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GENERAL INTRODUCTION

Purpose of this Monogréph.

The purpose of the present monograph is to indicate what
points should be borne in mind in conducting nutrition surveys
of populations, in order that the work may be carried out on
sound lines and the findings presented in such a way as to
facilitate comparison. "The need for such comparison is
appreciated by all experienced workers in this field. In many
cases, however, its potentialities cannot be fully exploited,
because the investigations concerned have not been planned
in a manner ensuring comparability. In this way, part of the
value of much industrious labour is lost ; and it hence becomes
necessary to contemplate some standardisation of methods
—on a basis which need not, however, interfere with originality
of research. ' ' '

. This monograph will include a description of methods of
studying the physiological problems connected with nutrition
which are suitable for application to population groups of
varying size and homogeneity. The variation in size is very
considerable, since it ranges from groups of a few persons to
a whole nation.

The homogeneity or heterogeneity of the groups will be
considered from various points of view—physiological,
demographic and social. | -

It will be seen that our analysis of the physiological factors
to be taken into account leads up to certain proposals which -
should also facilitate the comparisons discussed above.



The Two Essential Aspects of a Comprehensive Nutrition Survey
' of a Population.

A complete nutrition survey of a group of persons c_alls,
in the first place, for an investigation of their food consumption ;
this purpose is served by dietary surveys. N

The next point to consider is the state of nutrition of' th.e
persons concerned, how it should be defined and how it 1s
affected, inter alia, by dietary habits: in other words, how
the state of nutrition should be studied in relation to diet.
This question will be discussed in Part II of the present
monograph, which will deal with enguiries into the state of nutri-

tion of populations.

Variety of Purposes which Nutrition Surveys
of Populations may serve.

Most of the surveys carried out up to the present are not
of the comprehensive character indicated above. A very large
number relate to food consumption alone ; others are concerned
exclusively with the state of nutrition. These partial surveys
are, however, highly important, and part of our knowledge
of the physiology of human nutrition is derived from them.

Nevertheless, at its last session, the Technical Commission
on Nutrition of the League of Nations Health Organisation?
recorded its view that studies undertaken in the future should
preferably be of the complete type, covering both the diet
and the state of nutrition of the same subjects. This recom-

- mendation is warranted by the fact that such comprehensive
surveys are rare at the present time, and yet offer the only
means of enlarging our knowledge in regard to a physiological
question of immediate topical interest—namely, the assessment
of bodily requirements in respect of the vitamins and other
protective principles. Such research is, however, both difficult
and costly, and it cannot be emphasised too strongly that this
recommendation, sound though it may be, must not discourage
partial studies in cases where available resources permit of

1 . L.
Bullasin of the Hoalth Organisation of the League of Nations, 1938, Vol. VII, No, 3, Extract No, 8.



— 11 —

nothing more ambitious. Besides, everything depends upon
the pbject in view, and this may vary considerably. Thus:

(a) It may be to determine statistically from periodical
- production, import and export returns what food supplies are
avatlable 1n a given country, in order thereby to ascertain what
possibilities are at hand for feeding the population as a whole.
This is merely a matter of compiling figures published by the
administrative industrial, banking and commercial organisations
concerned with such questions. It does not involve the direct
investigation. of any group of persons.

(b) The object may be to ascertain by direct investigation
what food is actually consumed by certain groups of personms.

These are dietary surveys proper. They may be used merely
to describe the diet, or to compare it with a diet taken as a
norm or simply as a standard of reference.

They involve the qualitative and quantitative investigation
of the food habits of well-defined groups of persons, and are
usually of small extension compared with the purely statistical,
but nation-wide, type of survey defined under ().

(c) The object may be economic or social. When enquiries
of the type just mentioned form only part of a more compre-
hensive programme going beyond the scope of nutritional
studies, when they fit into a wider investigation of living
" conditions in general, they call for broader treatment, including
the consideration of food expenditure in relation to total cost
. of living. Enquiries of this kind are undertaken with the object
of constructing cost-of-living and retail-price indices and of
working out family budgets as a basis for minimum-wage
- standards and the like.*

Food expenditure budgets are undoubtedly of special interest
when considered in relation to the physiological characteristics
of the diet. This point will be discussed in the present monograph,
even though it deals only with investigation techniques for use

& A detailed survey of * Methods olenndunu.ng Family Budget Enquiries™ has been prepared by th
International Labour Office (Studies and Reports, Series N} and is at present in the press. :



in nutrition studies. For the fact is that m{n:ition surveys
forming part of a programme of social studies of.llvmg conditions
generally are not as thorough-going as those which are concerm?d
exclusively with nutrition problems; they furmsl} the main
outline, but not the detail required for a real nutrition survey.!

(d) The object may be medical o7, at all events, connected with
public health. In this case, studies are usually concg‘ar'ned
exclusively with the state of nutrition, or physical condition,
of populations, but not, as a rule, with food consumption as
well. Their object is simply to assess the state of nutrition of
population groups.

(e) Lastly, the object may be to throw further light on purely
physiological problems which are still but imperfectly elucidated.
This implies scientific research in the strict sense of the term,
and not applied physiology.

Investigations strictly limited either to food consumption
or to the state of nutrition cannot contribute towards the
solution of one important physiological problem which is of
immediate interest—namely, that of the assessment of bodily
requirements in respect of the various nutrient principles
contained in food, and that of the medical and other factors
which are apt to modify these requirements. Only combined
research covering both food consumption and the physical
state of nutrition can help to solve this problem, to determine
the proper qualitative and quantitative balance of the diet,
and to define the immediate medical consequences of any slight
departure from the standard thus established—in a word, to
throw light on the problem of latent pre-deficiencies and their
early diagnosis. The purpose which enquiries into the state
of nutrition may subserve is thus not merely that of recording
outwardly apparent manifestations of severe disturbances of
the nutritional state, or signs of well-marked deficiency, but
such enquiries also aim at detecting, by sensitive and reliable
tests, the first barely discernible signs of milder disturbances.

1 There are, however, in some exceptional instances enquiries into living conditions and £ budgots
. » » amil
in which the part relating to nutrition i treated with some thoroughuess. Y



It should be observed, however, that frank conditions of
deficiency or pre-deficiency may point to the operation of various
causes. They are not always of exogenous origin—in other
words, they are not always the result of defective diet. This
means to say that they are not attributable in every case to
the total or partial absence from the diet of certain nutrient
principles. They may also be -due to pathological defective
absorption or utilisation of these principles. These may be
termed the secomdary deficiency or pre-deficiency states
of endogenous origin, for which the diet is not responsible. This
~distinction in regard to origin is important. In order to discri-
minate successfully between the two kinds of deficiency states,
the investigator should bear in mind that cases of secondary
deficiency are likely to be exceptional isolated observations,
whereas investigations directed to the detection of an average
state of deficiency or pre-deficiency in the population group
will make it possible to ascertain how far exogenous dietary
causes have been operative. Here again, the real difficulty of
enquiries into the state of nutrition of population groups lies
in assessing the average. In certain countries, however,
secondary deficiencies are also frequent. This applies, for
- instance, to pellagra in areas in which its incidence is connected
with certain widespread parasitic infections. In such cases, only
the combined medical and dietary type of enquiry can elucidate
the origin of such deficiency conditions.

It is possible, moreover, that, in a more general way, conditions
of unapparent sub-deficiency of endogenous origin are more
frequent than had hitherto been supposed.

*
* L

Difficulties attaching o Nuirition Surveys of Populations.

Dietary surveys also entail certain difficulties. These are of
two kinds : first, the collection of data and, secondly, their
physiological interpretation.

A food consumption enquiry invariably disturbs family
habits. The investigator is an intruder in the household, and
he asks the housewife for information which adds to her daily
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work. These are factors which may disturb the dietary hab-lts
of the households concerned. The greater the accuracy which -
the method seeks to achieve, the more will this factor of error
obtrude itself. The best method will be the one which achieves
‘the nicest balance between these conflicting tendencies. It has
to be recognised that, in such circumstances, no food consump-
tion study can attain to that level of strict accuracy that might,
at first sight, be hoped for. * Leave well alone ” is a particularly
appropriate motto that should be borne in mind. The le:ngths
to which the attempt at rigorous precision can be carried without
defeating its own end will require due consideration.

When this first stage of the food consumption studies is
completed and the physiological examination of the diet has
to be undertaken on the basis of the data thus collected, the
investigator is confronted with further difficulties. The problem
of estimating the various kinds of food-waste and that of the
choice—and criticism—of food consumption tables will require
to be discussed in turn. As regards vitamins, the question of
the great diversity of units adopted to express the concentration
in products, and the conversion of values from terms of one
unit into terms of another will call for careful study. Finally,
a chapter will be devoted to the problem of scales of consumption
coefficients to be used to determine the probable distribution
of the food among the various members of a family in cases
where the data furnished give only the total food consumption
of households or population groups. So far as these scales are
concerned, attempts have already been made to set up inter-
national standards in connection with the variation of calorie
requirements according to age, sex and type of work: but no
corresponding scales have yet been prepared for nutrient
principles other than the energy-bearing substances. Certain
isolated attempts have been made, however, and will have to
be examined. The question is one of importance, since the
analysis of the results of dietary surveys based on one or more
particular scales involves a whole series of mathematical opera-
tions, and these have to be re-calculated throughout before
comparisons can be made between surveys that are based on
non-comparable scales of coefficients. It is therefore of obvious



practical importance that some form of international standar-
disation should be established.

There remains the economic aspect of the food problem.
There are many purposes for which it is important to know
the cost of the diet and the manner in which cost varies with
composition. From the point of view of social medicine in
particular—that is to say, of the way in which economic and
social factors affect the diet—it is desirable to know how the
average cost of foodstuffs stands in relation to their energy-
bearing or protective properties, and what is the average cost
of a well-balanced diet compared with other diets. These
questions do not arise in the same way in every country. In
some countries, all other economic and commercial factors being
equal, the diet fluctuates between the ‘* cheap calorie’ and
*“ dear calorie "’ variety, simply according to the proportion of
protective foods it contains. - In other countries, this is not so.
It is important that such facts should be known.

This economic aspect of the problem of nutrition shows the
effect of social factors upon public health and medicine, for
instance, in so far as the latter give rise to serious dietary
deficiencies in some parts of the world or insidious pre-deficiencies
in others. ‘

A study of the relationship between such economic, social
and physiological aspects of the nutrition problem will indicate
the direction in which the remedy for defective diets may be
sought. Thus, the importance of efficient domestic training
is well known, and, according to the country considered, this
educational factor may occupy a more or less important place
in the general setting of the problem considered from the social

standpoint. .
® ]

On several occasions, it has been noted that an attempt at
standardising methods of investigation would be desirable.
In many cases, such standardisation would, however, be difficult
to achieve, owing to existing divergencies. The present mono-
graph will endeavour to deal with these as objectively as possible,
merely stating the contending views without favourmg any at
the expense of the others.
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How future surveys may help to remove such differfences
will also be indicated. - In this connection, indications will be
given on a matter which is of some practical importance—that
is to say, what essential information should always be :c)upphed
in the published results of surveys in order that, despite these
differences of outlook, the findings may be made comparable

. with those of investigations conducted by other research workers.

hJ

]
* %

One final point which is indispensable in any statistical work
will be discussed in this paper. The study of dietary surveys
constantly involves the computation of average values. Now
it is of the highest importance to judge correctly within what .
limits such averages are valid or comparable with others. Many
faulty interpretations could be avoided if these limits were
assessed with more careful observance of certain fundamental
rules of calculation employed in statistics. We shall endeavour
to deal as briefly and as simply as possible with this somewhat
intricate question of the calculation of errors.

« %
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Part I
DIETARY SURVEYS

————

INTRODUCTION

During its third session, held in London in November 1937,
the Technical Commission on Nutrition of the League of Nations
Health Organisation drew a distinction between four types
of nutrition survey, which we shall adopt in this guide.* They
are differentiated not so much by the extension of the group
of persons under examination as by the nature and size of the
social unit to which they relate. Thus, these units, in order
of decreasing size, may consist of an entire nation ; or particular
social groups, such as the army, a school, a prisen, -a workers'
city, etc-; or, more frequently, a family; or, finally, a single
individual. .

A survey of the first type, carried out on a nation-wide scale,
must always be too vast to be undertaken through the direct
study of the groups constituting the nation. The method,
therefore, can consist only in the compilation of data from statis-
tical documents published by wvarious official or private
organisations ; but the other three types of survey do involve
investigations, conducted over a given period of time, of groups
of persons selected for the purpose.

These different types of survey will be described in the first
four chapters ; their purpose will be defined, and the charac-
teristics peculiar to each from the technical point of view will
be described and discussed. As for various considerations
-which apply to every type of survey, these will be dealt with
in turn in a series of later chapters in which they will be
considered in relation to the various types of enquiry and in
the modified form appropriate to each. :

1 Bulistinn of the Healih Or ganisation of the League of Nations, 1938, Vol. VII, No. 3, Extract No. 8.
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Chapter 1
FIRST TYPE OF DIETARY SURVEY

STATISTICAL STUDIES OF THE FooD RESOURCES
OF A COUNTRY

Various organisations, such as the Ministries of Agriculture,
of Economic Affairs, or of Commerce, and private banking,
industrial, commercial or agricultural concerns, periodically
publish statistical tables of the production, imports and exports
of their particular country. By collating these data, it is possible
to draw up a table of the total resources of the country in food
products. The fluctuations noted in the periodical inventories
of stocks of food products provide still further information
which enables us to verify and cross-check our figures.

The resources thus ascertained can in no sense be regarded
as equivalent to actual human consumption during the period
under review. One part of the supplies is intended for other
purposes, and this part is not always easy to estimate as
accurately as would be desirable, It includes seed for sowing,
products intended for animal food and the material which is
nowadays being used in industry in an ever-increasing number
of ways. Two instances coming under this last heading may
be mentioned : the casein of skim-milk or of whey is extensively
used as the raw material for the manufacture of a constantly
extending range of articles. A large proportion of the edible
fats is used in the soap industry, very often not until the fat
has been used several times for cooking—especially in hotels.

An attempt may be made to assess the amount so used and
to subtract it from the figure of total food resources. The balance
then gives a rough figure of the amount for human consumption.
But when the corresponding value per year or per day, and per
head or per male adult, is computed on this basis by applying
an appropriate scale of consumption coefficients to the detailed



population census, values in calories or in nutrient materials
other than energy-bearing principles? are obtained which do
not always agree satisfactorily with the corresponding values
ascertained by direct nutritional surveys (see farther on). This
is the case even when such surveys have been sufficiently wide
in scope and varied in incidence to be considered representative
of the whole population in the districts under examination.

The problem which confronts us is therefore to determine
the cause of these discrepancies. They may be partly due to
the fact that the estimates of the amounts to be deducted in
respect of uses other than human consumption are faulty. But
there are other sources of error. Production, import and export
statistics are often expressed in units whose equivalent in terms
of weight is apt to be inaccurately assessed. Vegetables are
sometimes measured by the bundle, fruit by the number of
cases, and other products by the number of sacks, truck-loads,
etc. Information is available, of course, as to the average
equivalent weight, but it is clear that errors in estimation may
none the less arise. As regards perishable foodstuffs, the
proportion which deteriorates before being sold or consumed
and the losses which occur through accidents of various kinds
or during handling or transport, are sources of error which are
difficult to estimate quantitatively.

Nor is wastage due to stocking by any means negligible.
Meat consumption statistics may be compiled either by head
of cattle or by large quarters of meat estimated by weight,
as, for instance, stripped half carcases ready for cold storage.
Estimates of the latter kind take account of all kinds of
slaughterhouse waste which yield various by-products for
industrial use, but other errors are still not eliminated, such,
for example, as the waste entailed by cutting up meat into
joints, etc., in the butcher’s shop. Similar considerations apply
to cooking in the home. It is hence clear that to estimate actual
consumption by using statistics of the wholesale trade or of
production is an undertaking beset with numerous difficulties.

1Or simply in classes of foodstufls.
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In addition to this, there is the further error due to' the
consumption of home-produced foods (orchards, kitchen-gardens,
small domestic animals, etc.); it is difficult to procure
information on this.

_Yet another source of error—though of a different kind—
attaches to the analysis of the results of surveys of the first
type. The food resources which are estimated as being used
exclusively for human nutrition are ‘expressed in terms of
food per inhabitant or per unit of consumption, such as the
average male adult. This average value for the whole nation
may have some theoretical, statistical significance and may be
useful for comparing the total food consumption in different
countries, but it cannot represent the actual average daily
consumption in the different classes or groups of society. In
some it will be above, in others below, this figure. It follows,
therefore, that estimates of the food resources of an entire
country can give no more than a vague idea—and that in a
very general and approximate way—of the real standards
- of nutrition of the population.

*“ An analysis of the resulting data is useful to a Government
in framing its nutrition policy, particularly with regard
to practical measures affecting the quantity and quality
of food materials. These studies are also useful in following
the trends of the dietary habits of a country. *’ 1

But they cannot be used for a physiological and medical study,
which requires less extensive but more thorough investigations
involving direct and carefully controlled observations. These

latter investigations are of the types which we shall now proceed
to discuss.

1 Bullatin of the Health Osgamisation of the League of Nations, 1938, Vol. VII, No. 3, Extract No. 8.



Chapter 11

SECOND TYPE OF DIETARY SURVEY

STUDIES COVERING PARTICULAR, MORE OR LESS HOMOGENEOUS,
SociAL GrROUPS AND INSTITUTIONS

Dietary surveys of this type are carried out in the army and
navy and in institutions with a large number of inmates, such
as children’s homes, schools, boarding-houses, hostels, prisons,
religious communities, etc. Various considerations can be
adduced to show the value which attaches to these studies.

1. The dietary habits of these social groups reflect certain
traditions. They may vary within a given country, and if
the studies extend over a long observation period and are carried
'out in conjunction with research into the state of nutrition
of the same individuals, valuable evidence may be obtained
-of the effects of dietary habits on the state of nutrition. This
is borne out by the experience gained in Norway with the so-
called ** Oslo breakfast *.?

2. The technique of the dietary survey is simplified by
the fact that the food is prepared and eaten in common in
great kitchens and refectories. The existence of a catering
department further facilitates the task of obtaining information.
The conditions under which the investigator works do not
give rise to the difficulties encountered in family enquiries,
where his intrusion into family life creates a distyrbance and
hence psychological difficulties which do not arise in the imper-
sonally controlled institutional kitchen.

