. Ogle 
on Occupationa.1 Mortality.-Sources of Possible Error.-Mortality in 
Individua.1 Occupations.---Comparative Mortality Figures.-Cause~ of 
Mortality in Different Oocupations.-Inlluence of Foul Air and Dust.
Alcoholism and Lead.Poisoning. 

CLASS and Occupation.-At the census of 1841 ~lI.d more 
completely at the subsequent cellsUfenumenilons, each 

individual was classified under hi. principal occupation on the 
census day, with distinction of age and sex. The· distinction 
of age is important, as it enables uS to compare the number 
living in each well-defined occupation with the number who are 
registered as dying at the corresponding ages, and thus to de
termine the influence of occupation on health and life; and also 
because it enables us to determine whether those engaged in 
any particular occupation are children, or young or old adults, 
which information has important spcial bearings.· Twenty
four orders of occupation are described by the Registrar
General, which comprise 80 sub-orders or genera. The orders 
are grouped into six classes; viz., professional, domestic, com
mercial, agricultural, industrial, and non~productive.. The 
population may be divided roughly into two great groups,

. those who work, and those who professedly have no definite 
occupation. Mter due allowance has been made for those who 
are infirm, or have retired in advanced age from their occupa.
tions, the number belonging to the second class in this country 

• See Appendix I. (p.315) for a tabular statement of the numhor following 
each of theBe groups of ocoupations. 

119 
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is not great. Whatever classification of occupations is adopted, 
errors must occur, largely owing to ambiguity in the nomen
clature of occupations. One great source of difficulty is the 
occurrence in the same individual of double oCCUpatiQ1IB. The 
s..'\me person may be a farmer and a miller, or a plumber and 
gasfitter. In the 1851 census, the enumerators were instructed 
to this e'ffect, that" a person following more than one distinct 
trade may insert his occupations in the order of their import
ance" j the first occupation being taken in the subsequent 
classifica tion. 

Another great source of difficulty is in the .eparation 0/ 
clOSSt'B. Condition of class may have as much to do with 
disease and mortality as occupation, but it is very difficult to 
separate, for instance, between masters and men in any given 
trade or manufacture. A watchmaker or tailor may be either 
a master or journeyman, the health conditions in the latter 
case being probably much more unfavourable than in the for
mer j and similarly in other cases. Domestic servants, again, 
may be of all grades. Other instances will be given subsequently. 
'There possible, therefore, class, as well as occupation, should be 
distinctly stated in both the census and death-returns. 

Two tests have been proposed as a CTiterion of class, or social 
status, in addition to that of occupatiO!) (1) the rent 0/ the 
dwelling in which a family lives, which Dr. Rumsey regards as 
prob!lobly the nearest ascertainable test or index of prosperity. 
This, taken in conjunction with occupation, would decide and 
correct uncertain results, which now belong to the category of 
what have been called" conjectural statistics." 

(2) The flumber of room. occupied by each family. We 
have already (page 140) given an instance of investigation con
ducted on this basis, which Dr. Russell, of Glasgow, considers 
more certain and uniform in its results than one founded on 
rental j and in crowded neighbourhoods it furnishes interesting 
and useful statistics. 

Itethoda of Comparison between OccupatiollL-(l) The mean 
ages at death of those engaged in different occupations are con
trasted. This often, however, gives erroneous indications. The 
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~ean age at death is governed by the mean age of the living, 
and it is as much affected by the ages at which people enter 
and leave any given occupation, and by the increase or decrease 
of employment, as .by its relative salubrity or insalubrity. In 
a large printing firm known to the writer, all the older employes 
have been diScharged, and youths from fifteen to twenty-five 
years of age have taken their places at lower wageS! Such 
a proceeding will obviously lower the mean- age at death, but 
will by no means demonstrate that this particular printing 
establishment is carried on under less healthy conditions than 
formerly. 

(2) . The proportion between the number engaged in and the 
number dying in any given occupation, .expressed as a rate per 
1,000, is also fallacious. As we have already seen, the death
rate in the general population (page 101) varies greatly at differ
ent groups of ages. The death-rate among those engaged in 
anyone trade or profession would similarly vary according to 
the relative number at the different ages engaged in it. In 
other words, it would depend on the ages of the living, which 
would vary in every occupation, (a) according as persons enter 
it early or late in life, and (b) according as the numbers that 
annually enter it increase or decrease. Dr. Farr, in his 14th 
·Report gives the following example of the mistakes which would 
follow the adoption of this method. The death-rate of all farmers 
over 20 years of age is 28 per 1,000, of all tailors 20 in 1,000; but· 
when tested by a comparison of the death-rate among men of 
corresponding ages, farmers are mnch healthier than tailors, as 
seen in the following table :-

Death-Rate per 1,000 at Si~ Age-Groups of Farmers and 
Tailors. 

As •• 25- 35- ~ Ii5- 65- 76-

Farmers .• 10'15 8'64 11-09 24'90 55'30 148·62 
Tailors. 11'63 14'15 16'74 28'18· 76'47 155'28 

(3) The only trustworthy method is te compare the mortality 
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of those engaged in one occupation, and of a given age, with 
the mortality of those engaged in another occupation and 0/ (J 

corresponding age. 
(4) In some cases it is convenient to know the proportion of 

deaths furnished by different classes. Thus, in my Annual 
Report for Clapham (1886), the number of deaths occurring in 
the several social grades were classified as follows:-

Nnmberof 
Dea~h .. 

NobilitYlI.Ild Gentry • • •• 8' 
Professional Classea. • • • •• 80 
Middle II.Ild Trading C1assea • • • 119 • 
Industrial and Labouring Classes • 81:1 • 

.All Clas_. • • • • • • • • 6tS 

P.....,.nlAjle ~f 
ToIaIDcat.u .. 

6'8 
14'8 

• 111'8 
• • 67'1 

•• 100'0 

Of course in the absence of information as to the relative 
number of persons living in these different classes, we have no 
exact knowledge of their rate of mortality. Some indication of 
the relative healthiness of the classes may however be obtained 
by comparing the relative mortality from the chief zymotio 
diseases in each class. Thus; in the preceding instance, the 
industrial and labouring class furnished 57'1 per cent. of the 
total deaths, but 69 per- cent. of the deaths from zymotio dis
eases. Where, as in the example quoted on page 151, the 
number of persons living and dying in each class is obtainable, 
most valuable results can be obtained. The fallacy connected 
with varying age distribution of the populations compared must 
in every case be borne in mind. 

Dr. Ogle on Occupational l!rtortalitJ.-In 'what follows on 
this subject, we shall follow very closely the important report 
of Dr. Ogle, in his Supplement to the 45th Annual Report of 
the Registrar-General, as this represents the most recent and 
trustworthy information on the subject, and the data on which 
it has been founded are more extensive than any previously 
employed. In Dr. Farr'. supplement for 1851-60, the corre
sponding calculations were based upon the census numbers for 
1861, and the deaths in 1800 and 1861; in his 1861-70 supple-. 
ment, upon the census numbers tor 1871, and the deaths in the 



EFFECT OF OCCUPATIO~ ON MORTALITY. 153 

same year. In Dr. Ogle's report, the deaths, in combination 
with ages and" occupations, have been abstracted f01" three 
entire years, 1880-82. The inquiry was limited to males, 
because of the greater uncertainty attaching to statements of 
age and occupation in women.' Males under 15 years or'age 
were excluded, the influence of occupation below this age being 
Inappreciable. 

The number of males aged fifteen years and upwards at the 
1881 census in England and Wales was 7,911,436, and the total 
deaths of males of these ages during the three years 1880-82 
was 418,214. Dr. Ogle claims a high degree of trustworthiness 
for his results, on account of the width of his basis of observa.
tions and the precautions taken to insure uniformity in the 
abstraction of the statistics relating to the living and the dead. 
He points out', however, several cauSes of possible error. . 

Sources of Possible Error.-(l) Although the aggregate 
numbers both of the living Itnd dead in these years are very 
great, the numbers in individua·l trades, and still more the 
numbers at each age-period, are, in many cases, but small. The 
amount· of confidence in a series of observations is ceteris 
pa1~ibus proportional to the number of observations j and there
fore for small trades or age-periods, where the numbers are few, 
the results must be received with hesitation. 

(2) A more serious difficulty, already mentioned (p. 150), is 
the vagueness with which the occupation may be retu1·ned, both 
in the census and the death-registers, especially in the latter. 
Although the same clerks were employed in abstracting the 
two 'sets of' returns, and uniformity of method was thus 
secured, the death returns are often mOl'e vague.,in regard to 
occupation than the census returns. To remedy this, and at 
the same time to widen the basis of operations, occupations 
likely to be confounded to any extent were grouped together. 
In some cases, even where the occupation was very definite, as 
that of a coal-miner, it was found necessary to do this, because, 
in niany of the death-returns, coal-miners were not further 
specified than as miners. A geographical classification of 
miners was therefore adopted. Similarly, general and agricul-
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tural labourers are often confused in the death-returns, and it 
was necessary, therefore, to group them together. In order to 
diminish the confusion between the two, the returns were 
given separately for ten selected counties in which the great 
mass of labour was agricultural. 

(3) A still more serious difficulty ill pointed out by Dr. Ogle, 
for which there appears to be no remedy, and which must 
always to some extent diminish the value of all calculations of 
the death-rate in different industries. Many trades, as that of 
a blacksmith or miner, require great muscular strength, and 
must be given up by persons who become weakly; and the 
latter may then raise the mortality of the lighter occupations 
to which they resort. Thus the death-rate of the more labo
rious occupations is unfairly lowered 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 j~bs, as general labourers, 
messengers, costermongers and street-sellers. 

(4) Another flaw in occupation death-rates, when taken as 
tests of relative healthiness, is the fact that those who follow 
the several industries do not start on equal terms as regards 
healthiness. A weakling will not become a navvy, but a shOT 
man or tailor by preference. The occupations demanding grea 
muscular strength and activity, to some extent then, consist of 
picked men,.stronger at the commencement, and maintained up 
to a certain standard by the fact that weaklings are drafted 
into lighter occupations. 

After making full allowance for the preceding difficulties, 
the death-rates of different occupations still furnish most 
valuable indications of the relative salubrity of different occu
pations; and while small differences may be accidental, large 
differences must be taken as representing real differences of 
healthiness in the various occupations. 

Mortality in Dift'erent Occupationa.-Dr. Ogle gives, for each 
of about 400 occupations, the death-rate per 1,000 living at five 
age-periods: but of these the groups comprising the forty 
years between the 26th and 66th birthdays are the largest, and 
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show the influence of occupation most markedly, and have been 
selected in the following table, compiled from Dr. Ogle's larger 
table. Before 25 the influence of occupation has not had time 
fully to develop, and after 65 the influence of retirement comes 
into play. In the first and second columns are given, for 
the sake of comparison, the corresponding mean annual death
rates, calculated from the data in Dr. Farr's two preceding 
decennial reports. . It will be noticed that the death-rate at 
ages 25-45 in nearly. every case has declined in the latter
period 1880-1-2. In 65 of the 73 industries, for which the 
death-rates of the'two periods are comparable, there is a re
duction in this age-period; in one it is stationa.ry, and in only 
7 has it risen. In the second age-period (45-65) of the indus
tries comparable, in only 35 has there been a fall, while in the 
remaining' 38 the rate has risen. This is in strict accordance 
with the table on page 101, which shows that, independently 
of occupation, there has been a fall in the death-rate of males 
in the earlier, and some degree of rise in the later age-periods. 

The fifth colllinn, headed Comparative Mortality Figure, 
requires some explanation. There were during 1880-1-2, in 
England and Wales, 1,000 annual deaths per 64,641 males, 

. aged 25-65, of whom 41,920 were under, and 22,721 were 
over, 45 years of age. The figures in this column are the 
number of deaths that would have occurred in the several 
occupations out of 64,641 males, 'distributed according to age, 
as in England and Wales. For instance, 41,920 of the clergy 
aged 25-45; and 22,721, aged 45-65; with a death-rate res
pectivelyof 4'64 and 15'93 per 1,000, gave 556 deaths. Thus 
the figure 556 represents the mean mortality of the clergy 
between 25 and 65, as compared with the mortality of all males 
of similar ages in England and Wales, which is 1,000. 

The mortality figure for" all males" .being 1,000, the death
rate of more than three-fifths of the industries is below this. 
The standard furnished by "all males," however, is a.. very 
unsatisfactory one, as it includes an enormous number perma
nently enfeebled in health I!-nd not engaged in any definite 
occupation. 
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Death-Rate. of Maks, 25-6i> year. 0/ age, in Different Occu
pations, in 1800-1-1871, and in 1880-2; and their COIII

parative Mortality Figure. in 1880-2. 

:14 ...... AnnnRI DeRtb.1I&te. \ ComJl&l'-. 
per 1.000 "vang. .th'. 

1 ____ -;:-____ ',l ltfnl'1aht1 

I 
.'hrnre, 

1_1-1871. I 1_1-1. IlItiO-l-1. 

Y .... ofA .... 1 T .... OfA ... 1 y ...... ol i Age. 

1-16-46.-----,',-46-&--:1 26-46. C6-81i. 1 --;::;:-

I ___________________ r ___ :----J---·~ 
All Males. • •• 11'27 23-98/110'16 25.27 
Occupied Males. • • • • " - 9'71 24-63 
Unoccupi"d Males. • • • •• - 8~N3 36'20 
Males in Selected Healthy Districta - - 1 8'47 19'74 

1000 
91;7 

2182 
80' 

'--~---

Clerl!Yman, Priest, Minister • 
(iar(lt'oer, Nurseryman • • • • 
Farmer. Grazier . . • • • . 

6-96 
6-74 
7-66 

Labourer in Agricultural Countiee -
9-82 
9-49 

1H6 
944 

10-8' 
9-87 

~cboolmaskr, 'Ieacher.. • • • 
Grocer.. ••• 
Fisbennan • • • • • • • 
Carpenter. Joiner. •••• 
Boobeller, Stationer. • • • • 
Barrister, Solioi lor • • • • • 
Draper and Manchester W &rehouse-

man. • • • • • • •• 1"340 
Groom, Domestic Coachman -
Coal Miners (lUI represented bl 

17-81 I! '64 15-98 I' 

175' 0-62 1619 
17-82 6-09 16'63 i 

- 7'13 17'681 
23-58 6 41 19'{ 8 
17"15 8-00 111'18, 
15'84 8-82 19-7' I 
21'86 7-77 21 7' 
21'86 8-68 20'67 
2297 76' ~3'18 

26-S3 9'70 20-96 
8-63 23-28 

Miners in Bill districts) • •• -
Pl&1!terer, Whitewaoher. • • • 9-60 27-90 I 
Watcb and Clock Maker. • • • 10'78 24'90 
Tanner, Fellmonger • • •• 10-43 26 67 
Shoemaker • • • • 10-39 22-80 

7-6' 
7-79 
9'26 
797 
981 

2511 
2507 
2~-64 
25-87 
28·36 

Arti." Engraver, Sculptor, Archi-
teet. • • • • • • • • • 11'78 

CommM'Cial Traveller • • • • 12-28 
Corn Miller • •••••• 9·82 
Bak.,.., Confectioner • , • • • 10-72 
Buildor, Mason. Bricklayer. • • 11-48 
Blacksmith • • • , • • • • 10-07 
Commercial Clerk and loaurance 

Service. • ••••• 
Tobaceonisl. • • • • • • 
Chemist, Druggiai. • • • • 

I Tailor. • , • • • • • • 
Prinw. • • •• ••• 

14-28 
• 18-19 
• 18-92 
• ·12-92 .1 13-02 

22-91 8-89 
29-00 9-04 
26-65 8-40 
26'89 8'70 
27-16' 9'25 
28 88 9-29 

i 
28·88 I 1048 
2176 i 11-14 
2366110-68 
24 79 10-78 
29-88 11-12 

2507 
25-03 
26-62 
26-12 
25-69 
25-67 

2N9 
28-46 
25·16 
26-47 
26-60 

6,j6 
699 
mil 
701 
719 
'171 
7117 J 
.,,20 
825 I 

84~ i' 
883 
887 

891 
8\16 
{l03 
911 
921 

921 
948 
967 
968 
969 
973 

996 
1000 
1015 
1061 
1071 
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Death-Rates of Males, 25-65 years of age, etc.-continued. 

Mean Annual neath-Rales Compar-
per 1,000 living. ative 

MOTtalitv 
Figure, 

186G-1-18'1. 186G-l-lL 1880-1-3. 

Occupation. 

Years of Age. Years of Age. YeaTS of 
Age. 

26-46. 4IHI6. 1S-4S. ~. IS-6&. 

---- ---
Wool, Worsted Manufacture (West 

Riding) ••••••••• - - 9-71 27"50 1032 
Cotton, Linen Manufacture (Lan-

29'« 1088 cashire). • • • • • '.' • - - 9·99 
Physician, Surgeon, General Prac-

28'03 1122 titioner. • • • • • · 13'81 24"55 11-57 
Law Clerk . . · · 18'75 37'05 10'77 30'79 1151 
Butcher . · · · · 13-19 28'37 12'l6 29'08 1170 
GlasB Manufacture · · 13-19 29'32 11'21 31'71 1190 
Plumber, Painter, Glazier lU8 34'66 11'07 32'49 1202 
Cutler, Scissors, Needle, Saw, 

Tool-Maker . . . . -- .. . 11'88 32'74 1171 34042 1273 
Carter, Carrier, Haulier. • • • - - 12'52 33'00 1275 
Bargeman, Lighterman, Waterman 14-99 30'78 14-25 3H3 1305 
Jllnsician, Music Master • · · · 18'94 34-76 13'78 32'39 1314 
Hairdresser. · · 15-11 30'10 13'64 33'25 1327 
Brewer. ...... · · · · 19'26 36'86 13'90 34-25 1361 
Cab, Omnibus, Service · · · · 15'94 35'28 15'39 36'83 1482 
Chimney Sweep • • · · · · 17"53 42'87 13'73 41'54 1519 
Innkeeper, Publican • · 18'01 3414 18'02 33'68 1521 
Messenger, Porter, Watohman. · - - 17'07 37'37 1565 
File Maker ...... · · 16'27 42'30 15'29 45-14 1667 
Earthenware Manufacture • · · 12'59 41'75 13'70 51'39 1742 
Miner (Cornwall) • • • 11'94 41'73 14'.77 53'69 1839 
Costermonger, Hawker, Street 

Seller • • • • • • · · 20'09 37'82 20'26 45'33 1879 
General LaboUrer (London): · · 18'35 4064 2062 50'85 2020 
Inn, Hotel, Servant • • • · · 21'91 42'19 22'63 55'30 2205 

-

Occupational Mortality Distributed as to Causes.-The pre
ceding table gives the mortality from all causes in the several 
industries. To obtain the comparative mortality in each occu
pation from separate diseases or groups of diseases is an even 
more complicated task .• It would form too gigantic a task to 
abstract all the deaths of males distributed as to ages, occu

. pations and causes of death in combination; and samples of 
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c:\uses of' death must be selected for each industry. Dr. Ogle 
gives a table founded on this basis in the same report (pages 
nx.-xwii.). The minimum number of deaths with causea is 
fixed at 600, in order to constitute a sufficiently wide basis for 
calculations. Not only must the sample be large enough, but, 
as Dr. Ogle points out, it must be so extensively taken as to be 
free from peculiarities due to locality or season. 'Ve do not 
reproduce here Dr. Ogle's elaborate table founded on this basis, 
but in the following remarks shall incorporate some of its 
results. 

Remarks on Special Occupatiou.-In the preceding table 
the occupations selected are given in the order of the lowness 
of their mortality, as shown by the comparative mortality 
figure. 

The lowest mortality is enjoyed by the Churc!. (55G), and 
the mortality has fallen considerably since 1800-61-71, at. 
both the two age-periods. Schoolllla,'cr. (719) are below 
lmrycr. (842), and still more below doctor. (1,122) in mortality. 
This is probably due in part to the fact that the teachers in 
the public service (forming a great majority of the whole pro
fession) have to undergo rigid medical enmination before being 
admitted. . 

Gardener. are represented by a mortality figure of 699, 
fanners of 631, and agricultural labourers of 701. The higher 
mortality of labourers is largely due to their greater liability 
to phthisis and respiratory diseasea. On the other hand, the 
farmer has a higher mortality under the headings of gout, 
alcoholism, and liver disease. There is some doubt in regard 
to ji.hermcn, because of the possibility of some escaping both 
the census and death registration. Taking the figures as they 
stand, fishermen have a very low mortality from diseases of 
the nervous and respiratory systems and from phthisis, but 
a high mortality from accidents, rivalling coal-miners in this 
respect. . 

The figures as to cabmen (1,482), bargemen (1,805), carters 
(1,275), and costermongers (1,879), show that an open-air life 
in itself is 1I0t sufficient to rnsure healthiness. Probably many 
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engaged in ~hese occupations have been driven to them by 
comparative unhealthiness. They also generally show a high 
mortality from alcoholic diseases, as well as from accident, 
phthisis, and respiratory diseases. Commercial travellers 
stand at 948, a considerable proportion of their mortality being 
due to intemperance. 

Brewers (1,361), innkeepers (1,521), and inn-servants (2,205) 
have an excessive mortality which is chiefly due to alcoholism. 

,For innkeepers and publicans the mortality from alcoholism is 
more than five times higher than the average, and from liver 
diseases is six times as high as the average. They also show 
the highest mortality from gout and from urinary diseases, 
with the exception of occupations dealing with lead. Spite of 
these high figures, a large proportion of both publicans and 
brewers must be of temperate habits, for the comparative mor
tality figure for recognised intemperate persons is, according to 
Mr. Neison's data, 3,240 . 

. There is a decline in the mortality of all the following slwp
keepe1's, the comparative mortality of which is now for coal~ 
merchant, 758; grocer, 771; stationer and bookseller, 825; 
general shopkeeper, 865; draper, 883; ironmonger, 895; fish
monger, 974 j tobacconist, 1,000 j milk-butter-cheesemonger, 
1009 j chemist, 1,015 j greengrocer, 1,015. Grocers suffer 
much less than drapers from phthisis and respiratory diseases, 
especially the former j but more from circulatory diseases, and 
slightly more from alcoholism and suicide. The mortality of 
grocers from phthisis is one of the lowest, that of drapers 
one of the highest. 

Butchers have a high mortality (1,170), which is largely 
due to excessive indulgence j their mortality from alcoholism, 
liver diseases and urinary diseases, respectively, being almost 
identical with that of brewers. Like other trades in which 
there is evidence of alcoholic excess, their mortality is high 
from phthisis (the figure being 261 against an average of 220 
for all males). 

The mortality. figure of bakers and confectioners is 958, 
almost the same as that of millers. Their mortality from 
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alcoholism and suicUe is very high, but phthisis is hardly 
above the average, notwithstanding their exposure to dust. 

Hatters (1,064) are subjected to great alternations of tem
perature, and, like hairdressers (1,327), have a high mortality 
from phthisis and from the effects of alcoholism. 

For both tailors (1,051) and shoemaker, (921) the mortality 
must be regarded as high. Their mortality from phthisis and 
from diseases of the circulatory and nervous systems is high, 
88 well as from alcoholism and suicide. 

Printers (1,071) and bookbinders (1,167) have both a high 
mortality. The hign mortality of printers is entirely due to 
phthisis (461 against 220 for all males). Except costermongers, 
and occupations subject to dust inhalations, no mortality from 
phthisis approaches that of printers. The mortality of printers 
from lead poisoning, even if renal and nervous diseases be 
included, is but slight. 

The earthenware and china manufacture was noted by Dr. 
Farr in 1871 as one of the unhealthiest trades in this country. 
Now its mortality figure is 1,742, which is only exceeded by 
costermongers, Cornish miners, and inn and hotel servants. 
This excessive mortality is chiefly from phthisis and re
spiratory diseases (1,118 as against 402 for all males). Only ill 
one occupation, that of Cornish miners, is the mortality from 
these two causes higher. Circulatory diseases also rank very 
high, the" potter's asthma" in'turn giving rise to cardiac disease. 

In the textile manufactures there appears to be a gradation 
in mortality, probably connected with the amount of dust and 
the temperature in each process, from cotton manufacture, 
1088; woollen and worsted, 1032; carpet manufacture, 945; 
silk, 845; lace, 755 ~ to hosiery manufacture, 717. 

All Ka\ea. Cotton WoolJeu. 80118'7. Kann'_ore. 

Total Mortality Figure • • 1,000 1.088 1,032 717 
Mortality Figure for Phthisia} : 

and Bespiraklry Diseases I 402 643 4G2 288 

---
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Plumbers have a high mortality (1,202), which is mainly 
Jetermined by lead-poisoning, though alcoholism and accident 
also range high. The mortality ~e under lead-poisoning 
is 21, the highest for any occupation except that for filemakers. 
It would· probably be higher, were it practicable to take 
painters separately. The mortality figure from urinary dis
eases is 100, only exceeded by filemakers. Gout and diseases 
of the nervous and circulatory systems also range very high. 
As early as 1854, Garrod found that 30 per cent. of his hos
pital patients with gout had been subjected to lead-poisoning.· 

Outlers (1,309) and filemakers (1,667) each inhale metallic 
dust miXed with stone-dust. The mortality figure for cutlers 
from phthisis and respiratory diseases is 760, for filemakers 
782. Filemakers are also exposed to lead. poisoning, caused by 
the use of a cushion of lead on which to strike their files, 
their· comparative mortality figure from plumbism being 41, 
as compared with 21 for plumbers and pairiters. 

Miners constitute an important portion of the industrial 
community, as lin every 19 males between 25 and 65 is a 
miner. Owing to the unfortunate fact that the death-returns 
commonly do not distinguish between the different kinds of 
miners, it is impracticable to estimate separately the mortality 
of. each kind of miners. At least one-fifth of the mortality of 
all miners is due to accident. In the following statements from 
Dr. Ogle'S report a geographical classification has been adopted, 
which roughly differentiates the nature of the mineral in 
.which miners work. Ooal-miners, as thusdistingnished, have 
a surprisingly low mortality, except in South Wales, where 
it is slightly higher than for all males in the same district; 

- and· even here the low mortality would be maintained if 
accidents were excluded .. If accidents were excluded for all 
miners, they would have a mortality only slightly higher than 
that for all agriculturists (farmers, agricultural labourers, and 
gardeners). It must be remembered, however, that coal
miner~ are a picked body of men, while the general popula
tion comprises numerous sick and weakly ones. But even 
when compared with quarrymen or blacksmiths, who must be 

M 
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picked in the same sense, the mortality of coal-miners, exclud
ing accident, is low. Coal-miners have an appalling mortality 
from accident, only approached by other"forms of mining, stone 
and slate quarrying, and fishing. Nearly one.half of the acci
dental deaths were from the falling in of the sides or roofs of 
mines, and one-fourth by fire-damp or by choke-damp. Under 
other headings they are below the average, except for respira
tory diseases, for which they stand at 202 as against 182 for 
all males in England and Wales. Probably many cases of so
called" miner's phthisis" should come under this head; though, 
even allowing these to stand as at present, the figure for phthisis 
among coal-miners is only 126. Coal.dust is comparatively frce 
from sharp angles, and docs not therefore cause such irritation 
of the lungs as metallic dust. English, Belgian, and German 
evidence all shows a comparative immunity of coal-miners from 
phthisis, and it has been supposed that coal-dust POSSCSIICS 

some inhibitory power on the development of tubercles. Partly 
owing to the fact that there is some doubt whether" miner'. 
phthisis" is tubercular or bronchitic in character, it is still 
however dubious whether the low mortality of coal-miners from 
phthisis is a part of their general healthiness and exemption 
from disease of all kinds, or whether coal-miners possess SOffit! 

special immunity from phthisis. 
Among Cornish miner. the mortality figure is 1,839 as com

pared with 887 for all Cornish males, having considerably in
creased since Dr. Farr's last report on the subject for 1861-70. 
This increase is probably due in part to emigration of the 
more robust, consequent on the decadence of the industry, just 
the opposite of what happens in other mining districts; but 
this does not entirely explain why mining in Cornwall is ap
parently so much more unhealthy than elsewhere. The great 
bulk of the excessive mortality among Cornish miners is from 
phthisis and respiratory disease, which stand at 1,148 as against 
.368 for all Cornish males, and 459 for the miners of South 
Wales and Monmouthshire. 

Chimney tweep. have a mortality figure of 1,519, and an 
~xcessive mortality under nearly all the chief headings. Their 
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liability to cancer appears to be eight times· as great as that 
of all males. 

We may summarize; in cl'nclusion, some of the mos.t im
portant facts bearing on .the influence of foul air, of dust, 
alcoholic excess, and lead-poisoning on the health of those 
exposed to their effects. The following tables given. by Dr. 
Ogre will illustrate these points. 
Oomparative Mortality of Males working in Air of Different 

Degrees of PU1'ity, from Phthisis and Diseases of the 
Respiratory Organs. 

Dis."'.s of Th.two Phthisis. Respiratory 
Syst.~ • together. 

. Fishermen. • · · 108 90 198 
Agriculturists • · · · · 115 122 237 
Grocers. · · · 167 116 283 

.Drapers • . · · · · 301 129 430 
Tailors . · · ..• 285 186 471 
Printers. . · · · 461 166 627 

Oomparative Mortality of Males in Certain Dust-Inhaling 
Occupations from Phthisis and Diseases of the Respiratory 
Organs. 

Comparative . 
Diseases of Mortahty Fi~ure 

Phthisis. The two (1880-1-2 Respiratory together. that of an Males Organs. 
being 1000. 

Coal Miner · · 891 126 202 328 
Carpenter, Joiner. 820 204 133 887 
Baker, Confectioner 958 212 186 898 
Mason, Builder, Brick-

layer. ••• 969 252 201 458 
Wool Manufacture. · 1032 257 205 462 
Cotton Manufacture • 1088 272 271 543 
Quarryman .. · 1122 308 274 582 
Cutler. . · · 1309 371 889 760 
Filemaker ... 1667 433 850 '183 
Earthenware Manu-

facture. · .. 1742 473 645 1,118 
Cor)lish Miner • · 1839 690 458 1,148 

Fishermen 108 90 198 
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Fishermen form, in the preceding tables, a convenient 
standard of comparison, as they have no exposure to dust, and 
enjoy a pure atmosphere for their work. It will be seen that 
the dust from textile fabrics is much more dangerous than 
that from coal or wood or flour, while the dust of stone and 
metals is still more deleterious. The high mortality among 
Cornish miners and pottery makers is due in part to their 
working in confined spaces, and consequently inhaling the 
stone-dust in much larger amount. 

The following table from Dr. Farr's Supplement to the 
Registrar-General's 35th Annual Report illustrates very 
strikingly the effect of tippling on the death-rate at different 
age-groups :-

Annual Death-Rates per 1,000 at Four Ages among Clergy
men and ProteBtant MiniBters, and among Publicans and 
Wine Merchants. 

Area. Clergymen. Prote.tRDt I Pnbll""n., Beer-Sellr.., 
Jd.inietera. Wine'" Spirit Ken:hanLI_ 

25-35 4-65 5-83 14-49 
85-45 6-28 7-30 20-" 
45-55 13-24 9'83 28'50 
55-65 22'70 24'60 43'03 

Dr. Ogle's figures for 1871-80 show that the mortality from 
liver diseases (perhaps the most trustworthy test of alcoholic 
excess) is six times as high among innkeepers and publicans, 
and two and a half times as high among brewers, as among the 
generality of males. In occupations where alcoholic excess is 
common, the mortality from gout, urinary and nervous Jiseases, 
and from suicide, is also invariably high; and alcoholism like
wise contributes to the mortality from phthisis. 

Lead-poisoning is evidenced in four occupations-viz" printers, 
earthenware makers, painters with plumbers and glaziers, and 
filemakers; though it prevails to a considerable extent only in 
the two latter. These two show also an extremely high mor-
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tality from renal diseases, confirming the general medical opinion 
that lead-poisoning causes renal disease. In the four years 
1879-82, only 229 deaths of males were ascribea to lead-poison
ing, though this number would doubtless 'be greatly increased 
were it possible to include the deaths from renal nervous and 
other affections produced by lead-poisoning. The 229 deaths 
were distributed as follows :- " 

House Painter. • • 
Plumber ••••• 
Earthenware Maker • 
File-Cotter. • •• • 

• • 91 
.2S 
• 16 
. U 

Lead (? White Lead) Worker. 
Printer •• 

·S 

6 
3 
3 
3 
2 
2 

Lead Miner •• 
Gas Fitter. ; • • 
Coach Painter. 
Whitesmith. • • 
Glass Cutter • • 

Iron Moulder • 
Calico Printer, dyer. • 
Paint, Colour-maker • 
Glazier •• 
Artist. • • • • 
Lead Boller. • • 
Lead Mine Agent. 
Caulker. • • • 
Children (under 15) • 
Others ••••• 

2 
• 2 

2 

." 1 
1 
1 
1 
1 
6 

.36 

The annual death-rates from lead-poisoning ilmong males over 
fifteen years of age, as deduced from a comparison of these 
figures with the census returns of 1881, are as follows. Re
liance cannot, however, be placed on rates calculated from so few 
data:-

Filemaker •••••• 
Painter, Plumber, Glazier. • 
Earthenware Uaker 
Gas Fitter •• 
Printer. '. • • • • 
All other males • • 

• 466 per million living. 
224.. .~ .. 
152.. II II 

•• 62.. •• II 

27 II II II "It It 
II 

For further details on all the questions discussed in this 
chapter, which have a great practical importance, the reader is 
referred to Dr. Ogle'S invaluable report, pages xxi.-Ixiv., which 
ought to do much to stimulate preventive measures in the case 
of unhealthy occupations. 



CHAPTER XI. 

JIOBTALITY FBOJI ZYMOTIC DISE.ASES. 

lIethods of Estimating.-Zpnotio DeaIh-rate.-HeasIM.-Scarlet FOYer.
Case Hortali1l.-Re1auon of Scarlet Fever to Age and Se:l.-Oeogt'aphieaJ. 
Distribution of Scarlet'FoYer and Diphlheria.-Diphlheria.-Whooping 
Congh.-Fever_-Enterio and Typhua Fover.-Diarrhma. 

W E have in the preceding chapters shown the effect pro
duced by various social and other conditious on the 

general mortality. In the next place we must consider the 
mortality from individual diseases and from groups of diseases. 
In the first place, as to the methoda of ltating this mortality. 
This will vaI'f according to the object in view. (1) The first 
plan, useful only for purely medical purposes, consista in stating 
the proportion 0/ dt'alh. to ptTlO1l. altacktd with any giwn 
disease. This method is of importance to medicaJ men, as from 
the results thus obtained deductions are drawn concerning the 
effect of a particular line of treatment. We may point. out 
the liability of this method to error before passing on to the 
methods of statement usually adopted by vital statisticians. 

(a) The number of facta manipulated is often so small as 
not to warrant exact conclusions. I have recently investigated 
an outbreak of enteric fever due to infected milk, in which 21 
cases occurred. Of these 15 were treated either at home or in 
a public hospital, while 6 were treated in another public hos
pital. Of the first 15 cases none died, while 2 of the last 6 
were fatal The difference in fatality was almost certaiuly due 
to accidental causes, and any inferences as to skill oftreatment 

IGi 
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would be altogether fallacious. Speaking generally, therapeu
tical results or etiological theories, advanced on the strength 
of percentages from a small number 0/ cases, must be a<.eepted 
with caution. 

(b) The two groups compared may have a different age and 
sex constitution, and it is a notorious fact that' the death-rate 
from nearly all diseases is largely influenced by these factors, 
and especially by age. This is seen in the following table from 
Murchison on Continued Fevers. 

Mot·talily per cent. of Males and Females Attacked at 
Different Ages. 

Age. H. 6-10. 10-15. 16-20, 20-26. ~0·13O-l16·18iHoO. 41H5. 

-
17'17! 32'69 26·0.l Typhus {MaleS 12,50 11-17 11-12 12'76 23'30 28'12 

Fever Females 12'06 11'28 12'86 15'48 20'36 20'50 I 25'59 26'36 26'61 

Enterio {Males 8'03 2'24 1'60 4'65 11-04 17"66 ,20'60 31-57 33'58 
Fever Females 6'69 3'59 2'28 4-46 10'33 15'17 20'55

1
25'92 30'79 

46-a0. 

33'33 
21'87 
45'32 
42'5'& 

Of course, by splitting up the deaths at all ages . into groups'" 
at different ages, the number of individual facts at each age 
is reduced, and thus the fallacy due to paucity of data is intro
duced. This, however, is preferable to the lumping together 
of two sets of facts which are not comparable with each other. 
In stating percentages the numbel' of facts on which they are 
founded should always be given, as their trustworthiness can' 
then be gauged. , 

(c) In the case of infectious diseases, the character of the 
particular epidemic must be taken into account. One epidemic 
of diphtheria may differ in virulence from another, and com-' 
parison between methods of treatment in the two epidemics 
would be consequently largely vitiated. Similarly, it would be 
unfair to compare the treatment at the beginning of an out
break of cholera, when 60 per cent. of those attacked usually 
die, with the treatment in the later and milder period of 
the epidemic. 
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(2) The morta.lity from any given disease or group of diseases 
may be stated as a proportion to the death. from all cause •• 
This method is, however, essentially fallacious, as it constitutes 
a ratio between two factors, of which both are variable, viz., 
the mortali~y from the specified disease, and the mortality from 
all causes. Dr. Ransome gives the following example of its 
fallacious character. Suppose a town of 100,000 with 2,000 
annual deaths, of which.500 are caused by phthisis. Here t.he 
general death~rate is 20 per 1,000; the death-rate from phthisis 
is 6 per 1,000 living, and the proportion of deaths from phthilClis 
to the total deaths is 260 to 1,000. In another town having 
the same population the total deaths are 4,000, and therefore 
the death-rate 4.0 per 1,000 inhabitants; the deaths from 
phthisis are 1,000, and therefore the death-rate from phthisis 
is 10 per 1,000; but the proportion of the phthisical to the 
total mortality is 260 to 1,000, as before. In the second town, 
therefore, there is by the latter test apparently no worse con
dition, so far as phthisis is concerned, 'than in the first, though 
matters are really twice as bad. 

The following table, abstracted from the local report of a 
medical officer of health, gives another instance of this fallacious 
method:-

1879. 1880. 1881. 1882. 1888. 1888. 

--- ---------------z,...,.. DM."-/ Bate per 1,000 4'14 8'86 2'71 8'72 2'67 8 68 
Inhabitants 

General Death· 20'66 17'67 1797 18'70 16'71 22'33 Rate per 1,000 

.-.... "'I Deatbs from 
Zymotio Dia· 17'8 16-1 13'6 17'2 IN 15'3 
eases to Deaths 
from All Canses 
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The zymotic and general death-rates are in this table 
accurate indications of mortality j but if the two :first columns 
are compared, it will be seen that the proportion between the' 
two gives no indication as to their relative mortality. ' Such 
relative mortality might be increased either by a diminution 
in total deaths Qr an increase in zymotic deaths, though the 
inference to be drawn in the two cases would be very different. 

For large communities, or for the whole country, when 
fallacies due to varying age and sex constitution can be elimi
nated, it is often convenient to know the Jlercentage of deaths 
due to different causes. The following_ table shows the per
centage of deaths ftom different groups of diseases in England 
and Wales during 1886 j and in a parallel column the rate of 
mortality per million of the population. 

Deaths in England and Wales in 1886. 

Causes of Death. I 
Number of Percentage of D ... th-Rate per 

Deaths, Total Deaths. Million Li v:ing, 

Zymotic Diseases . · 73,747 13'7 2,648 
Parasitic Diseases • . · · 990 0'2 35 
Dietetic Diseases · · 1,656 0'3 59 
Constitutional Diseases • · 92,751 17'3 3,330 
Developmental Diseases. 45,103 8'4 1,618 
Local Diseases • · · 276,302 51'4 9,915 
Violence ....... 17,444 3'2 626 
Ill-defined and not Specified 

Causes. . . . · · 29,283 5'5 1,047· 

537,276 100' 19,278 
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In the follow~g table some of the more important diseases 
are treated separately, the death-rate per million living and 
the percentage of total deaths being given for each. 

Deaths in England and Wales in 1886. 

Cauoes of Death. 