3. Another circumstance which facilitates the physiological
interpretation of the findings is that such groups are more
homogeneous than either a family or a nation. The total food

L Bulletin of the Haalth Organisation of the League of Nations, June 1937, Vol. VI, No. 2, page 197, Extract
No. s. .
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intake of the group divided by the number of persons composing
it gives, with the minimum of error, an idea of the diet of each
individual. Scales of family consumption coefficients are brought
into operation to the least possible extent in the calculations.
Homogeneity is doubtless not absolute even, for instance, in
the army,. which consists of young male adults within fairly
narrow age-limits. It is difficult, however, to make allowances
for individual differences of stature, for instance. This type
of investigation cannot therefore entirely serve the purpose
of the individual study properly so called; the latter—as will
be seen—is the most difficult of all to carry out, and the results
may be distorted owing to disturbances of dietary habits caused
by the presence of the investigator—a drawback to which
investigations covering relatively homogeneous institutions
are not subject, or are subject only in a much lesser degree.

The technique for these dietary surveys is the same as for
family or individual surveys. It will be described in Chapter V.
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" Chapter III
THIRD TYPE OF DIETARY SURVEY

FamiLy ENQUIRIES

This is the most frequent typeé of dietary survey. .

The social unit which the term *‘family’’ is intended to
cover comprises all the persons living under one roof and sharing
the same budget, including paid personnel living in. It is when
we reach this third type of survey that certain difficulties
confront us for the first time in serious form.

These are in the first place psychological. The investigator—a
stranger—has to live with the family under investigation, or
at all events to visit it frequently and perform the thankless
task of procuring and checking the information required. He
may thereby seriously disturb the habits—especially the dietary
habits—of the family, either because the housewife tries to
conceal the real circumstances of her family or because, during
the survey, the cooking is simplified in order to facilitate the
work of enquiry.

The presence of the investigator, who, if he is doing his job,
is necessarily inquisitive, may create an atmosphere of hostility
which is prejudicial to the success of the enquiry.

A further type of difficulty lies in the heterogeneous character
of the households included in the survey. This is due to various
causes, and the differences may be so marked that the results of
the survey would be very hard to interpret if all the families
were taken together. The logical conclusion is therefore that
they must be classified into groups.

Class;ﬁcatwn of Families into Homogeneous and Representatwe
Groups.

This must not be confused with deliberate selection of families.
On the contrary, the choice should, so far as possible, be left
to chance, so that the statistical value of the survey, as more or
less representative of the actual state of affairs, may be
safeguarded.
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If any deliberate intention is brought to bear in the choice
of households, this can only be justified when it represents an
attempt to exclude some source of error ; for instance, sickne.:ss
in a family may call for a special invalid diet, and temporarily
or permanently upset the family habits. Any selectiPn ’fhat
may be indicated thus finds its justification in the end in view.

Selection may also have to be resorted to when conditions of
the survey so require. Thus, the investigator may have to take
advantage of the fact that one particular family rather than
another is willing to submit to investigation.

_The factors responsible for the heterogeneous nature of the
material under survey fall into two categories :

I. Physiological factors. — i.e., differences of age, sex,
size, race and state of health. — The influence of the last
two can be eliminated by suitable selection. The heterogeneity
“due to the first three usually subsists, and family consumption
coefficient scales are accordingly used to compare the results
of enquiries concerning the diet of families of heterogeneous
composition. It will be seen, however, in the chapter dealing
with such scales, that their use is open to certain objections.
In some cases, therefore, efforts are made to reduce to a minimum
the heterogeneity of the material and thereby the drawbacks
attaching to the use of coefficient scales. To this end, two
procedures may be adopted.

The first is to group families of approximately the same
‘type—e.g., consisting of an adult man, an adult woman and
two children between five and ten years of age—and to compare
inter se the results of investigations concerned with families
of the same group. It should be emphasised, however, that this
procedure, and indeed any classification by homogeneous groups,
is not usually practicable unless surveys are carried out on a
very extensive scale comprising a large number of families.

The second alternative procedure is to try to eliminate the
errors due to the use of scales of coefficients by conducting the
investigation in such a way as to obtain—side by side with data
concerning the food consumption of the family as a whole—
details of the dietary habits of its various members. This



supplementary enquiry may not always be as thorough as
individual investigations proper; it will, however, furnish
valuable supplementary data concerning the diet of each member
of the households considered, data which can be used to check
the purely theoretical findings obtained with scales of coefficients
regarding the probable theoretical distribution of food between
the different members of the family.

Enquiries of the second type may be planned with a view
to studying the diet of adult males of a given stature, children
of a given age, and so on.

2. Social factors. — From this point of view, families can
be divided into homogeneous groups which facilitate compa-
rison. Social factors may be subdivided into :

(a) Geographical factors. — A distinction should be made
between surveys carried out in low-lying or hilly regions, in
hot, cold or temperate climates, in coastal or inland regions,
etc. Families should be classified according to whether they
live in rural or urban districts, and, in the latter case, it may
be desirable to distinguish between different degrees of urbani-
sation, according to the greater or lesser proximity of sources
of supply.or centres of production. The type of local production,
or the fact of there being none, obviously plays a part in deter-
mining dietary habits.

(b) Pecuniary factors. — In some countries, families can be
classified according to the amount of their means of livelihood
and the size of the family budget; the division is roughly
into rich, well-to-do and poor families, but the classification
may profitably be carried further. It should be noted, however,
that the influence of this factor varies in different parts of the
world. In certain countries, however, it is difficult to assess
the family budget; in such cases, classification according to
the occupation of the bread-winner is often a satisfactory
solution.

Lastly, classification according to race may also be of value—
e.g., the distinction between the white and coloured races in the
United States. :
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Chapter IV

FOURTH TYPE OF DIETARY SURVEY

ExcLUSIVELY INDIVIDUAL ENQUIRIES

This last type of survey does not involve the collection of
data concerning the diet of a family or other group of individuals
considered as a whole, except where the subject of the enquiry
is a highly homogeneous group (e.g., boys of from 10 to 14
years of age), in which case it will generally come under the
second type.

Otherwise, this fourth type of survey is strictly individual
and is concerned with the diet of a series of persons considered
each by himself. It is by far the most difficult kind of enquiry
to carry out, especially if the investigator is to escape the errors
which are apt to creep in owing to the fact that the investigation
itself tends to modify the dietary habits of the individual
concerned. The work involved is extremely elaborate. The -
purpose is, as a rule, to obtain purely physiological data. The
procedure consists in weighing the foods actually consumed
by the person concerned. For composite dishes, it is sometimes
necessary to make a chemical analysis, or it may be sufficient
simply to determine the quantities of constituent foods employed.
Difficult and delicate manipulations are thus obviously required,
imposing responsibility, not only on the investigator, who has
to live with the person under observation—thus compelling
the latter to endure the continual presence of a stranger—but
on that person himself, who is required to collaborate throughout.
For, no matter how ready he may be to assist, such a person -
is inevitably tempted to simplify his dietary habits as far as
possible during this period, which should, of course, be reduced
to a minimum. This fact, indeed, constitutes an added
difficulty, as the temptation to simplify habits is the greater,
the shorter the time tbe survey is to last.

To sum up. — The more elaborate the technique employed
for the nutrition survey, the more likelihood there is of intro-
ducing this, fundamental cause of error that the investigation
tends to modify the dietary habits to be analysed.




Chapter V

METHODS OF MAKING SURVEYS

The expression monographic method is generally used to mean
a method involving a detailed description of the circumstances
and way of life of the persons or groups under investigation and
of their dietary habits. Enquiries of the second, third and
fourth types call for the monographic method; for enquiries
- of the first type, it is obviously not appropriate.

From the physiological point of view, the purpose of nutrition
surveys is not only to assess accurately what the body ingests
but also to determine how far this is utilised; in a word, the
ratio of useful to total intake. The latter exceeds the former in
a measure which is expressed by a coefficient of physiological
utilisation. Viewed from this angle, the problem consists in
measuring the resultant of two opposing forces—one a dietary
factor pure and simple and the other a factor which may be
termed medical, inasmuch as the capacity for utilisation is,
roughly speaking, a physiological constant in the normal man.
In practice, it is true, there is some fluctuation around a mean
value, but when these fluctuations exceed certain limits, they
indicate the presence of pathological factors. In Chapter X,
we shall see that, in the present state of our knowledge, this
aspect of the problem can only be treated satisfactorily in
connection with the energy-producing principles of the diet;
whilst it can also be approached to some extent—though much
less satisfactorily—in connection with some of the protective
principles. So far as the latter are concerned, the usual practice
is to take into account only the total amount supplied in the
food, without considering what proportion is actually utilised.

It may be asked : Why complicate the problem of nutrition
surveys by introducing this capacity for physiological utili-
sation ? Why not simply measure what is ingested ? But this
complication is very necessary, because the result of a survey



of consumption is of no interest to the physiologist and hygienist,
unless it can be compared with a figure expressing the needs of
the body. Is the intake sufficient to cover what is expended ?
And this comparison implies that consideration has been given
to the utilisation of the ingesta. The distinctive feature of the
physiological treatment of the problem resides in the fact that
it involves the working-out of a balance-sheet showing, on one
side, intake and, on the other, expenditure and waste due to
incomplete utilisation. Only direct measurement of the values
shown in this balance-sheet can be entirely satisfactory in point
of accuracy to the analyst,

Two examples will suffice to illustrate the line of thought,
for the same considerations apply to exchanges of all nutritive
principles : -

(1) Emergy exchanges. — If samples of the foods consti-
tuting a person’s meal are burnt and the heat of combustion
is measured, then accurate measurement of the food consumed
will afford a basis for calculating the utilisable energy. If
we then collect the urine and fwces and measure the heat
produced by their combustion, the amount of energy used
by the body can be obtained by subtraction.

(2) Intake of an inorganic elememt. — If samples of the
foods making up a person’s meal are tested for their content
of a given element, and the composition of the meal is then
accurately measured, the intake of the element in question
can be calculated. A like procedure being applied to the
excreta, we should find that among children these elements,
such as calcium and phosphorus, are retained for tissue- and
bone-building purposes, whereas adults maintain a balance,
expenditure being more or less offset day by day by theintake.

Speaking generally, this direct measurement of intake by
chemical analysis of the foods consumed, though it is the only
accurate method, is an experimental laboratory procedure;
it is too long and difficult to be cousidered in social studies.
For them, indirect methods alone are employed, recourse being
had to tables of composition of foodstuffs instead of chemical



analysis of the food. Their energy value and their content of
inorganic elements and other constituents, as well as the pro-
portion of waste, are calculated from tables giving the mean
values of the composition. Naturally, the trustworthiness
cf the results obtained from such indirect calculations is
dependent on the accuracy of such tables. These cannot be
other than merely approximate, because they give average
figures for values which, in reality, are constantly varying,
and varying within different limits according to cases.

The indirect method is thus less accurate than the direct
analytical method, but we must be content with it in these
studies, since it is the only one which can be used in this type
of investigation. Care should be taken, however, not to interpret
the results too strictly.

Let us now consider what methods are used to collect the
qualitative and quantitative data regarding the foodstuffs
composing the diet of the persons under investigation. These
methods may be divided into three categories : the weighing
method, the household account-book method and the question-
naire method.

WEIGHING METHOD

This consists in making an inventory by weight of the food-
"stuffs found in the house at the beginning and at the end of the
period of investigation, in weighing every kind of food which
enters the kitchen or the household during this period, and in
weighing daily all parts of these foods, whether edible or not,
which the family has not consumed—that is, household refuse,
food given to animals or thrown away, etc. An investigator
draws up, with the help of the housewife, a list of the food on
hand at the beginning and at the end of the investigation. This
gives him an opportunity of instructing her in the technique
of weighing and of checking with her the completeness of her
accounts. He then pays a visit daily, or three to six times a



week, during the period of investigation, to keep a check on
the work, the frequency of these visits depending on his
impression of her carefulness and intelligence.!

The investigating staff must provide housewives with the
necessary material. This comprises :

(1) A balance, the accuracy of which must be constantly
checked by the investigator. Its capacity should be from
about 10 to 20 Ib.* (or 5 to 1o kilogrammes) and its sensitiveness
about 1/, to ?/, oz. (or 2 to 5 grammes). In order to avoid
mistakes, or unnecessary trouble in striving after accuracy,
it is preferable to provide spring-balances which indicate

. the weight directly on a scale, with a minimum graduation
of about 1 oz. (or 20 grammes), But if an oscillating balance
1is used, the housewife must be shown how to use it correctly,
and a suitable box of weights must be provided ranging from
3/, oz. (or 5 grammes) upwards to a total weight appropriate
to the maximum capacity of the balance. It must be made
clear that for weights below 2 lb. (or 1 kilogramme), the
maximum accuracy of weighing is essential—that is, articles
must be weighed to the nearest ¥/, oz. (or 5 grammes)—but
that with bigger weights a seemingly lesser exactitude will
still give the same relative approximation, and that it will
be sufficiently accurate to weigh 10 Ib. (or 5 kilogrammes)
to the nearest ounce (or 25 grammes) and 20 Ib. (or
10 kilogrammes) to the nearest 2 oz. (or 50 grammes).®

(2) Tarred paper bags.
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STheEnglishmdmeuicnighhandmmumgimheumnotequlvﬂmh°anathm

» pt has merel:

anflcwgw.hthamdmhmtm,lntdvﬂmwhichemndInmih;:lyadoptod. ¢

IA.:hudtypedhlmhempbyedinthsScandimvhnenquiﬂu. 1t consists of 4 very practical davice,
hwmwcmhhmhmnbemmomudmanmﬁcmhmkm,thedhphoemento“haben::
m&e-aghtonam_nimuhrude: A_\notheradvanusedthhdevloe.npcnﬁomlhehctthatitil
qmnndasytohandla,nthn.bymdﬁmthemmdthebenm,thawighingmpwﬁyo(mm
can be extended to a very wide range of weights, .



(3) A measure of 1 to 114 pints graduated in quarters and
eighths (or of from 600 to 800 c.c. capacity, graduated in
divisions of 50 c.c.)

(4) A set of forms or account-books to fill up, specimens’
of which are shown in annexes at the end of this guide.

- The inventory by weight of stocks on hand includes only
directly accessible foodstuffs, but not the contents of unopened
tins or bottles of preserves. These will appear in the housewife’s
daily accounts as and when they are used in the kitchen.

Foods bought per single article are also weighed and both
figures entered in the accounts.
The accounts should show:

A. Whether the foodstuffs are bought, received gratis
or produced at home (kitchen-garden, orchard, live-stock, etc.) ;

B. Whether boiled, fried, consumed raw, preserved, etc. ;

C. Gross weight as supplied, or volume if liquid, weight
of inedible portion; weight of edible portion before and
after cooking; and weight of edible waste;

D. Miscellaneous information: whether the foods are
washed or soaked and if so for how long. Method and duration
of cooking. Whether the food is consumed raw. What is
done with the cooking-water.

E. Number of meals taken per day, whether at home
or outside. Number of hot meals taken per week per person.t

The reader will find annexed to this monograph a series of
plates, giving specimens of forms, of record cards, or of pages of
housewives’ or investigators’ books. These plates are intended
merely o illustrate the text with a few actual specimens of documents
used in published surveys or forms which have been officially

‘Ithlholmpcrnntiortheinmﬁgntatbstatewbcthutheeookin(hdomby the housewife berself
ot by a qualified or unqualified member of the household staff.



adopted in certain countries. They are not proposed as models

t0 be jollowed, because the appropriate model must vary with the
circumstances. .

*
* »

Investigations by the weighing method can be made with
great accuracy and without difficulty if confired to a
determination of the aggregate food consumption of families.

Great difficulties arise when the survey is extended to include
the measurement of the individual consumption of each member
of the family, or when the enquiry is strictly individual.

In such cases, an investigator must live with each family,
for only in very exceptional circumstances can the work be
entrusted to a member of the family under investigation. The
investigator’s work will consist primarily in carrying out,
with the housewife’s assistance, the work which she would be
asked to do in a family survey pure and simple (see above),
but he will also have to weigh the share of the foods consumed
by each member. With simple foods, the operation is straight-
forward enough (bread, milk, sugar, raw fruit, etc.), but there
are all the mixed foods and complex dishes in the making of
which a variety of ingredients are used. The investigator will
have the difficult task [of ascertaining the quantities of the
various components used in the preparation of each of these
dishes, weighing the whole dish when prepared, weighing the
amount consumed by each member of the family, measuring
how much goes back to the kitchen, and calculating from these
data the percentage of basic foodstuffs which each person
receives. Nor is that the end of his work, for he must also keep
account of the changes which the food which is left over
subsequently undergoes, and of the preparation of warmed-up
dishes with the further treatment and mixing which this entails.
Lastly, he will have to assess the amount of such composite
food which remains as leavings on the plates.

. It is quite evident that a survey of this type may in some
cases become extremely complicated; it all depends on food
habits. In very poor households and in certain countries
the difficulties will be less great than in circles or countries:



in which the art of cooking is more highly developed. Where
the latter are concerned, it would be wise not to entertain
unduly high hopes as to the accuracy of the results, or to expect
the very complex accountancy of estimated values to be carried
through with precision. Simultaneous investigations covering
the whole family and its individual members will probably
prove a less hazardous venture in difficult cases than purely
individual studies, because in the former the investigator can
at least check his figures and make certain that no serious errors
have entered into his many calculations.

*
* *

THE METHOD OF RECORDS OF PURCHASES IN SPECIAL
HousenoLp Books

There is, in point of fact, more than one method of this kind,
and several of them may give good results. In certain surveys,
rather rare, it is true, full reliance has been placed in the
intelligence, good faith and conscientiousness of the unsupervised
housewife in the groups studied. Excellent results have been
obtained by this method, but it is always open to criticism,
even if the information acquired bears the impress of truth.
The absence of any check always arouses distrust, and for
this reason the assistance of investigators must be regarded
as indispensable. = This method demands both goodwill
and active co-operation from the groups under investi-
gation, and intelligence and tact from the investigators
themselves, as does the weighing method. ' The investigator
must take care, therefore, not to make his presence felt as that
of an intruder upsetting the family life. The technique is to
take an inventory by weight at the beginning and end of the
period of investigation. During the period of enquiry, moreover,
the housewife enters in a special account-book, in accordance
with the instructions she has been given, a daily record of all
food purchases and, generally, of all food products received.
This procedure calls for careful supervision on the part of the
investigators, who have to check the care with which the



housewife does her part of the work. In many countries, this
method is regarded as yielding reliable results. In others, the
weighing method pure and simple is preferred ; the account-
book method is applied only to studies concerned with the
aggregate food consumption of families, and not to individual
studies or to family surveys combined with individual studies
within the family. '

Investigators must have a talk with the persons submitting
themselves to study. They must make the housewives realise
the importance of accuracy in their information. They must
show, by examples, that vague statements may completely
falsify the results obtained, and that, accordingly, returns
must be presented with the maximum of detail. By appealing
to the pride of all co-operating in the study, by offering prizes
for the best kept books, and especially by pointing out that, by
skilful checking, the investigator can discover any signs of
negligence, books can be obtained in which the entries have
been made with a scrupulous regard for truth. Housewives
are asked to note all available details regarding food obtained.
A specimen page for each day is reproduced in an annex.