SmaUpo:l. •••••• 
Measles. . • • • • • 
Scarlet Fever. • • • • 
Diphtheria. 
Whooping Cough • • • 
Fever (Typhus, Typhoid, 

and Ill·defined) • • • 
Diarrh<l!al DiseaBes. • • 
Puerperal Fever and Dis· 

eases of Childbirlh 
Cancer • 
Phthisis. • • • • • • 
Other Tubercular Diseases 
Diseases of Nervous Sys. 

tem (iJlcluding convul
sions) •• 

Diseases of Circulatory 
System 

DiseaBes of Respiratory 
System(includingCroup) 

Diseases of Digestive Sys. 
tem ••••••• 

Diseases of Urinary 8ys· 
tem • 

Violence •••••• 
Ill·defined and not Speci. 

fied ••••••• 
Other Causes of Death. 

Total Death. 

Number of 
Deatla. 

275 
12.018 
6,986 
4.098 

12,936 

6.911 
25,284 

8.877 
16,2t8 
47.872 
20.208 

74,017 

46,332 

103,892 

81,738 

12,394 
17.444 

29.288 
68,483 

637,276 

PercentBJr8 of 
Total DuathL 

13'78 

8'" 

19'33 

6'91 

2'30 
8-25 

100' 

Death.note per 
Millton Lhlng. 

10 
481 
215 
147 
464 

218 
907 

140 
51lS 

1,718 
726 

2,656 

1,625 

8,594 

1,140 

445 
6:16 

1,047 

19,278 

(3) The deaths from each individual case should be slaleel 
per thousand or per miUion 0/ the entire population. These 
death-rates are shown for the more important diseases during 
the decennium 1871-80 in the following diagram, the mortality 
of males and females being distinguished by a continuous line 
in the case of males, and a dotted line in the case of females. 



Annual Mortality from Several CaUie. per Million Living at all Age. in Successive Period. 
and rear •. 

All Ca1l88. 

SmaU-Pos. • •••• 
Measle. • • • • • • • • 
Scarle' Fevel' • 
Diphtheria • • • • • 
WhoopiDB Cough • • • • • 
Fevel' _ {'l'yPh~' • • } 

. Enlene •• 
iDcludlDB lll.dellned. 
Puerperal Fever and } 

Disease. of Childbirth • 
Diarrhmal Diae_ • • 
Cancer. • • • • • • • • 
Pb&biaiJ • • • • • • • • 
BydroeephalDl • • • • • • 
Other Tubercular Diaeasea. • 
Diaeuel of NervoDl tiynem} 

(iDcllldiDg ConyulsiODs) • 
DiteuH of Circula&ol'J SYI&em] 

IIDd Dropsy • • • • • 
DiIlOU8ll of Reepira&ory 8ya&em 
Di&eU8tl of Digeeuye SY8tem • 
Di&eU8tl of llriDUJ System • 
Violence • • • • • • • • 

1861..,. I 1801-70. I 1871-110. I 1881. I 18ti2. 1883. I 18M. I 1886. I 1880. 1887. 

1--1--1--1--1--1-1-1--1-1 
12,165 112,416 I 21,172 

221 
413 
876 
109 
608 

908 

16' 
1,080 

817 
11,679 

897 
407 

11,741 

1,147 

.,021 
1,004 

1114 
18a 

163 
440 
973 
IllS 
6:.17 

885 

165 

1,078 
887 

11,475 
847 
,a7 

11,785 

I,S·!9 

',864 
9M1 
298 
166 

336 
878 
716 
121 
611 

'84 
167 
935 
478 

1,116 
817] 
446 

1,770 

1,477 

8,7fiO 
978 
892 
733 

18,880 119,560 119,536 119,611 119,010 119,278 118,790 

119 
21:10 
648 
121 
'16 

{ 

21 
213 

" { 
88 
'H 

670 
620 

1,825 

105 

1,600 

1,869 

.,427 
1,103 

8111 
697 

60 
481 
520 
161 
677 
86 

229 
88 
98 
14 

664 
532 

1,844 

129 

2,644 

I,S72 

8,555 
1,121 

894 
669 

86 
848 
472 
158 
891 

8a 
227 
86 
98 
71 

610 
546 

1,870 

107 

2,702 

1,4G5 

.,656 
1,117 

446 
675 

82 
416 
899 
185 
423 

III 
234 
28 
91 
69 

1,001 
559 

1,813 

738 

2,657 

1,495 

.,317 
1,135 

438 
661 

103 
526 
281 
163 
477 

III 
173 

24 
88 
74 

498 
566 

1,752 

854 

2,G04 

I,G79 
8,699 
1,0113 

441 
625 

10 
431 
215 
147 
464 

9 
lA2 
22 
15 
65 

907 
5A3 

1,718 

726 

2,6S6 

1,625 

8,594 
1,140 

445 
626 

18 
594 
278 
157 
898 

18~ l 
18j 
87} 
61 

733 
606 

1,591 

658 

2,646 

1,643 
S,572 
1,068 

439 
64lI 

.... 
-'I 
~ 

.~ 
~ 

~ a 
o 
!D 
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The figures in the above table can be easily converted into 
rates per thousand by inserting a decimal point at the third 
place to the left. 

Zymotic Death-Rate.-The term Zymotic was·introduced by 
Dr. Farr, and it is practically so convenient that we propose 
to adhere to it, although Specific Febrile Diseases would be a. 
more correct. designation. The diseases comprised .under this 
head are enumerated at page 26. They have such. a varied 
origin that a rate compounded of all these would be of but 
secondary importance. The Registrar-General, however, gives 
the death-rate from the seven chief infectious diseases (small
pox, measles, scarlet fever, diphtheria, whooping cough, fever, 
and diarrhrea), and this is usually described as the zymotie 
death-rate. As a test of sanitary condition, this rate possesses 
::onsiderable value, which must not, however, be exaggerated. 
To begin with, the prevalence of such diseases varies greatly 
in different districts, according to the proportional number of 
young children hi each, apart altogether from any differences 
in sanitary condition. Then again, although whooping cough 

Death-Rate per 1,000 Living from Each of the Seven Chief 
. Zymotic Diseas.es in England and Wales. 

~ ~ ~ i ~ gi i ! gi 
"- 00 ~ 

~ ~ 00 ... ... ... ... ... 
..: 
:l! ... 

i-----------------
Small-Pox, , , , '221 '163 '236 '119 '050 '036 '082 '103 '010 '018· Measles, , , ., , '412 '440 '378 '280 '481 '348 '416 '526 '431 '594 Scarlet Fever' . , , , '876 '972 '716 '548 '520 '472 '399 '231 '215 '278 Diphtheria. • , . . '109 '185 '121 '121 '151 '158 '185 '163 '147 '157 Whooping Cough • • '50S '527 '512 '416 '577 '391 '422 '477 '464 '398 

{ Typhus FeVer} {,021 '036 '033 '012 '012 '009 '007} Fever Enterio " '908 '885 '484 '212 '229 '227 '234 '173 '182 '182 
.Continued " '044 '038 'OS6 '028 '024 '022 '018 

Diarrhooal Diseases. • 1'080 1-076 '935 '570 '664 '610 1'001 '498 '907 '~33 

'ti'F 
--.-------------

Death.Rate from BeVen} 
Chief Infeotious H09 2'3312'746 2'311 2'779 2'207 2'387 2'385 
Diseases • • • 
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and measles have a much greater effect in increasing the 
mortality than diphtheria and enterio fever, they are much 
less amenable to sanitary measures than the latter diseases. 
An accumulation of children unprotected by a previous attack 
of the two first of these diseases, along with a spell of severe 
weather, might cause a great increase of zymotio mortality 
in any given locality, without its being of necessity in a less 
sanitary condition than another which had escaped. Notwith
standing these objections, the ,zymotic death-rate gives ap
proximate indications, and it can easily be separated into 
its component parts, as in the preceding table. 

l'IIea.sles.-In stating annually the mortality from some of 
the infectious diseases, it should be remembered that their 
infrequent appearance in the death-returns may be caused by 
the fact that there are but few in the population who have 
not purchased immunity by a previous attack. After a large 
epidemic of measles, or whooping cough, or scarlet fever, 
there is generally a lull for several years. Dr. Ransome has 
investigated the influence of what he calls cyclical tt'<lVCS, 

which appear to be independent of the accumulation of unpro
tected persons. From the Swedish Tables of Mortality (Epi
demiological Society Transactions, 1881-82) he has constructed 
charts, which show that, in the case of ecarlet fever, there is 
not only a short cycle of from four to six years, but also a long 
undulation of from 15 to 20 years or more, II which may be 
likened to a vast wave of disease upon which the lesser epi
demics show like ripples upon the surface of an ocean swell." 

The chief undulations of the measles curve seem to rise with 
fall of temperatnre, and vice versa i and whooping cough seems 
to be influenced by much the same conditions. Humidity of 
air seems to favour mortality from measles much more than 
from whooping cough (Ransome). • 

An examination of the London weekly returns of mortality 
from 1840-84 proves that in the Metropolis there are two 
distinct seasons of the year in which the prevalence of measles, 
as measured by deaths, is above the general level of the year, 
one period having its maximum in May and June, and the 
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other in November, December, and early January, the winte. 
period being the more considerable (Registrar-General's Report,"V 
1884). 

Monthly Distribution of Deaths from Measles per 1,200 in the 
. Year. 

Bradford, Birming-
London, Berlin, ham, Bristol, Lancashire 

B~hton, Towns, 1840-84. 1871>-83. Wolver ampton, 1871-84. 
1871-8t. 

January • · · 111 51 92 116 
February. · · 80 56 'IS 91 
March · · · 88 65 105 107 
April • · · · 102 92 134 135 
May . · · · 110 185 136 120 
June · · · 118 240 o 136 12S 
July · · · 105 202 94 101-
August · · 89 '18 ·87 74 
September · · 66 44 47 49 
October · 79 36 74 '13 ' 
November · 112 69 90 90 
December · _140 82 132 121 

1,200 1,200 1,200 . 1,200 

It will be seen from the preceding table that the winter 
excess in other places than London is nearly absent. All these 
towns or groups of towns show an excess of measles from April 
to July, and have a minimum in the autumn-usually in Sep-

o tember or October j but ~he winter exce!!s, which occurs in 
London, is hardly appreciable in the other towns. On the 
whole, it seeIns probable, " though the statement must be made 
with some reserve, that when the measles mortality in a town 
is habitually high, there are in it two measles seasons-a 
summer and a. winter season j and that when the measles 
mortality is habitually low, the winter prevalence is either 
absent or comparatively slight," 
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. Death-Rate per l,OCIJfrom Measle. in Di.1ferent Population., 

1881. '1881. 1886., 1886, IS8&. 1188'1. 

----'-------1--- ,-----
EDglaDd and Wales • • • 0'48 0'35 0'49 0'59 0'41 0-59 
LoDdoD • • • • • • • 0-60 0'69 0'55 0-79 0'60 0'69 
28 Great EDglish Town.. • 0'67 0'50 0'60 0'69 0'54 0'79 
50 other ToWDB. • • • • 0'58 0'41 0'45 0'75 0'69 0'54 
Rural Districts. • • • • 0'33 0'23 0'28 0'37 0'33 0'46 

Scarlet Fever.-The following table shows the mortality from 
scarlet fever in different districts and years. 

Death-Rate per l,OCIJ from Scarlet FevCf' in Di.1ferent 
Population., 

188lL 1881. 1886. 11881, 1886. 1887_ I 
--------'1-- -------, 
EDglaDd and Wales • • • 0-59 0-47 0-40 0-23 0-21 0-27 I 
LoDdoD • • • • • • • 0-59 0-51 0-36 0-17 0-17 O'1I4 
28 Great English Townl. • 0-55 0-67 0-45 0-24 0-25 0-39 
50 other Towns. • • • • 0-65 0-65 0-51 0-25 0-26 0 25 
Rural Districts. • • • • 0-47 0'39 O-Bi 0-21 0-18 021 

From 1882 to the end of 1886 there was a progressive de
cline in scarlet fever mortality in this country; but in 1887 
an abrupt and general rise occurred, the mortality being nearly 
29 per cent. higher than in 1886. In London the mortality from 
scarlet fever was twice as high as in the two preceding years, 
though it was 28 per cent. below the deceunial average, which 
was 0-47 per l,OCIJ persons. Spite of this, however, there was, 
during the autumn and winter of 1887, considerable alarm in 
London, arising in part from the strain on the accommodation 
provided -by the Metropolitan Asylums Board Hospitals for 
scarlet fever. This strain was doubtle88 due in part to the 
-increased prevalence of scarlet fever, but also largely to the 
fact that there is an increased willingness to enter these hos
pitals. The larger use of hospitals is shown by the increased 
proportion borne by deaths in hospital to external deaths. In 
1878 the deaths in the London Fever Hospital and the Asylums 
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Board Hospitals were only 7 per cent. of the whole mortality 
from scarlet fever in London; in 1879-82 they were 9-11 per 
cent.; in 1883 they rose to 13'2 per cent.; in 1884 to 17·6, in 1885 
to 20-2, in 1886 to 22'7, and finally, in 1887, to 33'6 per cent. 
of the total deaths. If we assume the proportion of cases to 
deaths (case mortality) in hospitals to represent the proportion 
for the whole' of London, then the number of cases of scarlet 
'- -~ .. in London during the last eight years was as follows :-

( 1880. 
1881. 
1882. 
1883 • 
1884 •.•• 
1885. 
1886. 
1887. 

28,039 cases. 
21,376 .. 
23,194 It 

18,748 .. 
• 13,912 .. 

8,886 .. 
8,185 .. 

13,841 .. 

The deaths from scarlet fever in London during 1887 num
bered 1,447, while those from measles during the same period 
numbered 2,894, and yet no alarm appears to have been feit in 

j regard to the latter disease. 
Relation of Mortality to Prevalence of Scarlet Fever.-. 

We cannot assume that the mortality holding good in one 
outbreak will be maintained in others. In the previous 
calculation of the number of scarlet fever cases in London 
during 1880-87 the mortality has been obtained separately 
for each outlYreak as the result of hospital experience. The 
hospital cases probably represent a graver portion of each out
break; and if this be so, the total number of cases in the fore
going calculation has been under-estimated. The reports of 
the London Fever Hospital and, Metropolitan Asylums Board 
Hospitals show that in 1875-80 the death-rate from scarlet 
fever was 120 per 1,000 cases; in 1881-85, 96 per 1,000 cases; 
and in one of these years, 1881, only 81 per 1,000. It may be 
argued,. therefore, that a diminished mortality from scarlet fever 
implies either a correspondingly diminished prevalence of the' 
disease, or only that a milder type of the disease now occurs. 

N 
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If the former supposition is correct, then .we have reason to 
fear recurrences of scarlet fever more extensively, as an 
accumulation of unprotected persons occurs. 

Relation of Scarlet Fever to Age and Sex.-Tbe following 
table is based on nearly half a million deaths from scarlet 
fever, which have been registered in England and Wales in 
the 27 years, 1859-85 (49th Annual Report of Registrar
General, 1886). 

Mean Annual Mortality from Scarlet Fever per MiUion Living 
at Successive Age-Periods, 1859-85. 

Annual Death. per Killio" LlvlDg. 

Age. KaIea. l'emaIea. 

0-1 1,664 1,884 
1-1 U70 8,874 
2-8 4,676 4,491 
B-4 4,484 4,332 
W ',641 8,556 

0-5 8,681 8,482 
6-10 1,667 1,618 

10-15 846 881 
15-20 111 118 
20-25 59 77 
25-35 86 68 

85 and upwarda 18 15 

All Ages. 778 717 

It will be seen that in each sex the mortality from scarlet 
fever rises to a maximum in the third year of life, and then 
falls, at first slowly, but afterwards rapidly, becoming smaller 
at each successive age-period. In the first ten years of life, in 
which there is the greatest Dumber of deaths, the male is 
considerably higher than the female mortality, though after
wards their relative position is reversed. 

The large basis on which the above rates are calculated 
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renders it certain that the differences above shown between 
the two sexes and different ages are not accidental or tran
sitory. The question then ariseS; Are the differences due to 
diJI~.,.enCt!s of prn"alence or diJIerenCt!s of case mortality' In 
answ~ this question, the Registrar-General's Report for 
1886 gives the following table. It embodies the. facts as to 
8o~ sex, ancJ result of 17,795 eases of scarlet fever in the 
metropolitan fever hospitals during the twelve years 1874-85; 
and in addition the official reports for Christiania, in Norway, 
of 5,000 cases which occurred there in 1870-72. It was 
necessuy to include these because the returns of the London 
hospitals do not differentiate each year of the 0-5 period, 
during which the prevalence of scarlet fever is at its maximum. 
As the ease mortality in Christiania for the aggregate 0-5 period 
was nearly the same as that of the corresponding period in 
London, it may fairly be assumed' that the rates for individual 
years were likewise similar. 

Case Mortality.-Deaths per 1,000 Cascs of &arld Fe, .. er ira 
Ho.-pitals, 1874-85. 

~ I llaI ..... I Femal ..... 

6-1 395 ' .. 9 
1-9 S8f 346 
t-3 255 226 
3-f 18& In 
'-i 130 lIlt 

6-5 2-11 217 
&-10 lOG 97 

16-15 56 6& 
15-20 40 Sf 
26-25 &9 311 
25-S5 75 fS 

S5 and upwards as 65 

These figures are very striking, and show that 80"'6 and sex 
have much greater influence on prognosis than is generally 
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acknowledged. Males are in greater danger when attacked 
than females j but the difference due to sex is as nothing in 
comparison with that due to age, shown in the table. 

It will be seen by a "comparative view of the two preceding 
tables that the prevalence .of scarlet fever (as indicated by its 
mortality) and the case mortality rapidly diminish as age ad
vances, though the case mortality begins to increase again after 
the age of twenty-five. The general result of the preceding 
facts is, that the longer an attack is deferred the less likely is 
it to occur at all j and that even if it occur eventually, the less 
likely is it to end fatally. 

Geographical Distribution ot Scarlet Fever and Diphtheria. 
-During the year 1884 (47th Annual Report of Registrar
General), of the 44 registration counties, there were 18 in which 
the death-rate from diphtheria in 1884 was above the rate 
for the whole of England and Wales j in 11 of t.he 18 there 
was the same excess in the three previous years j and in {) of 
these 11 the rate was also above the average for the decennium 
1871-80. The counties which are thus shown to be much 
more liable to diphtheria than others form two tolerably definite 
areas; II one having its base in the south-eastern counties
Sussex, Hampshire, Surrey, and Kent, and stretching upwards 
along the eastern side of England through Middlesex, Hertford
shire, Essex, Cambridgeshire and Bedfordshire, occasionally 
reaching Norfolk, Nottinghamshire, and Lincolnshire; and the 
other area, having its nucleus in North Wales and Shropshire, 
and tending to spread through Herefordshire and other border
ing counties, as also in some years into South Wales, Mon
mouthshire, and even across the Bristol Channel into Somerset-
shire." . 

Thus diphtheria was comparative!:" absent from the northern 
counties. But in these very counties the scarlet fever rate was 
highest in 1884 j and although the geographical distribution 
of scarlet fever does not seem to be so constant as that of 
diphtheria, it is generally commonest in mining and mailU
facturing counties. In these counties there is a large pro
portion of young children; and as scarlet fever, like diphtheria, 
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is a disease wh.ich specially affects children, some correction 
must be made on this account. In regard to diphtheria, which 
prevails in counties where there is not a large proportion of. 
children, such correction would tend to increase the contrast. 
But in regard to scarlet fever age-distribution must be taken 
into account. If we confine our attention to the scarlet fever 

. occurring during the 0-5 age-period, when the disease is most 
fatal, it is still found that scarlet fever is most destructive in 
the industrial and mining districts. 

Diphtheria.-The returns under the heading of diphtheria 
caunot be regarded as trustworthy, owing to the confusion with 
croup and other diseases. In the Registrar-General's returns 
all deaths are returned under this head which are distinctly 
designated on the certificate as diphtheria, or as cynanche 
maligna, or malignant sore throat. . But many deaths from 
diphtheria. are returned as ulcerated throat, quinsy, croup, 
laryngitis, or membranous laryngitis, and these appear under' 
other heads. 

The mortality from diphtheria in 1887 for England and Wales 
was 150 per million of the population. At p. 172 is shown the 
corresponding mortality for a series of years. Dtlri~g 1887 
in London' 961 deaths were ascribed to diphtheria, or 180 in 
excess of the decennial average, after due correction for growth 
of population. This excess may possibly be due in part to the 
diminution of deaths returned as croup; but even taking diph
theria and croup together, there is still an excess of 58 deaths 
over the decennial average. " Be the explanation what it may, 
the registered mortality from diphtheria has been considerably 
higher in each of the last six years, 1882-87, than in any 
previous year since 1864, while during the six years themselves 
it has remained almost constant, the rate per 1,000 varying 

. only from 0'2Uo 0'24." (Annual Summary, 1887.) . 
It will be convenient to compare the rates of mortality in 

the 28 great towns with the rates of sickness in 41 com
pulsory notification towns for scarlet fever and diphtheria at 
this point (see also page 40). 



182 VITAL STATISTICS. 

Sickrness and Death-Rates pet· 1,000 of the Population in Large 
Towns from Seal'let Fever and Diphtheria. 

1883. 188" 18811·1~ 1887. 
---- --

Diphtheria {Sickness.Rate 0'33 0'39 0'86 0'36 0'46 
Death·Rate 0'158 0'185 0'168 0'147 0-18 

Scarlet Fever {SiCkness.Rate 8'59 8'81 4-64 4-12 6'\)0 
Death·Rate 0'57 0'45 0'24 0'25 0'39 

Whooping Cough.-The prevalence of whooping cough in a 
series of years is shown in the table on page 172. In the decen
nium 1871-80, there was nearly the same incidence, as indi
cated by mortality, as in 1861-70. It appears to be a diseas6 
but little amenable to sanitary precautions, one reason of this 
being that it occurs at a very early age, and there is conse
quent difficulty in separating the sick from the healthy. The 
\'elative mortality from whooping cough in different groups of 
places is shown in the following table :-

Death-Rate per 1,000 from Whooping Cough in Different 
Populations. 

1881 1883. 18841. 1885. 18.88. 1887. 
- 1------- --
England and Wales 0'58 0'39 0'42 0'44 0'44 0'89 
London ... · 1'20 0'40 0-79 0'61 0-68 0'70 
28 Great Towns. · 0-90 0'46 064 0-60 0'54 0'62 
50 Other Towns · 0'47 0'37 0'33 053 0'42 0'33 
Rural Districts • 0'37 0'82 0'27 084 0'88 0.25 

Like measles and scarlet fever, whooping cough, althougb 
endemic in all large towns, recurs in epidemics. In the two 
decennia 1861-70-80, there was one such epidemic year in 1866 
and a second in 1878. The mortality from whooping cough is 
highest in the first year of life; it then diminishes like that of 
measles, but more rapidly, becoming quite insignificant by the 
tenth year. It is more fatal in winter, and in towns. and 
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among the poor j but of these differences only the seasonal one 
is very marked. -

Whooping cough resembles diphtheria in the fact that, unlike 
most zymotic diseases, it is most fatal among females. This is 
shown in the following table :-

Death-Rate of Males and Females per 1,000 Living irom 
several Zymotic Diseases. 

187HIO. 1886. 
Causes of Death. 

Males. Females. Males. Fe,!,a1es. 

All Causes . · · · · 22-610 20'000 20'340 18'270 
Smallpox. . · · · · 0-267 0'207 0'014 - 0'006 
Measles · · · · 0'396 0'360 0'449 0414 
Scarlet Fever · · · · 0'750 0'683 0'221 0'209 
Diphtheria • • • · 0'117 0'125 0'141 0'152 
Whooping Cough • 0'474 0'547 0'435 0'492 

fTYPhUS Fever 1 r'OlO 0007 
Fever Enteric Fever 0'494 0'477 0'197 0'167 

Continued Fever 0-021 0'023 
Diarrhreal Diseases • ; 1'008 0'867 0'975 0'843 

Fever.-Under this head are included typhus fever, enteric 
or typhoid fever, and simple and ill-defined forms of con
tinued fever. These have only been differentiated within the 
last forty years, and for the earlier years of civil registration 
it is therefore necessary to consider them together. In the 
decennium 1871-80, the death-rate from cc fever II fell from an 
annual average of 885 per million to 484-80 decline of 45 per 
cent.-a result which is especially satisfactory, as there are no 
diseases which are more amenable to sanitary improvements. 
The following table illustrates the same facts in greater de
tail:-
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England.-Deatli. and Death-Rates/rom Fever (Typhus, 
Enteric or Typhoid, Simple and llWiejined), 1850-84. 

Namberof DMth.to pWu~~al 
Tear. Death. from 1,000,000 to 1.000 Doatha. Fever. Persona li.lng. Total. 

1850 15.87' 865 43 
1851 17,930 997 '6 
1852 18,641 1,025 '7 
1858 18,50' 1,008 '5 
185' 18,893 1,015 " 1855 16,470 875 89 
1856 16,182 850 42 
1857 19,016 988 46 
1858 17,888 918 40 
1859 15,877 806 86 

1860 18,012 654 81 
1861 15,440 767 86 
1862 18,721 919 43 
1868 18,017 874 88 
1864 20,106 963 41 

1865 23,03' 1,089 47 
1866 21,10' 986 '3 
1867 16,862 778 86 
1868 19,701 898 '1 
1869 18,390 828 87 
1870 17,910 796 85 
1871 15,790 693 81 
1872 14,020 607 29 
1878 13,553 579 28 
187' 13,736 ~79 26 
1875 13,063 5'3 U 
1876 10,746 '41 21 
1877 9,987 404 20 
1878 10,417 416 19 
1879 7,933 818 15 
1880 8,79' 842 17 
1881 7,240 278 15 
1882 7,992 803 15 
1883 7,918 296 15 
1884 7,476 276 14 
1885 5,745 209 11 
1886 5,911 218 11 
1887 5,878 207 10 

The following table, from the 47th Annual Report of the 
Registrar-General (1884) shows the decline from fever at 
different age-groups. 
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Death-Rate per lJlilUon from" Fever" at Different Age-Periods. 

I Age 
Death. per lmlion 

Decline Liviog. 
percent. Periods. since 1875. 

1875. 1885. 

0- -·741 224 70 
5- 573 258 55 

10- 458 270 41 
15- 573 377 34 
25- 459 313 32 
35- 459 254 45 
45- 448 209 53 
55- . 543 222 59 
65- 638 211 67 
75- 564 - 171 70 

- ------
All Ages 543 276 49 

The inequality of the decline of the fever-rate at different 
ages is probably owing to greater accuracy in diagnosis in 
regard to the very young and old, who were formerly said to 
die from" fever," without any further definition of disease, but 
who are probably now grouped more accurately under. other 
headings. But even after ample allowance for this, there has still 
been an enormous reduction of fever at all ages. Nor can the 
reduction of mortality be ascribed to the prevalence of a milder 

-type of disease. If the same test is applied as in the case of 
scarlet fever; viz., the proportion of cases to deaths in the 
metropolitan fever hospitals, the case mortality was found to 
be 180 deaths per 1,000 cases, both in 1875-80 and in 1881-85. 
The decline in mortality from fever must therefore be due to 
its diminished prevalence. 

Sickness-Rate per 1,000 of Population/rom Typhus and 
Enteric Fever in 41 Notification Towns (Tatham). 

1883. 1884. 1885. 1888. 1837. 

I:----------
Typbus Fever 0'14 0'10 0'11 0'09 0'07 
Enteric Fever 1'21 1'55 1'34 1'40 1'29 
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The mortality from typhus and enteric fever separately for 
successive years, is given in the table on page 172. 

Diarrhma.-The mortality from diarrhma in different dis
tricts and years is shown in the following table :-

Death-Rate per 1,000 from Diat'rhrea in Different Population,. 

1883. 1883, 188" 1885·1~ 1887. 

England and Wales 0'65 0'60 0'07 0'49 0'88 0'69 
London •••• 0'55 0'67 0'07 0'66 0'95 0'90 
28 Great Towns • 0'86 0'77 1'21 0'69 1'16 097 
50 Olber Towns • . 0'78 0'67 1'09 0'47 0'98 0'74 
Bural Districts 0'48 0'43 0'72 0'34 0'63 0'60 

The rates for diarrhooa in England and Wales given above 
are lower than those given on page 172, for diarrhooal diseases in 
the corresponding periods, owing to the fact that in the above 
table deaths returned as cholera have been included with diar
rhooa and dysentery. True dysentery was last prevalent as an 
endemic disease in 1840-47. It may be regarded as practically 
extinct in this country, except such cases as are imported from 
tropical and sub-tropical clinlates. Spite of this, dysentery is 
frequently seen in death-returns as a cause of death. Such 
cases are combined in the Registrar-General's returns with the 
deaths from diarrhooa. 

In the decennium 1871-80, the deaths from diarrhooal 
diseases fell from an annual rate of 1076 to 935 per million, 
showing an annual gain of 141 lives per million persons living. 
Diarrhooa is well known to be favoured by hot summers, the 
mortality from it in London always becoming high when the 
mean weekly temperature rises to about 63° Fahr. 

Now, in the ten years 1861-70 there were, during the three 
summer months of all these years together,817 days in which 
the mean temperature at Greenwich was above 63°, and in the 
following decenninm there were 825 such days; or, adding 
together all the excess of temperature over 63°, they were in 
the first decennium 1153°, and in the second 1178°. Thus the 
two decennia were roughly on an equality as regards tempera-
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ture, and the reduction in diarrhreal mortality may be fairly 
ascribed to greater cleanliness and general sanitary improve
ment (Ogle). 

The lowest diarrhreal death-rate, with one_ exception, recorded 
within the last 25 years, was in 1885, when it was 487 to a 
million living, the single exception being 1879, when the rate 
was 452 per million. In 1879 the mean temperature of the 
summer months was exceptionally low, especially in August 
and September, though not quite so low as in 1885. In the 25 
years 1861-85 the mean summer temperature was below the 
100 years' average in eIght years, and the mean of the annual 
diarrhooa rates in these eight years was 659 per million living, 
while the mean of the rates in the remaining 17 years was 992 
per _million. 

The connection between a high mean temperature of the air 
and extent of prevalence of summer diarrhooa is apparently not 
a direct causal one. In all probability it is rather the putre
factive changes in connection with milk, water, dustbins, etc., 
which cause the disease. 

A deficient rainfall commonly OCClll'S in the years in which 
diarrhooa is above the average, going along with the excessive 
temperature of the air. 

Diarrhma Mortality, Mean Temperatu,.e and Rainfa1l in 
Successive Yea,.s in England and Wales. 

(Meteorological Observations at G,.eentcich.) 

Death-RaIla ll ..... Temp. Dep&rtul'8 ADnul\\ F&1l Dep&rtu1'8 
YIIIIl'. from Di&rrb_ of Air in from A ....... of B.a.in from Aver-

~ lIrdQ,,_ .geof in I:!T.:!.. of Year. sa Years.. Inches. 

1880 1171 6H +1-6 29'8 +5-& 
1881 658 60-0 -0-4 25-9 +0-7 
1882 651 68'1 -2-& 25-9 +0-7 
1883 695 69-5 -0-9 21-9 -9-6 
188' 971 59-7 +2'& IS'1 -6'4 
1885 487 69'1 -1'& 2,1-0 -0'6 
It!86 888 61'9 +0'8 U'2 -o·s 
1887 690 61-6 +0-8 19'9 "':6'4 
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The connection between the temperature of the air and the 
prevalence ofdiarrhw& is shown ~ the following diagram:-

DIAGRAM 8HOWINO WEEKLY MORTALITY F/IOII DIARRHIIA IN LONDON DURINO 1881, 
COM 'A IFI IIITIl 'ur W'H L ~ FI !Jen Inll~ IF IN TFMI EHTUR 

.20 

;::- ... I 
~ - J r 
~ ... 

Line of 41 •• 11 Tempe,..tu,.. __ 
!; ... LI • of Wfltdl Cue. 0'01.,.,. ."'-. 

1 ~ 
:3 420 

~ L 
7 • ... .. ... 
•• • 
04 - " .. • ~ 

~ 100 
V 

~ . ... .. S ... 
" .. 

114 

0_ 
~ .. 1220 
i ~ II .. "" 

foo ... \ 
~ -
1M - If 
fe- .. r\1 1 I!~ 

100 ... l ~ .. .. I .. .. i M 1 

~ .. r I \ 

~ .,,1 J JI'1: \ 
0:'- .J,.I' "'1","'\,j ""1 1. iI''''"i I -a, -""1'""!.I' ,. 

2W((l(sorISf) 2 • • • .~~~.~n_HH~»~"U_UM~q~N 
J'-N. FEB. ',ILA.IIC,", APRIL MA' ",UN' JULY AU • liP. OCT. HOV 0'0 



MORTALITY FROM ZYMOTIC DISEASES. 189 

That the connection between deficient rainfall and occur
rence of diarrhma is not constant, is shown by the experience 
of 1880 in the preceding table. It should be noted, however, 
that in 1880 there was a deficient rainfall in the two first 
quarters of the year, and that the greater part of the total 
excess for the year was in the fourth quarter. 

With the exception of 1868, in which it was 1,388, the death
rate from diarrhma in 1880 was the highest on record. The 
summer of 1868 was one of extraordinary heat, and the 
temperature of ~he summer of 1880 was considerably above the 
average. 

Death-Rate per Million oj the Population fi'Om Diarrhrea 
in the 28 great Towns. 

!T~':s Ten 
1887. 1887. TrIll'S 

11877~ 1871~ 

----- -
Halifax • · • 270 430 Plymouth • · · 1050 710 
H uddersfield · · 400 490 Liverpool • · · lOGO 1200 
Bristol • · · · 520 600 Blackburn • · lOGO 1310 
Oldbam. · · · 630 750 Hull • · · 1130 1430 
Derby .. · · 680 610 Portsmouth · · 1130 900 
Newcastle • · · 720 970 Leeds ... · 1150 1270 
Birkenhead · · 770 690 Nottingham· • · 1200 1090 
Norwioh · · · 790, 1180 M&Ilobeeter • · 1260 1110 
London. · · · 900 780 Birmingbam • · 1280 1270 
Brighton · · · 900 730 Wolverhampton • 1310 1110. 
Bradford · · · 900 840 BoltoD • • • • 1390 1400 
Cardiff • · · · 930 1080 Salford. . · · 1490 1520 
Sunderland. · · 940 1090 Leicester . · · 1710 1880 
Sheffield · · 940 1170 Blackburn • · · 2270 2390 

Diarrhma, as a fatal disease, is pre-eminently an infantile 
disease, and is one of the· chief causes of the excessive infan
tile mortality in large towns. Of the 29,519 deaths in 1880 
from diarrhma, 18,440, or 62'5 per cent. were of infants in 
their first year, and 25,998 or 88'1 per cent. of children under 
five years of age. Of the infants that died of diarrhma in 
their :first tear, 29'5 per cent. were under three months, 31'5 
per cent. over three and under six months, while 39 per cent. 
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were older than this. As there are more infants living under 
three months than over three and tinder six months, it appears 
that diarrhma is not so destructive of infants in the first oa in 
the second three months of life, which may with probability be 
ascribed to the greater prevalence of II feeding by hand It after 
this period of life. 

Diarrhma prevails to a very varying extent in the 28 great 
towns, as evidenced by the preceding table, in which the 
towns are arranged in the order of their death-rates per millioD 
from diarrhma. 

Such variations are partly due to the varying presence of m
sanitary conditions, especially those connected with pollution 
of the soil and the atmosphere with excremental matter j but 
social reasons also have undoubtedly a great influence, as the 
occupation of the mothers, the va?,ing amount of feeding by 
haud, etc. The prevalence of diarrhma is a matter of great 
importance, and ought to receive further elaborate and com
bined investigation by skilled observers. 



CHAPTER Xli.· 

SMALLPOX .AND V.t100IN.t1TION. 

Smallpox Mortality at DUierent Periods.-Sma.llpox Mortality at Different 
Ages.-,Change in the Age-Incidence of Smallpox.-Effect of Vacci. 
nation on its Age-Incidence.-Effect of Vaccination on Severity of 
Smallpox.-Effect of Varying Number of Cicatrices.-Efficient and 
Inefficient· Vaccination.-Why Smallpox not Extirpated.-Proportion 
of Popula.tion Unvaccinated. 

P ROBABLY no d~partment o~ vital statistics is so ~p?rt
ant as that whiCh deals WIth smallpox and vaccmatlOn. 

As certainly, in no department of medicine has so large an 
appeal to figures been made, and in none have the deductions 
from figures been so contradictory. 

During 1886 the deaths in England and Wales ascribed to 
Sma.llpox numbered 275, a number far lower in proportion to 
the population than in any Jjj.revious year. There were, how
ever, also 93 deaths ascribed to chickenpox, which probably 
nearly all of them were in reality smallpox. Even including 
all these, the death-rate from smallpox would only amount to 
13'2 per million living. In the year 1880, the rate per million 
was 25, the rate in London being 125 per million. 

The deaths from smallpox are separated by the Registrar
Genera.l into-

{
Vaccinated. 1 
Unvaccinated. 
No Statement. 

In 1886, out of 275 deaths from smallpox, 25 w.ere registered 
as vaccinated, 43 as unvaccinated, and concerning 207 there 
was no statement. I~ London so large a. proportion of the 
deaths from smallpox occur in hospitals that informatio~ can 
be obtained as to :vaccin~tion in about two-thirds of the total 
deaths. 

191 
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It will be impossible in this chaptt'r to give more than the 
chief figures on the subject of smallpox. The reader should 
refer for fuller details to the Rt'gistrar-General's 43rd Annual 
Report (1880), from which most of the following tables are 
abstracted; to Dr, Buchanan's Supplement to the 15th Annual 
Report of the Local Government Board; and for a discllSllion . 
of the more controversial portions of the subject to Dr. 
McVail's "Vaccination Vindicated." 

In 1880, out of 648 fatal cases of smallpox, In 2-15 no in
formation was furnished as to vaccination or non-vaccination 
of the deceased. Of the remaining 403, 282 were certified to 
have been unvaccinated, and 121 vaccinated. Thus of every 
hundred fatal co.ses, concerning which information was avail
able,70 were unvaccinated, and only SO vaccinated. Assum
ing, what is probable, that vaccinated persons in this country 
are 19 times as numerous as unvaccinated, it follows that the 
same number of persons who among the vaccinated furnillheil 
one death from smallpox, among the unvaccinated furnillhed 
44 deaths. Even assuming that every one of the 245 doubtful 
co.ses was really a vaccinated case, the proportion between 
the two is still as one to fifteen. 

Death-Rate per Million Per.on. in London from all Cau.I" 
and from Smallpox. 

Yean. 
A.,.ra"" Annna' I Ayfl'IIQ:. Anno.' 

Dtoa .... l'e. Killi ..... [.&tho per MillioD 
from All l·....... lrom BmalipoL 

-
16GO-79 80.000 4.170 
1728-.57 62.000 4.260 
1771-80 60.000 6.020 
1801-10 2UOO 8,040 
18.11-85 82.000 830 
1838-08 24.000 618 
185'-71 24.200 888 
187~2 ".lOO 269 

1883 20.S00 J36 
1&;4 20.400 V,!:l6 
18HS 19.~OO 1,419 
1886 19.!1OO II' 
I&!7 III.ceo II 
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Smallpox Morta.1itJ at DiJferent. Periods.-The preoeding 
table shows the death-rate in London from smallpox for succes
sive periods. The figures given for the years previous to the 
introduction of the Registration. Act were estimated by Dr. Farr. 

In the following tabla the mortality of London from small
pox is compared with that of the provinces. 

DeaIA$ from Smallpoz per MiUio" of the Population. 

Teare. '~~-'~'~~'I'~I~~'~I'~ I I __ 1 __ ' .! ___ 
London ••• ml~l~ mJm ml~ m m Provinces • • . 647 IIH 1171 193 175 IIU 889 48 M 

['he difference between the metropolitan and provincial 
mortality in successive periods is brought out more strikingly 
in the diagram on page 194, reduced from Dr. Buchanan's 
report to the Local Government Board for 1885. 

It will be seen' that the decrease in smallpox mortality has 
been much greater in the provinoes than in London. The 
difference does not appear to be due to any lessened practice or 
power of vaccination in London as compared with the provinces. 
This is evidenced by the fact that in London, as in the rest of 
the country, there is the same greater diminution of deaths from 
smallpox among children than among adults. The presence of 
several large smallpox' hospitals in London, which have been 
proved to be foci of infection, may. not improbably be an' 
important factor in the greater smallpox mortality in London. 

Mortality from Smallpox at DiJferent Ages.-Were the 
figUres already given to form the only basis of comparison for 
different periods, an insufficient 'estimate of the diminution in 
smallpox mortality would be made. It is important, in oroE:lr 
to see the full effects of vaccination, that the death-rates from 
smallpox should be given at ~uccessive periods of life. - Un:", 
fortunately the causes of death were not abstracted in com
bination with ages until 1847. Since th8.ttime Vaccination. 
,has been in use, and there has been'llOme provision fo~ ~t,9 

~\,~,,' ,-.. 0 
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Comparison 0/ London with the Province. (Duchanan). 

Diagram .hoIDing _II "'nn.ual Srraallpo. Baca, per miUimt populatiOll at 
aU agu, during lUCCudve periodllince the commenUmtN 01 Btgutratiorl. 

The .hare 01 Srraallpo. Morfalitp bome ", ehildre" uneler fi"" ,,, eacA 
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gratuito0.8 perfonnance. We cannot, therefore, compare the 
smallpox mortality at different age-periods before and after 
the introduction of vaccination. It ia possible, however, to 
compare periods in which vaccination bas been practised to a 
varying extent. The period from 1847-80 ean be divided inte 
three sub-periods:-

1. From 1847-53 inclusive, in which gratuito0.8 vaccinati. 
was provideCl, but recourse to it was purely optional. 
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2. From 1854-71, in which vaccination was obligatory, but 
there were no effectual means to enforce the obligation thus 
instituted. 

3. From 1871 onwards, in which vaccination .was rigidly 
enforced, Boards of Guardians being obliged to appoint public 
. vaccination officers in each district. . 

Mean Annual Deathll from Smallpo:J1 at Successive Life
Periods, per Million Living at each such Life-Period. 

Age,. 

Sub-Period. 
16- I lIS-All 0- 6- 10- 46 .. n<l. 

Ages I upwaHls. 

---- - ---- ---
1. Vaccination optional (1847-53) 305 1,617 337 94 10J 66 22 
2. Vaccination obligatory. but not 

efficiently enforced (185!-71) • 223 817 243 88 163 131 52 
3. Vaccination obligatory, and 

more efficiently enforced by 
156 323 186 98 173 141 58 vaccination officers (1872-80) 

-----
1671-: ---

Entire period of obligatory VaC" I 
cination (1854-80) • '.' • 198 633 222 92 55 

It will 1?e evident from. the preceding table, that with the 
gradual extension of vaccination there has been a· gradual and 
notable decline in the death-rate from smallpox at all ages 
combined, but that this decline is exclusively among children 
under ten years of age, and indeed. chiefly under 1j.ve years, in 
which group of ages the mortality fell 80 per cent. in the 
interval between the first and third period. After the tenth 

. year the mortality· has increased, very slightly, from ten to 
fifteen, very greatly beyond. this age; the increase being the 
greater the more advanced the age. Thus comparing the third 
with the first period, the rate from fifteen to twenty-live, rose 
59 per cent.; from twenty-five to forty-five, rose 114 per cent.; . 

I. after forty-five, rose 164 per cent. . 
fl If, instead of grouping the periods as in the preceding table, 
bla decennial grouping is adopted, the statements as to. the 
h'change in the age-incidence of smallpox hold good. 
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Mean Annual Dealh. from Smallpo;c, at Successive Life' 
Periods, per Million Living at each Buch Life.-Period. 

All AgBB. 0- f- 10- 16- IG- »G- sa- "- 55- 86- 7aand 
UPWIlflla. 

---------- - - - - - - - --
l8lil-GO 221 1,084 257 78 98 180 92 58 '88 24 18 14 
1861-70 168 654 145 56 86 136 102 78 49 86 26 22 
1871-80 236 527 284 187 197 800 2l\l1 168 111 71 46 85 

These changcs in the age incidence of smallpox are so great 
as entirely to preclude any possibility of referring them to 
errors of registration or fluctuations due to chance, The most 
natural and probable explanation of them 'is that vaccination 
confers an immunity from smallpox in the earlier years of life, 
which, however, is less complete and permanent than the 
immunity conferred by an attack of smallpox, thus explaining 
the increased death-rate from smallpox at the higher ages. 

We shall subsequently bring forward evidence confirmatory 
of t~e statement that it is vaccination which produces this 
alteration in the age-incidence of smallpox. In the meantime 
we must consider the hypothesis which maintains that the 
decline in smallpox mortality is due, not to vaccination, but to 
general improvement in the sanitary condition of this country. 
To begin with, no scrap of evidence is forthcoming, which 
shows any connection between bad drainage and smallpox. In 
this respect it is like measles and whooping cough, which 
~emain as prevalent as formerly, spite of the immense strides 
which have been made in sanitary improvements. Is there 
any decrease in the case of the other zymotic diseases, which 
is in any measure proportionate to that of smallpox? 

The table on page 172 shows that in some of the zymotic 
diseases there is no decrease, and the only one in which there 
'w been a very striking decrease comparable to that of small
pOll: is" fever." 

If sanitary improvements are the cause of the reduced 
amal1p0ll: mortality, we cannot expect that their effect will be 
eonfined k) smallpox. There ought to be a sinlilar reduction 
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in "the general death-rate as to distn7Jution as weU as amount. 
In order to test this, the "following table from the Registrar
General's 43rd Report is given. In it the rates of the first 
sub-period (of optional vaccination, 1847-53) "are compared 
with the rates of the third sub·period (of compulsory vaccina
tion, 1872--(0). "Each death-rate in the first sub-period is 
taken as 100, and the figures in the table give the death-rates 
in the third sub-period as compared with that 100; in the first 
line for smallpox, and in the other line for all other diseaSes" 
together, excepting smallpox." 

De~h-Rates in 1872--80, compared with those in 1847-53, the 
laUer taken as 100. 

A.U Agea.! 0-

~R-~R-~ " t 
" 55 . lOt 159 214 264, SmMl1pox ••• 51 1---;-

A.ll otuer Caoses 93 94 10 61 11 88 91 

At each age-period after ten years the changes in the rates 
are in opposite directions; while under ten, although in the 
same direct.ion, they are utterly disproportionate to each other. 
Taking the deaths at all ages, the death-rate from smallpox fell 

, 49 per cent., while that from ot.her causes fell 7 per cent., so 
that only one-seventh of the reduction in smallpox mortality 
could on this supposition be ascribed to improved sanitation. 

The correspondence required by the hypothesis plainly does 
not exist, and the hypothesis itself must therefore fall to the 
ground. But if the alternative supposition that the great faU 
in smallpox mortality was due to vaccination is correct, why 
has the mortality from smallpox among those beyond fifteen' 
years of age actually increased 11 To begin with, the protection 
afforded by vaccination is less perfect than that afforded by a 
'previous attack of smallpox j and in the next place it is less 
permanent. Its protective influence steadily diminishes, while 
that of an attack of smallpox· appears to remain unaltered. 
Starting with these facts, the change in the age-incidence of 
sma.llpoJ: is explained as follows:-
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Before the introduction of vaccination but .few persons 
escaped having smallpox at some period of their lives, and the 
great majority had it when young. Of these a large pro
portion died, making the smallpox mortality for the early 
age-periods high i but those who survived, forming a large 
proportion of the population at the later age-periods, and being 
permanently protected by an attack of smallpox, made the 
inhallpox death-rate of the later ages a low one. With vac
cination the susceptibility of young and old was altered, a~d 
in large measure inverted, with a corresponding effect on the 
smallpox mortality at different ages. The death-rate from 
smallpox under five fell 80 per cent. between the first and 
third sub-periods i from five to ten, only 45 per cent. The 
greater decrease in the first age-period is largely due to the 
fact that vaccination is now compulsory before the end of the 
third month of life, formerly not until a year old. 

Death-Rate under Five Year, 0/ age from Smallpoz per 
MiUion Children Living under Five, /rpm 1847-1886. 

Death·Ra .. D ... &b·Rate per per JoIilrO:l 
L!ylng. Million Livlu,. 

y ...... y ...... 
A&all Under A&on Under 
Ageo. 6. Age •• a. -- ----

I t: 430 1,380 ~ ',,"""00 f''' 440 468 
720 2,097 obligatory, 1868 190 416 

. • 1849 230 1,364 but no& em. 1869 90 297 
1. V~c1Dation 1850 210 1,401 . cien lly en· 1870 800 409 

optional. • 1851 450 2,067 forced • • 1871 11,420 11,521 
1852 480 2,124 1872 640 1,849 
1853 90 893 1873 80 185 

r 280 675 1874 20 169 
1855 410 531 1876 10 83 . 
1856 200 514 1876 210 185 
18b7 60 911 1877 710 816 

2. Vaecination 1858 90 1,979 8. Vaccination 1878 8UO 139 
obligatory, 1859 420 859 obligatory 1879 120 88 
bUl no& em· 1860 820 578 andeulorced 1880 120 49 
ciently en· 1861 80 267 1881 620 209 
forced . . 1862 130 839 1882 110 77 

1863 690 1,176 1888 80 62 
1864 190 1.625 1884 220 139 
1865 210 1,144 1885 120 187 
1866 460 675 1886 10 -
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The preceding table shows the change in the relative mor
tality from smallpox mortality under five years of age,· as 
compl\red with the entire mortality from this disease during 
the three sub-periods previously named. 

The effect of vaccination on the age-incidence of smallpox 
mortality is shown more strikingly by the following table, 
. based on .the records of the seven years (1872-74 and 1877-80), 
in which alone vaccinated and unvaccinated deaths were 
abstracted separately:-

PrOportion of Deaths under and over Fifteen Years of Age, 
pf.:r 1,000 Deaths from SmaUpo:x: in Vaccinated and 
Unvaccinated Persons respectively. 

Age. Unvaccinated. Vaccinated. 

Under 15 679 83' 
Over 15 828 666 

1,000 I 1,000 

It is for those who maintain that vaccination is utterly 
without influence on smallpox to explain how the figures in 
the preceding table for vaccinated and unvaccinated came to 
be almost exactly inverted, if their theory is correct. 

Percentage of Total Smallpo:x: Mortality borne by Children 
under Five Years old. 

Percentage of D .... tb. 
from s':.!lr.::"' onder Ii to Total 

Period. 
S po>: Deaths in 

Metropolis. ProviDoee. 

V • ti r yearS, 18iS-4 • · · 68 , 
~~OD 6 It 1845-9. · · 68 (yr.1847) 74 
op 0 • 6 .. 1850-64 · · 65 , 

Vaccination {6 It 1855-9. ~ · 56 57 
obligatory, 6 It 1860-4.. · · 53 56 
1854-71 • 6 It 1865-9. • 56 53 

V accinatioD ~ 6 . 1870-4. · · 88 80 enforoed 6 It 

from 1871. It 1876-9. · · 118 119 
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The preceding figures from Dr. Buchanan's evidence in the 
II Report of the Hospitals Commission of 1882," present' allied 
facts as to the change of age-incidence of smallpox mortality 
since the introduction of vaccination, the mean annual mor
tality from smallpox under 6 being expressed as a percentage 
of the total smallpox mortality, instead of a.s a rate per million 
persons, as in the table on page 198:-

Effect ot Vaccination .on Severity ot Smallpox.-It has been 
already stated that vaccination does not afford such a com
plete protection against smallpox -as does a previous attack of 
smallpox. But when a vaccinate4 person has smallpox, it is 
usually of a modified and much milder character. 

The following table, compiled by Dr. McVail, illustrates this 
point by the re~ults of hospital experience on a large scale :-

Total 
Number 
ofO~ ..... 

UI1va.ceinnted. 
Inl'ludlnll 

Total tho .. who b .... 
J4o~ Slll&lljlOL 

AlI'Il." to be 
V,,'cinu,ted, with 
or witbnut evl. 

dence of Clcalri •. 
ality 1 __ -,-__ I-----r--'-
&,':t.. M01"I. 

TotaL ality 
pt'r 

. Cen'. 

Mort-
Total. al"y 

J;~. ----------------------
Mr. Marson (1836-61) • •• 
London SmaUpolt Hospitals 

(1870-2). • • • 
London Smallpolt HospitaIa 

(1876-80) • • • • • 
Homerwn Hospital (Feb. 1st, 

1871, till Dec. 81st, 1877) • • 
Deptford Hospital (1881). • • 
FnlbBm .. (1881)... 
Dublin " (1876-80) • • 

6,795 

14.808 

15,171 

6,479 
8,185 
1,75~ 
2,404 

21'9 2,701 87'2 

18-7 8,634 41'8 

17'6 8,759 44" 

19"4 1,243 46'1 
17'8 631 41'4 
14'2 210 44-2 
21'7 448 64'2 

8,0114 

l1,m 

11,412 

4,236 
2,654 
1,542 
1,956 

8'7 

10'1 

S'S 

11'5 
11'8 
10'1 
120 

It will be seen that the mortality of the unvaccinated ranges 
from 37'2 to ~'2 per cent., and of the vaccinated from 8'7 to 12 

. per cent. Every case was entered as vaccinated, even though 
there was no mark at all, or a very indifferent one, if vaccina
tion was alleged to hav.e occurred; with the single exception 
of Dublin, where all cases without cicatrix were entered as 
unvaccinated. 

The following table shows, even more markedly, the effects 
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of vaccination, and differentiates between the cases in which 
vaccination marks were good, or imperfect, or not evident. It 
is a digest of 10,403 cases of smallpox treated by Dr. Gayton 
in the metropolitan smallpo; hospitals :-

Vaccinated. Vaccinated. It Vaccinated," Not Ages. Goud Marks. Imperfect Marks. but no evidence Vaccinated. of Vaccination. 

---
oJ ~ oJ ~ 

OIl ~ .. .. 
" " Years. Caaee. ~ .. Cases. ~ .. 

Cases. ~ . 08888. ~ .. .. <.) .. 0 0 
" 

0 

" .. .. II .. II .. .. 
l=l II: l=l l=l l=l .. 

II< II< P< -- ----- ------I----- --- -
0-2 4 0 0 32 3 9 22 9 41 276 181 66 
2-5 57 0 0 150 18 12 96 -38 40 401 202 50 
5-10 206 2 'I 532 27 5 207 40 19 510 180 35 

10-15 439 '5 1 939 32 3 214 42 20 317 74 23 
15-20 606 12 2 1,037 66 2 205 39 19 204 86 42 
20-25 389 11 3 843 100 13 167 56 54 174 83 48 
25-30 189 12 6 529 80 15 116 35 30 105 56 63 
30-40 147 14 ,10 526 78 15 137 49 36 103 42 41 
40-50 29 4 

141 
186 33 18 85 24 28 49 21 43 

50+ 19 2 11 80 19 22i 46 20 43
1 

30 13 43 
---I--r----;-" 

455 911,295 1352 
-, --- -

ill Ages 1,085 62 S i 4,854 27 I 2,169 ,938 4:t 

There ippears to be a definite connection between the num
ber of good vaccination cicatrices and the degree of protection 
from severe smallpox: This is shown in the preceding table, 
and even more strikingly in the following table from Mr. 
Marson's' well-known figures, which give "the result of his 

. observations, made during twenty-five years, in nearly 6,000 
cases, of post-vaccinal smallpox" in the London Smallpox 
Hospital. 

. 
Case. olSmallpo][, Ol ..... ifled according to the 

V &ceina-tion lIarks. 

Unvaccinated • • • • • • • • • • • • • 
t1) Stated to have been vaccinated, but having flO 

cicatrix • • • • • • • • • • • 
(2) Ha\"ing om ·vaccine cicatrix • • .'. • • • 
(3) Having two vaccine cicatrices. • • • • • • 
(4) Having three vaccine cicatrices • • • • • • 
(5), Having four or mere vaccine ,cicatrices. • • • 

Nnmbe~ of Deaths 
per Cent. in each 

Clasa respectivol,y. 
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As to Class (2), it is stated that where the one cicatrix -was 
well marked the death-rate was 4f, but where badly marked it 
was 12 per cent.; and in Class (3) the corresponding figures 
were 21 and 7~. _ 

During 1881, 125 children under 10 years of age, died in 
the London smallpox hospitals from smallpox, who were said 
to have been vaccinated. A personal investigation of each 
case was made by Dr. Stevens, with the result that the num
ber was reduced to 117 by the deduction of those who were 
found not to have been vaccinated, or unsuccessfully vaccin
ated. Of these 117,87 had been vaccinated by private prac
titioners, and 35 by public vaccinators. Now, in London, about 
equal numbers are vaccinated by public and private vaccin
ators; while, as shown by the proportion 87 : 35, a more than 
double mortality fell on those children under 10, who were 
vaccinated by private practitioners. The children vaccinated 
by private practitioners belong to well-to-do families, and 
probably run leBS risk of smallpox infection than the poor. 
The discrepancy between the results becomes thus all the more 
lItriking. It must be acknowledged that many medical practi
tioners only produce one or at the most two vesicles, a form 
of vaccination which is inefficient, and probably responsible 
for this relatively high mortality from smallpox. 

It is worth while to follow further the 35 deaths from small
pox under 10 years of age of children vaccinated by public 
vaccinators. Of the 35, it turned out that 12 had not been 
vaccinated until they had been· exposed to smallpox, and when 
it was too late even to moJify its virulence. Of the remaining 
23 cases, 2 could not be traced, and, in about equal proportions 
of the remainder, the children were ill of some other disease 
before the· occurrence of what was registered as smallpox, or 
only imperfect marks were found on their arms. There was 
only one case in which, although vaccination was apparently 
efficient, the child died from smallpox. Such an exceptional 
event is no more a source of surprise than the exceptional 
occurrence of death from a second attack of smallpox. 

Whr iI not Smallpox Extirpated. !-In answering this quee-
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tion, several points should be raised. (1) In the first place, 
there are certain cases in which neither vaccination, nor even 
a previous attack of smallpox, appears to confer immunity 
against a second attack; just as scarlet fever recurs in excep
tional cases. (2) A large proportion of the vaccination in this 
country is only imperfectly executed. (3) The protection 
afforded by vaccination ,becomes gradually exhausted, and re
vaccination is not compulsory except among Government em
ployJs. (4) There is reason to think that a more virulent type 
of smallpox now occurs, the less resistant varieties of small
pox having been weeded out by vaccination. (5) About five 
'per cent. of the population have never been vaccinated, and 
these furnish a .soil on which smallpox is kept persistently 
alive. 

Every local vaccination officer has to make a return of vac
cinations executed during the year, to the Local Government 
Board, as in the foilowing specimen from the returns of the 
Wandsworth District for the year 1886. 

Vaccination Statistics 0/ Wandsworth District. 

.,. 

~ 
~'!! .-9- .. .- 'S • !-'" '" ~i!i ~ ] 1: II" • .QCf'8c:1 

~ ~!l ~i 
'l:t;;CDo::I ~~~ ~ is «I~ i _E.!: 

Sob. 'S'::s.:- ~~ =-:1 "'~ ~O:;: !iliflil 
Dis&ricSs. ..... t.! U H a !§ go !i IS ... g: 'i s:: .. .! ! .! .. cO a !i ... h i':J-=:a E~g1! ~ 

~ tit'S'" .. 
ai? ~ t.e.l!;; = .... ;:'!CD ~? p.,~ U~'" I~ai~ 1<i~ .. Q ... 

11''' cO cO 
"'? ,," ... -

Eas,Battersea 1,526 1,015 15 .. 26i Iii T l'ii 
West Battersea 11,626 ll,10l 11 .. 1128 66 I 2UI 
Clapham. . · 1,0911 871 4 .. lOi 28 8 'i3 
Putney. . · SS3 289 I .. 89 T Ii 11 
Streatham • 1,091 871 8 .. 9S 86 18 56 
Wandsworth • 1,260 I,O~ Ii .. 1:10 11 I '10 

- -- -
Tot&h • · 8,948 6,19i (() .. 851. 110 iT G97 

It will be Been that 597 children, or 6'6 per cent. of the 
whole number, were absolutely unaccounted for; and of the 47 
removed to other districts, of which the vaccination officer had 
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been duly Wormed, and the 210 postponed by medical certifi
cate, doubtless a considerable .portion would entir~ly escape 
vaccination. 

The figures for the whole country are contained in the follow
ing table. The percentage of children U unaccounted for" as 
regards vacci.J).ation does not includs those postponed under 
medical certificate. 

Percentage 01 Children U Unaccounted lor," nearl1/ all 01 u:hom 
probahly remain Unvaccinated. 

y .... I London. lIest of England. 

1872 S·8 46 
1873 '8·7 U 
lR7' 88 H 
1875 8·S B-8 
1876 8·5 '0 
1877 7"1 U 
1878 H H 
18711 78 46 
1880 7·0 '·5 
1881 6-7 ,·s 
1882 6·6 46 

Averllj!8 of 5 1MI' 
187&-77 • 81 H 

AverAj!8 of 61ean 
1878-82 . U H 



CHAPTER· xm. 
MOI1TAUTY FROM SPECIAL DISEASEB. 

Puerperal Fever and Childbirth.-Hydrophobia.-Canc~.-Incr8ase and 
Geograpbica.t Distribution of Cancer.-Phthis!s.-Belation to Damp 
Snbsoil.-Diabetes.-Dietetio Diseases.-Alcoholism.-Developmental 
Diseases.-Premalure Birth.-Loca.l DiseasIls.-Violence.-AccidenL-
Sniciae.-Homicide. . 

P UERPERAL Fever.-This name is expunged from the 
new edition of the nomenclature of the ·College of Phy

sicians, the use of the terms Pymmia, Septicmmia, and Ery
sipelas respectively being advised, with the prefix" Puerperal" 
in each case. It is. doubtful, however, whether such exact 
definition is in most cases desirable or even possible •. Most 

. cases of puerperal fever are undoubtedly septic iD. origin; but 
it would usually be difficult to go fa.rther than this in stating 
their true pathological character. The advice given in the 
books of forms of certificates of death should however always 

. be followed: "that whenever childbirth has occ~ within one 
month before death, this fact should be registered in connect~on 
with the cause of death." This has been to a large extent 
neglected in the past by medical practitioners, and during the 
last few years letters ·sent out from the Registrar-General's 
·office have resulted in two or. three hundred deaths· being 
annually added to puerperal fever, which had been previously 
certified simply as peritonitis, etc •. 

Puerperal fever being. confined to parturient women, it is 
preferable to calculate the death-rate from it in terms of the 
number of births rather than of the number of the entire popu
lation, as in the following table:-

JOi 
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AnnuaZ Numbet' 0/ Death. 0/ Mother. to 1,000 Children 
Born Alive. 

Number of n-th .. ; ; ~ ! • ~ • ~ I- i i 
I----

Puerperal Fever 
and Childbirth, .'8 4'69 .'75 U II 09 11'08 H9 .'08 HO 4,1\0 

Puer.I:rrJ Fever • I'll 1'64 i'07 i·8 i'V 8'0 17i 1'71 lIBO 177 
Acei ent. of Child. 

birth • . 8'8 8-111 1'68 i'l i'l H i'07 i'17 1-90 1-91 

Thus in 1887 to every 1,000 children born alive 4'69 doaths 
of mothers occurrei, or one maternal death to 218 live-born 
children. 

It should be' remembored that the number of child-bearing. 
is not equivalont to the number of births. The births indicate 
the children born alive. Some other children are stillborn, 
and some are multiple at birth. Excluding the still birthB, the 
number of child-bearings is obtained by reducing the nllmbor 
of births in about the proportion of 1 to 0'9002. 

The mortality from puerperal diseases is highest in the 25-85, 
and in the 85-45 decennia, liS shown in the following table, 
which is founded on the deaths of 116,011 females occurring 
between 1840 and 1880. (Registrar-General's roth Report.) 

Annual Mortality per Million Living at Different Age-Group. 
from PlJRrperal Fever and ChilA.lbirth. 

'''-1 l,;-j ("" .. n.lArd 10- 16- 10- l&- N- .... • Million). 

aUrO:al 168 6M 932 \l08 64 0'1 

For explanation o( the term ltandard miUion 8C8 page 114. 
During 1887 puerperal fever caused II death-raUs of 2'45 por 
1,000 inhabitants, and accidents of childbirth of 1'71 por 1,000. 
The mortality from these causcs varie. greatly in difforent pa .. I 

of the country. It is especially high in North Wal08, ' 
generally higher in mining and industrial than in agricul' 
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districts. The official returns probably greatIy understate 
childbirth mortality, the fact of parturition being often omitted 
from death certificates, and the seconda.ry cause of death alone 
stated. 
. Pnerpenl mortality is largely preventa"ble.. The experience 
of Tarious lying-in hospitals, since the introduction of anti
septic precautions, is ample proof of this. Thus the General 
Lying-in Hospital, York Road, London, until 1877, was ha.rdIy 
eYer free from puerperal fever j it was then shut up for two 
years, made thoroughly sanitaly, and each patient subsequently 
treated by antiseptic methods, with the result shown in the 
following table:-

DIda. XIIIDber f1f 00.6 II!. JJIIIDber f1f DadiIIIL A....non lIOrtaliiy 
_1.000 Deli ......... 

1833--60 5.833 1St) 30-8 
1861-71 3-.773 64 170 
1880-87 ~ 16 6-0 

Hydrophobi&.-The total number of deaths in England and 
. Wales from this disease during 1887 was 29, as against 26 in 
1~, and 00 in 1885. The number in 1885 was higher than 
in any previous year except IS'il, when it was 61, and 1877, 
when it was 79. 

Taking the average of the yevs 1864--86, T411Nlshire and 
Cheshire have the largest number of deaths from hydrophobia 
in proportion to population, the West Riding and Derbyshire 
~ standing high. The Registrar-General remarks: "H a 
cerums could be taken of stray dogs, the cause of this distn"bu
tion would probably be apparent. In London the destruction 
of 3O,<xx> stray dogs in the nine months beginning with Novem
ber, 1885, and the compulsory muzzling of all other dogs in the 
streets, appear to have been most efficacious; for while in 
1885 the deaths from hydrophobia registered in London had 
risen to the unprecedented number of 26, in 1~ they fell to 
10; and of these 10, 6 were registered in the first quarter." 
During the 40 years 18!8-87, 990 deaths were registered in 
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England and Wales from hydrophobia, 785 of males, and 205 
of females. Even the highest annual numbers recorded (61 and 
79) only give rates of 2'67 and 3'20 per million of the popula
tion. The death-rate from homicide during 1887 was 12 per 
million; so that the risk of losing one's life by murder is three 
or four times as great as that of. losing it from the bite of a 
rabid animaL 

Cancer.-The registered mortality from cancer (including 
under this name the various forms of malignant disease) has 
.steadily increased, as shown in the following table:-

Mortality from Cancer in England and Wale. per Million 
Living. 

1851-80. 1881-70. 1871-8), ~~ ~'- 1886. 1888. 1118'1. 

Males )95 244 815 864)864 88t (05 411 4.2, (56 
Females (34 623 623 668 692 702 707 713 733 748 
Persons. 817 887 473 620 632 6461659 666 683 606 

Thus the mortality registered from cnncer is nearly twice as 
great as that registered 1851-60. Part at least of this increase 
is, however, only apparent,-due to the improved diagnosis and 
more careful statement of causes of death. This is shown (1) 
by the steady decrease in the number of deaths from tumour, 
abdominal disease, and other ill-defined forms of diseRlle; and 
(2) by the fact that the increase of mortality from cancer is 
much greater among males than among females, as shown in 
the accompanying table:-

Cancer Rate. in 1871-80 compared with thoBe o/l8jl-60. 

lD,,_ per oeD!.. 

.t.ge.l"8rIod .. 
)[aIH, Females. --_._-

85- 89 85 
45- 68 89 
liS- 72 49 
65- 74 liO 
75- 74 li2 

This greater increase in the male mortality from cancer is 
most easily nnderstood on the hypothesis that the rise is in 
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great measure apparent and due to better diagnosis; the 
cancerous affections of males bein:g internal in a much larger 
proportion than those of females. Had the increase been 
altogether real, it is difficult to nnderstand why it should 
affect males so much more than females. The solution of the 
question whether 'cancer is teally on the increase, as we are 
inclined to think it is, would be hastened if the Registrar
General were to attempt a classifica.tionof cancers according 
to the part of the body affected; with which object the medical 
,certificate of death should always give information on this point. 

Mean Annual Mortality of Males and Fenlales from Cancer 
per Million Living at Successive Age-Periods. 

Age
Periods. 

. Males. Females • 

...... !I~I~'~ i ~ ~ ~!; , ____ ,_...:-..:.....-! ::t ~ _ .~ ~ ~ ! _ 
,- ----l-

0-
5-

10-
15-
20-
25-
35-
45-
55-
65-
75-

All Ages 

n u u ~ " ~ u ~ u " 
10 8 7 9 9 9 7 7 6 a 
8 8 8 12 a 9 8 8 10 a 

u w ~ " ~ ~ " U U H 
~ ~ ~ " ~ 00 ~ ~ M ~ 
63 61 71 70 64, 141 163 175 176 15~ 

m ~ ill m ~! m m m ~ ~ 
422 1i39 709 89! 553: 1,278 1,538 1,771 1,953 l.530 
931 1,208 1,598 2,002 1,244 !i1,853 2,300 2,770 3,146 2,317 

1,504 1,877 2,623 3,305 1,998', 2,351 2,810 3,538

1

4,132 2.907 

1.'" ~92' '.03' '.'" •.• 31 1""1"'26 ..... '.13' '.900 
195 1 2441 315 -;;;; ~ 1 434 -;;1-;;/ 692 ,.5ca 

The preceding table shows the increase in mortality from 
. cancer in successive decennia, and the greater increase among 
males. It will be seen also that there is a much greater 
mortality of females than of males at all age-periods after the 
25th year, the influence of sex being most marked from the 
25th to the 55th years of life, and greatest about the middle 
of this period, when the reproductive organs are gradually 
ceasing their functional activity; The rates for 1848-80 (50th 

p 
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Report, Registrar-General) given in the above table, are founded 
ona total of 84,913 male and 187,734 female deaths during 
that period, the death-rates for this period being per standard 
million (page 114). 

In.ftuence of Age on Cancer Prevalence.-The liability to 
cancer increases with ~ge; but as the Ilame may be said with 
equal truth about the liability to death generally, the question 
is, Does ~he liability to death from cancer increase more rapidly 
than the liability to death of all kinds? The answer is given 
by the following table from the 47th Annual Report of the 
Registrar-General, which gives the ratio of deaths from cancer 
to the total deaths at each age-period. 

Ratio of Total Deaths to Deaths fi'om Cancer, 1871-SO. 

Total Deatb. to one from Cancer. 

Age.Periods. 

I Person •• Malea; Female •• 

20- 255 262 248 
25- 71 131 49 
35- 24 57 15 
45- 14 28 9 
55- 14 22 10 
65- 21 27 17 

I 
75 and npwarda 48 66 44 

It will be seen that the liability to death from cancer in
creases much more rapidly than the liability to death generally 
up to the 45-55 age-period; but that after this age the general 
mortality increases more rapidly than the mortality from cancer. 

The Geographical Distribution of Cancer, as shown by the 
different county rates, requires considerable correction for 
varying age and sex.distribution, or erroneous conclusions may 
be arrived at. In the decennium 1871-80, Durham had the 
lowest cancer mortality; but this is largely explained by its 
having in its population an exceptionally large proportion of 
males and of young persons. A table given by the Registrar
General, and with the necessary corrections for age and sex 



Mortality from Phthisis and Diseases o!,the Respiratory System in England and Wales per 
Million Living at Successive Age-Groups. 

Phthisis. 

All Ages. 0- 5- 10- I II>- 20- 21>-. 85- 45- 01>- I 65- 71>-

1848-80 {Wea::les ::m ~:g~~ :~~ l,g~~ ~:gi: ::~g~ !:m ::~:~ ~:m ~:~~~ I ~:m m} 
1851-60 Persons 2,6791,305 572 1.025 2,961 4,181 4,317 4,091 3,466 2.840 1,983 808 
1861-70.. 2,475 968 454' 825 2,651 3,928 4,243 4,026 3,340 2,656 I 1,603 539 
1871-80" 2,116 767 358 664. 2,038 3.117 3,619 3,745 3,132 2,449 1,476 492 

1848-80{W!~es 
1851-60 Persons 
1861-70 .. 
1871-80 .. 

3,636 
2,957 
3,021 
3,364 
8,760 

11,790 
9,885 

10.400 
11,055 
12,204 

512 
519 
596 
551 
.557 

ReBpiratory Diseases. 

195 
212 
230· 
209 
203 

315 
299 
338 
311 
301 

521 
376 
475 
449 
445 

830 
586 
672 
730 
776 

1,702 
1.123 
1.280 
1,415 
1,622 

3,475\7.455 
2,266 5,746 
2,565

1

5,790 
2,895 6,696 
3,255 7,427 

15,081 
12,984 
12,123 
14,071 
16,080 

25,955} 
23,055 
19,687 
24,358 
30,241 
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(47th Report, 1884), shows London at the head of the list, 
possibly owing to the resort to London for operation of patients 
from other districts. Against this explanation of the position 
of London may be mentioned the fact that the counties around 
the metropolis have a high cancer rate. Mining and industrial 
counties are, as a ntle, low on the list, contrasting favourably 
with most of the agricultural counties. Eastern counties again 
have nsually a higher cancer mortality than the western, 
though this rule is not without exceptions. There is a very wide 
difference between London and Wales; but the Welsh cancer 
mortality may be low owing to the large number of deaths 
registered without specification of cause. And, speaking gene
rally, the Registrar-General sums up the result of his inquiry 
thus: "It must be confessed that, notwithstanding all the 
labour that has been expended in duly correcting the cancer 
mortality in the several counties for differences of age and sex 
distribution of their respective populations, no certain conclu
sions can be drawn from the results." 

Pbthisis.-The Math-rates for phthisis for the period 1843-
80 (p. 211), are calculated on the basis of the 827,304 male ann 
874,633 female deaths from phthisis which occurred during 
this period; and the rates for respiratory diseases on 1,22G,324 
male and 1,067,493 female deaths from respiratory di8~aseH 
which occurred during the same period. Being calcnlated on 
such an extensive basis, they are of great value. 

The preceding table shows an annual gain of 6G3 lives per 
million of the population, when the 1871-SO period is con
trasted with the 1851-60 period. This is, however, more than 
counterbalanced by the loss of 739 additional lives per million 
from respiratory diseases. During 1887 the deaths from phthisis 
were only 1,591 per million, the lowest mortality yet recorded 
from this disease; while the mortality from respiratory diseases 
in this year was 3,572 per million. The increase in respiratory 
diseases, coincident with the diminution in phthisis, renders it 
probable that, owing to more accurate statement of causes of 
death, there has been considerable transference from one to the 
other. The term phthisis if! now not so loosely used as for-
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merly, when any chromc chest a:(fection received this name. 
But that this is by no means a complete explanation of the 
decrease in phthisis, is evidenced by the fact that while 'the 
mortality from phthisis has d!lcreased. at all age-groups, the 
mortality from .respiratory diseases has only increased under 5 
and over 35 years of age. And it will be noticed als? that the 
mortality from phthisis chiefly takes place between the ages of 
15-55 years, while that from respiratory diseases is very 'low 
during these years, and greatest at the extremes of life. 

~llOl-tality from Phthisis, Other Tubercular Diseases, and Res
pl,·atory Diseases per Alillion Persons Living at all Ages. 

lSSHI01S61-70, 
I 

1885. :1880, 1871-80. 1881. 1883. 1883. 1886. 1887. 

---- --- -- ------ --I 
--I--

Phthisis • 2,679 2,475 2,116 1,825 1,814 1.870 1.812 1.752 1.718 1.591 
OtherTU-l 

7291 70~ 6541 726 beroulo.r 804 784 762 705 738 Gli8 
Diseo.ses. 

Diseo.ses of J 
R~spiro.to- s.o21 3.3G! 3.760 3.427 3.5553.656 3.317 3.6993.594 3.672 
rySystem. I I 

Other forms of tubercular 'and scrofulous diseases have not 
diminished to the same exteut as phthisis; and if hydrocephalus 
had been stated separfl,tely in the preceding table, there would 
have been no decrease in the remaining tuberoular diseases 
during the period 1851-80. 

The table of age-distribution of phthisis (p.211) shows that it 
reaches its maximum mortality between the ages 25-45. There 
is, as pointed out by the Registrar-General (50th Report) a re
markable difference in sex-mortality j the female mortality 
from 5-35 being in considerable, excess of the male, after 
which time the male mortality is the higher. 

It was long ago shown by Dr. 8-reenhow that in proportion 
as the male and female population are severally attracted to 
indoor branches of industry, other things being equal, their 
respective death-rates from phthisis are increased. The effeot 
of sanitary measures, involving drying of the subsoil in de-
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creasing the prevalence of phthisis has been already stated 
(page 129). Some doubt has been thrown on the active part 
played by a damp subsoil in the etiology of phthisis by Dr. 
Kelly's observations (p. 120). 

The amount of fatality due to phthisis is still extremely 
great. With the exception of diseases of the respiratory 
system, it carries off more victims than any other disellse. All 
tubercular diseases massed together, caused 11'9 per cent. of 
the entire mortality in 1887. During the same year phthisis 
caused 44,935 deaths out of a total of 530,758, or 8'4 per cent. 
of the total mortality. During the same year respiratory 
diseases (not including croup) caused 100,892 deaths, or 19 per 
cent. of the total mortality. 

Diabetes.-The death·rate from diabetes melIitus has steadily 
increased during the last twenty years. In 1887 it was 62 per 
million, the highest yet recorded. Much of this apparent 
increase is doubtless due to greater care in diagnosis and in cer
tification j but it is also suggested that there has been a reul in
crease due to the increased mental strain and worry of modern 
life, a similar explanation being given for the increase of 
chronic renal disease. The Registrar-General points out, 
however-what somewhat invalidates this assumption-that 
the increase under these headings has been fully as great 
among children under 5 years, as at school ages or in adults. 

During the thirty years 1856-85,25,100 deaths resulted from 
diabetes mellitus in England and 'Vales, the average Dnnual 
death-rate per million living being, for males, 48 j for females, 
26 j which gives a proportion of male to female mortality of' 
185: 100. In each sex the death-rate from this disease 
increases steadily at each age-period until 65-75, when the rate 
is at its maximum. Except under 5, there is a great excess in 
the male death-rate, the difference increasing with age. The 
mean annual mortality from diabetes in England and Wales is 
26 per cent. above that of Scotland and 40 per cent. above that 
of Ireland. Apparently there is a remarkable inverse relation 
between the amount of diabetes and the amount of rainfall, 
which agrees with the relative distribut.ion in the three coun
tries (Registrar-General's 48th Re"ort, lRR5). 
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Dietetic Diseases.-These may be classified as deaths from 
deficiency of diet (scurvy, starvation, want of breast-milk) and 
deaths from excess of diet, of which the most important is 
alcoholism. In 1887, 1,442 deaths were ascribed to intemper
ance and 323 to other dietetic diseases, giving a _death-rate 
of 63 per million living. The deaths returned under this head 
are, however, not trustworthy; alcoholism causes in reality an 
enormously greater mortality than is ascribed to it. One of the 
commonest diseases due to alcoholism is cirrhosis of the liver: 
and as this is the chief cause of mortality under the heading 
"liver dise-ases and ascites," the latter .. may be taken as a 
fairly correct index of the amount of alcoholic excess in Eng
land and Wales. 

Annual Death-Rate per Million Persons Lit'ing f,.om Discascs 
of the Liver and Ascites. 

- ~.~.- 5 years. & years. .-~ l&6S-tiO. lB61~ 1866-10. 18;1-76_ 18.6-80_ _ 1881-85. l886. 

------
Oea~~~ per} 394.0 (16-0 -417'6 427-S 423-6 370-0 355 

It will be seen that the inortality from liver diseases has 
been declining for some years. The inference that the alco
holic habits of the people are improving is borne out by the 
fact that the Board of Trade returns show a large diminution 
in the consumption of drink, and the census returns a large 
falliDg off in the number of persons engaged in the liquor trade 
(a decline equal to 17·9 per cent. for equal populations between 
1871 and 1881). 

Developmental Diseases.-The following table shows that 
the _death-rate from premature birth has steadily mcreased, 
being higher in 1887 than in any previous year. This is all 
the more striking when the low birth-rate of recent years is 
taken into account. The best way to estimate the number of 
deaths resulting from premature birth is in proportion to the 
total number of births. Expressed in this way, we find that the 

1837. 

332 
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proportion of deaths from premature births in 1861-65 was 
11'19 to 1,006 births j since which time it has steadily increased, 
reaching the ratio of 15'89 per 1,000 births in 1887. This 
progressive increase in deaths from premature birth may be 
connected with the markedly increased employment of women 
in industrial occupations. It hal been surmised, however,· 
that as the infantile mortality from all causes together has not 
been increased, part of the increased mortality from premature 
birth is only apparent, and due to transference from other 
headings. 