The investigator will take careful note of the following

information (as with the weighing method):

(x) Total number of meals per day, and proportion of
hot meals per day or week ;

(2) General particulars of the composition of the various
meals taken during the day;

(3) Quality of the food, importance attached by the
housewife to this question'—for instance, whether fresh
or salt butter is used ; it is also important to ascertain how
much butter is used for cooking ;

(4) How much preserved food is consumed; what pre-
serves are generally used ; |

(5) Information about the attention given to the
preparation of food ;

1See footnote on page 33, -



(6) What members of the family only come home for
certain meals, and what meals they take outside; whether
the children receive any food at school ;

(7) Whether the family is in receipt of relief in kind, and
if so, what relief ;

(8) Information about the feeding of infants;
(9) Particulars of medicines taken, if any;

(r0) Itisimportant to ascertain the quality and freshness
of certain foodstuffs—vegetables, for instance—and how
much is consumed raw;

(11) Information about the use made of the water in
which food is cooked ;

(12) General information about the special dietary habits
of each member of the family, or at least some of them.

The officer in charge of the survey should analyse the
household books with the help of the investigating staff. This
will enable him to judge of the value of these books. It is usually
necessary to reject from 309, to 409 for various reasons-—
careless work, failure of the housewife to complete the investi-
gation, etc. This percentage of failures should not be regarded
as excessively high. Obviously, this practical, because simple,
method is suited only to civilised countries where society is
so organised that it can be carried out and where the housewives
asked to collaborate can be relied upon to understand and
co-operate conscientiously.

Where such collaboration cannot be counted upon, the

weighing method applied by investigators is the only feasible
method.

*
* *®

QUESTIONNAIRE METHOD

Surveys are sometimes made by means of questionnaires.
This enables a certain amount of fragmentary and very rough
information to be obtained as to the extent to which certain
foodstuffs are consumed and as to certain dietary habits. It



does not provide sufficiently full and accurate information
for a coherent physiological study of a complete diet.

In some American studies of the general living conditions
of a population so large that a full dietary investigation of
all the households could not be made, a preliminary rough
survey was carried out by the questionnaire method, and this
provided a basis for the selection of suitable households in
which to make fuller surveys (Schedule Method—Food Check
Lists).? It must, however, be pointed out that such a selection
is not without danger, since it may lead to unrepresentative
information exclusively concerned with the diet of the type
of family in which household management 'is conscientious
and intelligent. The questionnaire of this preliminary investi-
gation (schedule method) is designed to secure information
as to the quantity and price of the foodstuffs consumed by the
family during the week ending on the day the questionnaire
was filled in. The information thus obtained consists of the
nearest estimate the housewife can make, and it is clear that
its value depends to a very great extent on the way in which
she runs her household, on the care and conscientiousness
with which she does her work and, in particular, upon whether
she keeps accounts of her own accord or not. These printed
questionnaires cover 164 types of food, divided into six
categories, and there is a blank space for miscellaneous foods.
In spite of the uncertainty of methods of this kind, the replies
to such questionnaires nevertheless generally afford useful
information of a preliminary character, and enable the fuller
surveys which must necessarily follow to be pursued under
favourable conditions. '

These questionnaires also call for information about the

origin of the food (purchased or produced at home) and the
number and variety of hot or cold meals.

B EE———
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Chapter VI

SCOPE OF SURVEYS

- On general grounds, surveys should clearly cover as large a
section of the population as possible. In the ordinary way,
however, limits are set by the material resources available.
In practice, the extension of a survey varies inversely with its
elaborateness. Usually, the more thorough the programme of
study, the smaller the number of people covered. When the
methods adopted produce enough data to conform to strictly

' statistical requirements, they frequently yield only approxima-
tions and are hence not suited to the requirements of the
physiologist. This applies, for example, to the questionnaire
method. It should be added that even official bodies will often
have difficulty in enlisting the support of the population on a
sufficiently extensive scale for the mathematical properties of
large numbers to be fully operative. It follows that surveys
sufficiently elaborate to meet the needs of physiclogists—and this
involves the monographic method defined on page 29—
frequently cover too small a population group to satisfy the full
requirements of the statisticians. In practice, a compromise
between these two claims is necessary. It may be desirable,
too, for the purpose of interpreting certain results obtained
by the monographic method, to make supplementary but
less thorough surveys covering a large number of households ;
this has been done in certain American studies in which a
preliminary and extensive rough survey (schedule method)
was made before the more restricted monographic investi-
gation.

In many other circumstances, exclusively monographic studies
have been made including, in addition to a description of the
family or community, the use of the weighing or household-
book method—that is to say, full, but not very extensive,

( investigations. In such cases, it is nol possible to indicate in
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one single numerical tevm what the extension of the survey should
always be. Everything will depend on the point of view. The
same documentary material may be of sufficient scope in some
respects, but not in others.” That will depend on how far
whichever factor is concerned varies or remains constant.
If an average value is to have any significance, it must satisty
certain mathematical conditions. These alone can afford a
test as to whether or not the observations have covered a
sufficiently large field for the averages to reflect the true facts
of the matters under investigation, or indeed, to have any
significance of any sort. This question will be dealt with in
Chapter XII

Perhaps the following general statement may be made,
with all the reservations which are called for by the foregoing
considerations : . In many circumstances, a thorough mono-
graphic family survey, covering only the fofal food consumption
of the household and involving no investigations of individual
cases, will begin to be sufficiently extensive for some purposes,
though not for all, when it covers at least thirty to fifty families
chosen at random in a particular class of the population. It
should, however, be emphasised once more that this is but a
very rough indication ; its validity will depend on circumstances.
In any case, the investigation should always be made to cover
as wide a field as possible, for its value will always increase
commensurately with its extension. _

There is, however, this further consideration to be borne
in mind—that the standards which apply will vary according
to the object at which the enquiry is aimed. For some purposes,
accurate information about a hundred subjects may be more
valuable to the hygienist than similar but approximate infor-
mation about a thousand ; whilst, at the same time, the former
may be of less statistical significance than the latter.

It should also be noted that family and individual studies,
such as those- made by Professor PELC in Czechoslovakia,
dealing with one household at a time for @ whole year without a
break, provide most valuable information, in spite of their
limited extension. Generally speaking, the field covered by
a survey varles inversely with its thoroughness or with its



length, which, incidentally, is itself one of the ingredients of
thoroughness. '

In conclusion, no effort, however modest, should be discour-
aged in nutrition surveys. This in no way invalidates the
recommendation that they should be made as extensive as
possible. The significance of the results of limited surveys is
dependent upon the requirements of statistical calculation.

The help of official or professional bodies may be enlisted in
inducing families to collaborate. Relief associations, members of
the teaching profession, study circles, trade unions and certain
political bodies have given particularly valuable help in all the
surveys made in a number of countries on varying subjects of
social importance. The director of the survey should see that the
object of the work is clearly understood by all his helpers.
He should always lay special stress on the essentially scientific
character of the investigation. He should point out the danger
of our present state of ignorance of particular social or economic
questions. He should describe the benefits derived from earlier
surveys. In some countries, there are official bodies whose
business it is to make such studies regularly—for example,
the Bureau of Home Economics of the Department of Agriculture
and the Bureau of Labor Statistics of the Department of Labor
in the United States of America. :



Chapter VII

DURATION OF SURVEYS

The general rule should be always to make the duration of
surveys as long as possible. This policy is warranted by the
fact that, in practice, circumstances always tend to render it
too short. The facilities available are usually inadequate in
relation to desiderata. But there are lower limits below which
it is impossible to go if the results obtained are to have any
value at all. The following periods, in decreasing order, may
be taken as a guide. :

Family and individual surveys covering one or two households
at a time have been pursued uninterruptedly for a whole year
(¢.g., the investigations by PELC in Czechoslovakia). For elabo-
rate surveys by records of purchases in special household books,
a period of one month is recommended.

For a thorough enquiry by the weighing method or rough
investigations by questionnaire (the American ‘‘schedule
method”’), one week is usually allowed. Some individual snves-
tigations by the weighing method have been carried out for periods
~of two or three days. ' ,

Lastly, it is generally advocated that one-week surveys
should be repeated three or four times a year to show the effect
of seasonal fluctuations. These are, however, not equally
important in all countries.? ’ '

The factors to be considered in deciding the appropriate
length of time for a nutrition survey can be divided into two
categories : those which render it undesirable that the period

should be too long and those which require that it should not
be too short.

iin cuuinenquirhswhichammpeabdoumralmcuimsduﬁngthcymlnwdertotrmetheiaﬂmme
of seasonal fluctuations, the subsequent observation periods are shorter than the first. Thus, if the first
petiod lasts ten days, the remaining two periods, in two other seasons of the year, are only of five days'
duration each.



The factors under the first heading are pecuniary and psycho-
logical. The former call for no comment. The latter arise out
of the fact that the investigation lays a considerable extra
burden on the housewife, who will be disposed to undertake
it only if her good-will is not unduly taxed. Thus whether a
period is excessive or not depends both on the method adopted
and on the conditions in which the investigation is carried out. *
Generally speaking, the weighing method cannot be applied
for as long a period as the household-book method ; and, in
this particular respect, the latter may be held to be preferable
to it. The weighing method is, however, regarded as permitting
of greater accuracy in the day-to-day recording. ‘Again, the
constant presence or repeated visits of investigators often become
tiresome if continued too long.

The reasons why the survey should not be too short are of
three kinds—psychological, circumstantial and physiological.

Psychological. — The shorter the survey, the greater the
source. of error arising from the temporary simplification of
food habits introduced by the housewife to facilitate the work
involved by the survey. The more complicated the method
adopted, the more pronounced is the effect of this source of
error ; the weighing method is hence unquestionably more liable
to be affected than any other. The shorter the survey, the more
the housewife willbe tempted to act in disregard of the established
food habits of the family.

Circumstaniial. — Temporary sickness or absence of a member
of the family, or some commercial factor such as an exceptional
shortage or abundance of some food, are among the causes of
error whose relative importance increases as the length of the
survey diminishes.

Physiological. — The important principle involved here
is fundamental to all those methods of dietary survey which
we have termed sndirect. It was shown on page 30 that the
only really direct method of estimating the intake of food and

1 In exceptional cases, a family may be found one of whose members has leisure and intelligent nterest
enough to be willing to undertaks the necessary work himself for & long period.



food constituents—i.c., the various nutritive principles—is
that of chemical analysis of samples of the foodstuffs and
dishes eaten; that this direct method cannot, in practice, be
applied to social investigations ; and that, for these, the method
adopted must be the indirect one, in which chemical analysis
is replaced by calculation of the intake of nutritive principles
from food composition tables. Now these tables give average
figures for values which vary continually from sample to sample
of any given food. Such variations may be more marked in
some cases and less so in others, but they are absent in none.
If, therefore, the average figures given by the tables are to be
really valid, the majority of the foodstuffs under examination
in any given survey must have been purchased on several
occasions by the housewife. The greater the number of such
occasions, the more will the use of this average composition
figure be justified, because the more closely will it approximate
to the actual value. If, on the other hand, a particular foodstuff
is purchased only once, its composition on the day on which
it happened to be bought may have differed substantially from
the tabulated values.

If energy-producing foodstuffs are taken as an example, the
research of MUNK and SLossE? shows that, in a one-week survey,
in which chemical analysis and indirect calculation from tables
were simultaneously employed for purposes of comparison, the
energy values yielded by the two methods never differed by less
than 109, or 209,.

Average food composition tables should accordingly be used
only where these averages really apply—that is, where the
survey lasted sufficiently long for frequent purchases to be
made of all the foods concerned. '

In certain circumstances, even surveys lasting a full month
are insufficient to determine the true average facts of the
position. Some persons do not exactly balance each day’s
energy expenditure by that day’s food intake, but eat more
than enough for certain periods and less than enough for others.

1See A. Sl.o'u l.nd E. Waxwerzn, Enqusie sur Le régime alimentairs do 1,065 ourriers belges: Publications
of the Institut de Sociologie Solvay, published by Misch and Thron, 1910, No. 9, page 109,



Thus an agricultural worker will accumulate reserves during
the winter and draw upon them in the summer, notwithstanding
that he may be eating large quantities of food during the period

of heavy exertion.

In short, the absolute minimum period of investigalion should
be taken as one week. Wherever possible, this period should be
exceeded. When the weighing method is used, however, praciical
considerations make any extension of this period difficult.» With -
the household-book method, it is advisable to extend the period of -
tnvestigation to about @ month.

’Whenune-weekquirismwndmhdhhrgenumbmmhmmusfamﬂiu,mdwhenm?ly
group averages, as distinct from the values for individual families, are considered, the extension of the enquiry
may o some extent correct the inadequacies due to barely sufficient dutation in time.
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Chapter VIII

THE INVESTIGATING STAFF

A dietary survey should be carried out by a body of investi-
gators working on the spot under the control of a responsible
director who can organise and check the work and examine
‘and classify the data collected by his staff. When the survey
is an extensive one, a more elaborate staff organisation can be
arranged according to circumstances. So far as the present
monograph is concerned, interest centres in the staff directly
responsible for the work on the spot, who have to associate
with the persons under investigation.

QUALIFICATIONS OF INVESTIGATORS

It is absolutely essential that the investigating staff shall
consist of intelligent, conscientious, pleasant and extremely
tactful persons—that is, persons endowed with qualities of
character likely to win the confidence of the groups under
investigation. The investigator’s task, be it repeated, is both
delicate and thankless. He may easily come to be regarded as
a troublesome intruder in a family, if he is felt to be indiscreet.
He must be observant and hence capable of learning much
without having to ask questions. A degree is not in the
least essential. It is not, of course, a handicap, but what
matters is ability to inspire confidence and the qualities of
character already emphasised. Experienced woman social welfare
workers are often well suited to this work when they possess
these qualifications; but there are many others, especially
women, well enough fitted for it, whose educational attainments
are limited to ordinary secondary-school training. The investi-
gator must, of course, understand the purpose of the survey
and be interested in this type of research; it is particularly
necessary that he should be prepared for it by a probationary
period with trained investigators under the orders of the director.
He should, of course, have some grounding in the physiology
of nutrition, but this can be provided by the survey staff. When



the weighing method is employed, he must understand some-
thing of the technique of weighing. He must be able to explain
normal weighing procedure to housewives and appreciate the
errors to which such operations are liable, and must be alive to
the possibility of energy being wasted when over-conscientious-
ness goes hand in hand with an imperfect understanding of
weighing procedure. In other words, investigators must appre-
ciate what is meant, in gravimetric analysis, by absolute and
relative weighing errors.

NUMBER OF INVESTIGATORS

With the household-book method, one investigator must
be provided for every ten to twelve families. Entries into the
books must be constantly checked. Housewives must be made
to understand that investigators keep an efficient check and:
cross-check on their entries. This frequently necessitates long
talks and repeated visits, of which several will inevitably be
fruitless when the housewife is out shopping, working or visiting.
From time to time, the investigator must watch the preparation
of the food, and attend meals.

When a family survey is conducted by the weighing method
only and is concerned exclusively with the aggregate food
consumption of the household, and when the investigators are
not themselves required to take part in weighing operations
except to demonstrate the technique, approximately the same
number must be provided. If, however, they have also to assist
in weighing, then their number must be increased.

For individual or family-plus-individual studies, one investi-
gator per family must normally be provided. He will live
almost permanently in the household, and must be equipped
with considerable chemical and physiological knowledge of
nutrition problems. But in a study by the weighing method
of individuals forming a homogeneous group and boarding
together—as in a school, for instance—one investigator can
undertake the necessary weighing operations for eight to ten
subjects at a time. It would be well to provide investigators
with printed or multigraphed instruction-sheets as a memo-



randum of the essential factors to be taken into account when
compiling their data. .

The work of the investigators themselves should be checked
in turn by the director of the survey, who may either call for
a written report or accompany them on some of their visits or
question them from time to time after examining the household-
books and returns.

Finally, the returns must be analysed with the director
himself. This will serve as a final check and enable him to assess
the value of the work done in each household.

This work of analysis consists in drawing up a detailed schedule
of the consumption of each basic foodstuff throughout the period
of investigation, accompanied by a statement of such supple-
mentary particulars as may be required.

Most of the recommendations already made as to the number
of investigators required are applicable to both family and
individual studies. So far as investigations of the second type
are concerned, something has already been said with reference
to a particular case. It is obviously impossible to suggest a
single standard for the staffing of surveys of the second type,
since these differ so much among themselves. The director of
the survey will have to decide each case according to its merits.

For investigations in countries which are not fully civilised
or otherwise present conditions not comparable to those
of Western civilisation, and in which the same reliance
cannot be placed on the intelligent co-operation of the persons
under enquiry, weighing carried out by the investigators them-
selves is the only feasible method. One investigator must
therefore be provided for each family, or for a small group of
two to six families at the most, at any rate at the beginning
of the survey ; and this applies even when the survey is of the
family type, pure and simple, without any additional individual
study. According to AYKROYD’s investigations in India, six
families per investigator represent the absolute maximum.
Finally, those in charge of the survey will have to decide to what
extent the work can be entrusted wholly or partly—and under

close periodical supervision—to the groups of persons who are
being surveyed.




Chapter IX

LIST AND CLASSIFICATION OF FOODSTUFFS

METHOD OF NOTING RECORDED QUANTITIES

There can be no question of providing a single complete list
of foodstuffs valid for all countries. Such a list would be of no
practical use, considering the great differences in the foods
consumed in each. At most, a standardised classification of
foodstuffs can be contemplated. This, however, would be of
substantial practical value, inasmuch as it would {facilitate
the comparison of different investigations.

In 1936, the International Labour Office proposed a very
simple list (Studies and Reports, Series B, No. 23 : *° Workers’
Nutrition and Social Policy ”’, Appendix IV, page 195: Part A :
*¢ Classification of Foodstuffs into Main Groups adopted by the
International Labour Office for International Comparisons of
Food Consumption "’). i ‘

This method of classification has been adopted here. A few
changes have, however, been effected, in order to make it
acceptable to all countries, for the International Labour Office
list had been planned more especially for dietary surveys among
the workers in countries of Western civilisation.

METHOD OF CLASSIFICATION OF FOODSTUFFS DESIGNED
TO FACILITATE INTERNATIONAL COMPARISON

I. CEREALS.?

1. Bread (specify kind of cereal, degree of milling, whether
prepared with water or milk, percentage of yeast or soda,
etc.).