Annual Death-Rate per Million Persons Living from 

Ca.1l88 of nea.th. 1866-60. 1861-0&. 1868-70. 1871-76. 1876-80. 1881-86. ISSG 1887. 

---~ ----- --
Premature } 8787 8924 40G'G 4168 472'8 472'8 489 Birth. 
Atelectasis • , , , , , 23'4 24 
Congenital } 57'7 61'6 64'8 65'6 8404 840 84 Malformation 
Old Age. • • 1,422 1,353 1,276 1,207 1,072 1,009 1,021 

The above table shows a falling off in the death-rate from 
old age. If this were a real falling off, it would not be an 
indisputable advantage, as most people would prefer to die 
of old age. The decline under this head is, however, chiefly 
due to an improved specification of the causes of which the 
old die. The mortality "from old age" is always higher in 
cold seasons, cold being the special enemy of the old, as heat 
is of the young. 

Local Diseasea.-Among the many large groups of diseases 
included under. this head, nervous ~irculatory and urinary 
diseases show year by year an almost uninterrupted increase. 
In the years 1881-85 there were 252 more deaths per million 
from nervoua diseases than 20 years earlier. Of this excess, 112 
deaths were under 5 and 93 over 65, the increase being at the 
extremes of age. The Registrar-General concludes from this 
(49th Report) that much of the increase is apparent, and is 
probably connected with the decrease in the death-rate from 
convulsions in the 0-5 group and from old age over 65. When, 

4()9 

25 

77 

964 
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however, the mo:rtality at different age-groups for 1871-80 is 
compared with the corresponding rates for 1861-70, there is 
seen -to be a considerable increase from 35 onwards, which must 
be regarded as partly real, .and not entirely due to greater 
care in statement of cause of death. 

Much of the increase under' the head of Circulatory Diseases 
is probably due to transference from suclt headings as Debility, 
Old Age, and the like, which assumption is supported by .the 
fact that the main increase is in the later age-periods. Some 
of the increase is also possibly due to the institution of letters 
of inquiry' from the General Register' Office when II Dropsy" 
was returned as the cause of death. . , 

In regard to Urinary Diseases, we have also to bear in mind 
the diminut~on under the heading II Dropsy," ,though there is 
possibly a real- increase in mortality from urinary diseases. 
The uncertain amount of allowance for transference of diseases 
(due to better dragnosis or more careful certification) is a 
stumbling-block at every step. The weighty remarks of the 
Registrar-General on this point may be quoted: "to be without 
trustworthy means of comparison is doubtless an evil, but to 
ignore the differences and to deal with the records as thoroughly 
reliable would be still worse, for it is far better to be without 
statistics at all, than to be'misled by false ones." 

Violence.-The ronowing table shows the death-rate from' 
the various forms of violence in successive year-periods. 

Mean Annual Dea~h-Rate per Million Living fl'om Violence. 

185B-60'1~ 1866-70, i87l-75, 1876-80, 1681-85. 1883, 1~87. . 
Accident an'd J 653'0 689'6 677'8 670'6 630'4 576'6 534 549 Negligence 
Homicide •• 18'0 19'4 19'0 16'6 14'0 12'6 11 12 
Suicide. . 65'3 65'2 66'4 66'0 73'6 73'8 80 80 
Execution. 0'3 0'8 0'4 0'4 1'0 0'4 1 1 

In 1887, 18,125 deaths were ascribed to violence, or 642 per' 
million living. The death-rate from violence is much lower 
among females (only one-third that of males) and, higher under 
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10 years of age. Occupation, however, has a much greater 
influence on the number of deaths from violence than diverse 
age and sex-distribution. Mining raises the rate most; next 
~me quarrying and fishing. 

Accident caused 15,518 deaths in 1887. The rate per million 
was 808 for males and only SQ.l for females. The influence 
of age and .ez is shown by the following facts respecting 
the quinquennium 1878--82. Under one year of age the fatal 
accidents of boys are 6 per cent. more numerous than those 
of girls-a difference closely corresponding to the relative 
number of boys and girls living at that age. In the second 
year of life the accidents of boys are 30 per cent. more 
numerous, in the third year 51 per cent., in the fourth yeal' 
61 per cent., and in the fifth year 75 per cent. more numerous 
than the accidents of girls. Mter this the preponderance of 
accidents of males becomes greater, the influence of occupation 
coming into action. The higher male mortality from accident 
is no explanation of the higher general death-rate of malps, 
the total mortality from violence being too small to "ffect the 
general death-rate to any great extent, and the difference from 
this cause being partly counterbalanced by the mortality of 
females from childbirth and puerperal fever. During the de
cennium 1871-80, the mean annual death-rate was, for malcs, 
22'61 j for females, rooo per 1,000. If there had been no 
deaths from violence or from childbirth and puerperal fever, 
these rates would have been 21'49 and 19'32 respectively. 

Of the 549 deaths per million persons due to accident in 
1889, 238 per million were caused by fractures and contusions, 
~ by gunshot wounds, 6 by cuts or stabs, 82 by burns or scalds, 
13 by poison, 94 by drowning, 66 by suffocation, and 46 per 
million otherwise. Mining operations, vehicles, burns, scaltls, 
and explosions and drowning, were the most common causes 
of accident. 

To rocidl in 1887 were ascribed 2,234 deaths, or 80 per 
million living: for males, 122 j and for females, 39 per million 
living. Not only has the death-rate from suicide increased, 
but also the proportion of male to female suicides has increased. 
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For both sexes the tendency to commit suicide appears to 
increase up to the age of 65-75 years, diminishing as the 
natural end of life approaches (45th Report, Registrar-General). 

Mean Annual Suicides of MaZes and Female$ at S~ssive 
Periods of Life, per Million of the Sex Living at each 
Period, 1871-80. 

. Balle per lIilliou Living. Of EquaI 
Numbers Living, 

Period of Life. l4aIe Suicides 
)[ales. Females. 

to 100 
Female Suicid .... 

0- O-OD 0-00 -
10- 3-54 2-SO 126 
15- 24-74 24-20 102 
20- 65-16 32-93 198 
25- 104-4,3 36-71 284 
35- 179-69 52-99 339 
45- 267"76 78-3() 342 
55- 405-94 97-80 n5 
65- 408-12 98-27 415 
75- 336-75 86-77 388 
85 and upwards 239-4,8 64,-59 371 

The two sexes also show marked differences as to the 
methods they adopt in destroying themselves, women com
monly avoiding weapons and adopting poison or drowning in 
greater proportion than the other sex (45th Report)_ 

Met/lOd of Suicu1e Adopted by Males and by Felllales, per 1,000 
Suicida of earJl Sex, 1871-80. 

Method. l4aIes. Females. 

Hanging, Strangulation • · · · · 399-8 268-1 
Cut, Stab, or other Wound". · · · · 212-0 147-9 
Drowning. · · . . · · · · · 165-5 333-3 
Poison •• · · . . · · · · · 78-9 172-2 
Gunshot . . . . . .. ... 67-8 2-3 
Lying on Bail, or Jumping from Train. 23-6 7-6 
Jumping from Height. • • • • • • 20-5 35-9 
Otherwise • · · . . · · · · · 31-9 32-7 
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In regard to poisons, there are wide differences between the 
sexes, proba,bly owing to the fact that males have freer access 
to.and therefore a wider choice of poisons, and are also better 
informed on the subject. Out of every 1,000 males who poisoned 
themselves during 1871-80, 567 used narcotic poisons j while of 
1,000 women who poisoned themselves, only 246 had recourse 
to these. On the .other hand, strychnine, or vermin killer, 
arsenic and phosphorus, carbolic acid and vitriol, spite of the 
acute sufferings they produce, were used by women in 544 
cases out of 1,000, against 246 cases out of 1,000 in which they 
were used by male suicides. 

As regards the local distribution of suicide, the total deaths 
from this cause in each county are too small to form a trust
worthy basis for calculation. It would appear, however, that 
suicide is much more common in the educated than in the 
uneducated classes (Registrar-General's 45th Report), as shown 
in the following table ;-

Education and Suicide. 

MelLn Annual 
('ountie. Grouped by Educational Condition, ~niclc1P11 ,'er 

Million Living, 

Counties where a8 Irany as 27 per cent. were~ 57'/i unable to sign Marriage Regi.ter • • • • 
Counties where le88 than 27 per cent., but more 60'2 than 17 per cent., were unable to sign Register 
Counties where less than 17 per cent. were unabl~ } 80'S to sign Register • • • • • • • • • • 

N.B.-The proportions of persons unable to write are the 
averages of the 10 years 1869-78. 

Homicide (including manslaughter and murder) was the 
registered cause of 352 deaths in 1887, or 12 per million 
persons,199 being returned as murder and 153 as manslaughter. 

By execution 21 deaths occurred during 1887, a larger number 
than in any year since 1877. In the 24 years, 1863-86, only 
one criminal was hanged to 15'5 recognised murders, while the 
proportion was 1 to 9'5 murders in 1887. 



CHAPTER XIV. 

LIFE TABLES. 

Dr. F&1T's Biometer.-Data for Life Table.-Method of Construction of Life 
Table.-Shorter Method of Dr. FalT.-Mr. Noel Humphrey's Method.
History of Life Ta.bles.-Halley.~De Moivre's Hypothesis.-Dr. Price's 
Northampton Table.-Mr. Milne's OarlisIe Table.-Dr. Farr's English 
Life Ta.bles No.1 and No. 2.~EDglish Life Table No. S.-Normal or 
Life. Table Population.-Healthy Districts Life Table.-Upper-Class 
Experience Table.-Healthy Males Table.-Clerical Experience Table.-
Dr. Ogle's New English Life Table. . 

'LIFE Tables afford an accurate means of measuring the 
probabilities of life and death. They represent II a 

generation of individuals passing through time," the data. on 
which they are founded being the number and ages of the 
living, and the number and ages of the dying. Dr. Farr calls 
the Life Table a biomete1', and speaks of it as of equal im
portance, in all inquiries connected with human life or sanitary 
improvements, with the barometer or thermometer and similar 
instruments employed in physical research; and as being also the 
keystone or pivot on which the whole science of l~fe assurance 
hinges. Even supposing that an insurance society had em
pirically arrived at an equitable rate of premium for assuring 
lives, the Mortality or Life Table is still required in order to 
ascertain the value of such premiums for a prospective term of 
years, as against the value of the sums assured ts.ereby, so that 
a. statement of assets and liabilities may be periodically pre
pared. Without such knowledge a. division of II profits" would 
be impossible. In fact the Life Table is absolutely essential 
for" the solution of all questions depending on the duration of 
human life." 

221 
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Addison in his "'Vision of Mirza," possibly writing with 
Hailey'S graduated Life Table before him, gives the following 
allegory :-

" The bridge thou seest, said he, is HUllian Life i consider it 
attentiyely. Upon a more leisurely survey of it, I found that 
it consisted of thretBrore and ten enUre archeB, 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 m'cl,eB j but that a great flood Iwept away the rest, 
and left the bridge in the ruinous condition I now beheld it. 
But tell me further, said he, what thoa discoverest on it. I see 
multitudes of people passing over it, said I, and a black cloud 
hanging on each 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-doon 
that lay concealed in the bridge which the pa.!'sengen no looner 
trod upon, but they fell through them into the tide, and ;m
mediately disappeared. Thele hidden pit-falla were let very 
thick at the entrance of the bridge, 10 that throngs of peoille 
no sooner break through the cloud, but many of them fell into 
them. They grew thinner totMrtU the middle, but multiplied 
and laid closer together towards the end of the arches that 
were entire. There were, indeed, lOme perlOna, but their 
number was very small, that continued a kind of hobbling 
march of the broken arches, but fell through one after another, 
being quite tired and spent with 80 long a walk." 

Without discussing the duration of life in the antediluvian 
age, we haye here a graphic narration of the II hidden pitCalla 
and trap-doon," and the II broken arches," which besot the 
course of human liIe, and the beautiful limplicity of the de
scription forms a useful comment on the diagram at page 236-7. 

Description of Life Table.-The essential portions of a Life 
or Mortality Table are the number and agel of the living and 
the number and ages of the dying. 

1. Suppose that we could observe a millioD children, all bo,l"II 
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at the same moment, and follow them throughout life, entering 
in a column the number who remain alive at the end of each 
successive year until all have died; This column is headed by 
the symboll. j where I. represents the number who reach the 
precise agez. 

In a second column we record the number dying before the 
completion of each year of life. Thus the number who die be
fore reaching the first anniversary are placed opposite the age 
o in the table, and so on. In this way we obtain the column 
headed d. j where d. represents the number out of Z. pel'9OUS 

attaining the precise age :r, who die before reaching the age 
z+l. It is evident, therefore, that-

d.=l.-l~ 

i.e .. the number dying between the ages z and z+l is equal 
to the diff'erence between the numbers living at the ages z 
and z+l. 

In practice it is not possible to observe a body of children 
throughout life in the precise manner indicated, sO that other 
methods must be resorted to. 

2. It is not necessary to assume, as in the preceding case, 
that all the persons observed have been bom at. the same time. 
If we could trace any l,r/YJ,OCIJ children throughout life, how
ever various migM be the dates of. their births, a Life Table 
might be similarly constructed, if the numbers living and dying 
during each year of life were known. 

Our national records do not lend themselves to this method, 
but Friendly Societies and Life Assurance Offices, as well as 
Annuity and Pension Institutions, afford the requisite data for 
observing individual lives and thus constructing a trustworthy 
Life Table, though seldom in so complete a form as to cover the 
whole period of life from birth to death. 

3. Witbout tracing the history of individual children through 
life, we may, by taking a complete census of the population..J8 
distnouted according to age and sex, obtain data for formir 
the column 1.- Similarly, from the annual death-returns of age. 
obtain the number dying during each year of life, and thuol' of age 

Q. 
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the column d.i and from these data can estimate th-:.o~ 
of deaths per unit of population which forms the " 
headed 111 •• -

The method usually adopted in constructing a Life Table 
a modification of this. The number of persons dying within 
a given period and their ages at death are observed, and it is 
assumed that the mortality for any year of age thus obtained 
will be applicable to other lives in the Table, as they suc
cessively attain the age in question. In the Bame way the 
number out of a million persons, living at each age or group of 
ages is ascertained from a single census or by combining the 
results of two or more census enumerations. By these means 
results are obtained which, being wholly bafled on recent obser
vations, will probably be more correct, as indicating the present 
conditions affecting the duration. of life, than if a million 
persons were watched from birth to death; for, in the latter 
case, the conditions which determined the rate of mortality 
might, before the series was available, have undergone great 
changes, and for practical purposes the table be almost value
less. 

Dr. Farr's English Life Table, No.3, was based on the 
registered deaths in England and Wales during the seventeen 
years 1838-54, and on the two census enumerations of popu
lation in 184£ and 1851. Dr. Ogle's Life Table ill based on 
the mean popUlation of the decennium 1871-80, and on the 
total deaths during the lIame decennium. A comparative view 
of these two tables is given on page 238. 

Method of Construction of Life '1'able.-It is evident that the 
deaths in a population, during any stated year, do not occur 
simultaneously either at the beginning or the end of the year, 
but are distributed throughout its course. It is also evident 

• The ratio of death. to mean population. or m.. haa been called by Fan 
the rate of mortality. and we follow hi, notation and system; but actuarial 
writers reserve the name ,.aU of rMrtali/g for the probability of dying within 

or bear (q.). The Dame cen/rn' death.rote has been given by thell8 writer. 
the niT, because it represents the rate at whicb people are dying in the centre 

1. Surar • to .+1. 
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that the deaths registered at any age re will not have occurred 
at the precise age re, but some will have just !.ttained the age :11, 
whilst others will have been close on re+l. Now it is as
sumed, in the usual method of constructing a Life Table, that 
the deaths at age re occur at equal intervals throughout the 
ensuing year, so that data may be extracted from the death
registers strictly analogous to their ultimate ~orm (d,,) in the 
Life Table. 

With regard to the II numbers living," however, it is not so. 
As we have seen, l .. in .the Life Table is the number who,' 
out of a give~ number born, attain the precise age reo The 
number l"o represents the number surviving to the end of their 
tenth year out of a given .number Z. at hirth. But in a popUla
tion situated as just described, persons will be found whose 
ages are of various intermediate periods between re and re+ 1, or 
in the instance taken, between ten and eleven years. If, how
ever; we assume the deaths to be equally distributed through
out the year, the number who attain its middle will be the 
arithmetical mean of those commencing the. year and those 
completing it. Thus-

The number who attain the middle of the tenth year of life 
is llOI=t (ho+lll). We will denote the mean popuZation 
thus obtained by L .. and the deaths extracted from the registers 
byD". . 

The assumption of a uniform distribution of deaths introduces 
an error. If, for instance, the deaths in the eleventh year are 
more numerous than in the tenth, then the deaths towards the 
close of the tenth year will be more numerous than in any 
equal period towards the commencement of the same year. 
Except perhaps for the first two years of life, this error is, how
ever, infinitesimal in Il,mount, and for practicai purposes may be 
disregarded. 

If now we divide the deaths registered at any year of age _ 
(D,,) by the mean population found existing at that year of age 

Q. 
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(L.), we shall ascertain the rate at which the population is 
dying in the centre of that year of age. Thus we have-

~=m. where m.=rate of mortality per unit of population. 

We have already stated that the Life Table enables us to 
measure the probabilities of life and of death i and, conversely, 
haying given these probabilities, we can construct the Life 
Table. We must first, however, see how these probabilities 
may be calculated from the rate of mortality (m.) already 
obtained. 

Now the probability of an event occurring is represented by 
a fraction whose denominator is the number of possible events, 
and numerator the number of favourable events. Thus, if there 
are 8 balls in a bag, of which 3 are black and I) white, the 
probability of drawing a white ban is found as follows. The 
number of possible drawings is 8, inasmuch as anyone of the 
balls may be drawn, but only I) of these would be favourable. 
Hence the probability=J. 

The probability of drawing a black ball=l-J=f 
Reverting now to the symbols and conditions of tbe LiCe 

Table, let l.=number of persons living at the beginning of 
the year ~, of whom '''I survive to the end of the year. The 
probability of anyone living to the end of the year is therefore 

~it!; and inasmuch a8 d. die during the year, the probability of 
• 

d ·d· h .d. anyone ymg urmg t e year 18 1;,' 

H we indicate by p. the probability that a person of the 
precise age z will survive one fun year, and by q. the prob ... 
bility that the same person will die within one year, then-

ThUl the probability of J 
living through one year 

l ... P.=z; 
d. 

q.=~ 

number of survivors at end of year 
number living at beginning of year 
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Now if from the precise number living at age a: we deduct 
(lOe-half of the deaths occurring in the ensuing year, we plainly 
arrive, on the assumption of a uniform distribution of deaths 
at the" mean population" of the year. 

Hence, 1.2:-1 dz , which may also be written I (1111+1.2:+1) 
=the mean popula.tion for the year, which is denoted by 1.2:+1. 

l.2:H-Id.2: 
Therefore p.2: == 1 1 d 

.2:'+1+9 .2: 

Dividing each term by l.2:H, we obtain-

1- ~ d:e 
p.2:== l:e+l 

1 1 d:e 
+91.2:H 

B· t th f' t' d.2: number dying at age a: . m u e rae Ion -- .. = .2: l.2:+1 mean populatIon at age ~ 

i.e., the rate at which people are dying in the middle of the 
year of age a: to a: + 1; and this is the same rate as that pre
viously arrived at by dividing the DOl of the death-registers by 
the L. ascertained 'by enumerating the population. Hence we 
have-

1-lm.!l 2- m.!l 
P.!l=1+lm.!l 2+m.2: 

By this .formula a very simple relation is found to exist 
l)etween the probabilities of life and the rate of mortality. 
Having, from the census returns and the death registers, ob
tained. the ratio m .. for all values of a: (i.e., all ages), we can by 
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the above formula find Ps, and thence we can, by continued mul
tiplication, construct the Life Table. 

This method may be made clearer by an example. The entry 
in the m. column is obtained by dividing the deaths during the 
year by the mean population. From the entry in this column Ps, 
or the probability of living one year, is obtained by the formula 

P.= 22-m.. Thus at birth the probability of a male living one 
+m. 

year is, by the English Life Table, ;-':"18:~: '83212, and for 
. +'18 . 

each year in the selies the probability of living one year is 
obtained in the same way. 

The next 'column (l.) is obtained by multiplying the number 
living at the immediately preceding year by P •. Thus, starting 
with 511,745 males at birth, the number living at the end of 
one year is obtained by multiplying the probability of surviving 
to the end of the first year by this number (ll=lo XP1) 

511745 x '83212=425358'6. 

This process is shortened by logarithms as follows:

Log. 511745=5'7085692 
Log. '83212=1-9201860 

Log. of product of thesetwo=5'6287552 
Therefore product= 425358'6 

The next column required in a Life Table is one showing the 
mean number living in each year of life (technically called p.). 

Th h b 1·· • h 21 l'11l+l21 us t e mean num er Ivmg lD t e lit year=-2-' 

The next column in the Table is known a8 the Q. column. 
The number opposite any age in this column is the sum of all 
the numbers in the p. column from that age to the end of the 
Table, f.e., until all the lives become extinct i and it shows, 
therefore, the aggregate number of years which the persons 
at each age in the Table will live. Thus-

C2s=lS+l + Zs+t + l.+1 + etc. + l-+-
where :z:+n=thelast age mentioned in the Life Table. 
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From the column (Q.,), and the Z,. column, the mean future 
lifetime (expectation oilife) of any person.can be obtained by 

the formula ~, .. 
Thus the total future lifetime of all males at birth= 

20,426,138 years, and the number of males in the table=511,745 j 

h 1.' h " f 1!1.' 'b' h 20426138 9 t erelore t e expectatlon 0 llleat 1ft 511745 31' ,1 
years. 

Similarly the total future lifetime of all males at 20 years 
of age=13169656, and the number of males living at this age 
=333608; therefore the expectation, of life at the age of 20 

13169656 
years 333608 39'48 years. 

Besides representing the total 'number of years to be passed 
through by the persons living at a certain age, the column Q., 
may be regarded as showing the total population of the com
munity. For instance, if 511,745 births take place annually, 
this shows us that, eventually, the total male populatioD, exist
ing at any particular moment, will be 20,426,138. Again, if it 
were required to find what standing army of men aged 20 to 
45, could be maintained out of the' total male population, we' 
find in the cohunn Q., that the number 

aged 20 and upwards is 13,169,656 
and II 45 ," II 5,774,489 

The difference gives the required number=7,395,167 

The column Q., provides a solution for many sinlilar problems j 
but it must be borne in mind, that it assumes a stationary 
population j i,e., a population annually recruited by the same 
number of births, a condition' which never actually occurs in 
practice. • 

The following table is an extract from Dr. Farr's English 
Life Table No.3, with the addition of two columns, showing 
respectively p" and Ez~ which have been introduced in -Qrder 
to give a complete view of the results obtainable from a Life 
Table. Each year of age should be inserted, in order to make 
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it complete, bat the reader is refel'fed to Dr. Farr'l Euglitlb 
Life Tables for the com!Jlete data. 

Dr. Farr', EnUli,h Life Tabu',/ur'Mait',. 

M"an 

A .. Moan Poru. 
Alto. 

4nn1lAl Mar. PMbobllll, Numb •• Too .... blob II t .. Ltm8 
~O. ... 1It,,, •• of Llvln"Oflo DornantlU". latton tn "ho M"le8 at, nIM .. ! .. .. , _b:r"".or 01 Lho LU .. VotUI ..... ,.,Irum IDt at ..... b 

...-1-+1 
... b AIII .. III 

11m.,) • ..... b -.rl ... 11.1 ., .. 
-m -PI -I -Q. • Q. 1.-1 • • -PI .- I. -- --

0 'lA828 ,88212 1111.7411 4M,A20 110,4211.188 110'01 
I '01869 '98640 870,858 867,672 UI,4Hl,2li2 4\1'71 
10 '001i68 '99488 868,OSI 862.007 16,60H,1I86 47'01 
11 .00619 '1!!I4112 844,2110 848,4111 14,14116,420 48-18 
110 '00882 '911171 8SS,608 882,281 lS,1611.MB 81HII 
115 '001120 '911011, 819,442 817,141l2 11,686,677 86'12 
85 '01105 '9111101 \lIIH,/otGO IIli7,2l10 8,4112,6111 1111'40 
45 '01664 '98468 1168,708 1161.7118 8,774,4HII 112'76 
18 '02485 '97646 2011,639 IIOfl,IIH' 8,U7,7011 16'45 
66 '04698 '96410 160,76' 147.815 1,681,608 10'M2 
71 '10801 '90121 76,777 72,012 491,6115 6'411 
85 '21966 '80208 16,1177 16,161 68,oall 8'78 
95 "2085 '66265 838 678 1,806 lI'l7 

105 - - • • I 

The labour involved in constructing a detailed Life TaLle 
after the method jUlt de8cribed il very great, and the follow
ing ahorter method of Dr. rarr, giving the neCe8!1ary dat_ for 
quinquennial periods up to 1~, and after that age for decennial 
period8, il uBeful fn the construction of local Life TaLlel for 
comparison with the one for England and Wales. 

The probability of living through one year=22- m• +m 
• Similarly, the probaLility of liYing through a 8econd 

2-m 
year=2+m' 

The probability of living through the two yean II the 

product of the8e= (~~:) (~~:) 
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But the value at .. is not the same in these two factors 
(as the rate of mortality per unit varies from year to yelll' of 
life). If, ho'We"rel', 'We take "'1 to represent the mean of these 
two values of -,.each factor will then become-

(2-~) «(2-~)=(2-.1)' 2+1111t 2+'"1 2+'''1 

.... hich may be taken as a near approximation to the truth. 
Similarly, for 5 (lr 10 :rears. the mean annual death-nte per 
unit for this group (If years is taken; and if the value (If this 

be represented by ~ in (lne case the formula G+;yand in 

the other G~;f is employed to (lbtain the probability cf 

living through the ~ve or the ten years respectively 

Thus. for the ...,~ 15-2:\ ~<10822 

so 2-<10822 1-99~~ 
2 + '<lO82:l 2«J822 

10 (
1"99178)111 - .Q('..A~ and g. 21))822 =1 VV2>#"""'" 

.... hich. added to the log. (If the number living ...,"'6d 15 (log. ~.) 
=5-5374169, gives log. ~=5-5017169; and 317480 is the 
ClOITeSpOnding Dumber liviDg. aged 25 years CZsJ.-

Dr. Fur gives a table at pa.,,"'6 eh:viii. (If his Sn;pplement to 
the 35th Annual Report (If the Regi~nenl, eomparing 
the results (lbta.ined by this shorter method with those eal
eula.ted from the same data by interpolation for each age 
aeoording to the English Lila Ta.ble, from .... hich it is apparent 
tha.t the expectation of life by each method up to 15 years 
is the same; at ...,"'6S 25 to 65 the differences range from '37 
to '53 of a yeu, but after the ...,"'6 cf 65 the excess shoWJl by 
the short method rapidly inereases.. 

In a valuable paper, read before the Statistical Society in 
April, 1~ (lD. "The Recent Decl.ine in the English DeatlH-ate," 
][r.lioel A. Humphre7J aeseribes a shortened method of ClOn-
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structing "a Life Table, and applies it to the years 1876-80. 
He first of all ascertained the mean annual death-rate in the 
seventeen years 1838-54, and in the five years 1876-80 at each 
of the twelve groups of ages given by the Registrar-General 
in his annual reports. Having then· calculated the rate of 
increase or decrease of the relative rates of the two periods 
at each group of ages, he started With the annual mortality 
for males and females respectively in each year of life, as 
given by Dr. Farr's English Life Table No.3, and raised or 
lowered these in accordance with the increased or decreased 
mean mortality prevailing during 1876-80 in the several group. 
of ages. There is an obvious defect in this series of corrected 
annual rates of mortality which is pointed out by Mr. Hum
phreys himself. This lies in the assumption that "the changes 
in the proportions of decrease in the mean rates of succeeding 
age-periods took place suddenly at the commencement of each 
period instead of coming gradually into operation, as was 
certainly the case." But for the purpose of estimating the 
mean after-lifetime, this method is sufficiently accurate, and 
forms a ·comparatively easy method of constructing local Life 
Tables. " 

History of Life Tables.-The earliest English Life Table 
was constructed by Halley, the English astronomer, in the 
second half of the 18th century. It was calculated on the 
deaths in the city of Breslau in the years 1687-1691. Males 
and females are not distinguished in it, nor in the North
ampton and Carlisle Tables. 

De Moine's hypothesis was suggested by Halley's Breslau 
tables. He concluded that the hypothesis that out of 86 
persons born one dies every year till all are extinct, would 
very nearly represent the mortality of the greater part of 
life, and that in the calculation of annuities its errors would 
nearly compensate one another. Tables formed on this hypo
thesis, as well as on the Northampton Table to be next 
considered, overstate the mortality of young adults. The 
consequence is, that in life assurances calculated on the 
results of De Moivre's and Price'. tables, the young are made 
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to pay for" the old, and great injustice is done to those who 
insure co~paratively early in life. 

The first Life Table used for the purpose of de~ermining 
the rate of premium to be paid for Life Assurance was Dr. 
Price's Northampton Table, which was used by the" Equitable 
Office on its establishment in 1762. Like Halley's Table, 
owing to the 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. Tables con
structed on thi!! iatter plan are only correct when the popula
tion in which the deaths occur remains stationary.; i.e., when 
the births and deaths are equal" in number, and there is no 
disturbing migration. D~. Price was under the misapprehen
"sion that the population of Northampton was stationary, 
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 Government" 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 la.rge for the price charged, resulting in a loss 
to the public funds of about two millions of money before 
the error was corrected. 

Dr. Price also constructed a correct Life Table from the 
population and deaths in Sweden, "which was the first national 
Life Table ever made, and redounds much more to" his fame 
than the Northampton Table" (Farr). 

The Carlisle Table was formed by Mr. Milne, from the obser
vations of Dr. Heysham, upon the mortality of that town in the 
years 1779-89, and two enumerations of its population in 1779 
and 1787. At the time it "was constructed it showed results 
too favourable for"the whole country; but owing to the decrease 
of mortality which followed, it became more accurate. De 
Morgan gives the following expression,. based on the Carlisle 



"234 VITAL STATISTICS. 

Table, aa repreaenting more nearly the mortality from the age 
of 15 to thnt of Gu than doos De Moivre's hypothesis. Of every 
100 peraons, aged 15, one dies every year till the age of Gu. 
Or if we tnke the menn after-lifetime, according to the Cnrlisle 
Table, between the ages of 10 and GO; for rough purpo8(ls it 
mny be aaid: Of persona aged 10 yeara, the roMn after-lifetime 
ia 49 yearll, with a diminution of 7 yenra fer every 10 yoara 
elnplled; thus, of person II aged 20 yeara, the mean after-lifotime 
is 49-7=42 yenrs; at 80 years of age, 8u years, and so on. 
The mean after-lifetime, according to different Life Tabloll, ill 
shown in the tnble at page 2liS. 

The difforencel betwllOn the Northampton and Carlitlle 
Tables are lIeen in the following ta1le, in which are Bhown the 
numben out of 1,000 children born, which, according to thOlle 
Tablel, may be expected to be living at the end of each quin
quennial period through life. 

Survivor, at end 0/ each Jive year. by Northampton and 
Carlisle 7'ablc •. 

Out of 1,000 Malo and Femalo OhllcJron DOni . 

.... Orollp •• n,. OR~r.1o lf01'l·homploD Dlfl'erenc •• 
Tabl .. 1'al>I •• 

Ai end of /l 1earl /l1l6 6RO IH 

" 10 " 4H7 646 1/j1l 

" 15 to 4GIl 6110 1l1li 

" 20 " 441 601) 11111 

" 
2/l " 409 6118 179 

to 80 
" 876 6114 IH11 

to 85 .. 844 636 l!l:l 

" 40 
" 81:1 /l08 1118 

" 41l 
" 279 478 1114 

" 60 
" 245 440 lUG 

" &Il .. 210 407 1\17 

" 60 " 171l 864 IM9 .. M .. 140 80:1 11l:l 

" 70 
" 106 240 184 .. 7/l 
" 71 IIl8 97 

" 80 " 40 IIIl GIl 

Without giving any details rellpecting the Amicable Societ1" 
Table and the Equitable Table, the latter of which gives tl141 
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experience of the Equitable Society from 1762 to 18:!9, of 5,<XX> 
lives; or the GoTel1lDlent Tables, which give the experience 
of 22,<XX> government annuitants; or the :Experience Table, 
based on the recorded experience of seventeen life offices and 
83,905 lives; we must pass on to Dr. Fan's LiCe Tables, ... hich 
are based on the eensos and deat1Heturns or the ... hole or 
England and Wales. 

English Life Table, 110. L-Dr. Fur, believing that nothing 
short of a table based on the returns of the entire kingdom 
1i"Ould be sati.sf8ctory, constructed his No. 1 table, based on the 
census returns or lSU and the deaths or the same year 
(Registrar-General's 5th Report). Thinking, however, that 
the records of one ytaTS deaths might be open to chalIen.,toe 
omg to the short time embraced in them, he recommenced 
his ... ork, and constructed the English Life Table, 110. t.. This 
is founded on the census enumerations of 1831 and 1Sll, and 
the deaths of seven years are taken; viK .. those in lSU and the 
three previous and three subsequent years {Registrar-General's 

Kumber of Maka Sumring at end of taCh Fire Yean by the 
English Lift: Tabla. 

o.s ~ ~ lfaJes ..... :r-Iss bam. 

~ By En!!fisI> By bgtisJa By~ 
UfeTable. Life~ Life Tabklo 

No.L l'o.&. 1'0. a. 

Mendof Ii JUU'8 m 372 370 .. 10 .. 35S 35S 353 .. 15 .. M5 346 3« .. llO D 333 335 3M .. !5 .. 319 321 319 .. 30 .. 30& 307 305 .. 35 .. SS8 291 ~ .. fO .. m 27S m .. ti .. !53 1;,-' !M .. 50 .. t33 137 t33 .. S5 .. 213 m !10 .. 60 .. 188 189 1~ .. 6S .. 15$ L56 h,. .. 'i0 .. U8 U8 U4 .. 'is .. 78 'i9 'i6 .. 60 .. U " n 
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12th Annual Report). It is thus based upon the recorded ages 
of 13,896,797 +15,914,148=29,810,945 persons, and on the re
gistered deaths of 2,436,648 persons. 

The difference between these two English Life Tables, as 
shown by the number of survivors at various ages (page 235), 
and by the mean after-lifetime, is slight~ On the whole, 
Table No.2 shows results slightly less favourable to human 
life than No. I, for though the number of survivors is greater 
at most ages in No.2 than in No.1 Table, the mean after
lifetime is usually slightly less. 

The English Life Table, No.3, constructed by Dr. Farr, was 
based on the census enumerations of 1841 and 1851, and upon 
the 6,470,720 deaths registered in the seventeen years 1838-54. 
Thus it is not deduced from the population or from the deaths 
alone, but from the ratio the one bears to the other at different 
ages, as in the following examples for females:-

Female .. 
Annun.l n.t. of 

Age. MortAlIty 

LI"InIr. DIlnir In. Ye .... per t1Di~ 

(~) P. cI. .... 
25 818,095 8,02' '009G6 
85 281,506 8,279 '01lG5 
45 247,484 8,555 '01437 

For a detailed description of the methods of construction of 
this Table, the reader is referred to the II English Life Table, 
by Dr. W. Farr: Longman & Co, 18G4." It consists of three 
parts, or three Life Tables for (1) persons, (2) males, and 
(3) females, and each consisting of seven columns. The base 
of the table for persons is 1,000,000 children born alive; and 
as boys and girls were born in England during the period of 
observation in the proportions ·of 5l1,745 boys to 488,255 girls, 
these numben were made respectively the bases of the male 
and the female Life Tables. The march of these persons 
through life is shown in the following diagram, in which 
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the number ,of survivors at each age ·for males and femaJ 
is given, and compared with the corresponding number in Dl~-I 
Ogle's table for 1871-80. It sh<?uld be noted that in the dia
gram 100,000 males and the same number of' females re
spectively form the number started with at birth . 
. The near agreement betwe~n the results obtained by these 

- three English Life-Tables is very remarkable, and shows that, 
spite of annual fluctuations, there was a fairly stationary 
mortality during 1838-54, which, we may add, continued up to 
the year 1871. The lat,ter fact led Dr. Farr to abandon ,his 
intention of constructing a fourth English Life-Table down to 
1872. 

The Healthy Districts Life-Table was constructed by Dr. Farr 
on the basis of the mortality during the five years 1849-53, in 
63 selected English districts which showed, during the decen
nium 1841~50, a mean annllal death-rate not exceeding 17 per 
1,000 persons living., As pOinted out by Dr. Farr, it expresses 
""very accurately the actual duration, of life among the clergy 
and other 'classes of . the community living under favourable 
circumstances." It represents also a standard of healthiness 
already attained, and is therefore useful for purposes of com
parison. This table is printed in the 33rd A.nD.ual Report of 
the Registrar-General. 

The Upper, Class Experience Table was constrllcted by Mr. 
C. Ansell from data collected by him as to men of, the upper 
and professional classes, and given in his" Statistics of Families 
in the Upper and Professional Classes." 

The Healthy Males Table given in the fonowing table is the 
healthy males table of the Institute of Actuaries, ,and is based 
on the experience of the principal insurance offices in regard 
to insured, and therefore exceptionally healthy, lives. 

The Clerical Experience Table is ,based on data respecting 
over 5,000 clergymen living between 1760 and'1860. 

The New English Life-Table by Dr. Ogle, p~blished in. the 
supplement' to the 35th Annual Report of the Registrar-General, 
starts with a million males an~ a million females, and shows 
the number surviving at each age (see chart facing this page) 
and the mean expectation of life at each age (page 238). 
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Jmparative View of Number of SUl'vivors at Different Ages 
according to various Life Tables. (Ogle,) 

Percentage of Kalei that. SlU'Vive 

----;--

i l ill itt 1 i 1 til Life Table. 

~ ~ ~ i ~ i = $ ~ i ~ i ~ 
-1--------/--/--1--:-----------
10 New English. •• 98 96 93 89 84 79 74 67 60 61 42 81 20 

Old .. •••• 98 94 90 86 82 77 72 66 69 62 48 8\1 21 
Healthy Males. • • 98 96 93 90 86 82 78 73 67 69 49 88 26 
Healthy Districts • • 98 96 92 89 85 81 77 78 68 62 68 48 80 
UpperClaBs Experience 98 95 91 87 88 79 75 70 65 59 61 48 , 
Clerical ••••• ------------

16 New English. •• 98 94 90 86 
Old .. ••• 97 93 88 84 
Healthy Males. • • 98 96 91 88 
Healthy Districts • • 97 94 90 86 
Upper Class Experience 97 93 88 84 
Clerical •• • - - - -

SI 75 68 61 52 48 82 21 
79 74 68 61 58 H 88 22 
84 79 74 68 60 50 89 26 
88 79 74 69 68 64 48 81 
80 76 71 66 60 62 48 , 

20 New English. . · . 97 98 88 88 77 70 62 64 44 88 
Old · • 96 91 87 82 76 70 68 56 45 84 
Healthy 'M:al;s : · 97 98 90 86 81 76 69 61 61 40 
Healthy Districts • 96 98 89 85 81 76 71 65 66 45 
Upper Class Experience 96 91 87 83 78 73 68 62 56 45 
Clerical • • • • • - - - - - - - -

25 New English. • • • 96 91 86 79 78 65 56 45 S4 22 
Old .. •• 95 90 85 79 78 66 57 47 86 24 
Healthy Males. • • 97 93 88 84 78 71 68 58 41 28 
Healthy Districts. • 96 92 88 84 79 74 67 68 46 88 
UpperClasaExperience 95 91 86 82 76 71 65 66 47 , 
Clerical • • • • • 97 94 91 87 82 76 68 58 46 88 

80 New English. • • • 96 89 88 76 67 58 47 85 28 
Old .. ••• 95 89 83 77 69 60 49 88 25 
Healthy Males. • • 96 92 87 81 74 66 55 42 29 
Healthy Districts • • 96 92 87 82 77 70 60 48 34 
Upper Class Experience 95 91 86 80 75 70 59 49 , 
Clerical • • • • • 97 94 90 85 78 70 60 47 84 

3D New English. • • • 94 87 80 71 61 60 87 24 
Old .. • • • • 94 88 81 78 63 52 40 26 
Healthy Males • • • 95 90 84 77 68 67 44 60 
Healthy Districts • • 96 91 86 80 73 68 50 85 
UpperClasaExperience 95 90 84 79 71 62 51 , 
Clerical • • • • • 96 92 87 81 72 62 49 85 

21 
28 
27 
82 , 
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40 New English.. • 93 85 75 65 

Old .. • • • • 93 86 '17 67 
Health, Males • • • 95 88 81 72 
Health, Districts • • 95 90 84 76 
UpperClassExperience 95 88 83 75 
Clerical • • • • • 96 90 83 75 

45 New English. • • • 91 81 70 57 
Old .. •••• 92 83 72 59 
Healthl Males. • • 93 85 76 63 
Healthy Districts. • 94 88 80 69 
Upper Class Experience 93 87 79 69 
Clerical •••• 94 87 78 67 

50 New English. •• 89 77 62 47 
Old ........ 90 78 65 49 
Healthy Males. • • 91 81 68 52 
Healthy Distriots • • 93 85 73 59 
Upper Class Experience 94 85 74 61 
Clerical • • • • • 92 83 71 56 

55 New English. • • • 86 70 52 34 
Old .. •••• 87 72 55 36 
Healthy Males. • • 88 74 57 39 
Healthy Distriots • • 91 79 63 45 
Upper C1assExperienoe 91 79 65 , 
Clerical • • • • • 90 77 61 43 

60 New English. • • • 81 61 40 
Old .. • ••• 83 63 42 
Healthy Males. • • 84 65 U 
Healthy Distriots • • 86 69 49 
Upper Class Experience 87 73 , 
Clerical • • •• 85 68 48 

65 New English. • • • 75 49 
Old .. •.••• 76 50 
Healthy Males. • • 77 53 
Healthy Districts. • 80 57 
UpperClassExperience 83 , 
Clerical • • • • • 79 56 

70 New English. • • • 65 
Old .. • ••• 66 
Healthy Males. • • 67 
Healthy Distriots • • 71 
Upper Class Experience ? 
Clerical. • 71 

53 
55 
60 
66 
65 
64 
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53 
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32 
35 
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89 
42 
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30 
33 
39 , 
88 
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28 
31 
37 , 
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From this valuable table, arranged by Dr. W. Ogle (JournaZ 
of the Statistical Society, vol. vii. pt. iv. page 640), a comparison 
.:an readily be made between several Life Tables based on the 
mortality of males, and the influence of social or other condi
tions on vitality can be approximately estimated. 