2. Cakes, biscuils, pasiries.

3. Flour,

4. Othey ceveals and starchy grains (including colonial varieties,
when necessary, such as millet, tapioca, etc.).

YAy

1 With regard to the principal ways of consuming cereals, the various countries of the world may be divided
into three categories—namely, those consuming bread, girdle-cakes (galettes) and boiled cereals respectively.
In countries of advanced civilisation, bread is the basic carbohydrate food. For this reason, the cereals
consumed in that form are gronped under & separaté hsading at the head of the list. In countries where no
bread is made, girdle-cakes or boiled cereals should coastitute the main item under heading I instead of bread.

\
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II. ANiMAL TIsSSUES.

1. Fresh meat (specify whether lean or fat, whether weighed
without bone, etc.) :
Beef, veal, mutton, horse, etc. ;
Pork, ham, bacon, etc.
2. Fresh fish (specify whether whole, cleaned, whether weighed
with bone or not, etc.) : _
Haddock, turbot, whiting, salmon, cod, etc. .
3. Other meat and fish producis:
: Salted, smoked, canned or dried meat and fish ;
Sausages, charcuteries, etc.
. Poullry.
Game (ground or winged).
. Reptiles and amphibians (frogs, etc.).
Glandular organs, brains, elc. (liver, kidney, sweetbread, etc.).
Imvertebrates (specify kind, method of preparing, indicate
if weight is given unshelled or not, etc.) :
Molluscs, crustaceans, insects, larva, worms, slugs, etc.).
9. Eggs (specify kind).

III. FarTts.

1. Animal fat (lard, suet, fish and liver oils, etc.).

2. Margarine (specify roughly if prepared from animal foodstuffs
in addition to vegetable foodstuffs ; state also whether it
contains vitamins and, if so, how much).

3. Vegelable oils and fats (palm-oil, olive-oil, sesame-o0il, cocoa
butter, etc.).

O~ Ohin b

IV. MiLx Propucts (specify from which animal).
1. Whole milk (specify average fat content).
2. Skim-milk. : ‘
. Condensed milk (specify composition).
. Dried milk (specify fat content).
. Buttermilk or whey.
. Cream (specify percentage of fat).
7- Cheese (specify the kinds or specify percentage of fat).
8. Butter (fresh or salt), ghee (clarified butter), etc.

V. VEGETABLES AND FRUITS.

1. Dried peas, beans, lentils, ete.

2. Potatoes.

3. Other yoot vegetables (carrots, turnips, various tubers, manioc
or cassava, etc.).

4. Fresh vegetables :
Green leafy vegetables ;
Other fresh vegetables.

Cvtn W
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5. Fresh fruils.
6. Preserved vegetables and fruits and fruil juices,
7. Nuts, etc. (specify shelled or unshelled, etc.).

VI. SUGAR, ETC.

Sugars (specify kind).
Syrups.
Honey (specify kind).
Jams and marmalades.
. Sweels.

b WoR

VII. BEVERAGES.

. Coffee, tea, malt, chicory, maié, etc.

Cocoa.

Fermented beveyages (specify : wine, beer, cider, etc.).

. Distilled alcoholic beverages.

Unfermented fruit beverages (to be listed here if sold ready for
consumption without dilution, otherwise to be listed under
V.6 or VI1.2).

o oo

VIII. CONDIMENTS.
1. Salt (specify kind).
2. Various vegetable condiments . (pepper, paprika, maustard,
vinegar, etc.).

IX. MisceLLANEOUS COMMERCIAL PREPARATIONS WITH MIXED
CONTENTS.

Tinned soups, tinned stews, etc.

As for the manner in which entries should be made under
the several headings, most items will obviously be given in
terms of weight or volume. Care should be taken, however,
to specify whether the entry refers to the food in the raw condi-
tion as purchased, or to the edible portion only. In the latter
case, the fullest possible particulars should be given as to the
manipulations which the weighed food has undergone in process
of preparation (meat with or without bone ; fish cleaned or not,
weighed with or without the head, with or without the skin,
etc.; potatoes peeled or not; peas shelled or not; peanuts
with or without the shell, fresh or dried or roasted, etc.).



Entries concerning articles that are sold as separate units
—e.g., eggs—should indicate the number. In the case of fruit,
it is well to specify the average weight of the individual fruit
or the usual number per unit of weight, such as the kilogramme.
If the unit of sale is a special one, such as 2 bundle in the case
of vegetables, it is essential to give the average weight of that
unit. '

In many cases, moreover, it is absolutely necessary to specify
whether the material is weighed in the raw state or cooked.
Finally, in some countries, it may be customary to subject a
foodstuff to some special treatment. It is important to give
the fullest particulars in this connection.



Chapter X

PHYSIOLOGICAL ANALYSIS OF THE DATA OBTAINED
FROM DIETARY SURVEYS : FACTORS TO BE
CONSIDERED IN THE STUDY OF THE PHYSIOLOGICAL
VALUE OF THE DIET

The figures obtained from dietary surveys show the quantities
of foodstuffs consumed. The physiological analysis of the data
consists in converting these results into terms of the correspon-
ding quantities of nutritive principles.

This having been done, the data must then be presented in
a suitable form for interpretation-—i.e., in the form which is
most suitable for determining whether bodily requirements in
respect of these principles have been met and whether their
relative proportions in the diet are satisfactory. .

In the case of purely family surveys dealing only with the
foods consumed by the family as a whole—the large majority
of surveys are of this type—the data obtained have to be
teduced to a unit of comparison of such a kind that they may
be compared with data relating to other families or social
groups. Such a unit corresponds to one of the types of individual
composing the groups, such as the adult man of average stature.
Scales of family consumption coefficients are used for the
purpose. These scales will need to be studied in relation tothe
various nutritive principles, and their value and utility assessed.
The following questions therefore require attention :

What are the varieties of nutritive principles to be consi-
dered and what are the units in which the quantities should
be expressed ?

How are they distributed in the various foodstuffs ? This
question links up with that of household waste and physio-
logical waste of foodstuffs and that of the customary presen-
tation of food composition tables.



How are the gross and useful (net) energy values of food-
stuffs to be calculated ? '

What is the present position in regard to the problem of
scales of family consumption coefficients ?

It is impossible to go into the question of defining the
proper diet of the normal man in various circumstances, but
a guide for persons carrying out dietary surveys should indicate
what data must be obtained to enable the physiologist who
analyses the results at least to determine whether the diet is
adequate or not.

I. GENERAL CLASSIFICATION OF ESSENTIAL NUTRITIVE
' PRINCIPLES IN THE DIET

Up to the end of the last century, attention was paid almost
exclusively to emergy-bearing principles—i.e., those which,
by oxidation in the organism, produce the energy, expressed
in calories, which is required to cover energy expenditure.

Since the beginning of the present century, there has been
an increase in our knowledge with respect to other properties
of foods.

It has been found by experiment that animals fed exclusively
on a mixture of purely energy-bearing principles ultimately
-decline in health and contract various diseases; whilst, in young
animals, growth is arrested. If small quantities of certain
natural foodstuffs containing principles other than energy-
bearing are added to such an incomplete diet, the morbid
symptoms can be cured if they have already appeared, or
~ prevented if the diet is thus supplemented before their
appearance.

In respect of the ‘ protective” action exerted relatively
to the quantity administered, the natural foodstuffs are not
all of equal value. McCoLLuM therefore proposed that the term
“ protective ” foods should be applied only to those which
have this property in a marked degree. Milk, eggs, green vege-
tables and certain fruits are included in this category for
different reasons, some of them affording protection against .
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certain morbid symptoms and some against others. Other
foodstuffs have less protective qualities, or none at all—as,
for instance, sugar, which is a purely energy-bearing food.
In reality, all principles which do not serve as sources of energy,
either because their calorie value is low or practically nil, or
because the quantities in which they are consumed are small
compared with the large intake of the main energy-bearing
" foods—in other words, all those principles which confer
‘" protective '’ properties on the foods containing them—may
thus be termed protective principles.t They are of value in the
diet, not for the generation of heat, but as essential agents
in promoting the normal development of young growing
organisms and for the maintenance of a satisfactory state of
health. Such principles are indispensable, even if the organism
is otherwise assured of an adequate energy supply. For instance,
iodine is necessary to prevent goitre. Calcium, phosphorus
and vitamin D are at least three principles which are essential
in any case for the prevention of rickets ; vitamin C prevents
scurvy, ete.

The protective principles consist of certain amino acids,
minerals and vitamins. * They are supplied in the diet in very
small quantities as compared with the energy-bearing principles,
which are present in the food in.great abundance. The latter
comprise the carbohydrates (or glucides), the fafs (simple, and
lipoids) and all proteins regardless of whether these do or do
not contain the few special aminoacids which confer protective
properties.

2. Foop WASTE

A distinction should be made between two categories of
waste : household waste and physiological waste. The former
includes everything which escapes consumption; the latter

1The term “ protective ™ is not equally favoured by physiologists of all countries, There is, however, no
other really preferable expression. One thing is clear, its meaning, though conventional, is simple, rational
and clear.

2 Proteins and inorganic chemical elements are sometimes called the body-buslding materials of food, It
may be that ‘yet other principles, such, for instance, as certain fatty acids, should also be included in the group
of protective principles. The thres categories esumerated here are to be regarded merely as those which
are best known and as the only ones that can be taken into account in enquiries at the present time.
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consists of substances eliminated by the organism as the result
of imperfect utilisation on its part. Unlike the first category,
therefore, the second relates to substances which have been
consumed.

Household waste.
This is subdivided into two groups:

(1) Imedible household waste, or refuse, sometimes called
*“ déchets de cuisine’’ by French writers.—This type of waste
includes bones, potato peelings and orange peel. In countries
of Western civilisation, where potatoes form an important
part of the diet, the total inedible waste represents on the
average 10 %, to 119, of the gross weight of the total foodstuffs
(as purchased) in an average mixed diet. -In practice, the
percentage figure may vary from 79, to 149. It tends to rise
above the average when there is a larger proportion (by weight)
of potato in the diet than of bread, and to fall below the average
when the contrary is the case (BiGwoop and RoosT). If each
foodstuff is considered separately, the amount of waste varies
with the condition of the food and the housekeeper’s care for
economy.

(2) Edible household waste, sometimes called ‘¢ waste”
or, by French writers, *° déchets d’assiette’’ or ** déchels de
table"’.—The distinction between the two categories of household
waste depends solely on whether it is edible or not. The expres-
sions ‘‘ déchets de cuisime’’ (“‘ kitchen waste”’), *° déchets
de table™ (‘“table waste”) and ‘ déchets d’assiette” (**plate
waste '} are ambiguous and should not be taken too literally.
‘* Kitchen waste’ in the literal sense of the term includes
both edible and inedible waste (for instance, both potato peelings
and the food which adheres to kitchen utensils). In the same
way, ‘‘ table waste” and *‘ plate waste’ also include waste
of both categories (orange peel; cherry stones; and the food
which adheres to plates and to spoons, knives and forks).

Edibility is the sole criterion'for making a clear distinction
between the two categories of household waste.



Inedible household waste is expressed as a percentage of
the gross weight of each foodstuff, as purchased, whereas edible
household waste is expressed as a percentage of the total wei ght
or calories of the .dietl. Generally speaking, little is known
regarding the amount of edible waste. There is no doubt that
it varies considerably, and one of the factors of variability is
the social circumstances of the families, or the nature of the
group under consideration. More data should be obtained
regarding the amount of such waste. Here are some figures
which may serve as a guide: In poor homes, the amount of
edible waste is estimated at from 1.59% to 29, of the total
food consumption. According to F. G. BENEDICT, the figure
rises to 109, of the calories in the kitchens and refectories of
students’ fraternity houses (Bulletin No. 261, November, 1931,
University of New Hampshire, Durham, N.H., U.S.A). In
middle or high class homes, the figure varies greatly ; it may
be quite low or it may exceed 109,. There is very little
information available on the subject. That may perhaps
partially explain why the average intake of energy-bearing
foods in certain middle-class families appears to be parti-
cularly high.

Physiological waste.

"The term * physiological waste” denotes urinary and
intestinal waste ; but the connotation of this term is in reality
complex, and is not always easy to define. For instance, intes-
tinal waste does not by any means consist solely of substances
which have not been absorbed through the intestine and may
hence be regarded as never having really penetrated into the
organism. Part of the intestinal waste consists of substances
secreted by the wall of the intestine-—substances, that is to
say, which had previously passed into the organism itself and
not merely into the digestive tube (the lumen of which can be
regarded as external to the organism). Nothing has really
penetrated into the organism until it has passed through the
wall of the digestive tract.

The term * physiological waste ”* has a precise meaning in
two cases only: first, when it refers to substances which have



ot been absorbed through the intestine ; secondly, when there
is faulty, and therefore incomplete, combustion of the energy-
bearing elements in vivo, resulting in the elimination of only
partially oxidised substances which, had they been completely
oxidised, would have provided the organism with extra calories.
This question will be dealt with again later in connection with
the problem of the calculation of the net energy-value of diet.

3. Foop CoMPOSITION TABLES

Food composition tables sometimes show the composition
of foodstuffs in the raw state, as purchased,! the average
percentage of inedible waste from such foodstuffs, and the
quantities of nutritive principles contained in the edible portion
of 100 grammes of the raw foodstuff. Thus, if a table shows,
for instance, that a foodstuff contains 159, of inedible waste
and 209%, of carbohydrates, that means that 20 grammes of
carbohydrates are contained in 85 grammes of the edible
portion of the foodstuff. '

Sometimes, however, the tables show the composition in
percentages of the edible portion alone. The distinction is a
fundamental one, which should be constantly borne in mind
in order to avoid mistakes. .

In many cases, the composition of the foodstuffs is variable,
and the tables give the average value. When the variation in
composition is very great, the extreme values are given in ~
preference to a mean figure. The investigator will have to
judge what figure he considers suitable for the purpose of his
calculations. He will, for instance, allow for the season if the
variation is attributable to this. The essential point is that he
should indicate his choice in his publication.?

! The chemical composition of a food as bought varies from tountry to country, not only for gecgraphical
and agricultural reasons, but also for industrial reasons. Thus the cuts of meat supplied by the slaughter-
houses may vary in composition for technical teasons connected with slaughter-house practice.

.’ When the tables indicate a possible range of variation in composition—specifying, for instance, that a
gn.aen lood may contain from 10% to 24% of some particular nutrient principle—it is essential that the
arithmetic mean of the individual values falling within that range should also be given. This is not usually
doae and it is regrettable, for this true mean may differ markedly from the mean of the two extreme values.
To take the example given above, the true mean of values which ranged from 10% to 24% might be 14%,
(Ifhetm the mean of the two extreme values is 17%) 5 if this were 50, it would show that the lower values
within the specified range are more frequent than the higher,
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Discrepancies as between the values given in two different
tables for one and the same foodstuff may reflect an apparent,
rather than a real, difference, the number of analyses on which
the average figure is based having been different in the two
cases, The more reliable figure will, of course, be that based
on the largest number of individual findings.

The tmportant thing—be it said once again—is that the
investigator should inform his readers of his sources and method
of calculation. )

Composition also varies according to cooking—a very
important consideration in certain cases. The variation is
sometimes caused either by the destruction of a2 given principle
or, on the contrary, by the liberation of an extra amount of
the principle {e.g., vitamin C in potatoes), a process which
produces an apparent increase, through cooking, of the vitamin
concentration. Sometimes, again, it is due to an alteration
in the volume of the food as a result of cooking. The latter
causes the percentage composition of the cooked product to
differ from that of the raw substance. - The use made of the
cooking-water is another factor.
~ Accurate and complete composition tables showing seasonal
and regional fluctuations are very rare. Existing tables vary
greatly in value. The information available is much fuller in
regard to the energy-bearing principles than in regard to the
protective principles. Data concerning vitamins, in particular,
are still very incomplete and inaccurate.

A list of older and more recent tables of food composition
relating to certain foods only is given below :*

In German:

1. “ Chemie der menschlichen Nahrungs- und Genussmittel ™,
by J. KoniG (Springer, Berlin). .

1 In principle, the tables which afford the best guarantee of accuracy are those which specify, not ouly the
methods of determination, but also the number of analyses which have been performed in order to arrive
at 2 mean value for each item. It should be borne in mind, however, that this remark applies more especially
to original tables—for some simplified tables have been published which omit information of this kind, in
order that they may be more handy for the investigators by whom they are to be used. It would be desirable
that some selection and standardisation of these tables should be undertaken on international lines as well
a8 a compilation of the analyses carried out in all countries, by up-to-date methods and at different times of
the year.
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. “* Handbuch der Lebensmittelchemie ', by JUCKENACK,

Bames, BLEYER and GrossFELD (Springer, Berlin, 1933-1938}.

. ‘" Shall-Heisler Nahrungsmitteltabelle *’, Eighth Edition,

revised by Dr. Hermann SHaLL (Leipzig : Verlag von Curt
Kabitzsch, 1927).

. BERG, R. : ‘' Die Nahrungs und Genussmittel " (Dresden,

1929).

In English :

1.

10,

IT.

‘** Chemistry of Food and Nutrition *’, by SHERMAN (Macmillan
Co., New York, 1037).

. Tables of ATwaTeErR and BrYANT (' Chemical Composition

of American Food Materials ') (U.S, Dept. of Agriculture
(Off. Exp. Stat.), Bull. 28, 1906). A new edition is being
prepared.

. '* Tables of Vitamin Content of Human and Animal Foods ”’,

by M. A. Boas FixseN and M. H, Roscoe. Nulrition Abstracts
and Reviews, 1937[38, 7, 823-867.

. ‘A Laboratory Handbook for Dietetics’’, by M. Swarz

Rose (Macmillan Co., New York, 1937).

. ‘* Applied Dietetics’, by F. STern (Williams and Wilkins

Co., Baltimore, 1936).

. ** Vitamin Content of Foods ’, by E. PETTERSON DANIEL and

H. E. MunseELr (U.S. Dept. of Agriculture). Miscellaneous
Publication No. 275, Juhe 1937, Washington, D.C,

. ‘* The Carbohydrate Content of Foods ", by R, A. McCANCE

and R. D. LAwRENCE (Medical Research Council, London:
Special Report Series No. 135, H.M. Stationery Office, 1929).

. '‘ The Chemistry of Flesh Foods and their Losses on Cooking”’,

by R. A. McCaNce and H. L. Smipp (Med. Res. Council,

London : Special Report Series No. 187, H.M, Stationery
Office, 1933).

. ‘*Food and Nutrition of African Nations '’ (International

Institute of African Languages and Cultures, Mill Bank House,
3, Wood Street, London, S.W.1. : Oxford University Press,
1937. Memorandum XIII).

‘“ The Nutritive Value of Fruits, Vegetables and Nuts ”, by
R. A. McCance, WippowsoN and SHAcCKELTON (Med. Res.
Council, London : Special Report Series No. 213, 1936).

'" Analysis of Foodstuffs””, by R. H. A. PLIMMER (H.M.
Stationery Office, London, 1919). New edition in the press.



Iz2.

13.

14.

15.

16.

17.

18.

19.

20.

2.

22.

23.
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‘“ Table of Composition of Foods " (Buil. No. 10, Imperial
Bureau of Animal Nutrition). May 1938.

‘** Proximate Composition of Fresh Fruits "', CHATFIELD and
McLAuGHLIN (Oct. 1931. Circular No. 50, U.S. Dept., of
Agriculture).

‘* Proximate Composition of Fresh Vegetables ', CHATFIELD
and Apams (Jan. 1931. Circular No. 146, U.S. Dept. of
Agriculture). .

** Iron Content of Vegetables and Fruits *’, StiEBELING. (Feb,
1932. Circular No. 205. U.S. Dept. of Agriculture).

““ Tables of Food Content : First Report  (Advisory Council
on Nutrition, Commonwealth of Australia, 1938, p. 29).
Health Bulletin No. 23 : ** The Nutritive Value of Indian Foods
and the Planning of Satisfactory Diets” (Government of
India Publications, 1937).

‘* Shanghai Foods ", B. E. Reap, L. W. Yunc and C, J. KvanG
(Published by the Chinese Medical Association, 1937).
Further Report on Nutrition in Ceylon : Part I. — ‘* Biological
Assays and Chemical Assays’’; Part II. — ' A Survey of the
Diets of Ceylon ", L. NicnorLs (Ceylon Govt. Press, Colombo,
1937).

**Chemical Analysis of Malayan Foods"’, J.L. RosepaLE {(Govt.
Printing Press, Singapore, 1935).

*“ Food Values *', A. J. HERMANO (Bureau of Printing, Manila,
Philippines, 1932).

** The Chemical Analysis of Food in Japan.”” Report of the
Imperial Government Institute for Nutrition. Vol. III. No. 1,
1931. There are a number of other similar publications from
the same institute. A complete list could be obtained from
Professor Saiki. . ,
‘“The Food of Japan', E. Ch. GrRey {(League of Nations,
document C.H. 681, 1928).

In French :

I,

2.

Les tables d’ALguIER pour la France.

‘“ Les données et les inconnues du probléme alimentaire
by L. RaNDoIN and SiMoNNET (Presses universitaires de France,
Paris). '

Comparative tables between values in different countries are
given in ; ‘' L’alimentation rationnelle et les besoins énergé-
tiques d'une population ouvritére”, by E. J. Biwoop and
G. RoosTt (Institut de Sociologie Solvay, Université de Bruxelles,
1934).
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4. Finally, in the case of the Congo, particulars will be found
in *‘ Problémes de I’Alimentation au Congo belge*’, by E. J,
Bicwoop and C. TrorLl : Second International Congress of
the Société scientifique d’hygi¢ne alimentaire, Paris, October
1937 (see ' Science de I’Alimentation en 1937 "’ : Imprimerie
Alengonnaise, Alengon, France).

5. ‘‘ Vues actuelles sur le probléme de l'alimentation avec fables
de composition des alimenis’’, by L. RANDOIN. Collection des
actualités scientifiques et industrielles, No. 579, Herman & Cle,
Paris, 1937,

In Danish :
* Handbog i Diaetetik ”’, by A. FABER and A. NorGaarp. Published
by Levin and Munksgaard, Copenhagen, 1934.
In Dutch : S

‘* Voedingstabellen ”, DonatH, KooLHaas and Van VEEN,
(Geneeskundig Tijdschrift voor Nederlandsch Indig, 1935, 5. 75).

»
3 *

Certain valuable data are also contained in the reports of
the Technical Commission on Nutrition, Bulletin of the Health
Organisation, 1936-1937.

4. THE ENERGY-BEARING PRINCIPLES

The substances concerned are proteins, fats, carbohydrates
and, subsidiarily, certain other substances.

Proteins. — The proteins contained in the edible part of
foodstuffs are usually estimated on the basis of their nitrogen
content.* This method of estimation is generally satisfactory,
but in certain cases it is much less so. For instance, in the case
of the dried meat often eaten by natives in the colonies in a
state of partial decomposition, the method is entirely misleading.

1 Proteins oconsist principally of amino acids, Their nitrogen content is fairly uniform and corresponds,
:mnvmge,loxﬁ%dnmogm; :mdninogmthmmmdn,mmlmge,bé.zs grammes



Sometimes, the figure of the total protein intake in the diet
is considered in itself (grammes per day); sometimes, the
proteins are estimated in grammes per kilogramme of body
weight ; while, in other cases again, they are expressed in terms
of the ratio of their calories to the total calories in the diet.
For instance, an adult may be said to need at least 1 gramme
of protein per kilogramme of body weight. In our Western
countries, where the average weight of a man is 65 to %0 kilo-
grammes, a protein intake of 100 grammes a day for an adult
is about an average figure for a diet of 3,000 net calories, and
the percentage of total calories contributed by the proteins
thus works out at 13.3 9% (1:;74 i

Another approach to this question is to estimate the relative
proportions of animal and vegetabie proteins. For instance,
such facts as that the animal proteins, in a given case, represent
40 9%, of the total protein intake, may be recorded. It should be
noted that the composition of the family may affect this ratio.
Fluctuations will accordingly be the more significant the more
homogeneous the households under consideration.

The importance of determining this ratio will be seen later,
in connection with the protective principles. In the case of
children and pregnant women, the protein requirements per
kilogramme of body weight are greater.

Fats. — This group comprises all non water-soluble substances
that can be extracted by organic fat solvents. They are built
up of components of varying composition, some containing:
phosphorus, others not, etc. In most diets, however, they
consist for the most part of simple fats (glycerides). It is usual
to refer to the total intake of fatty substances expressed in
grammes per day. For instance, in our Western countries, the
average diet for an adult (3,000 calories net) will be said to
contain from 85 to 125 grammes of fat. The intake tends to
rise in cold countries and fall in hot countries. Sometimes the
fat intake is expressed in terms of the percentage of the total
calories supplied in the diet. In diets rich in fat, this proportion
amounts to more than 309, in temperate climates. When the
calories of the fats in the diet represent 279, to 309, of the



total calories, this is regarded as an average figure in those
countries. If the question is examined in terms of the weight
of food consumed, less water, it is found that, assuming all
other dietary components to be present in adequate proportions,
the diet of a child should, in particular, contain at least 109,
of fat if the body is to be protected from the risk of abnormalities
of skeletal development. Certain nutrient fats are rich in protec-
tive principles (fat-soluble vitamins), while others are not.
Certain ratios of values are hence well worth determining.
In some countries, it will be the ratio of butter (including that
contained in milk} to the total quantity of fat; and in others,
the ratio of palm-oil to the total fat intake ; or again, the ratio
between the fats contained in glandular organs to the total
fats, etc. The type of edible fat which can be regarded as a -
good source of fat-soluble vitamins, varies according to the
part of the world studied.

Another ratio of special importance is that of fatty foods
in which the fats are naturally emulsified to non-emulsified
fats. This is of special importance in countries in which large
quantities of vegetable oils are consumed. Here it is useful
to ascertain what percentage of the total fats in the diet is
supplied in the form of oil, for it is important that this figure
shall not become too great. Digestibility decreases as the
proportion of unemulsified. fats rises.? This physical factor
is not the only one which affects the digestibility of fats ; their
chemical composition is also important (differences of melting-
point and of iodine index). The proportion unused and
eliminated as intestinal waste hence varies. It is influenced
by the factors just examined and it increases with the total
quantity of fat contained in the diet, and with yet other factors,
such as an excess of calcium, etc,

Carbohydrates (glucides). — This group comprises only the
carbohydrates which can be attacked by the digestive juices

and does not therefore, in the case of human nutrition, include
cellulose.

* 1 1n certain exceptional cases, the consumption of fatt
’ y substances, and
reat, (s.g., among the Eskimos). eapecially fsh liver ails, is very



When these substances are present in the diet in large quan-
tities relatively to the other energy-bearing principles, the diet is
" often poor in protective foods. The diets in which carbohydrates
predominate are those by which the energy requirements of
the body can be met at the lowest cost, and are therefore the
diets of poor people. Calorie for calorie, vegetable foods rich
in carbohydrates are, in fact, cheaper than most others. An
average mixed diet generally contains 400 to 500 grammes of
carbohydrates in temperate climates, when the total energy
intake amounts to 3,000 net calories. Generally speaking, an
average mixed diet in Western countries contains 0.8 to 1.5
gramme of fatty substances and 5 to 4 grammes of carbohydrates
per gramme of total proteins. Total energy value being equal,
the respective intakes of fatty substances and of carbohydrates
usually tend to vary in inverse ratio to each other. The weight
ratio of these two groups (that is to say, —=__) tends to

carbohydrate
rise for cold climates and fall for hot .climates.

Miscellaneous. — Certain substances are not classified in the
- three groups of energy-bearing foods just enumerated. Take
two examples : vinegar (acetic acid) and alcohol. Their energy
value (3.5 and 7 gross calories respectively per gramme of
" the pure substance) differs from that of the three groups,
the corresponding values for which are given below. This maxi-
mum gross energy value is not of any great moment, since it is
" not known what proportion of these substances is burnt up .
in the body. In any case, this proportion probably varies
according to circumstances, and it is therefore impossible to
indicate the useful value in net calories.

The value of the diet in calories. — It is extremely important
to consider carefully the problem of calculating the value of
the diet in calories. It is highly delicate and difficult to solve.
In theory, it is perfectly clear and simple ; but in practice,
when this calculation has to be based indirectly on data derived
from a dietary survey and no chemical analysis is possible,
the method used is conventional and approximate only. In
point of fact, investigators have had recourse to various
methods of calculation, so that the results are often not compa-
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" rable. The fundamental physiological aspects of the questicn
cannot be discussed here, but a few particulars will suffice to
show what must be done in any case, whatever the method
of calculation chosen.

It is usual to make a distinction between the gross calories
and net (useful) calories of a diet.

The complete combustion of energy-bearing principles carried
out in a laboratory in a calorimeter gives, on an average, the
following maximum energy values :

Proteins . . . ... . . . 57 ca.lones per gramme
Fats . . . . . . . . . - 9.3 calories per gramme
Carbohydrates . . . . . 4.1 calories per gramme

In the case of a dish made up from a number of different
foodstuffs, the gross energy value may also be measured in the
laboratory with some degree of accuracy, thanks to certain
methods of calculation. A sample of the mixture of a known
weight is dried and then burned, for instance, in an F. G. Benedict
oxycalorimeter—a useful method for little-known dishes or
foods which are consumed in some particular locality and the
composition of which is not given in the tables.?

Oxidation in the body is not as complete, however, as 1t is
in the laboratory calorimeter.

This incomplete * combustion in vive ” leaves over a certain
amount of waste material, which is eliminated through the
kidneys and intestine. Laboratory combustion of this material
releases calories which the body fails touse. In principle, measure-
ment of the heat produced by the total combustion of what
is imgested indicates the gross calories in the diet. After deduction,
from this total, of the heat of combustion of the urine and fzces
discharged during the period under consideration, there remains
the useful heat (nef calories) which the body is able to utilise
from the incomplete oxidation of the foods ingested. Such is
the theoretical, simple and log1ca1 definition of these two

1 Journal of Biological Chemisiry, 1923, Volume 66, page 783, * Abderhalden s Handbuch der biologischen
Arbeitsmethoden, 1929,” Section 1V, Part 13, page s1. Ag the value measured is that of the oxygen consumed
dmmgtheomh:sumdthesnmpblnduthecdcuhumubaudmthmedacneﬁuentoioquivﬂmu

- in caloties per litre of oxygen consumed, ltupm:bh,mdmgwthoemﬁclentomplnyed to calculate
elther the total (gross) heat of combustion or the physiologically useful heat of combustion,



magnitudes. In practical surveys, they cannot be assessed,
and for this reason other values have to be employed, which,
though only approximate and conventional, are at least calcu-
lable from the data accumulated in nutrition surveys. Oxidation
in the body is specially incomplete where proteins are concerned,
. whereas in the case of fats and ¢arbohydrates it approaches
very nearly the maximum, especially if the diet contains but
small quantities of these.

1f we study in a dog the calorie output which is obtained
through the assimilation of a diet consisting of nothing but
lean meat—that is to say, almost exclusively proteins—we
shall obtain an energy value for protein of 4.1 calories instead
of 5.7, the difference being mainly due to the fact that the
nitrogen is eliminated in the form of organic substances still
retaining some energy value (urea, uric acid, etc.). The same
phenomenon can be observed in man.

If it is assumed that carbohydrate and fat oxidation reaches
maximum values in man—though this is only theory and an
approximation to the truth—and if therefore the following
(RuBNER) coefficients of equivalence are taken :

Proteins . . . 4.I calories per gramme
Fats . . . . . 9.3 calories per gramme
Carbohydrates. 4.1 calories per gramme

Rubner’s
coefficients

it is possible, by applying them to the edible portions of the
foodstuffs used, to calculate what is often conventionally, though
arbitrarily, called the gross calories of the diet. The convention
would be less arbitrary if applied to actual intake.

There is also the fact that neither the digestion of foods nor
their subsequent assimilation is accomplished with 100%
theoretical efficiency, so that further *‘ coefficients of utilisation
must be applied to Rubner’s coefficients. On this basis, ATWATER
has suggested the following coefficients, which, for the purposes
of calculation, have the additional practical advantage of being
round figures :

Proteins . . . 4 calories per gramme
Fats . . . . . ¢calories per gramme
Carbohydrates . 4 calories per gramme

Atwater’s
coefficients
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By applying these coefficients to the quantities .of energy-
bearing principles contained in the food actually engested, as
calculable in individual or family-cum-individual investigations
by the weighing method, it is possible to obtain a true assessment,
requiring no further modification, of the physiologically useful
heat—i.e., of the net calories in the diet.

If, on the other hand, the data to which they are applied are
derived from surveys relating to food as purchased, from which
the probable edible percentage can be indirectly assessed, then
a further adjustment must be made in respect of edible household
waste, in order to obtain the net calories.

Certain writers, like GAUTIER in France, for example, have
suggested applying these adjustments to Rubner’s coefficients,
as ATWATER himself did (see above) ; in this way, the necessity
for secondary adjustments would be avoided (GAUTIER proposed
the factors 3.7, 8.6 and 3.9, or, alternatively, 3.68, 8.65 and

3.88 per gramme of protein, fat and carbohydrate respectively).
" But, in view of the difficulty of estimating the adjustment
to be made for edible household waste, and of the variable
nature of this value, according to the social conditions under
consideration, it seems more reasonable to calculate the diet in _
net calories on the basis of Atwater’s coefficients, and then to
deduct from the aggregate figure thus obtained some purely
approximate percentage to allow for errors due to household
waste. :

To sum up:

I. In certain surveys conducted by the weighing method,
.Atwater's coefficients 4, 9, 4 are applied to the food actually
ingested. This gives the net intake with the greatest possible

accuracy, provided the weighing of the food actually consumed
is itself accurate.

2. In other surveys, Atwater's coefficients are applied as

fhey stand to the edible portion of the food as bought. The net
Intake calculated in this way is too high.

3. To estimate the net intake as accurately as possible,
the figure obtained by Atwater’s coefficients as applied in
No. 2 above must be reduced by at least 1.5% to 2%, which



represents a minimum for edible household waste in the poorest
and most economical groups. ,

BiGwoop and RoosT estimate that a correction averaging
5% should be made where there is no needless waste, but that

this figure may have to be increased for certain groups of well-
to-do middle-class families.

4. Other writers employ Rubner’s coefficients (4.1, 9.3,
4.1) and deduct 89, from the total. This method is confined
almost entirely to Germany.

The practical conclusion which emerges clearly from these
considerations is that any final calculation of the energy value of
a diet is of but slight value unless the published report of the survey
shows all the data from which the calculation has been made.
Amnother important conclusion is that no statement of estimated
mean difference between gross and met calorie intake has any
absolute value ; it depends on the definitions given of these values.
Unless these definitions are known, the value assigned to this
difference is of little significance, for imvestigators have adopted
different conventions. The only difference which has an absolute
value, independent of convention, is that based on strictly physio-
logical definitions, but it cannot be assessed on data acquived
in dietary surveys only, however elaborate these may be.

5. PROTECTIVE PRINCIPLES

The biological value of proteins, inorganic elements and
vitamins will be considered in turn.

A. The Biological Value of Proteins.

Protein matter is composed of amino acids. Most of these
molecules act as energy-bearing and body-building material,
but some have special physiological properties. Tryptophane,
‘for example, acts as a co-ordinator of nutritive exchanges,
especially in the maintenance of nitrogen balance. At all ages,
and thus even for adults, some tryptophane is needed in the
diet to enable the organism to maintain its nitrogen balance.
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When it is missing from the diet, there is always a loss
of nitrogen, even if the aggregate intake of nitrogen is more
- than would be sufficient to keep the organism in nitrogen
balance on a normally balanced diet.

Lysine, cystine and cysteine are indispensable for the normal
growth of young organisms.

- Protein mixtures of equal total nitrogen content may thus
be of different nutritive value (so-called diological value). The
proteins of milk, eggs and glandular organs are of the highest
value in this sense. The value of the proteins of vegetable
foods is much lower. Experiments on animals with 'simple
proteins extracted from vegetable material have yielded very
low biological values compared with those of proteins derived
from milk or meat. This is true, for instance, of maize zeine.
It should be observed, however, that the nutritive value of
the mixture of all the proteins contained in a vegetable food
is distinctly greater than that of each of them considered
separately, when the comparison is made for equal quantities of
nitrogen. ‘ _ ‘

A varied diet, even lacto-vegetarian or wholly vegetarian,
generally ensures a proper supply of all the different amino-
acids. But this necessitates a considerable variety in the food-
stuffs composing the diet. Milk, egg and meat proteins appear,
however, to supply these requirements most easily, and
furthermore their presence in a mixed diet enables the body
_to turn proteins of lower biological value to better account.
Herein lies what is called the supplementary value of proteins
of animal origin, and this explains why it is important, when
making a physiological analysis of nutrition surveys, to calculate
the ratio of proteins of animal origin to the total proteins of the
diet (see above, page 63).

_ B. Inorganic Chemical Elements.
Definition.