The ages to which the percentages apply are given in the 
first vertical column to the left of the page, and the percentage 
of males surviving 6,10, 15, etc., years, according to the sev6rai 
Life Tables are given in the horizontal columns. 

The comparison between the old and new English Tables 
shows that in 1838-64 the chances of life were less favourable 
at the YOlmger ages, and more favourable at the older ages, 
than in 1871-80. For instance, of 100 children just ten years 
old, 86 would survive 20 years by the old table, and 82 by the 
new Table j but after an interval of 50 years (i.e., at GO years of 
age) 52 would survive by the old, and 61 by the new table. 

The Healthy Males Table being founded on insured and 
therefore selected lives, shows a considerably larger percentage 

'~,t' survivals throughout than does the English Life Table. 
A comparison of the npper-class experience table with the 

Id English Life Table shows the effect of more favourable social 
rcnmstances j and were the figures for ages under 10 given, 

l~ comparison would be much more in favour of the upper-
25 ss table. For short periods the chances of survival are not 
widely different; but when the chances of survival for longer 
periods are considered, the differences are very great. Thus,_ 
of 100 children just 10 years old, 32 live 60 years longer by 
the old English Life Table, and 43 by the upper-class table j 
and of 100 men 55 years old, 87 are alive after 6 years interval 
by the English Table, and 91 by the upper-class table. 

In comparing the clerical experience table with the upper
class table, the advantage is largely on the side of the clergy 
in all the periods of life, except for the later ages or for long 
survivals. It is not easy to see any satisfactory explanation of 
this, and Dr. Ogle suspects that one or other of these tables 
has been based on too small a number of observations. 



CHAPTER XV. 

PHE DURATION OF LIFE. 

Connection between Mean Age at Death, E;q,ectation of Life, and Number 
out of which One Dies Annually.-Mean Age at Death.-Eflect of Birth
Rate on Mean Age at Death.-Mean Age at Death from Certain Diseases. 
-Mean Age of Living.-Mean Duration of Life.-Complete and Curtate 
Expectation of Life.-Willich's and Farr's Formulm.-Probable Dura
tion of Life.-Specmo Intensity.-Probability of Living a given Number 
of Yearll.-Probability of Dying of anyone Disease. 

THE duration of li£e is the problem with which Vital 
Statistics are largely occupie<1. AP,. Babbage has put, 

it, II Nothing is more uncertain than the duration' of life when 
the maxim is applied to the individual; but there are few things 
less subject to fluctuation than the duration of life in a multi
tude of· individuals." It is on this principle that annuities and 
life assurances can be made the subject of definite and exact 
calculations, the. final results being found to vary within very 
narrow limits. 

Several tests are employed to measure the duration of human 
life, and we are at present concerned to determine their precise 
value, and therelationship existing between them. 

Those most commonly employed are:
(1) The mean age at death; 
(2) The probable duration of life; 
(3) The mean duration of life; 
(4) The expectation of life, OJ:! mean after-lifetime; 
(5) The number living out of which one dies annually. 
Before discussing the value of these different tests of vitality, 

the student should understand the close relationship (amounting· 
to numerical identity) which exists between the mean age at 

. 241· 
R 
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death, the expectation of life, and the number out of which one 
dies annlially, in a Life-Table or normal population. 

In a Life Table, of which an elementary specimen is shown 
below, it is evident that the number against any age in the 

Namberwbo .,..... ... 
Ap. Oo...pletecl t.ha& Died In their 

fear, ~1ear, 
'& eo 

OaLL CoLI. CoLI. 

0 10,000 U95 
1 8.505 637 
I 7,968 282 , 7,601 185 
Ii 7,868 lSS 
I 7,269 119 
7 7,191 78 
8 7.l26 65 
9 7,071 46 

10 7,025 40 ... . .. ... ... ... . .. ... . .. 
N II 10 
95' 29 7 
96 14 • 97 I , 
98 I I 
99 , I 

100 I 0 

second colnmn is equal to the sum of those in the third column 
against that and all the greater ages; from which we inler that 
the number who complete any year of age is equal to the sum 
of those dying at all the greater ages. Thus in the table, the 
number who annually complete their ninetY-Bixth year (= 14) is 
equal to the sum of the annual deaths at all the greater ages. 
On the assumption that. the deaths in any year are distributed 
at equal intervala in the year, it follows that the number living 
in any year of their age, such as would be ascertained in • 
census enumeration, is an arithmetical mean between the num
ber entering upon and the number completing that year. 
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Thus it appears that-

!'be lIumber III the Ia half the ..... ." 1i'fiD& ill their 

95th year 81 and 21 
96th .. - ti .. U 
97th .. U .. 9 
98th .. 9 • 6 
99th .. 6 II 

, 
lOOth .. , .. I 
lOl.s& .. I .. 0 

It will be observed, however, that the same numbers occur 
in each of these two series. with the exception of 31 and 0, the 
first and the last. Therefore the sum of the second series falls 
short of the sum of the first by 31, and the series of half sums 
or means would fall short of the sum of the first series by ¥. 
The same reasoning would apply for any other ...,'"6. It follows 
then that the number of persons living at any ...,'"6 ~ and up
wards, is less than the sum of the numbers annually completing 
that and all the greater ...,'"6S by half the number who annually 
complete the ...,'"6 z. 

Now in the elementary Life Table just given, if the sum of the 
numbers living at any age ~ and all greater ages be taken (in 
column 2), rom life is counted once lor every complete 1/00#" it 
surt"it"a ajkr the age~. Thus on the supposition that the 
avera.,'"6 duration of existence during any year of age for those 
who die during that year is half a year, it follows that if we 
add to the sum of the numbers living at the ...,'"6 ~ and all 
greater ages half the number marked. in column 2 as living at 
the· age :or; the sum total thus obtained will evidently be the 
whole duration of life after the age~, enjoyed. by all the lives 
who survive the age ~ on the Life Table. 

If this sum total be divided. by the number who by the life
table annually survive this age, the quotient will be the inm
viaual expectation of life after the age z. 

But we have seen that ~ sum total is also the number con
stantly living in the place, at and above the age~. Henee the 
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expectation of life after the age a: is obtained by dividing tho 
number living at and above the age a: by the number who 
annually complete that age. If the number constantly living 
at all ages be divided by the number of annual births or deaths, 
the expectation of life at birth is obtained. But the Bum of 
the numbers living at the age a: and all higher ages represents 
the entire population at and above the age a:; and inasmuch 
as these all die at this or Bome subsequent age, if this Bum be 
divided by the number living at the age a:, we obtain the 
number out of which one dies annually. Consequently in a 
Life-Table population the expectation of life at any age is equal 
to the number of living persons of that age and upwards out 
of which one dies annually. 

In Dr. Farr's Life-Table population, the persons become re
duced to one-half in 45 years=the probable lifetime; the menn 
after-lifetime=4Oo9 years, or very nearly 41 years; and this= 
the mean age at death. To forty-one persons living there is 
one birth and one death annually; the rate of mortality is one 
in forty-one; and forty-one is the mean duration of life. 

Mean Age at Death Bum of ages at death. Thus if five 
number of deaths 

persons die at the ages 10, 20, SO, 40, 50, their mean age at 

death 10+20+~+4O+60 SO years; and if a second group 

of five die at the age of 25, SO, 45, 60, 70 respectively, their 
. 25+30+45+60+70 mean age at death WIll be 6 44 years. 

Assuming 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 com
parison between them? It should be noted, to begin with, 
that the number of persons in the instances quoted is very 
small, and cannot therefore form a trustworthy basis for com
parison. But even if each group embraced a. large number of 
persons, erroneous conclusions would certainly be drawn, ouless 
the special circumstances and age-constitution of each group 
were identicaL In a. normal or Life-Table population, the mean 
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age at death is the same as the expectation of life at birth (mean 
lifetime). Bot in a population like that of England and Wales, 
where the births constantly exceed the deaths, the mean age 
at death is low, apart altogether from any low sanitary status. 
Similarly in a population subject to migration, as is that of 
England to an enormous extent, unless it can be shown that 
immi.,"l'3llts are of the same -110<>9 as emigrants or deceased 
persons. the mean age at death will not furnish a "trustworthy 
measure of the true duration of life. • 

By the English Life Table, No.3, the mean age at death is 
40-9 years. But during the seventeen years. 1838--M, in addi
tion to the 3...Q(),631 annual births to balance the 300,631 deaths, 
191,068 more children '\\"ere bom annually, making a total 
annual addition of 571,699 children to the population. C0n
sequently the mean age of all dying in these seventeen years 
was 29'4 instead of 40"9, the U"5 years'di1£erence being the 
re:,-ult of the exCess of young lives. 

Thus (I) in contrmting dijferv:nt naiioR$, the mean age at 
death is a most fallacious test. Dr. Guy takes as an instance 
two populations. A having 46 per cent. of its population under 
twenty years old, and B having 5! per cent. under twenty years 
old; the proportions above twenty being reversed. Now about 
half the inhabitants in A and B die under twenty, and if the 
mean age at death of these be assumed to be five years, and of 
all over twenty to be sixty years, then the mean age at death 
of fifty persons 

inA=~x5+~x60=115+1~=1735; 

in B= ~ x 5+ ~ x 60=135+ 1300=1515. 

Therefore the mean age at death in A= 1 ~ =SJ,7 years. 

• - 1515 
m B= 50 =3(}3 years. 

Thus, on the 8&""UDlption- that the general death-rate in A 
and B is the same, the mean age at death di1£ers by 4'4 years, 
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owing to varying age-composition of the two populations. In 
the following table (Farr's "Vital Statistics," page 473), it will 
be observed that in England, where the mean age at death was 
lowest of three countries in 1841, the mortality was also lowest, 
but the true expectation of life, as deduced from a Life Table, 
was highest; whereas if the mean age at death were a trust
worthy test of the duration of life, a low mean age at death 
ought to be accompanied by a high mortality. 

Mortality lor, MeanAge Mean Atter·lIte. 
One neath. Un.alh. t1~i~~r JX£i~~~· 

England (ISn) In 46llving 29 yean 41 yean 
France .. . .. 42 .. 84 " 40 .. , 
Sweden .. , , .. 41 .. 81 .. 811 .. 

-----
Metropolis .. .. 41 .. 29 .. 87 .. 
Liverpool .. . . .. 80 .. 21 .. 26 .. 
Surrey (extra·Metropolitan) .. 52 .. 84 .. 45 .. 

It may be inferred from the above table that the mortality 
number out of which one death occurs), although it does not 
pretend to express the true mean duration of life (expectation 
of life), gives a much nearer approximation to it than does the 
mean age at death. This will be at once seen if the mortality 
and expectation of life columns in the preceding table be 
arranged side by side, for they coincide in position in every 
instance, unlike the mean age at death, which gives very 
variable indications. 

(2) In contrasting the .ame country at different periods, 
similar fallacies may arise. AJJ shown by Mr. Neison in the 
7th vol. of the" Journal of Statistical Society," 49 per cent. of 
the total population was under twenty in England in 1821, but 
in 1841 only 46 per cent., which would have considerable effect 
on the mean age at death. 

(3) We have seen that urban population. consist in a much 
larger proportion of persons under forty than do rural popula
tions. Similar differences may exist between the several 
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districts of large cities, and correction. for different age-con
stitution of populations may sometimes .reverse the apparent 
position of the populations under comparison. 

(4) In the comparison of different classes of society, and 
those engaged in different occupations, serious errors have 
arisen by the incautious use of this test to determine their 
relative sanitary condition. 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. <Most of 
the gentry are retired tradesmen, and their mean age at death 
is therefore higher than that of tradesmen. The low mean age 
at death of dressmakers ha.s been adduced as a proof of the 
unhealthy character' of their employment. Without denying 
the latter fact, the low mean age at death of dressmakers is 
no more a proof of their insanitary circumstances than is a 
low mean age at death among the pupils in a boarding school. 

The use of the mean age at death as a test of the-sanitary 
condition of different classes· is only justifiable when the age 
and sex constitution of those living in the classes compared is 
the same. If only a section of a class is taken, then this 
section must be uniform in age and sex constitution with the 
section of another class, with which comparison is instituted. 
. 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 con
struction of a Life Table from the deaths alone, as in Dr. 
Price's Northampton Table. When a -population remains 
stationary for a long series of years, the mean age at death of 
such a population is equivalent to the true duration of life, and 
Dr. Price chose a population which he believed to be stationary. 
But the Northampton population was not stationary, and con
sequently the Northampton Table did not give a. true estimate 
of the duration of life. 

Effect of the Birth-rate ·upon the Mean Age at Death.-We 
have already seen that. in a stationary population the mean 
duration of life (or expectation of life at birth) is identical with 
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the mean age at death, and with the number of the population 
out of which one death annually occurs i or, inasmuch as the 
births and deaths are equal in number, the number out of which 
one annual birth occurs. But if a population is not stationary, 
the state of matters is altogether different. 

Dr. Richardson claimed for the inhabitants of his" Hygeio
polis," that their death-rate would be reduced to five per 1,000. 
It was soon afterwards asserted in the Time. that this would 
imply a mean duration of life (using the term in the sonRe of 
mean age at· death) of 200 years, and that a fortiori Dr. 
Richardson's anticipations were absurd. It is only, however, 
where the population is stationary that .the mean age at death 
would be 200 years, the deficiency of those who live a short.er 
time being balanced by the excess of those who live a longer 
time. 

Dr. Bristowe, in the St. Thomas's Hospital Report for 18iG, 
has worked out the influence of variations in the birth and 
death-rate on the mean age at death. He assumes the simplest 
condition of things, viz., that in each case the birth-rate and 
death-rate continue uniform from year to year i that no im
migration or emigration occurs; and that every individual 
born into the population attains the mean ago, or, in other 
words, all the inhabitants die at the same age. Under these 
conditions three cases present themselves:-

(1) Where the births exceed the deaths ; 
(2) Where the two are equal, and the population is stl!:tion

ary; 
(3) Where the deaths exceed the births and the population 

progressively decreases. 
In the first case, the population, births and deaths all increase 

from year to year by geometrical progression. 
Let number of population from which we start=l, and b= 

birth-rate, and d=death-rate of this unit, and r-its annual 
increase; i.e., r = b - d. 

Then the following three series will represent the annual 
growth of the population, of the births, and of the deaths ra-
spectivlrly. . 
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Population. Bhths. Deaths. 

1st Year, 1 b d 
2nd 

" 
(l+r) b (l+r) d(l+r) 

Brd n . •. (1 +r)2 . . b (1 +r)2 . . d (1+r)2 

4th" n . . (1 +r)8 b (1+r)3 . . d (1+r)8 
nth 

" 
(1 + r),'-1 b (l+r),'-1 d (l+r),'-1 

According to the hypothesis with which we started, all the.. 
persons born in anyone year die together in the course of some' 
subsequent year, and the number of that year, reckoning from 
the time of births, is the mean age at death. It is evident, 
therefore, that if we can ascertain the number of that term 
in which d (1 + r)'l-l=b, the value of the index n-1 will repre
sent the mean age at death. Let a: = the value of the unknown 
index. , . 

Now from d (l+r)%=b, we obtain 

(l+r)%=~, , d 

and taking the log. of each side of this equation, 

a: log. (l+r)=log. b-log. d 

. log. b-log. d .. a: 
log. (l+r) 

from which equation the val~e of a: is easily determined. 
In the second case in which b=d, the above equation is 

useless, inasmuch as r=o, and 'the equation will become 

n= 110g. 11 =0, the value of' which is indeterminate. 
og. 

In the third case, in whichd is greater than b, and r becomes 
a negative quantity, we have a diminishing series in geometri
cal progression. 

The assumptions made as to. the constitution of the popula
tion and their uniform age at death are absent in experience; 
hence we must expect that the results obtained by the above 
formula, when applied to an ordinary population, will only 
approximate to the truth. They serve, however, to show that 
a high death~rate ,is compatible with longevity, and vice versa j 
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also that a low death-rate, apart from all considerations as to 
the birth-rate, does not necessarily imply a long-lived popula
tion. Dr. Bristowe calculated a large table for varying values 
of band d, showing that with d as low as '005 (5 per 1,000), 
the mean age at death varies from 7'6 years when b=1'()()5, to 
200 when b,;",005, and 510 when b='OOO5j and with d='04 
it varied from 4'7 when b=1'04, to 25 when b='04 and 108 
when b=,0005: 

The mean age at death from certain diseases is of consider
able interest from a medical standpoint, Some causes of death 
are almost confined to the first year of life, as premature birth, 
atrophy, convulsions, teething j others belong chiefly to the 
old, as cancer and paralysis j while childbirth, fever, and 
phthisis are most fatal in the middle period of life. 

In the following table the mean age at death from various 
diseases for males and females separately is displayed, 

Jlean Age at Death of Males and Females who Died from 
Certain Diseases in the 25 years, 1848-72, 

Hean Age at Death. 
CaU881 of Death. 

Hal ... Female •• H.an. 

All Causes, 28'2 80'8 29'5 

Whooping Cough · 1-7 1'8 1-8 
Measles. · · 2'5 2'8 2'7 
Croup ..... 8-1 8'2 8'2 
Diphtheria (1859-72) 7'7 8'1 7'9 
Scarlet Fever (1859-72) 5'2 6'6 Ii'4 
Smallpox • · · · 13'2 10,6 11'9 
Diarrhma • · · · 11'8 14'9 13'4 
Typhus. . · · · · 26'6 25-4 26'0 
Cholera • . . · · · 30-4 82'4 81'4 
Erysipelas. • · · · 35'7 82'8 84-3 
Rheumatism • · · · 39'8 41'4 40'6 

I Influenza · · · · 42'8 4~'8 45'8 
Carbuncle. · · · · 69'2 67'9 68'6 

A statement of the number of deaths from different dilreases 
in proportion to total deaths is unreliable as an indication of 
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their relative prevalence, the proportion of deaths from diseases 
of the young being overstated in an increasing population such 
as that of Eng1and. The true proportions can be shown only 
by a Life Table. 
If the following table is examined (from Supplement to 35th 

Annual Report of Registrar-General, p. xxvii.), it will be seen 
that, owing to the excess of young people in the English popu
lation, the death-rate per million of the population living at 
'all ages is overstated ,in the case of smallpox, scarlet fever, 
measles, whooping cough, and, in fact, all diseases of the young i 
whereas the mortality from childbirth and fever (occurring at 
ages near the mean age of the living population) is undisturbed. 
The constitution of the population should be taken into account 
in comparing the death-rate from any given disease with the 
corresponding dea~h-rate of another country, in which the 
population may be more nearly stationary than in England. 

MeanAge at Death of Persons Dying from Oertain Diseases, 
'1848-72 i also Proportion to Deaths from All Oauses, and 
'Rates of Mm·tality. 

Deaths to 1,000,000 Death. Annual Rate of Mortalit,y 
from all Causes Deduced to 110001000 Livins:r of 

MeanAl<e I'rom al\ Ages Deduced from 
Cause of Death. at DeRth 

1848-7a. 

Life Table. Registered ' Life Registered' 
Deaths. Table. Deaths. 

Whooping dough 1'8 15,161 23,145 371 521 
Measles. 2'7 12,865 19,134 315 437 
Scarlet Fever and 

Diphtheria. 5'8 34,966 48,247 856 1,046 
Smallpox. 11'9 6,521 8,535 160 204 
Typhus. . . 26'0 38,107 40,170 933 .918 
Childbirth and 

Metria 31'7 6,921 '1,364 169 168 

Dr. Rumsey has urged that returns should be made of the 
mean a e of the livin = sum of ages of populatio~ . t census 

g g number of populatIOn 
as a corrective of the fallacies connected with the mean age 
at death. Mr. Chadwick found that in fairly healthy districts 
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the mean &.,'"9 of the liring ~ to the mean &.,'"9 at death 
as about S to 4. lrhile in insanitary district. with shifting 
and increasing populations the line of vitality 'InS higher 
than that of mortality. But this is due to the fact that under 
insanitary conditions a high mortality speuda itself chiefly 
among young children, and, in addition, there are alw-ays crow-da 
of young and healthy persons ready to immigrate from country 
to tolrD, thns IOlrering the mean age of the t01tD populations, 
among lrhom insanitary conditions are especially rife. On the 
lrhole, therefore, the mean age of the liring as a test oC the 
dnrauon of life is as untrustlrOrthy as is the mean age of the 
dying. 

The Keen DuratioJl of Lite, or "it' 'IIOY<'1lIlt', ..-hen a popula
tion is stationary in numbers and is not disturbed by migration, 
or other causes,-lrhen, in other lrONs, its age and sex consti
tution do not alter,-is, if lre start with birth, identical with 
the mean age at death, and lrith the expectation oC life as 
found by a Life Table. It is also, under the same cireumstances, 
identical with the mortality as expressOO by the number lil"ing 
out of lrhich one death occurs. 

Thns, in • stationary population,-

Mean Age at Death 
Yean Duration of Life ~" } No.. oC PClpulation 
Expectation of Life ;." =No. of Deaw in one Yev 

Sum of A~ at Dt>ath 
Total No. of Deatba 

When the population is not stationary, the meaD duratIon oC 
life has the same signification as the mean afte~lifetime Crom 
birth next to be consiJered. During the decennium 1871-8), 
the mean age at death for males in England and Walea 'InS 

~ yean; the mean duration of life 'InS 'I-SS years, lrhile 1 
in 4:1"2 died annually, instead of these three figures being 
identical, .. they ..-ould have been had the population been 
stationary. The mean duration of life for the years after birth 
..-ill be explained lrhen W1I have considered the expectation of 
lile. 
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The Expectation of Life (also called the mean after-life
time) is found from a Life Table, constructed on the basis of 
the number living and the number dying at each age.· Such 
a Life Table shows how many of a given number started with 
live through each year of subsequent life, and what is the sum 
of the number of years they live. The expectation of life 
is obtained by dividing the sum of these years by the number 
living at the year of age for. which the expectation of life is 
desired. 

The expectation of life at different ages and according to 
different Life Tables is shown in the following table:-

Expectation of Life (Mean Afte1'-lifetime) according to various 
Life Tables at successive ages. 

De North. English En~lish 
Moivre's ampton Carlisle Life Life English Life New English Life 

Years Hypo- Table. Table. Table. Table. No. 8. Table (Ogle). 
of lhesi& Table. No 1. Noll. 

Age. 

Persons, Males. Females. Males. Females. 

------I 

0 .43' 25'2 38'7 41-1 - 39'91 41'85 41'35 44-62 
5 40'S 40" 51'3. 50'0 - 49'71 50'33 50'87 53'08 

10 38' 39'8 48'8 47'2 47'5 47'05 47"67 47"60 49'76 
15 355 36'S 45'0 43'6 43-4 43'18 43'90 48-41 45'63 . 
20 3S' 33-4 41'S 40'3 400 39'48 40'29 39'40 41-66 
25 30'S 30" 37'9 37'0 36'6 36'12 87'04 35'68 37'98 
30 28' 28'3 34'3 33,6 33-1 82'76 33'81 32-10 3N1 
35 25'S 25'7 31'0 30-4 29'8 29'40 SO'59 28'64 30'90 
40 23' 23-1 27'6 27"1 26'S 26'06 27'34 25'30 2N6 
45 20'S 20'5 24'S 23'8 23-1 22'76 24-06 22'07 24'06 
50 18' 18'0 21-1 20'6 19'9 19'54 20'75 18'93 20'68 
65 IS'S 15'6 17'6 17"1 16'7 16-45 17"43 15'95 17'33 
60 13' 13'2 14'3 14'0 13'6 13'53 14'34 13-14 14'24 
65 10'5 10'9 U'8 11-1 10'9 10'82 11'51 10'55 11-42 
70 8' 8'6 9'2 8'7 8'6 8'45 9'02 8'27 8'95 
75 0'0 6'5 7'0 6'7 6'6 6-49 6'93 6,34 6'87 
80 3' 4'8 6'5 5-l 5'0 4'93 5'26 4'79 5'20 
85 0'5 S'4 .4-1 3'7 S'7 3'73 3'98 3'56 3'88 
90 - 2'4 3'S 2'7 - 2'84 3'01 2'66 2'90 
95 - 0'8 3'5 2-1 - 2'17 2'29 2'01 2-17 
100 - 2'8 - - 1'68 1'76 1-61, 1'62 

It should be observed that the expectation of life is the 
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average number of years which persons of a given age, taken 
one with another, live, assuming that they die according to a 
given table of the probabilities of life. The term .. expectation 

• of life" does not imply that an individval may reasonably 
expect to live a given number of years. The excess of those 
who die late is distributed among those who die early, II those 
who live longer enjoying as much more in proportion to their 
number, as those who fall short enjoy less of life." Thus the 
expectation of life has no relation whatever to the most 
probable lifetime of any given individual. 

In actuarial language, a complete and a curtate expectation 
of life are described. The relation between these, at the risk 
of some repetition, may be briefly stated as follows (see also 
page 229):-

Let Z. = number of persons living at age :t:, and Z.+I the num-
. ber living. at the end of an additional year. Then these 1.+1 
persons will have each lived a complete year in the first year, 
or among them Z'*1 complete years. Similarly I .... will live 
another complete year each in the second year, or among them 
a further Z ... complete years, and so on for future years. The 
total number of complete years lived b,Z. persons until they 
become extinct will therefore be-

Z'*1 + Z.+t + Z,*I + I .... + etc. + etc.; 
giving for each of the Z. persons an average number of complete 

'Vea s 1.+1 + l.+t + I ... + etc. 
J r, I • 

• 
This average number of complete years lived byl. persons is 

ealled the Curiale Expectation of Life at age:t: and=e .. 
We have, however, in the above confined our attention to 

the complete years of life, and have not taken into account that 
portion of lifetime lived by each person in the year of his 
death. In some instances this may be only a few days,in 
others nearly an entire year; but jt may be assumed. with a 
fair degree of accuracy, taking one person with another, that I 

I. persons will live in the aggregate i I. years in the year 01 
death. or an average of half a year for each. 
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If we add this half year to the curtate expectation of life, 
- we obtain the Oomplete Expectation of Life, which is equal to 

!. + l~l + l~1 + la+s + etc. • 
II l. e,. 

The rule, then, for obtaining the complete expectation of life 
is to divide the sum of the number who complete each age 
above the given one by the number living at the given age, and 
then to the quotient add half-unity._ 

Having given the expectation of life, it is easy to find the 
true or mean durati9n of life, which is the present age added 
to the expectation of life. Thus at birth the expectation of 
life and mean duration of life are identical; at' the age a: the 
expectation of life beiDg ;,,; the mean duration of life of 1.., 
persons will be a: + e"" Thus by the English Life Table No. S 
the female expectation of life at the age of 20 years .is 40"81 
years; therefore the mean duration of life for women aged. 20 . 
is 60'81 years. It will be seen that the true mean duration of 
life differs from the mean age at death, in that the former is a 
calculation based on all the deaths occurririg after a given age, 
in the members of a population traced through life; while the 
latter is a calculation based on such deaths as happen to be 
noted in a population ~ntinually disturbed by births, immi
gration and emigration. 

It should be noted that by many writers the term mean 
duration of life is used as absolutely synonymous with expec
tation of life for all ages, instead of signifying, as we have 
employed it, the present age in years plus the expectation of 
life. At birth the twO' terms are in any case synonymons. 
Dr. Farr and ¥r. Milne used the two terms as having the 
same signification throughout, and this must be remembered in 
the follo~g quotations from Mr. Milne, which point out the 
.~lation between duration of life .and mortality: "When the 
~opulationhas been increasingt the mean duration of life, 
~rding to the table, will be less than the nlimber out of 
lbich one person dies annually in that pppula~ion, but the 
ifference un,7Z be small except under particular circumstances;' 
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while the mean age at which persons die II will fall short of 
the number of the people out of which one dies annually by a 
much greater number." Thus" when the proportion of the 
people dying annually is known, it will not. be difficult to judge 
whether a table of mortality (Life Table) for that people has 
been constructed properly from the necessary data j or, what 

. is much more common and more easily effected, by summation 
of the deaths at all ages." Mr. Milne also points out that in an 
increasing population the mean age at death is lower, and the 
annual mortality less, than in a stationary population having 
the same expectation of life. This is owing to the fact that 
the increase of the population causes an excess of persons 
between 5 and 55, among whom the mortality is lower than 
among persons of all ages. 

In cases where a Life Table is unobtainable, the formula. of 
Willich gives approximate results, not very far from the truth, 
for ages between 25 and 75. It is as follows :-

If :r: = expectation of life, and a=present age, then :r:=~ (80-a). 

Thus at the age of 40 years the expllctation of life according 

to this f'ormula=i (80-40)=26-7 years. By the English Life 

Table No.3, the expectation of life for ~his age is 26·06 years 
for males and 27'34 years for females. 

Dr. Farr gives another formnla, by means of which an 
approximation to the expectation of life at birth may be 
obtained, when the birth- and death-rates are known. 

If b=birth-rate and d=death-rate per unit of population, 

then expectation of life=(i)(~) +(~)( D. 
Thus, in the decennium 1871-80, the birth-rate was 85'45 

per 1,000='03545 per unit, and the death-rate 21-4 per 
1,000=-0214 per unit. 

The expectation of life =(~)( ~14)+ (~.x '03~35) =43-63 
years. 
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.tSy Dr. Ogle's Life Table for the corresponding period, the 
expectation of life for males was 41'35, and for.females 44'62 
years. 

The Proba.ble Dura.tion of Life (also called equation of life, 
or vie 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 every possible 
duration of life has a probability which may be determined, 
and is therefore mathematically a II probable lifetime." Using 
the term, however, in its limited sense, it will be seen from 
the following table that at birth the probable duration of life 
is in excess of the expectation of life, and continues so in a 
gradually decreasing amount until after the age of 50, when . 
the conditions are reversed. The 611,745 boys at birth who 
form the basis of the table become reduced to one-half by the 
time they reach their forty-fifth year j and the 488,255 girls 
who form the basis of the table lose half their number by the 
forty-seventh year. 

The Probable Lifetime (Vie Probable) and the After-lifetime 
(Vie Moyenne) according to the English Life Table No. S. 

Malee. Females. 

Age. 
Probable After-lifetime. Probable AfteNifetime. Lifetime. Lifetime. 

0 44'43 39'91 46-49 41'85 
10 50'98 47'05 52'29 47'67 
20 42'55 S9'48 «'00 40'29 
30 34'77 82'76 86'32 8S'81 
40 27'09 26'06 28'68 27"84 
50 19'71 19'54 21'08 20'75 
60 1S'00 13'53 13'91 14'34 
70 .7"55 8'15 8'15 9'02 
80 4'04 4'93 4'37 5'26 
90 2'20 2'84 2'S5 a'Ol 
99 1'36 1-76 1-44 1-86 

The probable duration of life is simply the· age at which a 
s 
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given population is reduced by one-half its number. It must 
not be regarded as representing any actual fact for individuals, 
inasmuch as the mortnlity is most unevenly distributed, the 
deaths being concentrated at certain periods of life with com
parative blanks in between. De Moivre assumed that the 
decrements of population are in arithmetical progression, and 
that of every 86 persons born, one would die uniformly every 
year until all were extinct. Such an assumption was con
venient 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 any other. 
It confessedly errs greatly at the beginning and end of life, 
and is only a very rough approximation to the truth for the 
middle period of life. 

Specific Intensity is a term employed by Mr. Neison (Contri
butio7ll foVital Statistics, Srd edition, page 7) to represent the 
number liying a~ any age divided by the number dying at that 
age. Thus, out of 100,000 males born, 76,504 survive at the 
age of 40 years, and lose during the year 927 of their number. 

The specific intensity at that age is therefore 7~~~=82·508. 
Both male and female life attain their highest specific intensity 
at the age of 14 years by Mr. Neison's table. 

Probabilities of Lite.-It is sometimes desirable to ascertain 
not only the probable duration of life, but also the probability 
of dying within a given period, or of a given disease. 'Ve now 
discuss, therefore, the. methods of ascertaining the probabilities 
in these cases. 

In mathematical language, the words chance and probabilify 
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. In what follows, an 
elementary knowledge of the Theory of Probability, which ~ 
given in standard works on Algebra, is assumed. 

If the number of possible events=CJ+b, of which '.I are 
favourable and b unfavourable, and if p ... the probabiJ',ty of a 



THE DURATION OF LIFE. 259 

favourable event bappening and q=the probabil1ty of an un
favourable event h!lppening, then, on the supposition that one 

a b 
of these events happens,- P=a+b; q=a+b; whe~e p+q=1, 

or certainty. 
Thus, if we wish to find the probability of a man aged SO 

living till he is 50, and also the probability that he will die 
before that age, we consult the Life Table for males. From this 
we find that the number living (out of a million males born) 
at SO is 630,038; at 50 is 476,980. Therefore the probability 

of a man aged SO living to-50=:~~~. 
And as 630038 - 476980 = 153058 == the pumber dying during 

h . d h l' 15S058 1 476980 b bili· f t e peno ; t erelore 6S0038' or - 6S0038 = pro a ty 0 

dying between SO and 50. 
If there be several independent events, the proba.bilities of 

the happening of which are respectively PI, Ps, Ps, etc., then 
the probability that all the events will happen is PJ. XPs xPs x 
etc.; that all will fail (1-PI) (1-PSI) (1-ps) etc.; that at 
least one event will happen, l-(l-PJ.) (1-ps) (l-ps) etc.; 
and that exactly one will happen and all the rest fail, Pl(1-ps) 
(1-Pa) etc.+ps(1-PJ.) (1-ps) etc.+ps(1-PI) (1-ps) etc. + etc. 

Thus, if p= a:b and Pl = c:a' then the probability that 

both will happen is a: b x c: a' and the probability 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 W#e S5-will both live 15 years, 
is obtained as follows :-

By Dr. Ogle'S Life Table, out of 1,000,000 of each sex at 
birth, there are-

Of males at 40 years old,56S,077; at 55 years old, 424,577. 
Of females" 35 " 628,842; n 50 II 520,901. 
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The probability of both these persons surviving 15 years 
• 424677 520901. . 

from thell' present age =663077 x 628842' wh1ch product g1ves 

the required result. 
Next, as to the probability of dying from a given disease. 
In Dr. Farr's 35th Supplement to the Report of the Registrar

General is given a table derived from the English Life Table 
No.3, in which the deaths from 25 more important diseases 
are separately stated for different groups of ages. In such a 
Life-Table population the disturbing effect of an excess of 
young persons in the population on the mOl·tality from various 
diseases is eliminated. Thus, if it is required to find the 
probability that a live-born child will die of scarlet fever during 
the first five years of life,-

By table 7, p. xciv., of the above report, of 1,000,000 children 
borri, 17,959 die of scarlet fever between birth and their sixth 
birthday. Therefore probability of dying of scarlet fever 

17959 1 
between 0 and 5=1000000=65 nearly. 

Similarly, to find the probability of a person dying at any 
age of scarlet fever. Total number of deaths from scarlet 
fever to a million deaths is 30,021. Therefore probability of 

. 30021 1 
dymg from scarlet fever at some age 1000000 = 83' 

Similarly, the probability that a person will die of phthisis 
114417 1 . 

=1000000=8 nearly. 

To find the probability that a person aged 25 will die of 
phthisis. 

Number out of a million at birth living at age 25=634045. 
Number dying subsequently of phthisis =81424. 

Th b bil ' f d • f h h' . 81424 12842 1 e pro a 1ty 0 ymg 0 p t 1s1s=634045=' =8 

~~ 1 
There is, therefore nearly 1 chance to 7 that the person r 

! . , 
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will die of phthisis, and 7 to 1 that he will die of some other 
disease. . 

The probability that a live-born child will die of any of the 
25 diseases given in Dr. Farr's table is as follows:-

Smallpox •••• 
Measles ••••• 
Soarlet Fever. • 
Diphtheria • • 
Whooping Cough-
Typhus ••••••• 
Diarrhrea and Dysentery • 
Cholera ....... . 
Other Zymotio Diseases 1 

'006521 
'012865 
'030021 
'004945 
'015161 
'038107 
'03-1366 
'006155 

'027478 (Order I.) • • • • • 
Canoer • • • • • • • '021311 
Sorofula and Tabes. • • '014106 
Phthisis '114417 
Hydrocephalus • • • • '011252 
Diseases of Brain • • • '121859 

Diseases of Heart & Dropsy '076660 
Diseases of Lungs • • • '149585 
Diseases of Lungs and } '264002 

Phthisis. • • • • 
Diseases of Stomac:h and} '052497 

Liver ••••• _ • 
Diseases of Kidneys • • '014910 
Diseases of Generative } '003062 

Organs ••••• 
Diseases of Joints • • • '003395 
Diseases of Skin. • • • '002512 
Childbirth and Metria. • '006921 
Suioide • • • • • • • '003479 
Other Violent Deaths • • '030052 
Other Canses. • • • • '198363 



CHAPTER xn 
'l'HE DEOLINE IN THE ENGLISH DEAtH.BATE AND 
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Agel a~ which Deoline ill Death-Ra~ hal Occurred.-ElIec' 00 MeaD Dura
'iOD of Life.-Life-Table CompanlOD the only Accura~ Method.-EIl'L'Ct 
of EdilletioD of aDY Dieea .. 00 Mean DuratiOD of Life.-Causea of 
Greater Mortality a& Higher Agea.-EzpectatioD of Life for each Year 
of Age.-BalaDos of Lon and Gaia be~weeD Old aDd New EDgliah Life
Tablea.-CaDUI of mcrealed aDd Decreased Mortality. 

W E have in a former chapter dwelt on the fall in the 
general death-iate, following on the passing of the 

Public Health Act (page 125 et .eq.). The decline in the English 
death-rate has also been ably treated in the Registrar-General's 
Report for 1879, and in Dr. Ogle's Supplement to the 45th 
Annual Report for 1871-80; in a paper by Mr. N. A. Humphreys, 
read before the Statistical Society, April, 1883, on "The Recent 
Decline in the English Death·Rate, and ita Effect on the 
Duration of Life"; and in a paper read before the same 
Society, March, 1884, by Dr. G. B. Longstaff, on "The Recent 
Decline in the English Death-Rate considered in connection 
with the Causes of Death." 

Before discussing the subject in detail, the following table 
may with advantage be studied. From this, it will be evident 
that there has been a remarkable decline in the general death
rate. During the years 1841-70, the death-rate of males 
averaged 23-3 per 1,<XX), and during 1881-85 only 20-4, equal to 
a decline of 12-44 per cent. The death-rate of females fell 
from 21'4 in 1841-70 to 18'2 in 1881-85, equal to· a decline of 

lilt 
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14-95 per cent. Two other facts come out prominently in this 
table, viz_, the marked decrease of the death-rate among the 
young, and especially in childhood, aud the somewhat increased 
death-rate among adults. 