_Hitl.lerto estimates of the intake of these elements, and of
vitamins also, have been made simply by calculating the content

of the edible portion of foods as bought or, in the case of surveys



conducted by the weighing method, of the portion actually
ingested. No partial utilisation factor has yet been introduced,
since our knowledge on this point is not yet sufficiently advanced
to permit of quantitative calculations.

These elements are often referred to, for brevity's sake, as
inorganic elements or mineral salts, though these terms are
inaccurate and lead to confusion. When we speak of phosphorus
in a diet, we mean both inorganic phosphorus—i.e., phosphates—
and organic phosphorus. The phosphorus in the latter case,
as the term indicates, forms part of the organic molecule. The
same applies to the iron of hamoglobin, The group of elements
known by these terms are therefore inorganic, as opposed to
the four basic elements of organic matter—viz., carbon, hydrogen
oxygen and nitrogen. The carbonates, however, belong to
the groups of mineral salts properly so called. In short, the
term mineral indicates that the elements may be found in the
ashes of living matter as the inorganic residue of the complete
combustion of such matter. All these elements are therefore
taken together whether or not they may be found in the natural
state in some organic chemical compound.

The mere fact of determining the quantities of an inorganic
element present in the several foods composing a given diet
is often far from sufficient to establish the actual amount
supplied to the organism. Cooking processes, and the use made
of the water in which foods have been cooked, are of paramount
importance in this connection. This is also true for certain
vitamins, and even for part of the energy-producing components.
Generally speaking, where a survey indicates that the diet has
a given content of some substance, this should be taken to
mean the content of the foods concerned in their raw state.
~ After cooking, however, the said content is often reduced, to
a varying and ill-defined extent. In other words, in order that
two persons living in surroundings in which cooking processes
differ widely should ingest the same gquantily of an inorganic
element each day, the foods which go to make up their daily
diet may conceivably have to contain different quantities of
that element. It is true to say that, in order to increase the
intake of a given element, it is often more useful to improve
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the method of cooking than to alter the selection, or increase
the quantities, of the food consumed.!

Method of expressing the Content of these Elements in F oods.

Since they are usually determined in ash-residues or by wet
combustion, a tendency has developed to express the concen-
tration of these elements in foodstuffs in grammes per cent
of the oxides (CaO, P,0,, etc.), since it is in this form that
they are analysed. From the physiological point of view,
however, this is illogical. - To avoid confusion, it is better
to keep to the one uniform method of expressing the concen-
tration in grammes per cent of the simple element and not of
one of its oxides (Ca instead of CaO, P instead of P,0;, etc.)

The only elements which will be considered here are sulphur,
phosphorus, calcium, irom and fodine; our knowledge of the
other elements is as yet too fragmentary for consideration in
nutrition surveys.

This does not mean that it would not be useful in the future
to determine the magnesium, potassium, etc., content of the diet.

Sulphur.—Sulphur is supplied to the body almost entirely in
proteins (cystine, cysteine and methionine). The amount of
this element in the diet depends therefore on that of the proteins.
It is usually about 1 gramme of sulphur per 100 grammes of
a protein mixture.

Phosphorus.—This element is a very common ingredient
of foods. The average intake for a human being, without
distinction of age or sex, is about 1 gramme per day (0.5 to I.5).
It is generally considered that the phosphorus in foods of animal
origin (milk, cheese, meat, eggs, etc.) is more easily absorbed
- than the phosphorus in vegetable foods (cereals, potatoes,
vegetables, etc.); the ratio between these two quantities

(animal phosphorus : total phosphorus) will therefore be worth
recording.

’Thuefachlbowthatdehﬂaqutﬁr’uin@othemokiuhbitlolnﬁau
countries would
otmost value from the physiclogical standpoint. be of the



Calcium.—The average normal diet for a human being, without
distinction of age or sex, varies in calcium content from 0.75
- to a little over 1 gramme per day in Western countries. In
many parts of the world, it is in fact much less.

According to some authors, the calcium from milk, cheese
and eggs is better utilised than that from vegetable foods, and
it may therefore be useful to ascertain the ratio of animal to
total calcium in the diet.

If only the aggregate food consumption of a family is being
investigated, it should be borne in mind that the composition
of the family may affect the value of this ratio.

Milk and cheese intake is a preponderant factor in deter-
mining the calcium value of the diet.

The Ratio of Calcium to Phosphorus.

It is important to know the ratio between the aggregate
quantities of these two elements, not of their oxides. This
is expressed either by the quotient f;::-—%’%’ or—what
amounts to the same thing—by the quantity of phosphorus
per gramme of calcium in the diet. If, for example, the diet
contains 0.9 gramme of Ca and 1.5 gramme of P, then the
ratio %‘ = 0.6 (Z)orisas 1:1.67.

In surveys conﬁned solely to families, where only the aggregate
food consumption of the household is assessed, it should be
remembered that the value of the c—: ratio is affected by the
composition of the family.

In countries with a high consumption of milk products, the
value of this ratio is generally greater than unity in the case
of young children. It usually varies inversely with age; it
is below unity for adults and equal to unity at the age of about
3 to 5 years.

The factors which influence the assimilation of calcium and
phosphorus are the composition of the diet in respect of fats
and fat-soluble vitamins, the acid-base balance, the 3 $ ratio,
the more or less vegetarian or mixed character of the dlet etc.
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Iron.—The daily intake of iron per head should.be about
10 milligrammes. Iron is contained in the food in various forms
of widely different assimilability. A record should therefore
be made of the proportion of the total iron which comes from
the following sources :

(1) Vegetables, including potatoes and roots ; (2) C_erea.ls
(whole cereals contain a great deal of assimilable 1ron).;
(3) Foods of animal origin. So far as the last item is
concerned,” meat and eggs are important, milk products
negligible. .

Iodine.—Our knowledge of the iodine content of foodstuffs
is not sufficient to permit of the indirect assessment, by means
of tables, of the amount of iodine consumed in the diet. Analyses
of the water, soil and food products of a given district may
disclose a dearth of iodine. In the present state of our know-
ledge, therefore, the problem ofiodine does not arise in connection
with the technique of nutrition surveys.

The Acid-base Balance of the Diet.

This question is linked with that of the inorganic elements ;
the acid-base balance can be succinctly defined as the ratio,
in the ash of the diet, of the acid elements (which form anions)
to the basic elements (which form cations).

The predominantly acid foods are, principally: meat and
fish, cereals and starchy foods, and eggs.

The predominantly basic foods are, principally : = vegetables,
rootsand tubers, starchy vegetables (dried beans, dried peas, etc.),
fruits, milk and cheeses. Sherman’s tables provide numerical’
data on this subject. . '

Speaking generally, vegetarian and lacto-vegetarian diets
are inclined to be predominantly basic, while the predominantly’
acid quality of mixed diets is the more marked the greater the
proportion of meat and eggs. But there is no hard-and-fast
rule on this point. The following two ratios (by weight) have
a pronounced influence on the balance of acids and bases in

the diet : (1) the ratio " bread to potatoes ", (2) the ratio * meat
to milk and cheese ”’.



Instances can thus be found of meat diets in which the acids
are neutralised, or more than neutralised, by the bases, if the
consumption of potatoesis much in excess of that of cereals.
Conversely, cases will be found of vegetarian diets which are
predominantly acid where the consumption of cereals largely
exceeds that of potatoes. ’

The question of the acid-base balance may give rise to certain
misconceptions. Take the case of a2 high consumption of fruits
such as oranges, grape-fruits, lemons, etc. Their taste is acid
because of their richness in acid citrates, and this fact tends
to make the intestinal contents acid or, at any rate, but slightly
alkaline. But citric acid is destroyed within the body, and its
acidifying effect is thereby nullified. Fruit, in fact, falls within
the group of predominantly basic foods, because of its richness
in potassium. It thus has an alkalising effect on the tissues, .
unless taken in’ excessive quantities. In.this case, the body’s
power of assimilation and consequent destruction of the citric
acid may be overtaxed, and a surplus of citric acid begins to
accumulate and exercise an acidifying effect, not only on the
digestive tube, but also within the organs themselves.
A moderate ‘“ normal ”’ intake of these foods has therefore a.
basic action on the tissues, whereas excessive consumption
may have an opposite and acidifying effect.

Taken as a whole, the question of the acid-base balance of
the diet is not of outstanding importance in the physiological
study of nutrition.

C. Vitanuns.

I. Classification and Destgnation.

Vitamins are widely differing chemical substances having
the most varied physiological properties. Several of them can
nowadays be prepared by chemical synthesis. They are divided
into two classes according to their solubility :

1. Fat-soluble vitamins.—These are substances soluble
in organic fat solvents; they are soluble in the nutrient



fats themselves, which act as their vehicle. They are
insoluble in water. '

2. Water-soluble vitamins are soluble in water as their
name indicates, but not in fats or in organic fat solvents.

At the present time, a fairly large number of vitamin
substances are recognised. Only those for which some quantitive
data are available will be considered here, as only these lend
themselves to any sort of exact study in the course of dietary
and nutritional surveys.

Such vitamins are A, D and E in the fat-soluble group, and
B,, those of the B, complex and C in the water-soluble group.

**t

II. Greater or Lesser Stability of Vitamins.

Vitamins may be either sensitive or resistant to the oxidising
action of the air. The degree of sensitiveness is considerably
affected by heat, and they may, in this respect, be divided
roughly into two groups:

) Terminology of the B2 Vilamin Compiex,
By Bz complex is meant a group of water-soluble nutrients, relatively thermostable, present in yeast, in
liver and in the bran an® germ of certain cereals. This group contains the followiog @
1. Three putrients adsarbable on fuller’s-earth ¢
Lactoflavin {= riboflavin of the American terminology) ;
Nicotinic acid or its amide ;
Vitamin Bg.
2. One nutrient non-adsorbable ou fuller's-zarth :
The filtzate factor.

In the United States, the term vitamin G was formerly used to express the vitamin-Bz complex as well
as the anti-pellagra factor P.P. of GOLBERGER, and recently to signify only Iactoflavin, In some quarters,
the above three terms have been considered to be synonymous, which is not tha case, and this has led to
much confusion. Nicotinic acid or its amide has been reported to be effective in treatment of human pellagra
and also in cases of analogous disorders of dogs and pigs. It seems, however, probable that human pellagra
ma:bethus:l:ddamulﬁphdzﬁdmy,dwhhhthatdmﬁnhmmyhm

itamins By and B3, reporied as being essential for nutrition of pi specti
with vitamin Bg and the ltrats facbt::s o pleons ave robably ideatical respectively

The term *“ vitamin H " has been used by GyOrcy and others to designate & heat-stable nutrient
present in yeast and liver, which prevents the dermatitis and absence of growth shown by rats maintained
on some special diets, and is considered by some workers to be related to certain types of skin disoeder in
children. Since, bowever, the principle is not soluble in water, {t i5 not here included in the vitamin-Bz complex
In the United States, on the other hand, the term * vitamin H " bas by certain workers beenuledlodnl,gnl.h.
the constituents of the vitamin-Bz complex, other than lactoflavin,

It is not certain that the principle termed By has ever existed. It is h -
growih principle independent of Bx and of the aforesaid principluof:::u;ztgru::u:t ey contish ot st

Finally, the letter W has been used by certain auth - inci i
" ._etha- by authors to describe a rat-growth principle precipitable



I. Group more affected by heat (thcrmolabde) on contact
with air. — These are, in decreasing order of sensitiveness,
. vitamins C, B, and A.

2.  Group more resistant to heat on contact with the asr. —
Vitamins D, E and those of the B, complex.

For dietary surveys, the main question of practical importance,
so far as the action of heat on vitamins is concerned, is the
manner in which this takes effect in cooking. In this connection,
vitamins may be classed as follows :

(a) Vitamin seriously affected by cooking : Viiamin C. —
With the usual methods of cooking, vitamin C is, to a great
extent, if not ‘entirely, destroyed (e.g., in the case of
vegetables or milk).

In one exceptional case, that of the potato (the only one
so far known), cooking appears to increase the concentration
of vitamin C, allowing for the difference in volume of the
food after cooking. When calculating the vitamin-C content
of a diet, the investigator should use the figures tabulated
for the composition of cooked foods whenever it is necessary
or possible to do so.?

(b} Vitamins slightly affected by cookmg Vitamins
A and B,—The fact that normal cooking processes only
slightly affect these vitamins may be due to a really greater
insensitiveness to heat in the conditions mentioned (vitamin
A), or to the vitamin being encased in material which shields
it from contact with oxygen during cooking (e.g., vitamin B,
in lightly milled flours). Thus the vulnerability of a vitamin
during cooking (B,, for example) may vary according to
the food in which it occurs.

(c) Vitamins unaffected by cooking (or affected only to
a negligible extent).—Such are vitamins D, E and the B,

complex.

*
% *

1Tt should be noted, however, that cooked potatoes rapidly lose their vitamin C if they are kept hot for
loug, oc beated up again, This shows how important it is, in conducting & survey, to record as much informa-
tion as possible concerning cooking habits and technique.



The content of unstable vitamins falls as the freshness and
the commercial quality of perishable foods decreases. Certain
industrial processes may destroy them ; cold, on the other han.d,
helps to preserve them.! Pasteurisation and drying of milk
reduces vitamin C content, but scarcely affects vitamins A,
D and those of the B, group?, at any rate when these industrial
processes are carried out under the best possible conditions
and the time of storage is limited.

* "' *
II1. Variability of the Vitamin Conient of Raw and Fresh
Foods.

The vitamin content of raw and fresh foods may vary consi-
derably with the season. The investigator must therefore decide,
when making his calculations, whether he should use the average,
maximum or minimum values of the food composition tables.
The composition of a foodstufi may also vary considerably
even at one and the same time of the year (e.g., according to the
ripeness of a fruit, or according to its variety ; strawberries or
oranges are a case in point). Calculations are thus approximate
in any case.

Here again, as in the case of many other assessments, published
surveys must always contain the information mecessary to show
the reader how the data concerning the vitamin contenls of the
diet were drawn up, and how he may, if necessary, adjust them
in order 1o make certain comparisons. It cannof be too strongly
emphasised that the vitamin confent of a diet can only be very

roughly estimated at the present time. '
" The experimental scienlist is beset with great difficulties at every
turn when he has to adopt a vitamin-content value for each item
of food. It follows that the absolute value of the findings for the
diet as a whole is always questionable. If, however, the same
values are used throughout a given enquiry, the aggregate vesulls

llltmutbemmembuad,homm,thatthemhctthtthﬂoodhnbmmadnﬂﬁwhmpmtun

# not in jtself & sufficient guarantee, s the condition of the food when it was t in cold storage is ’
important factor. " -

2By is lowered.



nevertheless possess a betier relative value when the diets of
individuals or families are compared. On the other hand, when
the figures show that the vitamin content of a diet certainly does
not exceed some given value, that in itself may be a valuable result.

IV. Provitamins.

Some foods contain preformed vitamins, others provitamins,
which are physiologically inactive but are more or less readily
changed into active vitamins in the organism. Intake records
in some cases express both kinds together, without distinguish-
ing the relative amounts of each. The investigator may, however,
supply some additional information by indicating what portions
of the total are derived from various classes of foodstuff. Two
examples are given below.

The active vilamin A is found only in foods of animal origin
(milk, butter,. glandular organs); it does not exist in foods
of plant origin. Vitamin A is formed in the organism from some
members of the carotene group, which thus have provitamin
properties. B-carotene is by far the best provitamin A.

In the human body, these provitamins are transformed
into active vitamin A more or less easily, but to an extent
which is ill defined and probably varies from one person to
the next—nay, in the same person at different times. Provita-
mins A are found in yellow-, red- brown- or green-coloured foods
of animal and plant origin, particularly in the latter ; the ratio
between the intake of provitamin A from vegetable food and
vitamin and provitamin A supplied in animal foods hence
furnishes information which, though incomplete, is yet of some
value.

Vitamin D is formed by irradiation from ergosterol, which is
an inactive provitamin.
- Various principles possessing vitamin-D activity can be
formed from a number of inactive sterols. Tests for vitamin-D
content cover only the active principle; they do not include
the proportion of inactive sterols in the preparation tested.
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Vitamin D in its preformed condition is found only in fish-
oils, in the liver of a number of animal species, in eggs, and,
finally, in whole milk and butter produced under certain
conditions.

The buman organism obtains vitamin D from two sources,
one exogenous—that is, food containing preformed vitamin D—
the other endogenous—when the vitamin is formed s vivo
from inactive ergosterol, particularly in the skin when the latter
is exposed to the ultra-violet rays of the sun in the summer
(or the corresponding rays from an artificial source—e.g., a
special lamp). The portion which is of endogenous origin cannot
be quantitatively estimated.

Vitamin C.—Animals may be divided into two classes:
those producing this vitamin themselves, and those which
are incapable of synthesising it and therefore have to rely
on their food to supply it. Man belongs to this second class,
_ though it has not been finally demonstrated that he is entirely
incapable of synthesising vitamin C. What is certain is that
-he is quite unable to produce enough this way to be able to
dispense with a supply of vitamin C in his food.

These various considerations show that the personal factor
is important in influencing the vitamin requirements of the
normal organism. Such requirements can probably never be
expressed in exact figures of food intake. Enough margin
must be left to allow for these individual differences.

V. Avitaminosis and Hypovitaminosis,

Principle of assessment of the vitamin yequirements of the
organism.—A serious deficiency in vitamins or provitamins
produces well-marked pathological conditions, and character-
istic diseases. These are the frank forms of avitaminosis, viz :

Avitaminosis A.—Xerophthalmia. The various forms of
keratomalacia. Hemeralopia or night-blindness.
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g Auvitaminosis B,.—Beriberi.
- dAvitaminosis C.—Scurvy.

Avitaminosis connected with the B, complex)—Pellagra
and certain types of dermatitis and anamia.

Avitaminosis D,—Rickets.

General growth disturbances (B;, A and C), certain forms
of anzmia (A and C), and dental defects (A, D afid C) also
fall within this category of avitaminosis with frank symptoms,
which are, however, still very imperfectly known.

In certain animals, vitamin E is connected with the functions
and growth of the sexual organs. The morbid symptoms in
human pathology which are probably due to avitaminosis E
are only just beginning to be recognised.

There are, however, various slight, vague and ill-defined
symptoms, on the border-line between riormal and abnormal
conditions, which are thought to be connected with a slight
partial deficiency in vitamins.

These are the more or less unapparent conditions of pre-
deficiency, of latent hypovitaminosis, which are much more
difficult to define on account of the vagueness of their manifes-
tations.