.Mean Annual IJeaJ:h.-Rate per 1,000 in Eng14nd and Wales 
aLTwelve Groups oj Ages, in Groups oj rears_ 

Keau. AnnuAl DeaI;h-Bate of II Kean how DeUh-Ba18 of 
llales. J'emaI .... 

Ages. 

l8U-fO I~l-S 18i8-80 1881~ ISD-'O 118'1l-:& 18i8-80 1881-s5 

--
ADAges. 23-3 23-3 22-2 2(H 21-4 20-7 19-5 IS-9 

0--5 U-S 70-0 117-2 59-6 62-7 60-0 57-0 50-5 
5-10 8-6 "-9 6-~ 5-S 8-' 6-6 6-0 5-6 

10-15 '-8 '-0 3-5 3-9 5-0 ,-0 3-6 3-3 
15-20 6-" 6-7 6-0 '-6 N 6-0 6-l '-7 - 20-25 8-9 8-1 6-8 6-0 8-6 "-5 6-3 6-9 
25-35 9-8 10-1 8-7 8-9 10-1 9-9 7-9 "-9 
35-i5 13-0 14-3 13-5 19-7 12-' 19-0 11-9 10-9 
'5-55 IS-5 20-1 19-0 19-' 15-7 15-S 14-9 15-9 
55-65 - 39-0 3!-'l M-6 33-6 27-8 28-8 28-9 27-8 
65-75 _ 66-7 69-~ 67-6 6S-8 59-7 61-0 60-9 59-5 
75-85 UN 148-0 U6-7 1«-6 135-1 IM-S 139-S 129-' 

as and upwards. 311-6 315-0 304-1 296-' 2SS-8 28S-9 21'-0 967-8 

The iD.Huence on the mean duration of life of this change in 
the mortality at d.i1ferent ages requires careful consideration_ 

In order to this, however, it is necessary to take two periods 
for which Life Tables have been constructed. .The first period 
taken is 1838-54, on the basis of which Dr. Farr's English Life 
Table No. S was cOnstructed. For the second period we might 
select 1876-80, for which Mr. Humphreys constructed a special 
Life Table, but we prefer to take Dr. Ogle'S table for 1871-80, 
as it is founded on more extensive and consequently more 
trustworthy data, though Dr. Ogle's results are, on the whole, 
identical with those of Mr. Humphreys. The following table 
gives a comparison between the death-rate at different ages 
periods at these two periods. 
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,Mean Annual Mortality of Males and Females in 1838-54 and 
in 1871-80, showing the Increase or Decrease per cent. 

Male .. . Female&. 

Groop.of Mean Annual Death. Metln Annual De"th. 
Age •• Bate per l,OOOLi.ing. Increase or Bate per l,OOOLiving. InCreR.!l8 or 

Dee ..... e lJecreaaa 
per oent. per cent. 

1B38-M 1871-iO 1838-&& 1871-iO 

---
All AgeB. 23'28 22'61 -2,88 21-65 20'00 -7'6a 

0-5 72'50 68'14 -6'01 62'28 58'10 -6'71 
5-10 9'20 6'67 -27'50 9'11 6'20 -81'9~ 

10-15 5'l7 8'69 -28'62 0'88 8'70 -29'40 
15-20 7'l1 0'23 -26'44 8'53 5'43 -36'1I~ 
20-25 9'46 7'32 -22·62 9'05 6'78 -25'08 
25-35 9'99 9'30 -6'91 10'55 8'68 -18'67 
35-45 12'83 13'74 +7'09 12'70 11'58 -8'82 
45-55 18'51 20'05 +8'37 15'87 15'59 +1'76 
55-65 31-83 84'76 +9'26 28'16 28'54 +1'85 
65-75 66'89 69-57 +4'01 59'99 60'82 +1'89 
75-85 147'58 150'80 +2'18 134'87 185'40 +0'22 
85 and 808'21 827'40 +5'91 288'16 296'40 +2'86 

upwardB. 

It will be seen that, as regards the general mortality, there 
was a reduction of 2,88 per cent. for males, and of 7'62 per 
cent. for females. ,The mortality of males was reduced in 
1871-80 up to the 25-35 age-period, ·the greatest reduction 
being between 10 and 25 years of age, reaching as high as 
28,62 per cent. between 10 and 15. The mortality of females 
was reduced up to the 35-45 age-period, and not only reduced 
during a greater portion of life, but to a greater extent, than 
the male morta~ty amounting to as much as 36'34 per cent. 
in the 15-20 age-period. The increase in female mortality at 
the higher ages was not so considerable as that of males, so 
that on the whole females have gained much more than males 
by the decreased mortality. . 

Before entering on a discussion of the subject whether the 
changes in the death-rates have been advantageous to the com
munity, it may be well to discuss two preliminary questions; 
viz., the effect of the extinction ot any single disease on the 
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duration of life, and the causes of the greater mortality in 
adult life. 

Effect of Extinction of any Disease on the Duration-of Life.
In a Life-Table population, the mean after-lifetime, or mean 
duration of life at birth, is found by dividing the sum of the 
number of years the entire population lives by the number of 
persons. The extinction of any disease might theoretically 
produce two results on the mean duration of life. Either (1) 
the proportioii. of deaths from other causes would remain as 
before j or (2) if one disea!'le be annihilated (as, for .instance, 
smallpox), other diseases (as scarlet fever and measles) would 
become more fatal, thus counterbalancing to a greater or lesser 
extent the gain. 
If all the deaths now caused by violence were to cease, the 

persons thus saved would doubtless share the rate of mortality 
of the whole community. If, again, the causes of death anni
hilated are those peculiar to children in the first year of life 
(as convulsions, premature birth, etc.), then, supposing that 
100,000 lives are saved in this way out· of a million born, 
and that' these 100,000 children live an average lifetime, the 
expectation of life by the English Life Table No.3 will be 
-raised by one-tenth j i.e., instead of 40'9 years, will become 45 
years. It may be assumed as probable, however, that the 
lowered mortality in childhood saves some lives which carry 
through their later years comparatively unsound constitutions, 
and thus the rate of mortality at the higher ages is increased. 
The actual mOl'tality must necessarily be increased at the 
higher ages j for all men must die at some time, and the larger 
the number escaping the dangers of childhood, the more 
numerous will be the victims to mortality in adult life. But 
the larger proportion living (on the supposition just made) to 
adult life need not theoretically have a higher death-rate, and 
the explanation of this higher death-rate· will require consider
ation a little later. 
If we imagine the _extinction of. such a disease as cancer, 

which is chiefly fatal after the age of 45, it is evident that no 
addition will be made to the years lived by those under 45 in 
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a Life-Table population. Up to this age, no appreciable differ
ence will be produced j but there being one less prot!pective 
enemy to encounter in the later years of life, the expectation 
of life at birth will be somewhat extended. The extinction of 
cancer, however, would not have so great an effect on the mean 
expectation of life as the extinction of zymotic diseases, which 
are especially fatal in the early' years of life, or of phthisis, 
which particularly affects middle life. This for two reasons: 
first, because the absolute number of deaths from cancer is 
fewer than the number from phthisis or zymotic diseases i and 
secondly, because the population decreases with the advance of 
age, and consequently the number affected by the extinction of a 
given disease also decreases. Dr. Farr has worked out by the Life
Table method the effect of excluding from the general mortality 
deaths from zymotic diseases, from phthisis, and from cancer sepa.
rately, and the following table gives his results for males :-

Four Life Table. for Male. (calculated from the fact. recorded 
in 1800-71), .hotcing the effect 0/ the Exclusion 0/ Death. 
from (1) Zymotic Diseales, (2) Phthi,i" and (3) Cancer, on 
the probabilitie. o/living from age to age. 

Linn. at Each Ap. DTi ... In Bach Inlenal of .&$0. 

Ap. I 

Ph&hIO'" Can"". 
To Die Orderl .. o Ord •• Lo 
01 ,,11 I Zrmo&,C Ph &hIli. CanC!eF ol.n Zvmf)tie 

D __ .:~-=- Buluded. Eaelu_ .. D""". 11,_ Rae"uled. Rxcluded. 
Excluded. 

_I-I- I 

0 510.622' 510.622 510,622 510,622 142,805 99.272 140,977 142.787 
Ii 367,817 i 411,350 869.645 867,835 14,&18 7,479 13.997 14,670 

10 853,129 403.871 855.648 853,165 7.788 6.934 6,798 7.772 
15 345.8411897.937 848,8>0 845,898 10.474 9.588 6.857 10.442 
20 834,867 888.404 841.993 334.951 18,854 13,566 7.725 13,325 
25 821.018 874.838 834,268 821,126 80.\1.58 81.164 18,IIfl8 80.094 
85 200.755 843.674 815.400 291,032 86,617 89.107 28,010 86.143 
45 254.138 804.567 2...,.890 251.890 44.813 48.846 40.798 43,827 
55 209.825 255.721 246,592 211,568 68.981 67.138 63.8il7 67,618 
65 150.844 188.588 188.225 153,945 73.435 87.4U 87.279 73.444 
75 77,409 101.146 95.946 SO,501 69,583 76.002 78,695 61.531 
85 17.826 15.144 12.251 18.970 17.0:i7 18.948 11.805 111,147 
95 789 1,196 9&& 823 781' 1.187 937 814 

105 9 9 9 9 ~ 9 9 II 

I 
I 
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It will be seen from this table that if Order I. of zymotic 
diseases (miasmatic diseases) be excluded from !;he mor.tality, . 

. of 510,622.boys born, 411,350 will live to the age of 5,343,674 
to the age of 35, and similarly for the other diseases. The 

. mean expectation of life by the exclusion o~ miasmatic diseases 
would be raised from 39·68 to 46'77 years; by the exclusion of 
phthisis, would be raised to ·42'96 years j by the exclusion of 
cancer, to 39·88 years. Now the total number of deaths in the 
foregoing Life-Table population for males from miasmatic dia
eases is 89,192; from phthisis, "56,856; and from cancer, 6,794. 
Thus the greatest proportional effect on the mean duration of 
life will be produced by the elimination of zymotic diseases, 
whichare most fatal in the early years of life j the next greatest 
by the exclusion of phthisis, a disease especially fatal in middle 
life; and the least by the exclusion of cancer, a disease setting 
in after the age for phthisis. 

The Greater Mortality of Adult Life in Recent YearB.-We. 
have already alluded to one possible ca.use of this. The recent 
decline in the death-rate" has been almost exclusively iIi. the 
early years of life. This has probably resulted in the survival 
of a number of weakly children, who carry with them through 
life an enfeebled constitution, and thus tend to lower the aver
age healthiness of the adult classes and increase their average 
death-rate. But the same causes which have lowered the mor
tality at the earlier ages have also improved the average health 
of those who survive. The wounded as well as the killed ax:e 
fewer in number. Which of these two counteracting influ
ences is the most potent,-the survival of a larger number of 
wea.kly ones, or the improved health of the general mass of the 
community,-must be regarded as still a matter of speculation. 

Dr. Ogle mentions two other possible causes of this increased 
adult mortality. The increasing severity of competition among 
adults, resulting. in greater wear and tear of life, 1;ends to 
shorten life j and the ever-increasing proportion of the popu
lation which flocks" to share in city life has a most important 
influence in the same direction. In regard to the latter causet 

it should be Doted that although the urban rate of mortality 
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has diminished more rapidly and greatly than the rural mor
tality (page 136), "urbanization" is still an important cause of 
high mortality. . 

Gain or Loss from Changes in IDcidence of Mortality.
We may now return to the question, whether this alteration 
in the rate of mortality at different age-groups has been on 
the whole advantageous to the community. The death-rate 
has increased for males over 35, and for females over 45, and 
it would therefore appear at first sight that for a large portion 
of what may be called the useful or non-dependent lifetime 
there is a distinct loss. But such a view of the matter loses 
sight of the important fact that a larger proportion of thoBe 
born Burvive to the non-dependent or useful ageB. This is 
brought out by the Life Table; and the only non-fallacious 
method of studying this question is by means of a Life Table 
founded on the number living and the number dying at each age. 

Dr. Ogle's Life Table (Supplement to 45th Annual Report of 
Registrar-General, pp. vii. and viii.) contrasts the number sur
viving at each age with the corresponding number by Dr. Farr's 
Life Tables, and we may compare the results in the two cases. 
Taking first the male Life Table, by the old table one-half out of 
a million males Qom would be dead before the end of the 45th 
year; by the new table half would not have died until after 
the end of the .47th year. Taking each age· in succession, it 

. will be seen that the survivors at the end of each year, by the 
new table, exceed the survivors of the same age by the old 
table at every age up to the 67th year, and that the surviving 
males at the end of the 67th year from birth are, by the new 
tabie, 267,829, while the survivors by the old table are 267,160, 
After that date, the survivors at the end of each subsequent 
year are more numerous by the old than by the new table. Thus 
a male child, subject to the rates that prevailed in 1871-80 has 
a better chance of living 67 years than one subject to the rates 
that prevailed in 1838-54, but a smaller chance of living more 
than 67 years. It will be plain from what has been said that 
the fact that the death-rate of males after 35-45 has increased 
does not imply that the number of males surviving from a 
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given number at starting will be less after that age. The real 
fact, as pointed out by Dr. Ogle, is thl\,t the survivors at the 
end of the 45th year are so much more numerous than they 
were under the rate of mortality prevailing in 1838-54, that 
"they can suppo~t the higher mortality of after years for a 
considerable period and yet retain their numerical superiority." 

Next let US compare the expectation of life by the old and 
new tables. In the following table the expectation of males and 
females is given for each year of life according to Dr. Ogle's Life 
Table, and in the next column is given the increase or decrease 
of this expectation of life, as compared with the old Life Table 
(No.3 of Dr. Farr). By SUbtracting the amounts marked 
+, and adding the amounts marked - to. the expectation of 
life by the new table, the corresponding expectation by the old 
table is obtained. The expectation of life of an average male 
at birth by the new table is 41'35, by the old table 39'91 years, 
showing an average gain of nearly a year and a half for each 
male. The after-lifetime of males is longer by the new table at- . 
each year till the 19th. At the close of the 19th year it is 40'17 
years by each table. After this age the individual male lives 
a shorter time than he did formerly j but the aggregate life is 
considerably greater, owing to the much greater number who 
survive to live these shorter lives. 

If we next take the female Life Table, by the old table 
half out of a million women born die before the end of the 47th 
year from birth j whereas by the new table half live until the 
end of the 52nd year. The number of survivors by the new 
table is larger at every age up to the end of the 92nd year 
.of life, and, this spite of the fact that the female death-rate 
has increased after the 45-55 age-period. Thus a female born 
in 1871-80 had a slightly better chance of living to be 92 than 
one born in 1838-54, but a slightly less chance of living longer 
than that. In regard to expectation of life, there is at birth an 
average gain of 2'77 years for each female. From the pre
ceding table it will be seen that the after-lifetime is longer by 
the new table to the completion of the 45th year, when it is 
24'06 years. by both tables j after this age the after-lifetime 
is shorter by the new table than by the old. 
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MAl ... Female&. 

A" .. B:rne Inereaae or B~OD Inareaae or 
Decreaea unoe o Lifeol' DecreAse!' eince M ..... Aft.er IIl3S-M. lIea .. After 1838-66. Lifetime. Lifetime. 

0 n'85 +1·" "'61 "'1-77 
1 'S'OS +1-40 60·a +IISS 
2 6O·a +1'81 6UlI +11'82 
8 60·86 +1'115 611'99 +11-79 , 61'01 +1'20 63'20 +11-77 
6 60'87 +1-16 63'08 +11'75 
6 60'88 +099 611-66 +:1-1;6 
7 .9-77 +0'85 61'9' +2-41 
8 .9'10 +0'78 61'26 +11'28 
9 .8'37 +0'63 60'61 +11'18 

10 .7-60 +065 '9'76 +11'09 
11 '6'79 +O·.s .s·96 +11'01 
13 '5'96 +0"3 .s·lI +1-93 
13 .5-11 +&35 '7-30 +1-86-
U "'26 +0'29 '6 . ., +1·81 
15 'HI +023 "6. +1'73 
16 '2'68 +0'18 "'81 +1-67 
17 '1'76 +&12 "'00 +1-60 
18 .0'96 +0'06 .S'21 +1'U 
19 .0'17 0'00 .2-4S +1-46 
20 89-40 -0'08 .1-66 +1-37 
21 8S.6' -0-16 .0'92 +1'29 
23 37'89 -0'2' .0'18 +1-25 
23 37'15 -0'31 89'" +1-11 
2'- 86'41 -0'88 88'71 +1-03 
25 85'68 -0'" 87·98 +0-9' 
26 34'96 -O·.a 87'26 +&87 
27 3H. -0'63 86-U +0'79 
23 33'53 -0'66 85'83 +0'73 
:19 82'81 -0'63 85-11 +0-65 
30 82-10 -0'66 8Hl +0'60 
31 81'.0 -0'69 83'70 +0-63 
82 3&71 -0-71 83'00 +0-47 
83 30'01 -0-73 82'30 +0'43 
8' 29-8' -0',. 81'60 +0-87 
35 28'64 -0'76 8090 +0'31 
86 27116 -&77 80'21 +0-27 
87 27'29 -0'77 29'62 '+0-23 
38 26'611 -0-77 28'83 +0'19 
39 2S'96 -0'76 28'15 +0'16 
.0 2S'30 -0.76 2N6 +0'1lI 
4l 24-65 -0'" 26'78 +0'09 
.2 24'00 -0'73 26'10 +0'07 
oil 23'as -&73 2N3 +0'0. .. 22'71 -&70 24·" +0'03 
.5 22'07 -0'69 24·06 &00 

" 21-4' -&67 23-38 -0'03 ., 20'80 -0'68 IIUI -0'03 
.s 20-18 -0'6' 22'03 -0-05 
.9 19'65 -0-62 21-86 -0-00 
liO 18'9~ -0-61 20·68 -0'07 
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llaIes. Females. 

'&'8 .. Jb:pectaI;ion In_or ~tiOJl. Ill ........ or 
of Lir" 01' DecnAae eiIlce o Lifeor Dee.-... since 

lI"""AfteI' lIe&DAher 
Ufetime. 18:18-66. Life&ime. 18:18-if_ 

51 18-81 -0-59 90-01 -O-OS 
62 17-71 -0-67 19-84 -0-08 
5S 1Ni -0-55 18-66 -009 
6' 16-68 -0-53 17-98 -0-10 
55 15-95 -6-50 17-88 -0-10 
56 15-S7 -0-'9 16-69 -0-10 
57 U-SO -0-'6 16-06 -O-ll 
68 U-it -0-" lS-" -0-10 
59 13-68 -6-4i U-S' -0-10 
60 13-U -039 U-U -0-10 
61 19-60 -0-36 13-65 -0-10 
~ 19-07 -0-" 13-08 -0-09 
63 11-56 -o-n 1951 -0-09 
6' 11-05 -029 11-96 -0-09 
65 10-55 -6-i7 INi -0-07 
66 10-07 -0-25 16-90 -O-OS 
67 9-60 -0-23 10-39 -O-OS 
68 9-U -0-22 9-S9 -0-08 
69 S-70 -0-90 9-'1 -0-07 
70 S-27 -0-18 S-95 -0-07 
71 7-85 -6-18 8-60 :"'0-07 
7i NS -6-17 8-07 -0-06 
73 7-07 -0-15 7-65 -0-06 
'1' 670 -015 '-25 -0-06 
75 6-" -0-15 6-S7 -0-06 
76 6-00 -0-15 6-n -0-05 
'l'I 6-68 -O-U 6-16 _0-05 
78 5-37 -O-U 5-8i _0-06 
'19 6-07 -O-lt 5-60 -0-06 
80 4-79 -O-U 5-20 -0-06 
81 '-51 -0-15 '-90 op-o-os 
8i '-26 -0-15 4,.63 -0 OS 
SS '-01 -0-16 H7 -0-08 
at S-58 -0-37 '-19 -0-09 
85 S-66 -6-17 8-88 -0-10 
86 S-36 -0-17 S-66 -0-10 
87 S-17 -6-17 S-.a _0-10 
88 t-99 -0-17 U6 -0-10 
89 t-SII -0-18 S-OS -0-10 
90 t-66 -0-18 11-90 -0-11 
91 t-n -0-18 1-74 -0-11 
til t-37 -0-18 1-58 -6-19 
98 ll-it -0-17 t-.. -0-11 
M Hi -0-17 t-30 -O-li 
95 t-01 -fH6 11-17 -6-11 
96 1-90 -0-16 t-ll -0-06 
97 1-81 -0-14 t-03 -0-03 
98 1-711 -0-13 I-SS -0-18 
'99 HS -0-11 1-7S -0-18 

100 1-61 -0-07 1-63 -O-U 
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Balance of LOSB and Gain.-In a Life Table the number 0\ 
years lived by a million males starting at birth is equal to 
the sum of the number living at each age beyond 0, until each 
individual member of the million has died. Now if in the old 
and new Life Tables a summation is thus made of the years 
lived in each respectively, it is found that according to the new 
table a million males would live 1,439,139 more years than 
wouid be the case according to the old table. Similarly, a 
million females would live 2,777,584 additional years. The 
distribution in time of the years thus gained is given by Dr. 
Ogle as follows :-

Additional Years Lived by a Million lIfales and a Million 
Females. 

Age.Periods. Malea. Female •. 

0-15 255,840 288,226 
15-25 281,872 839,933 
25-S5 844,906 453,221 
85-45 810,746 499,471 
45-55 211,040 474,009 
55-65 86,920 885,257 
65-75 -10,464 239,617 
75-85 -27,770 89,668 

85 and upwards -13,451 8,282 

Total years gaiued 1,439,139 2,777,584 

The preceding table completely disposes of the mistaken 
notion that because the death-rates have fallen only in the 
earlier age-periods the aggregate gain to the community is 
confined to the dependent or unproductive years of life. If 
25-65 years of age be taken as the most valuable part of life, a 
calculation founded on the above table shows that of the aggre
gate years saved, 66 per cent. in the case of males, and 65 per 
cent. in the case of females, are lived between 25 and 65 (Ogle). 
Dr. Ogle gives a further calculation, based on the preceding 
data, showing the actual annual gain, owing to the lower 
death-rate in 1871-80. The mean annual number of births in' 
England and Wales in 1871-80 was 858,878, of which 437,492 
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were male and 421,386 female. If these children be traced 
throughout life, the changes in the death-rates occurring in 
1871-80, as compared 'with 1838-54, would result in an addition 
of 1,800,047 years of life shared among them; and since this 
number of births occurs annually, it maybe reasonably inferred 
that there is an annual addition of nearly,:two million years of 
life to the community, the greater share in which must be 
ascribed to sanitary measures. -

Distribution of Decreased Mortality according to Cause.
In the following table th& mortality of 1871-80, from certain 
defined causes, is contrasted witli tha.t of the preceding 
decennium. The contrast would have been more striking if 
we had taken the years of the. present decennium instead of 

Annual Deaths per MiUian Living in two Decennia. 

Annual 
Cause of Deat~ 1861-70 1871-80 Incre888 or 

Decrease in 
1871-80. 

SmallPox. . · · 163 236 +73 
Measles. · · 440 378 -62 
Scarlet Fever • 972 716 -256 
Diphtheria. • · 185 121 -64 
Whooping Cough . · 527 512 -15 
Fever · · 885 484 -401 
DiarrhmaJ. Diseases • -. 1,076 935 -141 
Cancer · · · 387 473 +86 
Phthisis. · · 2,475 2,116 -359 
Hydrooephalus • • • • · 347 317 -30 
Other Tubercular Diseases · 437 445 +8 
Diseases of the Nervous System. 2,785 2,770 -15 .. " 

Circulatory System and Dropsy 1,349 1,477 +128 .. .. Respiratory System • • • 3,364 3,760 +396 .. .. Digestive System · 981 978 -3 
.. .. Urinary System • 298 392 +94 

Puerperal Fever, Childbirth. • 165 167 +2 
Violence. , ....... · 765 733 -32 
All other and Unstated Causes • · 4,815 4,262 -553 

All Causes . · . -- 22,416 21,272 

Balanoe of Decrease. · · . .- · 1,144 

T 
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187J-SO, and the materials for such a comparison will be found 
on page 172. The rate of mortality for 1861-70, from different 
causes, may be regarded as very similar to that for 1838-64, 
and the following table may therefore, with approximate 
accuracy, be regarded as a comparison applying to the same 
facts as the old and new English Life Tables. 

It will be seen that in the aggrega~e zymotio diseases show 
a considerable decrease, fever showing a very remarkable 
decline. Among the other named diseases, the most striking 
features are the great dbcrease in phthisis, and the increase 
under the head of respiratory, circulatory, and urinary 
diseases. The mortality from these various causes haa been 
already discussed at page 217. 



CHAPTER XVII. 

STATISTIOS OF SIOKNESS. 

Incapacitating Sickness.-Tiine Lost by Sickness per Annum.-Statistics of 
Friendly Societies.-Number Constantly Siok per Cent.-Economica.l 
Aspect of Sickriess.-Expectation of Sickness.-Duration of Attacks 
of Sickness. -

,"XTE have in Chapter iii. discussed the subject of registra
V V tion of sickness, and at page 40 have given the rates 

of sickness for towns in which compulsory notification of in
fectious diseases is enforced, as compiled by Dr. Tatham. 

The materials are lacking for a complete study of the amount 
of illness in the community, in the absence of any complete 
system of registration of disease; and estimates of the amount 
of illness have been based mainly on the records of sick-clubs 
and benefit societies, and the official returns of the Army, Navy, . 

, and Police. 
No distinct line of demarcation exists between health and 

sickness, and the two are connected by a series of intermediate 
states. Only sickness which is sufficiently severe to involve 
confinement to bed or house, or to incapacitate for labour, is in
practice capable of being regisfered; and even in regard to this 
disabling sickness our information is very partial. 

The following table, from the article by Dr. Farr in McCul
loch's "Account of the British Empire" (1854), shows the 
time lost by sickness and by accidental injury among the 
labourers in Portsmouth and Woolwich dockyards :-

Mean 
Number 

of 
Workmen. 

_ leonstantly constantly 

by by Sick from from both 
Sickness. Accident.. per Cent.. Accidents Causes 

per Cent. per Cent. 

Days Lost Days Lost Constantlyl Suffering III 

-P-o-rt-s-m-ou-t-h-. -,:--S-.9-S9-
l
-2-7-,4-1-0-,:--IS-,5-9-0-

1
--1-2-6-r 0'73 

Wuolwich. 2,243 10,593 8,594 1'29 t l'OS 
1'99 
2'34 

275 
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The statistics collected in these dockyards (1830-32) gave 
the following results, as summarized by Dr. Fan: In each 
year one man in six was seriously hurt; two in five fell ill; 
and each man, on an average, had every two years an attack 
of illness, either spontaneous or caused by extel'nal injury. 
As seen in the previous table, at least 2 pel' cent. of the 
labourers were constantly disabled, two-thirds of this number 
being dependent on spontaneous disease, 

Days of Sickness per Annum.-In his address at the inaugu
ration of the International Health Exhibition, 1884, Sir James 
Paget gave the following table, prepared for him by the 
Actuary to the Registry of Friendly Societies:-

Population of W""ko' Plckn ... pet' AV81"8.R'8 Bicknell. 
EDgla"d and Wale .. Antmm, Rccordillg to the per lndi \'utual 

Kxpprience tlf the per AnHurn 
Ages. 

COIl8Il8 1881 •• Mauoheor.er UuitT. (ill Wee~.). 

Hal ••• Femal ••• I Halee. Femalee. Hale&. Female •• 

- ---
15 to 20 1,268,269 1,278,963 1 844,428 851,701 '666 '666 
20 to 25 1,112,35! 1,215,87j 820,183 896,685 '737 '737 
25 to 45 8,239,432 8,494,782 8,224,134 8,476.146 '1195 '1l!l5 
45 to 65 1,755,819 1,951,713 4,803,760 5,868,229 2736 2'751 

All AgeS,} 
from 15 7,375,874 7,9£1,330 9,692,505 10,592,761 1'814 1-834 
to 65 • 

This table is founded on the experience of the largest and 
most important of the Friendly Societies-the Manchester Unity 
of Oddfellows; and gives a calculation of the average annual 
rate of sickness of each person enumerated at the census of 
1881 as living between the ages of 15 and 65, on the assump
tion that the rates of sickness of the whole population during 
the working years of life (15 to 65) would not be very different 
from the sickness rates of this Society. 

The table shows that among males during the working years 
of life the average annual time of sickness is 1'314 weeks, or a 
fraetion lIlore than 9 da,,- in each year; in females a fraction 
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more. The total annua~ loss of work through sicknees among 
males is 9~692,505 weeks j among females, 10,592,761 weeks, 
or about twenty millions of weeks altogether. This estimate 
is founded on the experience of p.early 400,000 members of the 
Manchester Ullity j and as these may be regarded as in some 
measure insured lives, and as belonging to the !Rore frugal por-' 
tion of the working classes, their experience may be regarded 
~s approximately correct for the whole community. Very few 
of the insane, or imbecile and idi.otic, are included in the 
Society of the Manchester Unity of Oddfellows, and it is to be 
remembered that, there are about 70,000 of these in our popu
lation doing no wor~, and losing not less than 3l millions of 
weeks' work in 'the year (Paget). ' 

From the same source, we have a calculatioIt of the number 
of days for which each member of these Societies, when 
"off work" on account of sickness, receives a money allow
ance founded on the experience of aU the registered Friendly 

'Societies. The average number' of days' sickness per member 
per a'nnuD).is very nearly lt weeks, aC(lording to'Mr. Sutton, 
the actuary to the Registry of ]'riendly Spcieties, a calculat.ion 
:which nearly agrees,with the results of Mr. Neison's earlier 
elaborate researches. For further tabular stl1tements, see 
Appendix, IT. and lIT., pp. 316, 317. 

Number Consta.ntly Sick.-Thefollowing table shows the pro
portion of disabling sickness according to the returns of various 
Friendly Societies, and the corresponding figures relating to the 
East India Company'slabourers (McCulloch's Account, 1854). 

_ , Aver.age Number Oonstantly Sick to 100 Living at each Age. 

Friendly Soci.tie •• 
; E .... t India 

Ages. Scotland l;ompany's 
(Highland ' 'England Bootland En,.-Iand Le.boure,'s. 
SOCiety). (Ansell). (Neison). (NtiBun). 

20-,30 1·14, 1-54, 1-65 1-69 1-62 
SO-40 1-32' l·SS 1-66 1·91 2·06 
40-60 1·97, 2·56 2·44 ' 2·89 2'69 

-I' 
50-60 S·CO 4·S2 5-17 5·21 6·5S 

, -
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Thus, by the experience of the English Friendly Societies, 
according to Neison's tables, between the ages of 20 and 30, 
out of 100 units of lifetime (days, weeks, or years), 1'69 were 
lost by disabling sickness, and from' 60 to 60 the loss was 
6'21 per cent. 

The amount of sickness experienced in the thirty years of 
life, from 20 to 60, is, by the Highland Society'S returns, 22 
weeks; by Ansell's returns, 31 weeks; N eison's, 83 weeks; 
and by the same returns, from 30 to 60 years of age, it is 
34 weeks, 45 weeks, and 62 weeks respectively. 

Dr. Farr, in his Supplement to the 35th Annual Report ot 
the Registrar-General, estimates that in England to one annual 
d~ath in a body of men, two are on an average constantly 
suffering from sickness of some severity. Thus there are on an 
average two years of severe sickness to one death. According 
to some Friendly Societies the constantly sick to one annual 
death are 2'8. These "exact relations between sickness and 
mortality are probably not preserved at the extremes of life, 
but they may" be accepted as an approximation to the truth. 
On the basis of these data, it may be calcLllated that, inasmuch 
as in 1887 there were in the United Kingdom 693,843 deaths, 
there were 1,387,686 constant sufferers from severe sickness, 
and nearly two million sufferers from such illness as would 
require medical relief', or throw the members of Friendly 
Societies on their funds. Now the estimated population of the 
United Kingdom was 37,075,963, and this must be reduced by 
two millions to obtain the number of those in the enjoyment 
of health and capacity for work. 

The' amount of sickness represented by these figures implies 
an immense pecuniary loss to the State, which is hardl,. 
realized. When we remember that a large proportion of this 
sickness is preventible, the necessity of increased efforts to 
improve the unfavourable eonditions under which a large pro
portion of the population lives becomes emphasized. 

The unnecessary loss of life and resources begins with in
fancy, and holds throughout the more useful working periods 
of life. Even Malthus, with his advocacy of restraint of popu-
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1ation, was impressed with the wastefulness of a high infantile 
mortality. He says: "A large birth-rate, together with" a 
large infantile death-rate, is most wasteful to a State, as a 
large part of its produce would be distributed without return 
to children who would never reach manhood. A young person 

. saved from death is more likely to contribute to the creation 
of resources than another birth.. It is a great loss of labour 
and food to begin over again." 

A still greater economical loss to the community is caused 
by the preventible sickness and mortality from 15 to 45 years 
of age. Thus, by Dt •. Farr's English Life Table, of a million 
children born, 72,397 die between the ages of 15 and 45' as 
the result of phthisis, and 24,805' as the result of zymotic 
diseases. Dr. Ransome calculates that at least 40,000 to 
50,000 lives are lost every year from alcoholic indulgence. 
Each of these annual deaths implies the constant sickness of 
two persons during the year. Prem~ture death is an eVil and 
a loss to the State, but sickness is from an economical aspect a 
still greater evil; for sickness adds an additional burden, while 
death can but remove the bread-winner. 

The pecuniary value of each member of the community 
varies with age; but if we take the money value of each per
son aged 15 to 45 as £200 (see page 14), the pecuniary loss 
from phthisis alone at these ages, according to Farr's Life 
Table, is for. every million children born 72,397 x 200= 
£14,479,400. 

During 1887 phthisis caused, between 15 and 45 years of 
age, 29,771 deaths (a smaller number than would have 
occurred according to Farr's Life Table, owing to the fact 
that the mortality from phthisis is on the decline). These 
deaths imply a loss of £5,954,200. 

Expectation of Sickness.-The following t~ble gives the ex
pectation of sickness at different ages according to Dr. 
Southey, and may be compared with the somewhat similar 
figures given by Mr. Sutton on page 276:-
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Expectation 0/ Sicknc88. 

Age in y ....... Da1a lU Annual17. 

20 , 
20-80 6-6 

46 7 
60 9-10 
66 12-13 
60 16 
65 B1 
70 74 

Dura.tion of SicknesL-The following table, prepared by. 
Mr. G. P. Neison from the returns of the Scotch Friendly 
Societies (page 164, Srd edition, Contributions to Vital Statis
tics), gives the average duration in weeks of total.sickness at 
different groups of ages :-

Average Duration in Weeks 0/ Attacks o/Sickne88. 

I Total Number of Total Amount of Avera!!. Durallou 
Attacks. including Sickn ..... lneludlng or .ach Attack of 

Toml 8jckne,., In-
Age. those ending in R':::.':;<I,:~~ ~~at clufting t.hat endinllt Reeove.,. and those in Recove17a.nd tha.t ending in Deatb. en.UnK in Death. ending In D.ath. 

--
10-15 12 39-428 8'266 
15-~0 117 749'571 6'407 
20-25 637 2830'285 4'443 
25-80 985 5488'000 6-506 
80-S5 1074 5014 148 4'6G8 
85-40 872 4524'714 6-188 
40-45 758 4158'714 5'~86 
45-50 519 8445'714 6·639 
50-55 537 6634'285 12'854 
55-60 491 7171'571 14'608 
60-65 850 11102'286 26'00' 
65·70 185 6934-714 48'960 
70-75 116 88~7 9!JII 76'448 
7~0 211 4588'857 158'236 
80-85 III 4027'000 211'1147 
85-90 ... ... ... 
90-95 1 858'000 8511'000 

I --
AIlAg ... 

6C52 72925'281 10'959 10-95 
--~ 
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It will be seen that the duration of sickness, whether ending 
in death or not, is less protracted at the younger and middle 
periods of life than at the more advanced. 

In another table, of which the following is a condensation, 
,Mr. Neison distinguishes· between the sickness preceding 
death and that followed by recovery. The previous table 
represents the average duration of sickness in 6,652 attacks of 
sickness, of which 5,640 recovered .and 1,012 attacks (among 
437 persons) ended in death, either during the course of that 
single illness or during the twelve years over which the obser
vations extended. 

Average Duration in Weeks of each Attack of Sickness. 

Not ending in AmongtbOl'e 

Endiugin 
Deatb, but &moug Immediately Dying, inoluding 

Age. thoee afterward. the Attacks im. 
Beoovery. D~~~l~~,:!!he 

Preceding mediately pre-Death. ooding Death and 
of Observ&r.ion. others. 

CoL L I. 8. " 
10-85 "372 7-872 14-907 11-031 
S5..jj0 5-131 '1'2:.18 12-(l06 9'276 
50-60 11-717 8'711 84'851 18'789 

60& upwds. "'79' 7'236 122-708 60'990 

Totu.1 8636 '1-888 '5'173 23'932 

Thus, of the attacks of sickness ending in recovery, the 
average duration is 8-636 weeks, being only 4-372 weeks under 
the age of 35, and increasing rapidly with age. It -would 
appear from column 2 that up to the age of 50 the duration of 
·each attack of sickness ending in recovery is greater among 
tb.ose who die within the period of observation (twelve years) 
to which the abov.e table relates, i.e., among those whose 
ultimate death is comparatively near, than among those who 
survive beyond the period of observation. 

The sickness statistics of the Army and Navy are the. most 
truStworthy and complete at our command. They will be con-
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sidered, along with the other vital statistics of the two services, 
in the next chapter. Enthetic disease (mainly syphilis and 
gonorrhrea) is not recognised by Friendly Societies aa consti
tuting a claim to sick allowance; but in the Army and Navy 
we shall find that it greatly swells the rate of sickness. 

See also Appendix, II. and III. (pp. 316, 817). 



CHAPTER XVIII. 

AJ],MY AND N.A VY BT.ATISTIOS. 

Average Strength of Army.-Rates of Mortality and Siokness in hmy.
Average Siok-Time.-Causes of Siokness.-Ratio of Invaliding.
Duration of Service and Age of Invalided.-Average Strength of Navy.
Rates of Siokness, Invaliding and Mortality.-Causes of Sickness in 
Navy. 

ARMY STATISTICS.-The following statistics concerning 
the Army are derived from the Army Medical Department 

Report for the year 1886. 
The average annual strength of the troops serving at home 

and abroad during this year was 188,739 warrant officers, non
commissioned officers and men (exclusive of certain regiments 
in Malta, West Indies, Ceylon, and Hong-Kong, which were 
recruited locally). The admissions into hospital in this force 

Admitt.ed Bent Dis. Ounstantly 
White Troops. . Average Into Died. Home charged non-et'fee. 

Sr.rength. Hospitel. 881n- aoIn- tiV8 from 
valida. valida. SickneBBo 

Troops at Home and} 
Jlbroad ..••• 188,739 204,792 2,189 2,610 2,828 10,743·02 

---- --
United Kingdom • · 92,601 78,089 632 - 1,667 4360'31 
Gibraltar 4,307 3,634 41 116 30 211'38 
Malta 4,736 3,435 34 77 59 . 220·82 . 
Cyprus . · 636 682 7 '1 - 32·32 
Egypt 11,062 14,070 408 928 270 820'54 
Canada. 1,283 751 8 23 20 38'77 
Bermuda . · 1,227 781 15 20 20 42·90 
West Indies ... 1,020 1,192 15 14 12 Ji6-l9 
Cape of Good Hope 

and St. Helena. 9,971 3,211 17 73 51 194·95 
Mauritius · 414 . 597 9 16 6 Sl'38 
Ceylon 9-19 1,079 10 14 10 68'55 
ChiDa and Straits 

Settlements. · 2,269 2,665 26 22 20 112-12 
India. · 61,757 91,630 958 1,300 669 4563·89 
On board Ship • · 2,507 2,976 14 - - -

283 
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were 204,792, and the deaths 2,189. These give a rate for 
admissions into hospital of 1,085'1, and for deaths 11'48 per 
1,000 of the average annual strength. 

In the preceding table the average strength of the troops in 
different parts of the British Empire is stated, with the 
statistics relating to mortality, invaliding, and non-efi'ectiveness 
from sickness. 