In practice, therefore, the vitamin requirements of the
organism. may be thought of as comprising a series of levels.
Such requirements are slight if one considers only the very
small quantity necessary to avert severe symptoms of marked
avitaminosis, which ultimately appear when the deficiency
is very severe. The requirements appear higher if the criterion
is the prevention of- certain less well marked and earlier
symptoms, which is found to call for a larger vitamin intake.
The real aim of social medicine is to detect these reliable and
delicately discriminatory signs, which give timely warning
of slight and insidious deficiencies in the diet.

1 See foctoote on page 76.
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VL Dcﬁciencz'cs and Pre-deficiencies of Exogenous and
Endogenous Origin.

The problem is complicated by the fact that a total or partial
deficiency of vitamins in the organism is not a condition that can
arise from one single cause only—namely, a deficiency in the
diet (an exogenous cause) ; such absence may also be due to
a special endogenous cause in the case of a person whose diet
is normal but who suffers from a defect of absorption or physio-
logical utilisation. | '

A lack of fats in the diet is an indirect exogenous cause.
Disturbances in the digestion or absorption of fats interfere
with the absorption of fat-soluble vitamins. Other causes of
a digestive character, or of some other kind, may prevent the
absorption of water-soluble vitamins. An excess of calcium
prevents the absorption of fat-digestion products and is another
indirect cause of avitaminosis. Lastly, there may be an abnormal
increase in requirements of vitamins or provitamins, because
either of excessive destruction or of faulty utilisation in the
body. Amny and every symplom of deficiency is not therefore
necessarily to be attributed to a defective diet; and even when
this is the case, the defect may be of many different kinds. The .
blame cannot always be attributed solely to an insufficient supply
of vitamins. Even when the orgawnism is normal, the quantity
of a given vitamin supplied in food may sometimes be sufficient,
sometimes insufficient; this will depend upon the composition
of the diet in respect of its other componenis—ihat is to say, its
balance. One example, which has now become classic in this
connection, has ryeference to the variability of vitamin By
:-iequiremmts in accordance with the carbohydrate content of the

tet. ‘

It should be observed that where the deficiency of the diet is but
partial, the appearance of manifest morbid symptoms may be
retarded, the more so the slighter the deficiency concerned. In

some cases, this period of latency may be of very long duration
indeed.



VIL. Tables showing the Vitamin Content of Foodstuffs : Units
used to express the Concentration of Vitamins.

As already stated, the tables show an average food composition
or a margin of possible variations in the composition. The
causes of these variations, .and the considerations that must
govern the choice of average, maximum or minimum values
when making calculations, have been noted.

The question of the units to be adopted for dealing with
the quantitative aspect of the vitamin problem must now be
considered. Unfortunately, many units have been used, and,
as a result, the work of the investigator has been greatly
complicated and, what is worse, causes of error have been

introduced into the quantitative estimations.

' Standardisation of the conventions adopted has hence become
indispensable and urgent.

In future, use should be made only of units of mass (gammas
or milligrammes) when appropriate modern physico-chemical
methods of determination are applicable—or the international
units recommended by the Permanent Commission on Biological
Standardisation when biological methods of vitamin assay
are used.®* Accordingly, the only tables of food composition
used should be those giving the results of direct determinations
effected by one of the above methods.

. An example of an appropriate table is that recently published
by Fi1xseN and Roscoe. The bibliographical reference is given
on page 6o.

1t should be noted, however, that there are many publications
and food composition tables in which the vitamin contents
are still calculated and expressed in various other-—older—
units, by methods now no longer regarded as adequate ; coeffi-
cients of equivalence as between various units have also been
given for purposes of conversion. It must be realised that
such equivalences are only very approximate. In principle,
S Tbe reader will find useful indications on this subject in 3 memorandum by Cowanp published in
+ Nutrition Abstracts and Reviews", 1935.4.705, and in Cowarn's paper * Biological Standardisation
of Vitamins . London, 1938.

t Bullein of the Health Organisation, League of Nations, 1934, Vol. III, Ne. 3, pages 418 & s, and
Val. ¥II, No. 5, pages 874 o seg.



conversions are not justified because the definitions of the
various units rest upon different criteria; strictly speaking,
therefore, they are not comparable snéer se. If, however, use is
still made of units other than the international, and a coefficient
of equivalence is adopted for conversion of the results into
terms of international units, the results of such calculations
should be regarded as only approximate and provisional. Many
of the figures in tables expressed in international units ought
probably to be revised in the light of new rational measurements;
they have probably been obtained indirectly by means of such
conversion, and were originally based on methods now recognised
as obsolete.

We will therefore now explain the differences of principle
which distinguish the international from the other units, we
shall also indicate the approximate equivalences already referred
to, in order that our statement of this question, which is of
great practical importance, may be complete, though it remains
a fact that the use of these equivalences must be dropped at
the earliest possible moment, :

1. The old wumits, known as physiological, were the least
accurate. They were established as follows: Animals of a
species suitable for the purpose were given diets containing
all the nutritive principles in sufficient quantities, except the
vitamin concerned, which was entirely absent from the diet.
By including varying quantities of food containing this vitamin
in the diet of various groups of such deprived animals, the
average vitamin content of that food could be determined.
Sometimes the curative and sometimes the preventive dose
per animal was measured. It was thus possible to determine
that 100 grammes of the food contained so many physiological
rat, pigeon or guinea-pig units—that is, so many times the
physiological curative, or preventive, dose in question, The
criterion was therefore a pathological symptom of avitaminosis
(xerophthalmia, beriberi, scurvy, etc.). The experimental
conditions and the characteristics of the animal used were,
of course, specified. , :

Physiological ra¢ units were used for vitamins A and D (anti-
xerophthalmic and anti-rachitic units), physiological pigeon
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ur.xits for vitamin B (anti-beriberi units), physiological guinea-
#1g units for vitamin C (anti-scorbutic units), etc.

2. Other criteria were subsequently proposed by American
investigators. Thus, in the case of vitamin A, SHERMAN based
his unit on the amount necessary to ensure a certain rate of
growth in the rat, rather than on the prevention or cure of
xerophthalmia. For example, he determined, in well-defined
experimental conditions, the dose necessary to produce a
growth of 3 grammes a week, during four to eight weeks.

There are a number of special physiological units of the same
kind which are based upon a definite rate of growth (vitamins A,
B and G), or upon the prevention of a well-marked vitamin
deficiency for a specified period of time in animals of a particular
age, weight, etc. (vitamin C), or again by signs of recovery
from avitaminosis defined within strict limits (vitamin D),
viz. :

Sherman unit for vitamin A ; )
Sherman-Chase unit for vitamin B ;
Sherman-Lamer unit for vitamin C ;
Steenbock unit for vitamin D ;
Sherman-Bourquin unit for lactoflavin.

3. It soon became apparent that, in spite of every attempt
tolay down very strict rules as to the choice of animal, breed, age,

weight, time of year, etc., assays are not always made under
' comparable conditions. Moreover, some vitamins began to be
prepared in a pure form, sometimes even synthesised. A new
principle of titration was then adopted, as in the case of
hormones. This led to the definition of infernational units,
the method followed being to adopt a standard preparation
supplied by particular institutions, to define the unit as the
activity of a specific amount of the standard product, and to
use the latter to determine the strength of unknown preparations
or the content of a food. If x grammes of a given product are
required to produce the same physiological effects as are obtained
with one unit of the standard preparation—or it may be one
of these effects only—the said x grammes contain one
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international unit. The results thus obtained will therefore
always be comparable, even if the animals used do not constitute
perfectly uniform reagents in the various tests! Particulars
of the definition of each international unit are given in a report
published by the Health Organisation (loc. cit., page 83). There
is no need to repeat them here, especially as we have omitted
details of the other units mentioned.

There are hence two types of methods for performing vitamin
assays : (1) biological methods and (2) physico-chemical
methods : ' ‘

1. Of the available biological methods, only those which
are based upon the recommendations of the Permanent
"Commission on Biological Standardisation should be accepted,
to the exclusion of all other biological methods. The principle
involved is that an assay carried out by a biological method
is only recognised as properly performed if the unit is related
to the activity of a given weight of the substance accepted
as a standard, and not to some particular physiological response
of an animal possessing certain characteristics of breed, age,
sex, etc. In any biological assay carried out in accordance
with the recommendations laid down in 1934 by the Permanent
Commission on Biological Standardisation, the measurements
. eflected on a batch of animals treated with a preparation of
unknown vitamin content should therefore be compared with
measurements taken simultaneously on a comparable batch of
control animals treated with the standard preparation.

2. As for the physico-chemical methods, specific tests have
recently been developed for some vitamins which enable the
content of the substance under investigation to be estimated
in terms of milligrammes or gammas per gramme or 100 grammes.
In the case of vitamin A, the latter methods enable the active
vitamin and the carotene to be separately determined. The
conversion into international units of the quantity of vitamin
A thus determined can only be made by a conventional
calculation, the value of which may be questioned.

"I‘hhinhomunmdlthavmmnmﬂedoutinth-_mlaboutoryatdiﬂerent thaes.



Vitamin A. — 1 international unit is defined as the
vitamin-A activity of 0.6 y of B-carotene.
I Sherman unit is equal, on the average,
to about 0.5 of an international unit
(not 1.4, as stated before in publications
~ on the subject?).
1 former rat physiological unit (see section 1
above) = 3 to 5 international units.

Vitamin B,. — 1 international unit is defined as the vitamin-
B, activity of 3 y of pure crystalline
vitamin B, (aneurin).

I Sherman-Chase unit is equal to about
0.5 of an international unit.
1 former pigeon physiological unit (see

section 1 above) = 2 to 3 international
‘ units. .
Vitamin C. — 1 international unit is defined as the Vita-

min-C activity of 0.05 milligramme of
l-ascorbic acid.

I Sherman-Lamer unit is equal to about
10 international units.

1 former guinea-pig physiological unit (see
section 1 above) = about 4 to 10 inter-
national units.

Vitamin D. — 1 international unit is defined as the vitamin-
Dactivity of 1 milligramme of the standard
solution of vitamin D,—that is to say,
1 milligramme of a standard solution of
irradiated ergosterol.

This unit also corresponds to 0.025 y of
vitamin D, (crystallised calciferol).

1 Steenbock unit = I international unit =
r former physiological unit. This equi-
valence is very approximate.

1 The correction of this error was announced by Dr. E. M. NzLson (Food and Drug Administration, United
States Department of Agriculture}. See in particular the article by L. E. Baokzn of the same department,
in the Jowrnal of the American Medical Association of June 4th, 1938, VoL 110, pages 1920-1925. Despite
this correction, the equivalence still remains very approximate, for the reasons stated above. 1t may be
expected to fall into disuse in due course. :
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Vitamin B, Complex. — Since pellagra is probably due to a
deficiency of several factors, no anti-pellagra unit can be pro-
posed. As regards lactoflavin, the SHERMAN-BOURQUIN unit
was proposed in the United States. Up to the present, however,
no satisfactory biological method of determining the content of
this principle in foods is available, for no basic diet can be made
up which is devoid of lactoflavin. As for the physico-chemical
methods that have been put forward, these have been held to
be imperfect. They yield values which are inaccurate, and
involve an under-estimate.

As regards micotinic acid and its amide, there is no simple
biological or chemical method of determination.

VIIL.  Method of e;rpressing the Vitamin Content of the Diet.

The question does not arise in individual studies : the intake
per day per person is given in international units. In family
surveys, it is probably advisable under present circumstances
to calculate the intake per head.

It may, however, be advisable also to relate the vitamin
content to the calorie content (for instance, per 100 calories).
This comparison is useful on the ground that badly balanced
diets may show a far greater deficiency of protective than
of energy-bearing foodstuffs.

* Sometimes, as in the case of vitamin B,, requirements depend
to some extent on the amount of energy-giving principles,
particularly carbohydrates, in the diet; that is all the more
reason why, in this case, the vitamin intake should be reckoned
in terms of the quantity per 100 calories of the diet. '

In certain other cases, it would seem that the vitamin content
should be expressed in terms of the amount per kilogramme of
body weight ; this seems indicated for vitamin C, in the case
of adults. Not enough is yet known, however, to warrant the
establishment of strict rules. It seems useful, however, to

indicate what ratios may be usefully computed in the present
state of our knowledge. T



6. PROBLEMS OF SCALES OF FAMILY CONSUMPTION
COEFFICIENTS

As has been shown, most of the surveys made in the past
have been family surveys, without any supplementary infor-
mation as to how the total food consumed by the family is
divided among the different members. Consequently, if the
results obtained for different families of dissimilar composition
are to be compared, family coefficients are necessary, by means
of which the total consumption may be reduced to terms of
one unit—for instance, the diet of an adult male. Systems of
family coefficients are based on a comparison—from one
particular standpoint (e.g., calories) and that only—of the
requirements of normal organisms of different age and sex under
varying conditions of work.

These scales of family consumption coefficients thus show
the relative nutritional requirements of the various members of
a family. They indicate how the total family supply of the
different nutrients should be divided among the members of
the family. They do not, of course, show how they are actually
divided. When applied to needy, under-nourished families,
faced with ‘economic difficulties, these scales may produce
erroneous results, for very often the parents sacrifice themselves
for the sake of their children, Calculations based on these scales
consequently lead, in such cases, to an over-estimate of the
deficiency in the diet of the children and an under-estimate
of the deficiency in the diet of the parents; in other words,
the results give too gloomy a picture for the children and too
bright a picture for the adults. Moreover, these scales do not
allow for the fact that one person eats more than another, all
other factors of comparison being equal ; nor, again, do they
take account of differences in stature, at all events when they
are used uncorrected.

However, in spite of these disadvantages, the scales in question
have to be used, for want of a better method, when the enquiry
is of the type of a family survey pure and simple.

Even without these special sources of error, it is never possible
entirely to eliminate every differential factor. Some exclusively
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family surveys seem to show that, the effects of all other dif-
ferential factors being, so far as possible, excluded, the intake
per unit—per male adult, for instance—tends to be lower the -
larger the number of children in the family (cf. the results
obtained by ABRAMSON in Sweden, for instance), and this is
said to be the case even in well-to-do families. However, it still
remains to be seen how far certain errors of assessment may -
operate—for instance, errors due to the variation of household
waste with the size of the family. It is easier to use up leavings,
and to use them more economically, in a large family ; and we
know too little as yet about the effect of such factors on the
accuracy of the results.

Up to the present, most physiologists have been concerned
solely with fixing scales for the energy requirements of the body,
and their variations according to age, sex and work. It is clear,
however, that these same scales cannot be used for other
nutrients. If a child of a given age requires from 309% to 40%:
of the calories needed by the average adult male, the percentage
as regards calcium or vitamin requirements may be very
different. Indeed, it may amount to nearly 100%,.

Different scales are therefore required, in principle, for the
different nutritive components.

Scales of Family Coefficients for Calories.

These scales have their origin in a system of family coefficients
for consumption in general, suggested by ENGEL in 1883 (Bulletin
of the International Institute of Statistics, Rome, Vol. 9,
~Book I). They were given the name of * Quet " in memory
of the Belgian statistician, QUETELET. They showed consumption
values rising with the increasing weight of the child during
growth. The unit value of the Quet scale was that for a new-
born child. The scale rose by 0.1 per year of age. The coefficients
assigned to the adult man and woman were 3.5 and 3 respectively.

ATWATEK was the first to propose, at the beginning of the
present century, a system of physiological coefficients based
on the variation in calorie requirements and not on variations
in weight. The unit taken was the requirements of an average
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adult man doing moderate work. He was estimated to require
3,500 calories. It is clear that a system of this kind is meaningless,
unless the calorie value correspomding to the unit is specified.
It is not emough to say that the unit is the requirements for a
particular subject ; the amount of the requirements thus taken as
the unit must be given.

The figure of 3,500 calories appeared to be too high. Lusk,
in 1918, suggested another scale in which the unit also repre-
sented the allowance for the average adult man, whose energy
-requirements were estimated at 3,000 net calories (or 3,300
gross calories).

In 1932, a Commission of the Health Organisation of the
League of Nations suggested yet another (Conference of Experts
held in Rome in 1932—Bulletin of the Health Organisation,
Vol. I, No. 3, page 480). The unit again corresponded to the
allowance for the average adult man, the energy value being
fixed at 2,700 net calories (3,000 gross calories).

It was realised, however, that in some cases there might be
drawbacks in using scales which took the man’s allowance as the
unit, especially if the optimum amount for a man is regarded
as liable to considerable variation according to the kind of work
done and to certain social circumstances, such as unemployment,
for instance. If the calorie allowance of a child of from 4 to
5 is assessed at 0.4 of that of an adult man, which is represented
by 1, and if, in a given case, an adult male is held to require
only 2,500 calories because he is engaged in a sedentary occu-
pation, whereas, in another case, 5,000 calories are allowed
because he is engaged on very heavy work, it is clear that the
use in both cases of the same coefficients—o0.4 and 1—will
greatly modify the calorie allowance for the child. In 1934, in
a study of nutrition in families of partly or wholly unemployed
workers, Bicwoob -and RoosT adopted a system of coefficients
designed to overcome these difficulties. They took as the unit
of the scale of family coefficients the allowance for an adult
woman keeping house, whose work might be regarded as falr]y
uniform from one household to another.

The Technical Commission on Nutrition of the Health Organi-
sation of the League of Nations approached this question again



from a similar angle during sessions held in November 1935,
June 1936 and November 1937 (Bulletin of the Health Organi-
- sation of the League of Nations, 1936, Vol. V, No. 3, and June
1938, Vol. VII, Extract No. 8). In the scale proposed by the
Technical Commission, the unit represents the allowance for
an adult male of average stature leading a sedentary life—that
is to say, 2,400 net calories. In these circumstances, the coeffi-
cient of the male adult at work is above unity, and, by the
adoption of different values above 1, the same basic scale can
be readily adjusted to different circumstances. In other words,
the scale is more flexible and easier to adapt. It can also be
easily brought into line with different views of the physiologists
who use it. It is not universally agreed that an allowance of
2,400 calories is sufficient in the long run for a man of average
height exerting little physical effort. Some physiologists
believe, at all events, that a certain rate of expenditure
represents an optimum for health, that the rate represented
by 2,400 calories for an adult man of average stature is below
this optimum and is inconsistent in the long run with a proper
state of health, even though the requirements of mechanical
work should be reduced for a while to a minimum and could be
covered by this allowance of 2,400 net calories. However that
may be, the same basic scale, with 2,400 calories as a unit,
will serve, in practice, in all circumstances and enable the
_ results of surveys to be readily compared. The figure taken for
reference may be unity (2,400 calories net) or 1.25 (3,000 calories),
or again 1.3 (3,100 calories), etc., as preferred by the observer.

If, however, it is accepted that, for the majority of occupations
and in countries with a temperate climate, the optimum rate
of expenditure for an adult man of average height weighing
65 to 70 kilogrammes is nearly always in the neighbourhood
of 3,000 net calories per day, then the scale in which unity
corresponds to 3,000 net calories may also beusedandisundoubt-
edly of more practical value to the investigator, since it entails
a minimum of calculation.