Rates of Mortality and Sickness in the Army per 1,000 of 
Strength. 

Rat.ee per 1,000 of Slnmgtb. I 
A",",,", AV"""Ife 

Admitted -, Die. ConltRnl', Annua. Da.ra&ion 
int.o Died. Home cbarll8d Don-eflf'Ctiy. Si.kn_ 01 eacb 

HoopilaL uln- uln_ from loeacb Cueo! 
nlida. nl.da. Siclw ..... Boldier. SIe .. u .... 

f--
na'L DB,... 

Troop. at {1876-85 1072'2 11'70 3S'50 21'S9 62'86 19'11 17'74 
Home and 1886 1085'1 11'48 27'88 15'OS 67'69 III 06 19'4a 
A.broad . • t , t II II II 

TTh!:~ in eS76-85 847'0 6'93 - 2507 4H6 16'26 19'20 
Kingdom 1886 843'S 6'68 - 17"64 4708 17"1S 20'38 

Foreigll 7'roopa ISS&-
Gibraltar. · · 84S'7 9-61 26'93 1\'96 49'07 17-91 21-23 
Malta • . · · · 725'2 '1'17 16'26 IH5 46'62 1702 23-41\ 
Cyprus . · · 107'23 11'00 11'00 - 60'SI 18'66 17'aO 
Egypt •• · 127-19 36'1!8 83'S9 24040 74'17 27'07 21·28 
Canada • · . 585'8 2'34 17'93 15'59 8022 11'03 18'S4 
Bermuda. . · · 6366 12'22 16'29 16'29 8N7 12'58 19'77 
Wed Indies. 1168'6 14'70 13'73 11'76 65'09 20·11 17'21 
Cape of Good Hope 

and SL Helena. • 808·1\ 4'28 IS'S8 1284 49'09 17-91 2216 
Mauritiu8 · 1442'0 21-78 88'64 14049 75'79 27'66 111'114 
Ceylon 1136'9 10'53 14-75 10'58 6168 22'52 111'81 
China and Strai&a 

8eUlemen&a • · 11746 11-45 9'69 8'SI 4941 IS'03 15'86 
India. · · 1483'7 15'51 21'05 10'73 7S'90 26.97 18'18 
On Board Ship. · 1187'1 5'68 - - - - -

• Calculated on atrength, Deluding mea de&ached (1,1100). 
t Calculated on 8Ueng&h, including mea detached. 
I Calculated on lkength, excluding United Kingdom and troop. on board 

ship. 
I Calcn1ated OD Itrength, including men de&ached, and IIuluding troops 

"OD board ahip. . 
II CaIcnlaUOIII exclude men detached and troops on board ahip. 
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In the foregoing table the rates per 1,000 of average strength 
are shown for 1886, as compared with the average of the pre
ceding ten years. 

The statistics for the United Kingdom show that the average 
strength of the Army at home during 1886 was 92,601. . The 
average number of daily sick was 4,360'31, the average sick-time 
to each soldier 17'18 days per an~um, and the average duration 
of each case of sickness 20'38 days. The average sick-time to 
each soldier was shorter than the corresponding period in the 
preceding year by half a day, but the average duration of each 
case of sickness was longer by about one-fifth of a day. The 

- f~nowing table shows the chief causes of the 78,089 admissions 
into hospital in the United Kingdom during 1886; also the 
number constantly sick and the number dying during the year 
in proportion to 1,000 of the troops. 

Ratio per 1,000. 

-Admissions in. 
DiseaIie or Injll1'7' to Hospital Constantly Deaths. during 1886. Sick. -

Smallpox. , 11 '01 -
Other Eruptive Fevers 598 '30 '02 
Enteric Fever , · 145 '25 '46 
Other Continued Fevers. , 8t2 '37 '09 
Dysentery 87 '10 '06 
Malarial FeverB , 562 '23 -
Syphilis {Primary • . 8.236 7'75 -

Secondary. 3,097 2'59 '05 
GonorrhOla. • , • . . · 10,632 7'05 -
Alcoholism . · 308 '08 '07 
Rbeumatism. , 3,709 253 '04 
Tubercular Diseases • 362 '61 H7 
DiseaseB of the Nervous System , 924 '94 '48 .. .. Eye · .... 1,281 '80 -

" " 
Circulatory System 835 '8a '53 .. .. Respiratory .. 7,323 388 1-83 .. .. Digestive .. 9,233 3-10 '49 

-" II Generative - ,. 4,814 2'97 '04 
Skin .. 8,450 3'26 -Oth~; D~~B(B. · 7.662 5.33 '51 

Iniu~eB . · . · 8,978 4'11 '84 

General Total. 78,089 47-08 I 6'68 
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The total number discharged the service by invaliding during 
1886 was 1,667, being' in the ratio of 17'64 per 1,000 of the 
strength, which is lower than the corresponding rate in the 
previous year by S'97, and than the decennial average rate by 
25-<Y1 per 1,000. The most frequent causes of invaliding were 
diseases of the circulatory system, 298 men, or 8'15 per 1,000 
being discharged on this account. Next in order come diseases 
of the nervous system with a rate for invaliding of 2'77 per 
1,000 (l'Sl per 1,000 for mental disease); and tubercular dis- , 
eases with a rate of 1'69 per 1,000. 

The number invalided during each period of servic6 in the 
Army is shown in the following table. The ratios of invaliding 

D1l1'&tion of 8errice S11'l'DI.tb or bm,. of Ratio or Nom"". 
Number Invalided. IoYa1H1ed &0 l,ooo iDAnny. tbia Term of Service. or Streogtb. 

Firs& Year 883 80,236 12'66 
O--ii years 1,041 69 .• 30 IH9 
5-10 

" 
279 13.935 20'02 

1()"15 
" 81 6,658 U'SI 

15-20 " 199 6.616 8007 
. Over 20 .. 61 2,.0. 27'87 

A.1l Periods 1,661 98,043 17'M 

in the later periods are higher than in earlier periods, on 
account of the number of older soldIers discharged out of a 
comparatively small strength. 

Age 11& Time of InvalidiDg. Nombev s ....... trtb of AnnY' Ratio of lfumbev In .. aIided. of ~w. Age. In::I~:::"~:.:ooo 

UDder 20 yean of age 2.56 27.901 9-11 
2()..2S .. .. 665 .0.76 • 16'32 
25-30 o. .. 866 H.m 24'/;8 
30-35 

" " 122 6.626 18'41 
35-.0 00 " 17. 6,955 80'06 

Over.o " .. 19 1,916 '1'25 

A.1l Ages 1,661 98,M3 17'M 
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The number' invalided at different ages is shown m the 
preceding table. 

The strength of the Army in the United Kingdom, as given 
in this table, does not correspond with the strength as given 
in the table on pa.,ae 283 (92,601), the discrepancy being due 
in part to the inclusion of detached men, and in part to other 
causes Dot explained by the Director-General in his report. 

The table on page 288 shows the admissions, deaths, number 
invalided, and number constantly sick, in each portion of the 
home force, with the ratios per 1,000 of the strength, and the 
corresponding ratios for the average of the previons ten 
yeazs. 

The average strength of officers during 1886 was 3,6«, the 
number of attacks of sickness 1,177, and the number of deaths 
23. The ratio of prevalence of sickness was therefore 323-0, 
and of mortality 6·31 per 1,000. The corresponding death-rate 
for the whole Army in the United Kingdom was 6·68 per 1,000. 

The rate of mortality of the troops serving in the United 
Kingdom, like that of the general population of England and 
Wales, varies greatly at different groups of ages. In the 
following table the death-rate per 1,000 for the home Army at 
different groups of ages is stated. We have found it impracti~ 
able to compare these with the death-rates at different groups 
of ages for the civil population, because the groups of ages do 
not correspond, and because the totals on which the death-

AImaI Dea&b-Raae _1._ UYiDg Ii& t.he 
foIlcnriDg Ages. 

u~ !O-S. -I~~I:~ 
Troops 011 rr- of 1876-85 3-10 '·78 6.19/9-79 1«-97 22·86 

Home SeniaI 1886 I 3·87 5-29 7-08 10-«& 12-79 25-11 

rates at different ages in the army have been calculated, are 
not given. The fallacy involved in compounding and combin-
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Annual BaUo per 1.0041 of Bt.rength. Average of 10 Yea ... 18;11-86, 
A ...... ge 

Arm" Ott.be Admitted Dlaahrged Nambt'1' Con-A ....... fI'I 
lo~ Died . .. COo ...... '17 Admitted, Died, Inftlldl'd. CoI'~::-k~t17 Admitted, Died. Inalided. Uan,I, llenice. II""' .... "'. Hoep.t.aI. Iuyuido. Bick. B.ck.' --- I-------

Houll8bold 
CavalrJ • 1.276 805 8 82 4HO 631'4 HI 25'10 84'82 658'6 8'73 23-46 84'50 · Cavalry • 10,119 9,398 60 130 620'88 928'7 4'94 22'73 61'48 929'7 6'61 80'55 49'66 

tloy&1 Ar- • 
\lUll')' • 115,5S2 12,126 187 852 73H6 780'7 8'82 12'66 47'29 768'0 7'liS 25'18 42'80 

Royal En- • 
lIineera • 8,174 1,909 16 43 121-57 601'4 5'04 13'55 88'80 599'0 7'65 18-17 81-86 

Fool Gaard. 6,53& 6,500 29 139 8U'91 993-7 15'24 
: t 

115'11 62'31 979'0 7'27 14'00 63-46 · Inrantry • 87,677 ai,II915 220 611 1936'91 1110-2 6'84 16'22 61'41 878'9 8'42 26'32 48'06 
Regimental · Dep6te • 13,592 10,172 122 196 421'86 748'4 8'98 IH2 81-04 858'8 10'77 28'92 88'41 
Garrioon · Staftand 

D .. pan. 
menw 6.697 8,884 62 64 23&'22 681.8 9'13 11-23 41'19 1595'5 7'9~ 15'73 87'73 

: t 

• For eight lean onll. t For - yean on11. : For nine 1ean onll-
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ing death-rates, instead of dealing with the totals on which 
these rates are calculated, will be dealt with in the next 
chapter (p. 309). 

Navy Statistics.-The following particulars are obtained from 
. the Statistical Report of the Health of the Navy for 1887. 
The total force in the service afloat was 48,410 officers and men. 
This includes men on short leave of absence, and the sick under 
treatment in hospital. These were included in the estimate for 
the first time, thus increasing the force by about 3 per cent. 
as compared with that of former years. If computed as in 
former years, the force would have been 46,958. The effect 
of this difference on the death and other rates may ,be seen in 
the following tabular sta.tement :....,. 

- Batio per 1.000 of the Naval Foroe. 
Total Foroe Calculated 

Accordi,ng to or Case. of 
SiC~eS8 and Injur:r. Of InvaUdiDgs, Of Deatha, 

New Method i48,(10) . . 1018'81 S0-15 8'82 
Old Method ( 6,958) . . 1050'82 Sl'09 8'58 

The distribution of the force according to age was as 
follows:-

Age, I 
Nnmberof Percentage of Death·Rate "er 

Troops. Total Troops. 1,000 in 1887, 

15-25 26,470 54-67 7'4 
25-35 15,740 82'51 8'19 
85-45 5,110 10'55 111'18 

Over 45 1,090 2'25 14-67 

All Ages 48,410 100' 8'S2· 

The rates of mortality, of invaliding, and of cases of sickliess 
per 1,000 of the force at each of' these groups of ages, in dif
ferent stations of the service at home and abroad is shown in 
the following table :-

u 
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Station .. 

Ratio per 1.000 of 
Force of CRses 
plooed on the 

Sick.Lilt. 

Ratio per 1.000 Ratio of neath. 
of Force per I.OllO of 

Invalided. Force. 

For the Average For the A ~';'t~. For the A R!!:'f' 
Year RatiO Year tor Ten Year for 'J'en 
1&17. ry~:~ 1&17. yea.... ISlj7. Years. 

1---------1------ ------ --- ---
Home .•.•••• 
Mediterranean. • . • 
North America and West 

Indies.. • 
South·East Coast of 

America •• 
Pacifio 
West Coast of Africa and 

Cape of Good Hope 
East Indies. 
China ••••• 
Australia • • • • 
Irregular. • • • • 

Tolal Force. • • 

812" 872'38 24-76 31'7 
110563 1343'89 51'76 56'44 

1100'S7 1261'44 84'07 8H7 

779'24 1285'42 11'82 28'92 
1080'64 1195-17 20'64 28'S' 

5'79 
9'68 

6'29 

5'66 
"51 

6'89 
8'07 

6,19 

6'67 
5' 

1217'44 1256'34 4f86 41'29 6'97 11'66 
1773'l8 1602'21 71'86 60'52 9'09 13'28 
128736 1530'68 27'19 29-17 6'04 8'87 
1480' 1230'63 18'06 24' 9'67 6'9 
1119'26 1306'7lI 18'09 Sa'05 22'56 22'6S 

1018'81 1125'27 30'15 86-6' 8'821--;:Ii) 

The total number of cases of disease and injury entered on 
the sick-list was 49,321, which is in the ratio of 1018'8 per 
1,000. On the average 2,133 men were sick daily, which is in 
the ratio of 44'06 per 1,000. The total number of days of sick
ness, on board ship and in hospital, in the total force, was 
778,556, giving an average annual loss of service from sickness 
and injury of 16'08 days for each person, showing a decrease of 
0'83 in comparison with the average of the last ten years. 

The total number of persolls invalided was 1,460, or 30-15 
per 1,000. Of this total, 928 persons were finally invalided out 
of the service, being in the ratio of 19'16 per 1,000 of the 
whole force, or 63'56 per cent. of the number invalided. Of 
the total number invalided, 1,350 were invalided for disease, 
and 110 for injury. 

The number of deaths during 1887 was 403, which gives a ratio 
of 8'32 per 1,000, showing a decrease of 0-87 on the average of 
the last ten years. The geographical distribution of sickness 
and mortality is clearly shown in the preceding table, which 
will repay study. Of the total deaths, 237 were due to disease, 
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and 166 to injury j the death-rate from disease being 4'89, !lnd 
from injury 3'42 per 1,000. 

The chief causes of illness and death in the entire Navy are 
shown in the following table :-

Disease or Injnry. 

Sma.llpox. • • • • • • • 
Other Eruptive Fevers • • • 
Enteric Fever • • • • • • 
Other Continued Fevers. • • • • • 
Dysentery •• • • • • • 
Malmal Fevers • •• 
Syphilis {Primary • • • • • • 

Secondary. • ••••• 
Gonorrhcea • • • •• •• 
Effects of Climate.. ••••• 
Alcoholism •• • • • • 
Rheumatism • • • • • 
Tubercular Diseases • • • • • 
Diseases of the Nervous System. • • • 

n ft. Eye . . . .. •• 
.. .. Circulatory System • • • 
" ". .Respiratory" ••. 
" "Digestive ".... 
.. " Urinary & Generative System 
.. .. Connective Tissue and Skin 

Other Diseases • • • • • 
Injuries. •• • • • • 

General Total • 

Number of 
Ratee per 1,000 of 

Strength. 

C~"1:~t 1----:----1 
Cases. Deaths. 

1 
199 
138 

1,611 
108 

1,651 
2,924 

934 
8,598 

159 
·64 

2,188 
9 

793 
528 
807 

4,140 
6,236 

660 
10,552 
1,929 

10,572 

'02 
HI 
2'85 

33'27 
2'23 

3H 
60'4 
19'29 
74'32 
3'28 
1'32 

45-19 
'18 

16'37 
10'9 

6'84 
85'51 

128'81 
13'63 

217'97 

218'37 

49,321 1018'81 

'06 
'76 
'02 
'10 
'30 

'02 

'04 
'04 
'12 
-28 
'88 
'24 

1'79 
'39 
'35 

8'29 

8'32 



CHAPTER XIX. 

STATISTIOAL FALLAOIES. 

Quetelet's Rules.-Fallacies already Eltposed.~Classi1!cation of Fal1aciea.
Fallacies from Paucity of Data.-Poisson's Formula. -Fallacies owing 
to Inaccurate or Incomparable Data.-Non Cettri. Paribu •. -Alleged 
Deterioration of Recruits.-Comparison of Deaths without Correction 
for Alteration of Population.-FaUacies concerning Averagea.-Mean 
and Extreme Values.-Mean Strength.-Hospital Statistics.-Bed and 
Patient Death·Rate. 

THE reservation of an entire chapter to the consideration 
of the fallacies into which those who employ figures 

frequently fall appears almost as absurd as it would be to devote 
a chapter at the end of a treatise on grammar to the con
sideration of grammatical errors. The study of the science of 
grammar involves the exposure of grammatical errors i and 
similarly, if we have been successful in our attempt to treat of 
the principles of Vital Statistics, the fallacies which we so 
frequently meet 'with in medical statistics may be considered 
already sufficiently exposed. But while this is logically correct, 
there is a practical convenience in presen ting a concise summary 
of the more important statistical errors, and especially so as 
this will enable us to consider in detail several cases which 
have not arisen in the preceding chapters. 

We may first of all cite Quetelet's four chief rules, which are 
worthy to be held in remembrance. 

1. Never have preconceived ide4S as to what the figures are 
to prove. 

2. Never reject a number that seems contrary to what you 
might expes:t, merely because it departs a good deal from the 
apparent average. 

.91 
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s. Be careful to weigh and record aU the possible causes of 
an event, and do not attribute to one what is really the result 
of the combination of several. 

4. Never compare data which have nothing in: common. 
'Were these rules constantly followed, the science of statistics 

would be much more respected than it is, and the value of its 
results would be greatly increased. . 

Errors already Exposed.-In the preceding chapters, numerous 
instances have arisen, illustrating various phases of statistical 
fallacies. Before considering other cases, it may be well to re
capitulate those already mentioned. 

Population forms an essential datum in: the presentation of 
all Vital Statistics, and in:accurate estimates of population 
vitiate every subsequent calculation. Instances of such in:
accurate estimates are given at p: 7. The errors arising in: 
connecti()n with the statement of age, infirmities, etc., are 
given at pp. 2, 3, and 103. The age and s.ex constitution of the 
population has a great influence on the marriage-rate (p. 43), on 
the birth-rate (p. 55), and on the death-rate (p. 90); and unless 
due allowance be made for variation in composition of the 
population as to age and sex, especially as to age, serious errors 
will arise. 
. A correct and eomplete registration of causes of death is 

another essential datum in: the presentation of Vital Statistics, 
and the chief errors in: this connection have been already 
discussed (p. 21). 

The questions of in:crease of cancer (p. 2(8), and of decrease 
of phthisis (p.212) involve serious statistical difficulties, which 
have been already considered. The fallaciousness of the as- -
sumption that a fixed ratio exists between sickness and mortality 
has been discussed (pp. 31, 177). 

We have stated thai the birth-rate, to be strictly accurate, 
should be calculated in terms of the number of women living 
at child-bearing years (p. 55), and that the number of illegiti
mate births should not be stated in: proportion to the total 
births (p. 63). 

The fallacies con:{lected with death-rates for short .1>eriods 
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have been pointed out (p. 75), as also the effect of migration of 
population in' disturbing the death-rate (p. 77), the effect of 
public institutions on the same (p. 81), and the fallacies as to 
the correct relationship of birth-rate to death-rate (p. 83). 
False methods of estimating the mortality at difforent ages 
have been exposed (p. 1(0). The sources of error in connection 
with occupational statistics are discussed at page 153, and, 
among other additional fallacies which have been considered, 
we may mention those in regard to smallpox (p. 191 ct scq.), 
and in regard to the duration of life as evidenced by the mean 
age at death (p. 245). 

ClassificatioD of Fallacies.-'Vithout attempting a ComlJlete 
logical classification of fallacies, we may divide them into 
jallacies oj observation and jallacies oj injerence. The errors 
which we shall consider will be found to come under one of 
these h'eads, in some cases illustrating them both, the data 
and the inferences from them being each inaccurate or incom
plete, or both. 

Errors from Paucity of Data.-The number of observationtl 
on which any deduction is founded should be considerable. 
The deduction is trustworthy in proportion as the observations 
are numerous, on the assumption that the latter are at the 
same time accurate and comparable. There is, unfortunately, 
nothing more common. in medical literature than a crude 
generalization from insufficient data, especially as to the 
treatment of disease, ignoring the mathematical rule that 
the relative values of two or more series are as the square 
roots of the numbers of observations j so that by increasing 
the number of observations in any inquiry, the accuracy in· 
creases as the square root of the number. The results obtained, 
even from a large number of observations, are, however, only an 
approximation to the truth, although the limits of error are 
reduced with each increase in the number of observations. 

The degree of approximation to the truth of a varying 
number of observations can be estimated by means of Poisson'. 
formula. This formula can, however, only be trusted in the 
ideal case of games of chance, in other cases forming an in
adequate test of accuracy. 
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'-
Let p. = total number of cases recorded, 

m=nuniber in one group, 
n=number in the other group, 

so that m+n=p.. 

295 

The proportion of each group to the whole will be re

spectively ~ and~. These proportions will vary within certain 
p. p. . 

limits in succeeding instan_ces, and. the extent of variation will 
be within the proportion repre!?6nted by-

m tJ2·m·n -+2 --p. p.3 

and!! _ 2· 12m·n 
p. V p.' 

It is evident that the larger the value of p. (th_e total number 
./2·m·n of observations) the less will be the value of 2 V--s - and 

p. 

the less will be the limits of error in the simple proportion ~. 
p. 

Thus if out of ten cases of cholera seven recover, how near 
is this to the true average of recoveries? Here the probability 
of recovering is represented by ,~o, of dying by ,so. The pos
sible error is given by the second half of Poisson's formula. 
Thus":"" 

2· 12m·n=2x ./2x7x3 2. I 42 =.4098 
V p.1 V 101 V 1000 = 

Thus the possible error is as ·4098 to unity, or, in other words, 
the error is greater than the number of deaths. What will be 
the possible variation in 100,000 cases on this basis ? 

The average, as stated, is.70,OOO recoveries out of 100,000 
cases; the possible error is 40,980; therefore the number 'of 
recoveries may be either 29,020 or 110,980, a conclusion which 
is an obvious absurdity. 

H, however, 100 cases be collected, out of which 70 recover, 
the proportion is the same; but by Poisson's formula the error 
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is only '13 to unity, and the range of recoveries out of 100,000 
cases will lie between-

70,000 + 1.3,000 =83,000 
and 70,000-13,000 =67,000 

If 1,000 cases are taken, of which 700 recover, the error will 
be onlY'04 to unity, and the range of recoveries in 100,000 
cases will lie between-

70,000 + 4,000= 74,000 
and 70,000-4,000=66,000 

The following table will show more clearly how, with an in
creasing number of facts, the limits of possible error (assuming 
the accuracy of the facts recorded) steadily decrease. 

Total Number of Number of Recoveries. 
Po •• ible Number Recovering out of 

Case .. 100,000 Odie' a.ccordiD, to Puiaaon'• 
Formula. 

10 7 29,020 or 110,980 
100 70 67,000 .. 70,000 

1,000 700 64,000 .. 74,000 
10,000 7,000 69,700 .. 71,300 

100,000 70,000 69,600 .. 70,400 
1000,000 700,000 69,870 .. 70,130 

It is evident that a small number of observations is in
adequate to establish a conclusion j but inasmuch as the degree 
of accuracy increases only in the ratio of the square root of the 
number of observations, the mere repetition of observations 
beyond a certain number (10,000 in the previous table) is pro
portionately of small v.alue, and after a time becomes practically 
useless. 

Errors from Inaccuracy or Incomparability of Data.-In
accuracy or incompleteness of data necessarily leads to falla
cious conclusions. Apart altogether from any intentional 
deception, the trustworthiness and ability of .the observer or 
recorder of a given set or facts is an important element in 
estimating the reliability of deductions from them. It is 
necessary that the data should be collected on a uniform plan, 
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and should be of a strictly comparable nature. Any neglect 
in stating a single cause of variation in some of the fact.s may 
vitiate the entire conclusion. Thus' it is well known that 
cholera is much less fatal towards the end of an epidem!c than 
at its commencement. If, therefore, in stating the percentage 
()f recoveries, under a given method of treatment, no mention 
was made of the period of the epidemic when th~ cases came 
under treatment, a trustworthy conclusion would be impossible. 
The neglect of the precaution that the phenomena or events 
dealt with shall be strictly comparable has given rise to the . 
most valid objections which have been urged against the use 
of the numerical method in medicine. 

Dr. T. Graham Balfour, F.R.S:, in hi~ inaugural address'IIos 
President of the Statistical. Society (November, 1888), has 
given an interesting instance, arising. from the alleged deteriora. 
tion of recruits, of the fallacy due .to overlooking the oondition 
of " other things being equal," which we shall now summarize • 

. It is stated, on the authority of the Director-General of the 
Medical Army Department, that in the years 1860-64 in
clusive, no fewer' than 32,324 examinations of recruits were 
made by army-surgeons j and that the rejections from all causes 
were ~71'67 per 1,000. During 1882-86, 132,563 men offered 
themselves for enlistment, of whom 415'58 per 1,000 were 
rejected, showing a marked increase in the proportion of 
rejections. Sir Thomas Crawford can. 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, 'how
ever, instituted independent inquiries, which threw grave 
doubt on this conclusion, and satisfied him that a large pro
portion, at least, of the striking excess of r~jections at the 
later period was due, not to an increase in the disabilities 
among the recruits examined, but partly to improvements intro
duced 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. Prior to 1860 there was 
no return of recruits examined and rejected at out-stations, and 
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the proportion of recruits rejected was in consequence con
siderably lower in the official figures than the facts warranted. 
From 1000-64, in addition to returns of staff-surgeons of the 
districts, returns were received from medical officers in charge 
of regiments and depots, but a statement of the recruits 
examined and rejected by civilian practitioners was still lack
ing. In 1864 this last anomaly was removed, and thereafter 
it became possible to state accurately the total number 
examined as recruits and the proportion rejected on medical 
grounds. 

Certain other alterations in regulations affect the compara
bility oflater and earlier figures concerning recruits. In 1880 
the responsibility 8S to deficient height, under-chest measure
ment, and apparently incorrectly stated age, was transferred 
from the recruiting officer to the medical officer, which would 
rloubtless tend to increase the number of rejections. 

This transference to the medical officer of a duty previously 
discharged by the rec~iting officer evidently introduces a 
new element into the medical returns, which ought to be 
omitted in any comparison of the results of the examinations 
with those of previou.B periods. Similarly, on one or two other 
points, alterations of regulations affect the comparability of the 
results of different periods. If, in order to institute com
parisons, the rejections from the causes concerning which the 
regulations have altered be omitted, the following results are 
obtained:-

Yean. 

1864-9 
18i0-7' 
1875-79 
1880-85 

RejectioDI per 1,000 Recruits. 

898'2 
814'6 
2f!tl2 
299'0 

ThU8 in the last period there was a reduction of one-fourth 
compared with the first period, and the proportion was almost 
identical with the average of the intervening ten years. It is 
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evident, therefore, that the statistics relating to recruits for the 
army, when submitted 'to analysis, do 'not bear out the con
clusion that the lower classes, from whom recruits are chiefly 
derived, are of an inferior physique now to what they were 
twenty-five years ago. On the other hand, it would be equally 
unfair to draw from these figures the deduction that the ' 
physique of the lower classes has improved. Owing 'to the 
varying regulations in force in the army, it is impossible to 
arrange the results in a form which complies with the condition 
of " other things being equal." 

Dr. Balfour then considers the question of the data relating 
to height and chest measurement. There are serious difficulties 
in instituting comparisons between different periods, owing to 
the fact that the mini~um height of recruits to be enlisted is 
frequently varied, in accordance with the larger or smaller 
number required ~o complete 'the Army establishment. By 
omitting; however, the entries of men of the lower heights, a 
comparison becomes possible as in the following table :-

Propm·tion of Recruits per 1,000 Examined at Various Heights 
above 5 ft. 6 in. 

Period •• Oft. 8in. 6 ft. 7 in. 6ft.8in. 6 ft. 9 in. Sit. lOin. 6ft. 11 in. 8ft. and up.. 
wards. 

---------------
1864-68 383'2 ·278'0 168'7 . 90-4 44'0 21'3 14-4 
1881-85 373'7 274'6 175-4 96'7 44'2 21-1 14-1 

If this is a fair test, then there has been an improvement in 
the physique of the recruits during the later period. 

We may give one more instance of the necessity for 
ascertaining any changes in the Army regulations before draw
ing conclusions from the results furnished by different periods. 
, In 1864, the proportion of recruits rejected because of marks 

of corporal punishment or the letters D and Be (deserter and 
bad character) was 3'61 per 1,000 inspected j in 1865-69 it 
averaged 2'28, declining steadily to 0'16 in 1880-85. This 
might at first sight be regarded as an indication of improved 
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morals in the class of men presenting themselves for enlist.
ment; but, on further examination, the explanation is found to 
lie in the facts that by the Mutiny Act of 1868 t.he infliction 
of corporal.punishment was abolished, except on active service 
or on board a ship; and in 1871 the marking of deRerters with 
the letter D and men discharged the- service as bad characters 
with the letters B C was abolished. 

Errors in Comparing Total Deaths in Successive Years.
It is inaccurate to compare the number of total deaths or the 
number of deaths from anyone disease with the corresponding 
number in any previous year unless some allowance is made 
for increase of population. Creteris paribus, a larger population 
would supply a greater number of deaths than a smaller one. 
We shall now demonstrate the method by which the number 0/ 
deaths in any year may be compared with the decennial average 
0/ the ten preceding years, corrected for increa8e of IJopulation 
during the period, taking as an example the number of deaths 
from measles in England and Wales in 1887, and the average 
number in the decennium in 1877-86. 

The number of deaths from measles in 1887 = 16,765. 
The average annual number of deaths from measles- in the 

ten years 1877-86=10,549. 
What was this average corrected for increase of population, 

in order to allow accurate comparison with the figures for 
18871 

Now, the population of England and Wales in 1887= 
28,247,151. 

The mean population of 1877-86, obtained by summation of 
the populations in each year and division by ten =26,256,699. 
The deaths from measles in the decennium 1877-86 must 
therefore be raised in the proportion of 26,256,699 to 28,247,151, 
in order to bring them into true comparison with those of 1887. 

28247151 
~at 2G2i>GG!:I9 = 1-075. 

By multiplying 10,549 by 1-07~ we obtain 11,840, which 
represents the average annual number of deaths from measles 
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during the decennium 1877-86, corrected for increase of 
population. 

This number, subtracted from 16,765, gives 5,425, which is 
the excess of deaths from measles in 1887 as compared with 
the mean of the previous decennium. -

The following table, -from the Registrar-General's Annual 
Summary for 1887, slwws the amount of life saved and the 
amount lost during 1887, in London, compared with the mean 
annual mortality in the preceding decennium, the correction 
we have just described having been made. 

Diminution or Excess of Deaths in London during 1887, 
compared with AnnuaZ Deaths in 1877-86, Corrected for 
Increase of Population. 

Cause of Death. 

SmaUpox ••••••••• 
Measles. • .' • • • • • • 
Scarlet Fever. • • • • • .." 
Typhus. . . • • • • • • • 

_ Whooping-cough • • • • • • 
Diphtheria. • _. • • • • • • 
Simple and Ill-defined Fever • • 
Enterio Fever. •• • • • 
Diarrhmal Diseases.. •• 
Cancer. . .....••• 
Phthisis and Tubercular Diseases. 
Premature Birth • • • • • • 
Diseases of Nervous System. • • 
Diseases of Ciroulatory System. • 
Diseases of Respiratory System (in· 
eluding Croup). • • • • • • 

Diseases of Urinary System. •• 
Childbirth and Puerperal Fever • 
Accident ..••••••• 
Murder, Manslaughter. • • • • 
Suicide. . . • • • • • • • 
All other Causes. • • • • • • 

Balance of Diminution and Excess 

Diminution 
in 1887. 

1,132 

518 
61 

261 

86 
314 

2,015 

1129 

1,834 

49 
151 

5 

1,843 

Excess in 
1887. 

459 

180 

478 
302 

197 

708 

192 

22 

_ 9,1~8 2,538 

9,660 
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Errors in Regard to Averages.-The larger the basis of facts 
, on which an average is founded the more reliable it is. Acci
dental causes may produce large variations in a small series 

\ of observations, which become corrected when the facts are 
multiplied. It is on this principle that, spite of the great 
annual fluctuations in the receipts and expenditure of Insurance 
Societies, the results become equalized for a series of years. 

Dr. Guy gives the following instance of the value of increas
ing the number of facts on which an average is based, from an 
investigation into the average age at death of members of the 
peerage and bal'onetage:-

Average Age at Death. 
Number of 

Facta. 
lIaximnm. loliDimnm. Range, 

25 69'40 50'64 18'76 
50 66-44 55'20 11'24 

100 63'70 56'85 6'85 
200 62'38 57'61 4'77 
400 61'10 58'U 2'86 
800 60'84 59'97 1'17 

1,600 60'25 

If we assume the true average duration of life of the members 
of the peerage and baronetage who have attained 21 years to 
extend to 60 years, then, omitting decimal points, the following 
table shows the errors in excess or defect:-

Namber or Fact&. BI'I'OI'81n Zl<C8M 
or Defee'. 

25 9i 
50 5t 

100 al 
200 2t 
400 11 
800 06 

It may happen, however, that the first 25 observations in a 
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table like the preceding would give as correct an average as 
800 observations i and there is always a balance of probability 
in favour of the average of even a small number .of facts 
apprOXImating more closely to the true average than to the 
extremes. The extreme values, that is, the two ends of the 
scale, of which the average is the middle, should also be noted. 
As Dr. Guy puts it, "averages are numerical expressions of 
probabilities i extreme values are expressions of possibilities." 
The possible range of the average obtained from a stated 
number of observations can always be ascertained by means of 
Poisson's formula, thus indicating the possible amount of error. 

Although, as already stated, the average of a small number 
of facts may give a near approximation to the truth, such an 
average must be regarded as requiring a confirmation which the 
average from a large number of facts does .notrequire. It is 
imp'ortant to note also that the results obtained from an average 
can never be applied to a particular case. An average is the 
mean result from a number of uistances, all of which may be 
either above or below it, so that it does not necess~rily express 
the exact truth in regard to anyone of the cases on which the . 
average is founded. 
'. The fallacies. connected with the application of ·the results 
of a large number of cases to an -individual instance are well 
known to insurance offices, and have been alluded to in the 
chapter on Life Tables. General results from a large aggrega
tion of facts may be safely applied to a similar aggregation of 
facts j but their application to single cases is full of dangers. 
Thus, the mean duration. of life, according to a Life Table, 
expresses with almost mathematical certainty the average age 
at death of the members of' a community taken one with 
another, but is not necessarily accurate when applied to a 
single individual. All that we can safely conclude is, that the 
excess of th~se who live longer will be counterbalanced by the 
deficiency of years of those who die a.t an earlier age than 

. the average. . 
Extremes, being the expression of possibilities, require a 

larger number of individual facts than averages to render them 
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trustworthy. Dr. Guy gives an interesting instance of neglect 
of this rule. M. Orfila stated that it was possible approxi
mately to determine the stature of the skeleton and of the body 
by measuring one of the long bones. He did not test this, 
however, by taking extreme cases, but only by a rough average. 
It was subsequently found that out of seven ulnas, measuring 
in length 10 inches and 8 lines, one corresponded to a stature 
of 6 ft. It in., another to 6 ft. 6 in., implying a possible error 
of 8t inches. 

In connection with Public Health, two fallacious uses of 
averages must be discussed, viz., the fallacy of average strength, 
and of bed-mortality in hospitals, which are closely connected. 

Errors in Connection with Average Strength.-The sickness 
and mortality statistics in the Army and Navy are calculated 
on what is known as the average 'trength or mean !ol'ce, It 
is not quite clear, from the annual report of the Army Medical 
Department, whether the mean force includes those on sick 
leave as well as detached men, but apparently these are 
included. As already explained (page 289), in the Navy the 
mean force has been recently made to include men on short 
terms of leave of absence and the sick under treatment in 
hospital-a change which has been found to increase the force 
by 3 per cent. According to Dr. Parkes, the average strength 
includes in the Army the number of men of each regiment 
present at each station on the muster days, divided by the 
number of muster days. It thus includes the sick men in 
hospital as well as the healthy men, and is consequently not a 
completely accurate basis on which to determine the amount 
of disease among the healthy men. When many changes of 
troops occur, it is often difficult to ascertain the mean strength, 
and erroneous calculations are consequently not uncommon. 
An example, quoted by Dr. Parkes from a paper by Dr. Balfour, 
may be cited, which is of special interest, inasmuch all it 
affords an instance in which an unhealthy station in India 
(Masulipatam) was credited with a more favourable rate of 
mortality than it was entitled to. The Madras Medical Board 
stated that the death-rate among all the European regiments 
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in the Presidency, from January, 1813 to December, 1819, was 
66·9 per 1,000; while that of the regiments at Masulipatam' 
from 1813 to 1832 inclusive was 61~0 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 Masulipatam, however, 
the fact had been lost sight of, that in several of the years 
between 1813 and 1832, the regiments were quartered at 
Masulipatam during part of the year only. Under such cir
cumstances, 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 ~egiment 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 insta,nce 
cited, the annual death-rate from 1813 to 1832 was found to 
average 63·94 p~r 1;000, instead of 51·00 as previously stated; 

The error we have just described is sJmilar 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 is 30 per 1,000. The population should, of course, 
be reduced by ono-fourth; and the 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 Sta.tistics.-Muchof the misapprehen
sion which has arisen in medical literature concerning hospital 
mortality is owing to a lack of comprehension of the facts 
relating to average strength, which we have already adduced. 
The subject is discussed very lucidly in the 6th Report of Mr. 
(now SirJ ohn) Simon to the Privy Council for 1863 i and we 
cannot give a better vi!'lw of it 'than by summarizing hisargu
ment, founded on an investigation made by Dr. Bristowe and 
Mr. Holmes into the sanitary conditions of, and results obtained 
in, various large hospitals.: 

x 
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To begin with, the word" healthy," as applied to a hospital, 
evidently cannot denote that its inmates shall be persons in 
health; nor that its inmates shall not have a high 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 fauU, as of site or construction; or fault 
of keeping, as dirtiness or overcrowding) aggravate ever so 
little the 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 illne88. 
The comparison of the death-rate in a fever hospital with 
that in an orthopmdic 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 treatment. It is notorious that 
hospitals, with regard to the quality and magnitude of the 
cases received in them for treatment, differ enormously from 
one another. Large urban hospitals receive patients at any 
time and of the gravest character, and "wage an ever-pre
carious contest against the least conquerable forms of disease;" 
while in many country hospitals admission is by subscriber's 
letter, there is a comparatively infrequent change of patients, 
and a minimum of severe or urgent cases. On the whole, it 
may be safely asserted that the hospitals with high death
rates have no reason to be ashamed. nor the hospitals with 
low death-rates to congratulate themselvell. 

The Registrar-General published in his 24th Annual Report 
BOme statistics of the different hospitaill. The censUII on April 
8th, 1861, showed how many special inmates were contained in 
each of the hospitalll of England, while the death-returns of 
the year 1861 showed how many deathll occurred during the 
year in the same hospitals. From these materials a general 
death-rate per 100 occupied bedll, which may be called a bed 
deatlH-ate, was compiled. Such bed death-rates are most mill-
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leading. (a) In the first place, they were calculated on the hos
pital population of a single day-that of the census, which may 
~ave been much above or below the average,-and not on the ave
rage daily sick population. Dr. Buchanan showed ~hat, accept
ing the number of inmates at the census-day in 1861 as the basis 
of calculation, the bed death-rate of the London Fever Hospital 
in 1860 was nearly 30 per cent., in 1861 nearly 500 per cent., in 
1862 nearly 2,000 per cent., and in 1863 nel;trly 1,400 per cent. 

(b) 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 every occupied bed in a hospital a certain
number of deaths per annum. A bed death-rate of 100 per 
cent. per annum means that on an average one death occurs 
during the year in every occnpied bed of the hospital. 

CJa.osillcation of Hoepitals, a.ocording to their 
- respective Site. and Size •• 

24 London Hospitals. • • • • • • 
12 Hospitals in Large Towns • • • • 
25 County and important Provincial 

Hospitals. • • • • • • • • • 

Actual or Average Estimated Bed 
Number of De&th-Rate for 

Special Inmate. the :V01lo1' 186t. 
in each Hospital per 100 Oooupied 

on April 8th, 1861. Bods. 

176 
156 

90 

90-84 
83'16 

.89'41 

HOSPITALS IN LABGIII TOWNS. 

Bristol Royal Infirmary • 
Birmingham Queen's Hospital 
Nottingham General Hospital. 
Liverpool Northern Hospital • 
Manchester Royal Infirmary • 

224 
135 
137 
101 
202 

COUNTY AND IMPORTANT PROVINCIAL HOSPITALS. 

Brighton Sussex County Hospital , • 
Headington, Oxon. Radcliffe Infirmary • 
Dorchester County Hospital • • • • 
Devon and Exeter Hospital. ' •• 
Bath United Hospital • •• '. 
Leicester Infirmary • • •• • 
SWansea'Infirmary • • • • • • • 

109 
133 
50 

181 
78 
83 
SO 

56'25 
68-52 
40'88 

128-71 
l30-69 

66'06 
24-81 
24-00 
25-41 

102'56 
61-45 
10-00 
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(c) These objections, however, are trifling when ccmpnred 
with the objections already stated against all general death
rates as measures of hospital healthiness. The preceding table, 
selected from the Registrar-General's report alluded to, shOWI 

the striking and suspicious disparity between the bed death
rates of different hospitals. 

Thus the Nottingham Hospital has a bed death-rate under 41, 
while that of Manchester is over 130; at Swansea the death-rate 
is only 10, while at Bath it is 102, per 100 occupied beds. 

These results are quite untrustworthy. Assuming that the 
mortality in urban hospitals is twice as great as in ruraI_ 
hospitals, then we might conclude anyone of three things: 
"either (1) that the urban hospitals change their sick popula
tion twice as often as the rural hospitals, and that other con
ditions-are equal; or (2) that in the urban hospitals the mean 
gravity of cases received for treatment is twice as great as in 
the rural hospitals, and that other conditions are equal; or (3) 
that in the urban hospitals the success of treatment of given 
magnitudes of disease is half as great as in the rural hospitals, 
and that other conditions are equal" In all probability the 
two first of these suppositions express the truth, though un
fortunately Dr. Farr gave the authority of his name to the 
statement that general hospitals, by reason of "defects" which 
" render them ways of death to their inmates," do "not benefit 
mankind directly," but merely" as pathological observatories and 
medical schools; " and Miss Florence Nightingale, in her 1.01£. 
on HospitaU. has accepted Dr. Fan's conclusions as valid. The 
real fact is that general death-rates are inspplicable as tests of 
true differences of hospital success, and ought never to have 
been employed for this purpose. . 

If general death-rates are employed at all in regard to 
hospitals, the true principle on which to calculate them is on 
the basis of the aggregate annual number of cases treated to a 
termination. This may 1>e called the patient death-rate, as 
distinguished from the bed death-rate already described. 
There is no necessary connection 1>etween the range shown by 
l>ed death-rates in the preceding table and the range of patient 
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death-rates in the same institutions; Whether the two ranges 
would correspond depends on whether the average time oj 
staying in hospital is the BaIne in the hospitals compared. 
But as a matter of fact the staying-time varies enormously_in 
different hospitals, being -usually shorter in larger hospitals, 
and shorter in hospitals where the proportion of acute cases is 

-high. If the mean stay of patients in hospitals is known, bed 
death-rotes may at once be Converted into patient death-rafu 
or 'Vice verSa. 

It follows from the preceding considerations that com
parisons of hospital statistics, if they are to serve any useful 
purpose, must be in considerable detail Not only $ould cases 
of like nature be compared, but. inasmuch as the mortality. 
ir{'m many diseases varies with age, the age-constitution of the 
patients of the institutions under comparison should be noted: 
A typhus patient aged 55 is at least ten times as likely to 
ilie as a typhus patient aged 15. Similarly the success of the 
operation of lithotomy varies greatly at different ages. 

The success of the major amputations again varies greatly 
according to the age of patie~ts, and according to wpether 
it is required as the result of injury or disease; and in regard 
to all statistics dealing with the results of treatment. it is 
desirable that the age and special circumstances of the indi
vidual facts should be fully stated. 

Errors from the Composition of Ratios.-As a .general-rule, 
it is dangerous in dealing with death and other rates to com
bine or compound such rates. This -error is so commonly 
fallen into that the' following illustrations of the resulting 
mistakes cannot be considered superfluous :- . 

Thus the population of~ 

Battersea was 125,091 and its death-rate 2(}OO 
Putney "14,450",, " 13'70 

33'70 

Mean death-rate of the two=16'S5 
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This, however, is a most incorrect result. The true method 
is as follows :-

Battersea population, 125,091; deaths, 2,503 
Putney " 14,450 ; " 199 

139,541 2,702 

Therefore 2,7<>;9xol ,000 = 19'09 is the true death-rate. 
1 , 41 

The true death-rate is thus seen to be much higher than 
that first obtained, owing to the fact that in the first calcula
tion equal prominence is given to the healthinesl of Putney 
and of Battersea, although Putney has only one-eighth of the 
entire population. 

Another instructive and lomewhat amusing instance is 
furnished by a correspondence in the Time. during Sep
tember, 1888. X wrote to the Time. newspaper, and on the 
assumption that the death-rate in the British Army at home 
and abroad in 1885 wal11'12 per 1,000, and the death-rate of 
troops at home 6'68, argued ~avely that the death-rate. of 
troops abroad was therefore 4'44 per 1,0001 Y wrote to 
correct this statement, and pointed out that if r. 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 Lish 20 per 1,000, the mortality of 
the English was only 1 per 1,000 ; or if the death-rate of th~ 
Irish was over 21, then the English livo for ever 1 Y then 
proceeded to maintain that the true mortality of the troopl 
abroad wal 15'66 per 1,000, without mentioning, as Z pointed 
out in a lubsequent letter, that thil was only correct when the 
troopi at home and abroad were equal in number; on which Y 
replied that" rates per 1,000 are quite irrespective of numbers 
at home and abroad "-a conclusion which is true for ratel 
regarded separately, but flagrantly false when applied to their 
composition. J.. this question of the composition of rates is 
one of considerable delicacy and importance, we ahall here die
cuse it in detail 
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The general problem to be considered is as 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, as in 
preceding example), where a and b represent the population" of 
each part. 

Also let z=death-rate per unit of the portion a, 
and Y=" " " "b, 

Where z differs fromy. 
Then the number of deaths in a=a x z=oz. 
Also" " " "b=b x y=by. 

Therefore the total number of deaths in (a + b)=oz + by. 

Hence, dividing by the total population, we obtain-

oz+byb =death-rate per unit for the whole. 
a+ " 

1£ the two parts of the population are equal; i.e" if a=b, 

the death-rate for the whole=oz+ay =a(z+y)=z+y, 
a+a 2a 2 

which is the mean of the two rates z and y. 
Hence, when the parts of which a population is composed are 
equal, the death-rate' of the whole is the mean of the death
rates of the component parts. 

But if a be twice as great as b; i.e" if a=2b, then the 
formula oz+by may be written ~z+by=b(2.e+y) 2.e+y 

a+b 2b+b 3b 3 
where evidently the death-rate for the whole is not the mean 
of the death-rates for the two parts. 

From this it is evident that when the death-rates of the 
component parts of a population are given, the death-rate of 
the whole population will depond on the relative proportion 
existing between the component parts of the population; and 
any variation in these proportions will cause a corresponding 
variation in the total death-rate. In order, therefore, to ascer
tain 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. 



312 VITAL STATISTICS. 

Reverting once more to the formula already given,-viz., 

ax + bbY = death-rate per unit of the population (a+b),-it is a+ . 
evident that, where the total death-rate is given and the death· 
rate of one component part of the population, this same formula 
will enable us to find the death-rate of the remaining portion. 

Thus, taking the example already quoted from the Time. 
newspaper,-

The death-rate of the Army at home and abroad in 1885 (as 
given in the Time. correspondence) = 11'12 per 1,000. 

The death-rate of the Army at home = 6'68 per 1,000. 
To find the death-rate of the Army abroad. From the 

Registrar-General's returns, we find the strength of the total 
Army in 1885 = 198,064; of the Army at home = 91,079; of the 
Army abroad = 105,748. 

By the formula QZ+bY=11'12=91,079 x 6'68+105,748 xy 
a+b 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 0'3 per 1,000, of the Army 
abroad 14'0, to find the death-rate of the total Army, the 
strength of the Army in the United Kingdom being 106,767 and 
of the Army abroad 102,807. 

Death-rate of the whole Army 

_ ax + by _106,767 x 0'3 + 102,807 x 14'0 
- a+b - 106,767+102,807 • 

=9'6. 

The UBe of the death-rate per 1,000 instead o£ per unit in 
these calculations does not alter the result, as it afiects both 
numerator and denominator equally. 

Another example may be taken. Having given the popul&
tion of the twenty-eight great towns (including London) as 
9,398,273, and their death-rate per annum for the quarter end. 
ing 29th December; 1888, as 19'8 per 1,000, the population of 
London as 4,282,921, and its death-rate for the same period 
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18'9 per 1,000; to find the average death-rate for the other 
twenty-seven towns:-

Let z=total death-rate, then

z=tUC+bby ; whence-
a+ 

tUC+ by=z(ci+ b), 
by=z(a+ b)-tUC, 

z(a+b)-ar.c 
y b • 

Th ~ _19'8(4,282,921 + 5,115,352)-18'9 x 4,228,921 
ere ore y- 5115352 ' , , . 

105,138,598'5 =20'5. 
5,115,352 

Fallacies arising from Stating Deaths in Proportion to 
Total Deaths:-These have already received consideration 
(pages 100,111,168). They present themselves under two heads. 
The deaths at one age are stated in proportion to the total 
deaths at all ages; or the deaths from one ca~e are stated i..n 
proportion to the total deaths from all causes. In both cases 
the same fallacy is involved. A relationship is attempted to 
be established betwe.en two factors, both of which are variable 
in value. An alteration in the total deaths on one hand, or in 
the deaths at one group of ages or from one cause on the other 
hand, might equally affect the proportion between the two, 
though the conclusions to be drawn in the two cases would by 
no means be necessarily identical. 

We may add a further illustration of this fallacy, furnished 
by Mr. (now Sir Edwin) Chadwick's address to the Association 
of Sanitary Inspectors (August, 1888). He stated that among 
the gentry and professional persons the deaths of children under 
five years of age in Brighton formed 8'93 per cent. of th~ total 
deaths, while among the wage-earning classes they formed 45'44 
per cent. From these facts he would infer that the conditions 
of life for persons of the upper classes are about five times 
4544 . 

( 8'~3 ) as favourable among the well-to-do as among the poor. 
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Such a conclusion is by no means warranted by the {acts. The 
numbers dying at different ages among two populations, creteriB 
paribus, vary with the !lumber living at the same ages j so that 
with the greater population under five among the poor we 
should expect a higher percentage of deaths under five than 
among the well-to-do. Unless we know the relative population 
under five in each case, we are not justified in drawing any 
conclusion from the preceding figures. This instance may serve 
to emphasize what has been previously said as to the importance 
of stating the deaths at any group of ages in terms of the 
number living at the same group of ages, and not as a per
centage of the total deaths. 

The same authority, in the address alluded to, gives another 
comparison which is equally fallacious. For the wage classes 
in Brighton the mean age at death, he states, is 28'8 years, 
for the well-to-do 63 years. The facts that the poor have a 
much larger number of children than the rich, and that the 
rich are largely formed of persons who began life poor, but 
have gradually worked their way into comfortable circum~ 
stances, are entirely ignored in this erroneous method of 
comparison between the two classes. 

Tliese examples illustrate the importance of the method first 
formulated by Mr. Milne, that the total deaths must be stated 
in proportion to the total number living, and that this method 
must be applied at each group of ages. They also illustrate 
the importance of a complete and accurate knowledge of the 
age (and sex) constitution of the population, a subject which 
has been repeatedly dwelt on in this book, and which forms the 
keynote to the rational interpretation of Vital Statistics. 
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Occupations of Males and Females in England and Wales at the CetnBUB in 1881, arranged in Groups. 

Class I. 
Professional. 

Class n. 
Domestio. 
Class m. 

Commeroial. 
Class IV. 

Agricultur&l. 

Class V. 
Industrial. 

Persons engaged in-

{

Order I.-The General or Local Government of the Country. • 
" 2.-The Defence of the Country • • • • • • • • • 

_ " 5 .• -Pr~:d:~~:1 ~o~u:at~on~, ~t~ t~ei~ ~~ed~at~ S~b-

{ " 4.-Domestio Offices or Servioes • • • • • • • • • 

{ .. 
" { " 
" 

5.-Commercial Oooupations • • • • • • 
6.-Conveyance of Men, Goods, ancl Messages 
7.-Agriculture.. • • • • • • • • • 
8.-Pers.ons engagecl a.bout Animals. • • • • 

Persons working and dealing in":'" 
" 9.-Books, Prints, and Maps • • • • • • • • • • 
" 10.-Machines and Implements • • • • • • • 
" 1I.-Houses, Furniture, and Deoorations • _ 
.. 12.-Carriages and Harness. • • • • • • 
.. 13.-Ships and Boats • • • • • • • • • 
" 14.-Chemicals and Compounds • • 
" 15.-Tobaooo and Pipes _ _ •. • • • • • • • • • 
" 16.-Food and Lodgings. • • • • • • • 
" 17.-Textile Fabrios .'. • •• • 
.. 18.-Dress. • • • • • • • •• • 
.. 19.-Various Animal Substances. ••• 
" 20.-Various Vegetable Substanoes • • • 
" 21.-Various Mineral Substances • • • • 
" 22.-General or Unspecified Commodities • • 

Class VI. 
Indefinite ancl { 
Non.Produutive. 

" 23.-Refuse Matters •••• • • • • • • 
" 24.-Persons without Specifiecl Occupations 

Person •• 
104,592 
124,580 

417,903 

1,803,810 

816,865 
663,263 

1,278,624 
104,560 

105,042 
267,976 
786,660 
87,174 
64,080 
43,015 
22,175 

629,871 
1,053,648 

981,105 
68,202 

166,745 
1,277,592 

816,248 
14,339 

14,786,875 

MILle •• 
97,222 

124,530 

229,203 

258,508 

308,891 
652,270 

'1,214,458 
108,891 

89,130 
253,994 
768,283 
84,692 
53,967 
38,597 
12,862 

503,844 
463,024 
364,680 
53,564 

130,580 
1,212,491 

753,285 
12,685 

4,856,256 

FemlLle •• 
7,370 

50 

188,700 

1,545,302 

8,474 
10,993 
64,171 

. 669 

15,912 
18,982 
18,877 
2,482 

118 
4,418 
9,818 

126,027 
590,624 
616,425 
14,688 
56,165 
65,101 
62,958 
1,654 

q,930,619 

Totfll • 25,974,439 12,639,902 13.334,537 
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M01-tality a"nd Sickness Experience of the Ancient Order of 
Foresters Friendly Society for the Five Years, 1871-75 
-Males (Neison). 

Bvau. Dlllftlon. To". DlHBIGH. 

Biekn .... BicknOIl 
Ages. Numb.rof Annual (in W.ekl) Number of Annuo.l (in Weeki) 

Members Death. per Member. De .. t.ho per 

~ta~ Rate Member t~~ Rate M.mber 
per 1,000, per per 1.000. per 

ADnum. Annum, --- ---
16- 6268 NO '926 2795 11-09 1'080 
20- '13565'5 6'70 ''199 62521 '1'29 '833 
25- 165420'5 '1'07 '868 151314'5 '1'88 '933 
85- 105232'6 9'64 1-123 104893'5 11-80 1'227 
45- 46676'0 IN4 1'684 45960'0 17-88 1'950 
65- 17968' 28'16 8'222 16270'0 83-44 8'817 
65- 6872'0 61-11 8'640 6215 6692 10'665 
75- 771'0 129'62 17'525 488 168'03 21'516 
85- 14 214'28 22'651 80 66'67 16'800 
95-. 0 - 6'771 85 114'29 22'008 

--- ---
Totals 421793' 10'45 1'258 379523 I 12'04 HI0 

Cftr Dunlca. .ALL DlllftlCTI eo" ••••• , 

18- 2179 11'93 1-251 10242 9'87 1'0:17 
20- 65525'0 8'62 '833 181612 1'43 '819 
25- 201468'6 9'03 '927 618203'0 8'07 '910 
85- 153200 IS'66 1'842 863326 1174 1-245 
45- 63673'5 21'09 2'130 156309'5 18'02 1-914 
65- 19781 86'65 H27 64019'0 82'86 8'732 
65- 4702'0 68'90 8'658 16790 66'10 9'215 
75- B03 148'61 14'352 1662'0 145'28 18'157 
8l>- 17 117-65 0'B86 61 114-75 14'939 
95- - - - ~ 100·00 20'103 

---
11302166 --;;:;- 1'358 " Totals 703195' 13'65 N04 

818 
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Sickness Statistics of the Hearts of Oak Benefit Society fO'l' 1886. 
" 

Number of Membe .. Sick Mlt of each Average Sickness per Member Averalre 'Dnratlon of Sickness per 
}OO Exposed to Risk_ li:xposed to Risk (Weeks)_ Member Sick (Weeks)_ 

Full Pay. Half Pay_ Full Pay. ' Half Full Pay. Ha.lf Pay_ Ages. Pay_ . ~ 

Toml Metro- All All Total Metro- All AI! Total Metro. I All All -Conntry politan Districts_ DiBtricts_ Country rf~~~~~s. Districte, DiBtrictl. Oountry !?olit&n Dlatricts Dlatrictl, DiBtricts, Districts_ DiBtricLs. Districts. DlStriots_ ' 

------ ------
15-20 15'01 18'29 14'22 - '51 '46 '49 - 8-41 8-45 8'43 -
20-25 21'87 16'07 19'22 -82 -81 -60 -70 '03 8-70 8-72 8-71 8'79 
25-30 21'66 17'90 19'92 '47 -86 -68 '75 '05 8'95 8'50 8-76 10'53 
80-35 23'53 20'58 22'03 -69 1'02 '84 -93 '07 4-83 4'09 4-22 10'80 
85-40 24'14 21'65 22'66 1'06 1-14 1'03 1'07 '11 4'70 4-75 4-74 10'58 
40-45 25'65 24'13 24-71 1'39 1'33 1-19 1-24 -16 6-17 4-9S 5-02 11-84 
45-60 29'09 26'29 27'47 1-58 1-53 I-54 ' l'5S '18 0'25 . 0'84 5-58 11-11 
50-55 31'81 30'41 81'12 8'04 2-11 1'91 2'01 ~82 6-62 6'29 6-46 10'65 
56-60 82'99 86'22 B4'53 _ 8'80 2'83 2'56 2-44 '43 7-07 7'05 7'07 11-40 
60-65 87'57 38-82 88-16 6'94 8-18 8'23 8-21 -95 ' 8-47 8-84 8-41 18'69 
65-70 34'75 34'56 84'68 6'28 2-92 3'89 8'31 '68 8'89 11-24 9'54 10-86 
70-75 29'85 41'67 85'97 10'07 4-19 4'51 4'86 '80 14'OB 1083 - 12-12 7'96 
76-80 - 8S'33 14'29 - - 1-27 -55 - - 8'80 8'80 ---- --------- ------------

All Ages 24'12 21'1>9 22'77 1'01 1-12 1-01 1-06 '11 4-65 4'65 4-65 10'96 
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death, 24-
Cornish miners, mortality of, 162. 
Counties: variation of birili-rate in, 

66; variation of illegitimacy, "
Cyclical changes, 119; waves of fever, 

174. 

Darwin, on geometrinl increase of 
population, 68. 

Deatba : escaping registration, 18 ; un. 
certified, 19; registration of oauses, 
21 ;" from ill-defined oauses, 2L 

Deaili-rate: estimation of, 76; for 
shon periods, 77; orude death-rate, 
78; special deaili-rates, 78; effeot 
of birth-rate on, 83; effeot of age· 
oonstitution of population, 87; oor· 
rection for age-distribution, 91 ; oor· 
reoted death-rates, 92; trustworthi
ness of, 95; of oounties, 68; for 
speoial age-groupB, 99; falBe meiliod. 

"of estimating, 100; under fifteen, 
111; inBuence of sealOn and olimate, 
116; inBuenoe of denBity of popu· 
lation, 134; urban and rural, 137; 
central, 224; decline in; 262; bed 
and patient death-rates, 806. 

Decline in death-rate, 262; gainl and 
10ss88 from, 268; distribution ao· 
oording to cause, 278. 

De Moivre's Hypotbesis, 232, 259. 
De Morgan on De Moivre'l hypothesis, 

233. 
Density of population, 184; effect on 

mortality of young, 138; range of 
action on mortality, 139; effect of 
higher degrees on mortality, 140; 
number of rooma and mortality, 140, 
and oauseBol mortality, 142; oausel 
of higher mortality with increased 
density, 145. 

Developmental diseasel: olassiBoation 
of, 28; mortality from, 216. 

Diokens, on registration of BiokneBl, 82. 
Diphilieria: variationl of nomencla

ture, 28; effed of lubsoil on pre
valence of, 120; geographical distri· 
bution, 180; mortality from, 181; 
mclmeA from in notification toWDl, 
182. 

Diabetes: IUpposed increase of, 214 ; 
age-distribution, 214. 

DiarrhCJIB: mortality from. 186; rela
tion to temperature and raiDlall, 
186 i an infantile disease, 189. 
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Dietetio diseases: mortality from, 
214; olassification 01. 28-

Doctors, mortality of, 158. 
Dropsy: an imperfect certification, 

24 ; diminished by, transference, 
217. ' ' 

Duration of -life: various tests of, 
241; effee\ of extinetion of any 
disease on, 265., 

Dysentery: confusion wi~h diarrlicea, 
186. 

Education: BII indicated by marriage 
signatures, 53 ; influence on illegiti. 
macy, 65. 

English life·tables: No. 1" 235; No. 
n., 235; No. lIT., 236; divisions of, 
236; new table of Dr. Ogle,,237. 

, Enterio fever: Bee Typhoid. 
Equation of life, 257. . 
Equitable Society's life.fable, 2M. 
Estimates of population: methods, 3; 

from number of inhabited houses, 
8; from birth·rate, 9. 

Executions, numbers of, 229. 
Expectation of life: method of ob 

taining, 229; according to different 
life.tables,' 253; oomplete Bnd 
ourtate, 254;" relation to mean 
duration of life, 255; obtaiued from 
Willich's and Farr's formullB, 256. 

Exports: fluctuation with marriage. 
rate,45. ' 

Experience life-table, 235. 
Extreme values, significanoe of, 303. 

Factors: for oorrecting death.rates, 
92; method of obtaining, 94. 

Fa.llacies: of causes of death, 21; of 
statement of deaths at one group of 
ages in proportion to total deaths, 
100,111; of statement of deaths from 

'one cause in proportion to total 
deaths, 168; ot paucity of data, 167, 
294; list of, 293; from incompara. 
bility of data, 296 ; from oomparing 

total deaths in Buccessive years" 
300; in regard to averages, 3021 in 
conneotion with average strength" 
304; of hospital s'tatistios, 305; 

'from composition of -ratios, 309; 
frem stating deaths in proportion 
to total deaths, 313. 

Farmers, mortality of, 158. 
Fan: census work, 2; father of sani. 

tary soience, 10; on value of 'popu. 
lation, 14; Dr. Parkes on, 15; on 
nomenolature, 16,; on weekly and 
other reports, 17; on regi&tration 
of disease, 33; on marriage·rate, 
45; on true preportion of early 
marriages. 49; on defects of birth· 
registers, 55; on Malthusian hypo. 
thesis, 66 ; on true oonnection 
between biYth. and death.rate, 84; 
on errors in regard to infantile 
population, 103; on density of 
population and mortality, 132; on ' 
zymotio death-rate, 173; English 
life.tables. 235; formula for find. 
ing expectation of life, 256; on 
probability of dying from individual 
diseases, 261; on sickness in dock· 
yards, 275; on hospital statistics, 
308. 

Fatality of given diseases varies, 31. 
Fecundity of marriage, 50; influenoe 

of age at marriage on, 51; explana. 
tion of high, in crowded distriots, 86. 

Fever: prevalenoe of, 183; reduotion 
in, 185; sickness-rate from, 1-85-

Fishermen, mortality of, 158. 
Food: influence on infantile mortality, 

107. 
France: registration of still.baths, 

61; corrected death-rate of, 97. 
Friendly societies, sickness in, 276. 

Gardeners, mortality of, 158. 
General diseases, 25. 
Giffen: increased immigration with 
Increased ~ation, 8. 

y 
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Glasgow, density and modality of, 
140. 

Govemmenflife-tables, 235. 
Greenhow, on occupational oauses of 

phthisis, 213. 
Guy, 011 avemges and extremes, 303 i 

011 value of numerical method, xxiv. 

Halley's first life-table, 232. 
Healthy districts life-table, 237. 
Healthy males life-table, 237. 
Homicide, amount of, 220. 
Hospital: classification of diseases, 

26 i statistics, fall&eies of, S05. 
Houses: number of rooms and 

mortality ,140 i b&Ok-to-back·houses, 
artisans' block buildings, 144. 

Humphreys: on relation between 
birth and dcath-rate, 87; on effect 
of high birth-lIlte on age-constitu
tion of population, 101 ; on disturb
ing effect of sex.distribution on 
general mortality, 113; on oon
struction of life-table, 231. 

Hydrophobi&: mortality from, 207; 
distribution, 207. 

IDegitim&ey: estimation of, 63 ; TIlry
ing amount in countries; influence 
of early m&rri&ge, 64; effect 011 ill
fantils modality, 108; other effects 
of,109. 

mitemcy : proportioll illdicated by 
m&rriage register, 1i3; influellce 011 

illegitim&oy, 65. 
Immigmtioll: influence on age-coll

StitUtiOIl of population, 70. 
Increment of population: natuml, 11; 

actual, 73 i in geometrical progres
sion, 67. 

Industrial ConditioDB: oause of in
fantile mortality, 106. 

Infantils mortality: effeot 011 total 
mortality, 86; ewusioll of still
birth., 103 ; in different countrie., 
1i8; in e&oh month of fir.t year, 

105; causes of, 106; effect of ille
gitimacy. 108. 

Infantile populatioll, 103. 
Infirmities, register of, 8. . 
Innkeepers, mortality of, 159. 
Inquests, number of, 19. 
Insanity: registmtion not reliable, 23. 
Institutions: effect on local mortality, 

81; oorrections for, 82. 
Insurance: of infanta 8S affecting 

mortality, lOS. 
Intemperanoe: lee Alcoholism. 
Invaliding from army, 286; from 

navy, 290. 

Jews, longevity of, 123. 

Kelly, on influence of subsoil on 
.mortality, 120. 

Lawyers, mortality of, 158. 
Lcad poisoning in various occupa

tions, 164. 
Leicester. amallpox modality of, 40. 
Letheby. on relationship between 

birth- and death-rate, 84. 
Life-Tables: importance of, 221; ds

oription of, 222; method of con
straction, 224; Farr's ahorter method 
of construction, 230; Humphrey's 
method, 231; history of life-tables, 
232; Halley's table, 282 ; De 
Moivre's, 232 i Price'. Northampton 
table, 233; Milne's Carlisle table, 
233; English tables of Farr, 235; 
healthy districts table, 237; upper
class experience, 237; other tables, 
237; Dr. Ogle'. new English table, 
237; from dcathl alone, 247. 

Liver diseuel: mortality from, among 
publicans, etc., 164; a8 evidence of 
alcoholism, 215. 

Liverpool: high infantile mortality, 
105. 

Local diseases: 25; clal8ifica Uon of, 
28; mortality from, 216. 

London smallpox mortality, 194. 



Longstaff on seasonal prevalenoe of 
fevers, 118. 

r ,ung diseases: Bee Respiratory dis· 
eases. 

Malthus: essay on population, 66 ; on 
wastefulness' of high infant mor· 
tality, 279. 

Malthusian hypothesis: 66. 
Marital oondition: effect on mortality, 

123. 
Marriages: estimation of, 43; higher 

rate in towns, 44; index of national 
prosperity, 45; decline of, 46; 
marriages and 'l'e-marriages, 46 ; 
ages at marriage, 47; marriages of . 
minors, fecundity of marriage, 50 ; 
unmarried population, 52 ; mar
riages of illiterllte, 53; influence of 
early marriage on illegitmacy, 64. 

Marson, on relation between cicatrices 
of vaocination and smallpox, 201. 

McVall, on smallpox mortality, 200. 
Mean age at death: in different occu

pations, 151; fallacies of, 245;· in
fluence of birth-rate upon, 247; 
Bristowe on influence of birth-rate 
and death·rate upon, 248; from 
certain diseases, 250. 

Mean age of living, 251. 
Mean after-lifetime, Bee Expectation 

of life, 253. 
Mean duration of life: 252. 
Measles: seasonal prevalenoe of, 174; 

winter prevalence in London, 175; 
death-ratll from, 176. 

Meteorological conditions and .mor
tality, 117. 

Metropolitan Asylums' Board: has· 
pital accommodation and mortality 
from scalet fever, 176. 

Migratioa: effect on population, 11; 
effect on constitution of population, 
12; on mortality, 79. • 

Milne: Carlisle life·table, 233; on mean 
duration of life, 255; on proper 
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method of estimating death-rate, 
314 • 

. Minors: age at marriage, 48; mor· 
tality of,161 ; classification of, 161; 
phthisis of, 162. 

Minors, marriages of, 49. 
Mortality figures, comparative, 155. 
Mortality: lee Death-rate. . 
Movements of population: effect on 

age.constitution,12 ; on mortality,78. 
Murders : proportion in infancy, 107; 

mortality from, 220. 

Nationality: influenoe on birth-rate, 
60; oomparison by mean age at 
death,245. 

Natural increment, 11; rate of, 73. 
Navy, siokness and mortality statistics 

of, 289 I causes of siokness in, 291. 
Neison: on fallacies of crude birth~ 

rate, 57; on deaths from intemper. 
ance, 159; on age-proportions of 
population, 246;· on specific inten
sity, 258. 

Nervous diseases: infl uence of school 
life, 130 ; increase in mortality 
from, 216. 

Nomenolature of diseases: lack of 
nniforII\ity, 22; College of Phy
sicians, 23. 

Normal population, 244. 
Northampton life-table, 233-247. 
Notification of infectious· diseases, 

35; advantages of, 36; methods of 
37 ; extension of, 38; diseases to be 
notified, 39; effect on zymotic mor
tality, 39; national syste~ of,41. 

O~oupations : registration of,3 ; errors 
in registering, 3, 150; methods of 
comparison between, 150; errors in 
comparing mortality of, 153; mor
tality figures of various, 156; canses 
of mortality, 157; dust-inhaling, 
16S ; lead.poisoning, 165; alcohol. 
ism, 164;" errors in comparison by 
mean age at death, 247. 
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Ogle: nporiII of. 17; oa id_ of I P-iue birth: Uacr..ia morialit1 
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Peri&oailia : imperfec& 1Iia&emeD& 01 

eaaae, Ii. 
Pht.hiaia: .. atree&ed II), the .aditioa 

01 IAlbaoil, no, 119: idaenee of 
IIIUlilatioa, -119; ~_ 01 fow 
air, U7: 01 minen, 161: monality 
from, ill: ap-clistnoalion of. 113; 
iaJla_ 01 iadlllltrial -mtiou, 
Us, 

Playfair, LJOD, oa regiatntioa 01 aid;. 
-,30. 

Plumbers, mortality 01, 161. 
Poi.on'. formula, fij. 
Populatioa: .... 01 II&alisliee, 1; 

eaumeratioa of, I; _&bode 01 
..w-&iug. S: emIR of ea&imalee, 
7 : regis&ela 01 popalalion. 11; 
e1fee& 01 mignlioa on. 11: pruer
of. 11 : __ nODe or. H: .,-
ponioa aamarriecI. 61: idaaae 01 
age aLd au eoDSlilatioa on m0r

tality. 87: proportion 01 mal .. and 
feaalea, 89: IltaadaN millioa of., 
11&: dt'glW 01 ~lioa of. 132 : 
proportion 01 arbua and nnl, 13,;: 

--.1.2"-
Pot&er's asthma, lGO.. 
ro-ty, • caaae 01 high mCll'lalil1, 

U7. 

Prosperity: ia8auce oa aurria&e
n&e,"; oa birth-nte, 67. 
~ feftr: amollDt eeeapiD8 Ie 

giaVa&ioa, ft. 2OS; mortallt1 from. 
106: JINftIltloa or. 107. 

Paerpenlleftl': OIIliIaioa from death. 
.ni6oatee, ti; pl'O~ altenlioD 
of _ac1ature, 105; estimation 
01 amoaa&, 2OS; prenmliblli'1 01, 
1J7. 

Qaflele&: rules ia 1I&a1ia&i-. 192. 
QaiDq.aDial -ua. 10. 

Ba.: e1fee& oa monalit1,lt3. 
BadcliIre, - cyclical chaacee. 119. 
Baaaome, aD regie&nlioa 01 aickaeM. 

IS: _ cleuh-ra&e lID_ age 01 fil· 
...... 'Z9: _ atree& 01 waryiAs ap. 
_tilatloa 01 popalalion OD mor· 
tality. 90: _ fallaq 01 8la&emea& 
of clea&ha from ODe __ I.a propol'-

tioa &0 &o&al dealhs.l68; OIIlIJclical 
pNftleDce of fnv, 17'-

~iaUu~Denl: me&hod 01-'
IiD8 populatinn. 4: om. of. U; 
UlIIu.U and weekI, ftpot1B, 11 : on 
effecla of aaaitalloD. 1:l6; OD JD«. 

tality fro. hydropbobia, 207; on 
pnrtaleDce 01 _, 210 i on amall· 
poz morialit1, 195. 

BeeniIa, fall8ciea regard.iDg. 198. 
~tioa. of births aDd death-. 

hie&oI7 of, U : imperfeetiou of. 
births -riDl regiab'alioD, 18; QD. 
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certitled death., 19; improvements 
required, 20; oanses of death, 21 ; 
of siokness, 80; of pOjlnlation, 11; 
of deaths and births made oom
pulsory, 66. 

Respiratory organs, diseases of, elIect' 
of subsoil, 120 ; mortality from, 211. 

Riohardson, on registration of sick
ness, 811; on the death-rate of 
Hygeiopolis, 248. 

Rumsey, on infantile mortlllity, lOS; 
on meaD age of livillg, 261. 

Rural population, proportion of, 124. 
186. 

Russell: on relation between house
room and mortality, 140. 

Sohool-lile: influenD8 on mortality, 
180. 

Sohoolmasters, mortality of, 158. 
Shopkeepers, mortality of, 159. 

- Seaton, on smallpox mortality, 40. 
Sanitation: elleot on mortality,124. 
Sal1ord: baok-to-baok houses, 144. 
Scarlet fever: mortality from, as a 

measure of prevalence, 81; pre
valenoe in London, 175; relatioD 
to age and sex,176; oase-mort,ality, 
179; geographioal distribution, 180. 

Season: inlluence on mortality, 116 ; 
on causes of mortality, 118; on 
measles mortality, 174; on soarlet 
fever, 176; ,on diarrhma, 187. 

Sexes: proportion at birth, 61; in 
upper olas888, 62; inlluenoe on 
mortality, 112; inlluenoe on age
distribution of I population, 114; 
elleot on whooping-oough mortality, 
18S. 

Siokness : registration ofl 82; at
tempts made, 82; requiremeuts of,' 
88 i information available, 84; oom
pulsory notification, 85; national 
registration of infeotious diseases, 
41 ; prevalenos caloulated from 
deatha, 81; more important eoo-

nom'ioall.Y thaD deaths, 82; liaya 
lost by, among workmen ill dook
yards, 271i; amoUDt per annum in 
friendly BOCieties, 276; number 
oonstantly sick, i77; expeotation of, 
279; duratiGn of, 280; loss to oom
munity by, 278; amount in Foresters 
Friendly Society, 816; amount in 
Hearts of Oak Society, 817; amount 
in army, 284; in navy; 290. 

Simon, on reduotion of phthisis, 180 ; 
on hospital statistioa, 80S. 

Smallpox : elleot of ullknowll qrclioal 
ohanges, 119; mortality from, 191; 
comparison between London and 
provinoes, 19S; mortality at dilIer
ent ages, 193, anel elIeot of vao
cination, 195; why Dot extirpated, 
202. 

Social position: inlluenoe on birth-
rate, 67. 

Speoifio febrile diseaees, 173. 
Speoitlo intensity, 258. 
Spinsters, Dumber of, 52. 

'Standard, million of population, 114 ; 
death-rates, 92. 

Stevens, on small pox modality in 
London, 202. 

Still-births: non-registration of, 18; 
proportion to total births, 61; regis
tration in FranD8, 61; proportion of 
male to female still-births, 61. 

Subsistenoe, rate of inoreaes of means, 
68; classitloation of means of sub· 
sistenoe, 68. 

Subsoil: elYeot of oondition OD mor
tality; 120, 129. 

SUlYnontion of infante, 108. 
Suicide, mortality from, 218; methods 

of, in .the two sexes, 219; intluenoe 
of eduD8tion, 220. 

Syphilis: registration not reliable, 23. 
Sweden: oyclioal waves of scarle' 

fever, 174; Brat oenaus in, 1. 

TathlllD, on rates of zymotio siokness 
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in notifioation tOWDs,40; on national 
registration of zymotio diseases, 
41; on mortality among illegitimate 
infants, 109 ;'on back-to-back houses, 
144: . 

'l'~wns, higher marriage rates of, 144. 
Typhoid fever: seasonal prevalence, 

118; influence of sanitation on, 
129; decline in prevalence of, 185. 

Unmarried, proportion of population, 
52. 

Unvaccinated, number in population, 
204. 

Upper olasses: age at marriage, 48 ; 
proportion of sexes at birth, 62; 
experience life-table, 237. 

Urban distriots: higher birth-rate in, 
57; causes of, 57; higher death
rate of, 137; mitigation of this, 143. 

Urban population, proportion of, 125, 
136. 

Urinary diseases, inoreased prevalence 
of,217. 

Vaccination: effect on age· incidence 
of smallpox, 199; effect on severity 
of smallpox, 200; effect of vary, 
ing number of cicatrices, 201; num
ber evading, 204. 

Vi, Moyenne, 252; Vi, probable, 257. 
Violence, proportion of deaths from, iu 

infancy, 107; mortality froID, 217 ; 
influence of sex, 217. 

Visitors, as affeoting local rates of 
mortality, SO. 

Von Bernoulli, on effects of illegiti
macy, 105. 

Wandsworth: popUlation from birth· 
rate, 9; vaccination statiotics of, 208. 

Weekly death-rates,79. 
Wheat, fluotuation of price with mar

riage~ate, 45. 
Whooping cough, prevalenoe of, 182 ; 

relation to sex, 183. 
Widows, number of, 53. 
Willich: formula for ascertaining ex

pectation of life, 256. 
WorkhonBeB, proportion of illegitimate 

births in, 64. 

Zymotio diseaBes: olassifioation of, 
26; prevalence of, 81; notification 
of, 85; effect of notification on 
Iymotio mortality, 89; mortality 
from, 166, 173; vallie of zymotic 
death· rate, 178. 
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SCHOOL HYGIE~E: 
THE LAWS OF HEALTH IN RELATION TO ,SCHOOL 

LIFE. With 29 Figures. 

Xliil'd Edition, crown &0, 2,. 6d. 

II A work which is wholly meritorious, and altogether free from any 
blemishes that we can find. There is nothing to be said of it except that it 
is excellent."-AthenlZum. 

"Dr. Newsholme has studied his sullject thoroughly, and his conclusions 
are all the more valuable becabse they have been to a largQ extent suggested 
by his experience as a medical officer of, health, and as a Il).edical referee for 
various schools and training colleges,"-Nature. 

" This is a most admirable and practical little book."-Builder. 
II It is methodically arranged, every question being treated concisely in 

turn, and the results of the .latest investigations given. We ,can recommend 
the book most strongly to our readers, whether teachers or managers of 
public elementary schools, as a thoroughly soun,d guide, and containing a 
mass of information compressed in a small space without a line of padding." 
-Sclwolmaster. ., 

II This is an exceedingly useful little book, dealing with all the elements 
of schoollife."-Spectator., 

II Both parents and schoolmasters will find much jn the volume before us 
which is worthy of their most serious consideration."-Knowledge. 

"It may be questioned whether any previous volnme of its size so con· 
cisely and yet practically sets forth the leading features of this important 
health topic, and flo effectively considers, from a hygienic point of view, the 
subject of schoollife."-Publishers' Circular. 
_ "It is a mine of knowledge, with valuable hints to be picked up from 
every page and paragraph."-Literary World. ' 
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