The last proposal of the Technical Commission (Builetin of the

Health Organisation of the League of Nations, June 1938) is
reproduced iz extenso below :



-“ The following supplements for muscular activity should
be added to the basic requirements : 1

“ Light work: up to 75 calories per hour of work ;

“ Moderate : 75 to 150 calories per hour of work ;

“ Hard work : 150 to 300 calories per hour of work;

“ Very hard work : 300 calories and upwards per hour
of work.

‘*The muscular activities characteristic of every healthy
child and adolescent necessitate additions to the basic require-
ments. It'is suggested that the activities of children of both
sexes from 5 to 11 years be considered equivalent to light work ;
of boys from II to 15 years, as moderate work; and of girls
from 11 to 15 upwards, as light work.

“ It is obvious that the appraisal of the muscular activity
of a given individual, as well as of the energy supplements
involved, is but approximate at best. It isimpossible to suggest
a single set of figures which are internationally applicable,
since the energy requirements of men, women and of children
of different ages differ greatly from country to country and even
within oneand thesame country, due to such factors as differences
in the length of the working-day, differences in the intensity
of activity, in average body size, in climate, etc. Therefore
the Commission makes no attempt to suggest single figures for
the total energy requirements of each category of individuals.

‘ Since, however, such figures are needed in connection with
dietary surveys for constructing scales of relative requirements,
the energy supplements required in addition to the basic allow-
ances should be noted by the nutrition experts responsible
for the dietary surveys. When the total energy requirements
have thus been determined, scales of relative requirements can
easily be developed, using as unity either 2,400 calories, the
allowance for a sedentary man, or 3,000 calories, the allowance
for a moderately active man.

1 The term * basic requirements ” is understood to mean the allowance of 2,400 net calories for the
sodentary man. This figure should not be confused with the basal metabolism rate, which involves;
in particular, & state of fasting.
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Schedules for recording Relative Energy Allowances.

" Energy | allowance for special Scale of relative
tonwancn activity Total allowances ¥
diets oy e
Tndividual (without | Number of | Nomber of in net Total Total,
e | doum | s | s | T | Yo
calocies { activity | of sctivity = 100 | = o0
I 2 ] 4 ] €
Men (20 to 59 years) : ,
Sedentary . . ... . . . | 2,400 - — | 2,400 | 100} 0.80
Lightwork. ... .« . . | 2,400 .
Moderate work . . . . . { 2,400 8 75 | 3,000 1.25 1.00
Hardwork . . . . . « | 2,400 .
Very hard work . . . 2,400
(60 years and over) . . { 2,400
Women :
Ordinary life . .| 2,400
Housework . . . .. . | 2,400
Pregnant housework . . | z,400
' Nursing housework . , . | 3,000
Boys:
Between 15and 19 years . | 2,400
LL N 12 2 15 I3 2-400
’s X ,, 12 -, 2,160
L2 9 LR II sz 1,920
s 7 20 9 I'E) 13680 -
" 5 (3] 7 »” 13440
Girls :
Between 15 and 19 years 2,400
” 1z ,, 15 [T 2,400 -
s ir ,, 12 ,, 2,160
M 9, I ,, 1,920
A ¥ ] 7 2y 9 B X 1,680
» 5 e - 7 ey Ia44° 4
Childyen :
Between 3 and 5 years 1,200
’ 2 ,,3 . 1,000
2 ., 340

sy h § I3
Under 1 year?

! Computed to nearest 300,
1 Computed to nearest 0.03.,

3 To be computed an besis of weight.



. “ The preceding schedule (page 94) may be of use in drawing up
such scales. Column 1 contains the Commission’s allowances for

- €nergy requirements in average basic diets. Columns 2 and 3
provide space for the investigator’s entry of the average number
of hours during which the subjects are especially active, and
the average number of calories per hour needed to support
this activity. In column 4 can be entered the total daily allow-
ances. In column 5 or 6, the totals given in column 4 should
be expressed as decimal fractions of the two values of unity—i.e.,
2,400 or 3,000 calories respectively.

* The decimal coefficient which is to be given in one of these
two colums expresses the relation of the total ration (column 4)
to the value of unity chosen.

. Scales based on either value of unity may be usedinapprais-
ing the calorie value of diets, provided that the value of unity
and the scale used are stated along with the results.”

In order to illustrate the way in which the scales should be
computed, the Commission cites the following arbitrary

example : .

Supplementary
Energy allowance f pacinl Scale of relative
allowance ‘cuv(;:; Total allowances
gt o
Iodividual grithout | Number of | Numberof | o™ame [ o | o
work)t in | hours of calo'tl"lﬂ calories 10400' 3000.
ne H '» 1)
calories | angvity | ofactivity =10 | = 100
x 3 s 4 L 6
Man, weighing about 70
kilogrammes, aged 20
to 59 years :
Sedentary . . . . . . 2,400 o — 2,400 1.00 o.80
Light work . . . . . [ 2,400 8 35 2,700 1.15 0.90
Moderatework . . . . | 2,400 8 75 3,000 1.25 1.00
Hard work . . . . . 2,400 8 150 3,600 1.50 1.20
Very hard work . . . { 2,400 7 300 4,500 1.90 1.50

As an illustration, a complete double scale of family coefficients
(1 = 2,400 net calories and 1 = 3,000 net calories) is given
on page 96, and this will serve in the great majority of cases, where
the man of average size weighs from 65 to 70 kilogrammes.



__96._.

Second wcale of
Na clorie | SR RNE D | et o
{to the nearest 2,400 Dot ¢alories | 3.000 Det calories
bhundred) (round figures) | (to the nearest o0.05)
Adult man, average
height, engaged in
an exceptionally fa-
tiguing  occupation
weight 65 to 7o )
l(:iloggrammess) . .7- 3,400 to 4,000 1.4tory r.1tor.3
Adgolt man, average size
and l-e-'gh; (great
jori occupas ’
Hone 1y, . CoTiRe 3,000 1.25 10
(Average ecnergy ex- (to 3,100) {to 1.3)
penditure 3 weight 65
to 70 kilogrammes) '
Adult woman, average
height (housewife or
worker 1) ; pregnant,
partially resting . . 2,600 1.1 0.85
Nursing woman, if not
completely or par-
tially resting . . . . 2,900 1.2 0.95
Theoretical standavd :
Average adult man
not engaged in
muscular work, occu-
pational or other . . 2,400 1.0 o.80
Children over 14 years
of age:
Boys . ... ... 2,400 to 3,000 1tox.z5 o.8otorx
. (and over)? | (and over)® | (and over) ?
Girls . ., .. .. 2,400 to 2,600 1to1.x 0.80to 0.85
(and over)? (and over)? | (and over)?
Children without dis- -
tinction of sex:
1ztorg4years. . . , 2,400 1.0 0.80
I1torz ,, .o 2,200 0.9 0.75
9torr ,, e 1,900 0.8 0.65
7to o ,, P 1,700 0.7 0.55
5to 7 ,, . . 1,400 0.6 0.45
jto 5 ,, - e . 1,200 0.5 0.40
2to 3 ,, . e 1,000 0.4 0.35
Ito 2 ,, . s 8oo0 0.35 0.25%
oto » ,, . . 6003 0.25 0.20

u:lhﬁmlhouldheudmdbyathstxo%.mdmtmllyhym%,hmbiubuadGoyuulnd
’th@uﬁuthmﬂmmlhownmtbeldopmwhﬂuldowu
fol fai
cm-mtdeddmyham-uy. toms Fping ocscpation
chlchﬂdlpdhmﬁbummthn&nh&mlob
90 calories ki H
months, go to 300 ; fmmolosmonth,motom. pee Hlowmmma; from 3 10 6

-
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As regards the first item of the table—i.¢., subjects of average
size whose requirements admittedly exceed the average because
their work is particularly fatiguing, the problem still awaits
solution. Many investigations into the nutrition of workers
engaged in extremely fatiguing occupations deal with subjects
above the average stature, whose higher calorie requirements
are due, in part at least, to this circumstance; or, again,
they relate to occupations in cold climates. Moreover,
abnormally fatiguing occupations which cannot be followed
without an eventual loss of normal health are becoming
increasingly rare. Where they still exist, it is hard to say
for how many hours the greatest exertion is actually continued.
Consequently, daily calorie requirements cannot be easily
assessed in these exceptional cases, in which they tend to
diverge from the mean. In deciding which coefficient to adopt
as between 1.4 and 1.7 (for the first scale) or as between 1.1
and 1.3 (for the second), the investigator must rely on his own
judgment ; in either case, the figure he selects is bound to be
more or less arbitrary. It is probable that in extreme cases the
following approximate estimate is more or less reasonable : an
additional 200 calories per hour of work over and above the
2,400—i.e., 4,000 net calories for the man of average size
doing exceptionally fatiguing work (8-hour day); or 3,800 net
calories per day for a 4o0-hour week. The corresponding coeffi-
cients are : 1.7 and 1.6 for the first scale; 1.3 and 1.25 for
the second. The arbitrary, conventional and approximate
nature of these scales should be emphasised.

O‘#

The foregoing all relates to the individual of average size
in countries with a Western civilisation, where the adult man
weighs from 65 to %0 kilogrammes. These scale figures are
therefore appropriate for the comparison of mean results
calculated from data relating to a sufficiently large number
of families.

For surveys covering one family or a few families considered
singly, the stature of the individual should, however, be taken
into consideration as far as possible.



" Take first the case of the adult. -

Insufficient data are available for determining precisely how
the energy requirements of a man at work vary in relation to his
size, so that nothing more than a theoretical and conventional
calculation can be attempted in order to obtain an approximate
idea of this relation. Energy requirements may be related
either to weight, or—more rationally—to body surface-area.
In the latter case, the line of approach is the same as that
generally adopted in dealing with the basal metabolism rate.
Tt is preferable, in fact, to consider these values as proportional
to the variations of the active mass of the body—i.e., those
parts only which use up an appreciable amount of energy (to
the exclusion of the skeletal system for instance). The physio-
logist knows from the law of surfaces that the surface-area
of the body varies according to the active mass. This surface-
area can be calculated as a function of the height and weight
by means of Dubois-Lusk’s diagram reproduced below.
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H
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12 \{ N \ \\\r\ﬁ' 1 20
L
EHANAENEN o
lo \ \‘o u
20 0 40 50 60 10 80 20 100 |1600
oW 5559

Dubois-Lusk’s Diagram.
Ordinate Scale : Height in centimetres.
Abscissa Scale: Weight in kilogrammes.
The curves show the surface area of the body in square metres.

Example : height, 1.63 metre ; weigh i :
T vy e t3r by weight, 65 kilogrammes; body surface-



If it is agreed that the deviation of requirements from the
" mean varies approximately as the deviation of the surface-area
from the mean, then, within a very wide range of variations
of size, the calorie requirements are modified more or less as
follows :

Adult male. — Average height about 1.65 metre. Average
weight about 65 kilogrammes. Average surface-area, 1.7
square metre.

Possible normal variation of surface-area, 1.4 to 2.3 square
metres (for a weight variation of 50 to roo kilogrammes).
That corresponds to a margin of variation of from —17%,
to +35% around 1.7 square metre. The same margin of
variation for energy requirements can be shown as follows :

Moderate work. — 3,000 net calories for a subject of
- average size. Margin of from —179, to +359% = 2,500
to 4,000 net calories in round figures, according to size.

Very fatiguing work. — 4,000 net calories for a subject
of average size. Margin of from —179, to +35% = 3,300
to 5,400 net calories, according to size.

The corresponding coefficients can easily be calculated
on a basis of 2,400 or 3,000 as.unity.?

Adult woman. — Average height about 1.5 metre. Average
weight about 55 kilogrammes. Average surface-area about
1.5 square metre. Possible normal variation in size: 1.3 to
2 square metres (for a variation in weight of from 45 to 85

1 Here are two examples of the calculation of an appropriate coefficient :

{1) Take the case of a man whose occupation is such that, if be is of average size (1.7 square metre), his
energy requirements must be put at 4,000 net calories per day instead of 3,000. His coeflicient will be 1.7
instead of 1.25 on the first scale ; or 1.3 instead of 1 on the second scale, in the table on page g6, Suppose
now his gize were 2 square metres instead of 1.7 (5., height 1.80 metre, weight 8o kilogrammes), then his

theoretical calorie requirermnent will be 4,000 x %—7-4.mmtcahrh,andhhémtespondingmﬁciﬂt
will be 1.7 X :’;—l.ountlu ﬁntwtb,ux.sx%’—r.ymthmdtale. in the table on page 96.

(3) Take the case of & man of average cocupation as regards fatigos. His calocie requiremnents will be 3,009
net calories if his sive ts average (1.7 square mwtre). But supposs that he were small (say, beight x.60 metre
and weight 58 kilogrammes—s.s., & surface of 1.6 square metre instead of 1.7 square metre), then his

m&dmmmthmtmmhs.mxf-‘;— 2,800 net calories, and his corresponding

coefficlent would be 1.38 X 16 L r1800 the Srat scale, ar 1 X —6- 0.94 on the second scale in the table
on page 6. 7 x7
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kilogrammes). That corresponds to a margin of variation
of from —13% to +34% around 1.5 square metre. -Thg
same margin of variation for energy requirements can be
shown as follows:

Average work. — 2,600 net calories for a subject of average
size. Margin of from —139% to +34% = 2,300 to 3,500
net calories. The corresponding coefficients for a basis
of 2,400 or 3,000 can easily be calculated.?

Those are extreme theoretical variations, for experience
shows that the basal metabolism rate of short and stocky
subjects is relatively slow compared with that of tall and slender
subjects. Account must also be taken of individual variations .
among subjects of the same size; for it is a question -
of endocrine equilibrium. There are large and small eaters
among individuals of the same size, so that, having adopted
a norm for a given individual, it will certainly be advisable
to allow a further margin of from —59%, to +109%, for deviations
from this theoretical figure caused by the individual factor.

Lastly, if the calculation of individual divergences from the
mean owing to differences of size is based on their weight instead
of on their surface-area, a slightly wider margin is obtained
than that shown above.

Take now tﬁe case of children.

The table on page 96 gives the figures for a child of average
size. '

(x) For children aged 14 years amd over, the table gives
different figures according to sex and the nature of the work
done, if any. The coefficient adopted must, as with adults,
be adjusted to the extent to which the child’s size exceeds or
falls below the mean. The surface-area should be used in such
calculations. ' Biometric tables suited to-the country under
consideration should be employed for this purpose. Tables
of this kind are appended as an example. They show the

l'nuprinu‘pledthhukuhﬁmhthemu!hatfmnmmfmnoteonmgg.)
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variations of weight and height in children of both sexes in
the United States, in Belgium and in the Netherlands (schools
at The Hague).

The body surface-area correspondmg to the figures for height
and weight given by these biometric tables can easily be ascer-
tained from Dubois-Lusk’s diagram, and a calculation made of
the percentage deviation of any particular surface-area from
the surface-area given for the average size for a given age.

Either the survey provides particulars of the height and
weight of the members of the family, and the body surface-area
is then calculated direct from the Dubois-Lusk tables, or the
survey only provides particulars of height. The biometric
tables show the corresponding average weight, and from this
a calculation can be made as to what the average body surface
should be for a particular height. A similar calculation can still
be made if the survey only provides particulars of weight.
Lastly, in the case of unusually thin subjects, it is possible
from the biometric tables to calculate what the coefficient
should have been had the figure been normally plump. It is
accordingly possible from the adjusted coefficient to form a
fairly close estimate of the amount of extra nutrition required.

(2) For children under 14 years of age, the only point to be
considered is whether they are big, average, or small for their
age, and the coefficient given in the table on page 96 should
be adjusted accordingly. Here are a few examples based on
the first scale in this table:

Coefficient 0.6 : Big child of 5 years
Average child of 6 years
Small child of 7 years

Coefficient 0.65: Big child of 6 years

Average child of 7 years
Small child of 8 years

For very young children (under 2 years), the coefficients
given in the table should be adopted as they stand.

It has just been shown that recent scales of family calorie
coefficients sometimes adopt as their unit the allowance of the
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adult male of average stature, doing moderately fatiguing
work (3,000 calories), and sometimes the 2,400 calories unit,
which is the allowance of the adult man of average stature
not engaged in muscular work. Is the following inference
justified ?

In all family surveys made hitherto, the total intake of the
bousehold has been reduced by coefficients to -terms of that
of a man doing moderately fatiguing work. Should this
practice be discontinued for the future ?

This question must certainly be answered in the negative.
Whatever the circumstances, and whatever the scale employed,
it is reasonable to express the aggregate allowance of a family
in terms of that of the theoretical adult male of average
size doing moderate work, even if no such person exists in the
household under consideration. In other words, the standard
figure remains at 3,000 calories, and this serves as a basis of
comparison for all nutrition surveys concerned solely with
families. Here are three examples to illustrate this idea (the
calculations are based ‘on the two scales given in the table
on page 96):

First Example :

Family consisting of one adult man of average size, engaged
in moderately fatiguing work; one adult woman (housewife)
of average size ; and a child of 4. The nutrition survey shows
that the caily intake of the family corresponds to 6,370 net
calories : :

First scale Second scale
1 = 2,400 calories | 1 = 3,000 calories

Family coefficient . . . . .25+ 1.14+0.5=2.851 4 0.85 + 0.4 = 2.25

Family intake figure
reduced to terms of 1.2
intake of the adult man | 6,370x=22=2800 | 6 37oxL=a 8oo
of average size engaged 2.85 ’ 225
in moderately fatiguing
work (to the nearest
hundred)

Basis of comparison = 3,000




Second Example:

Family consisting of one adult male of average size, engaged
in fatiguing work and requiring a ration of 4,000 calories ;
one adult woman (housewife) of average size, and no children.
The daily family intake is 6,950 net calories.

First scale Second scale
I = 2,400 calories | 1 = 3,000 calories

Family coefficient . . , .

1.7+ 11 =28 1.3 + 0.85 = 2.15

Family intake figure

reduced to terms of
intake of an adult man
of average stature
engaged in moderately
fatiguing work {to the
nearest hundred)

L 125 | S
6,950 X 28 =3,I00 6,950x—~—2_15_3,2oo

* Basis of comparison = 3,000

Third Example

Family consisting of a woman (housewife) of average size,

a child aged 13, and a child aged 4. The daily intake of the

household amounts to 6,150 net calories.

First scale Second scale
1 = 2,400 calories { T = 3,000 calories

Family coefficient . . ., .

1.1+ 1 + 0.5 =2.6[|0.85+0.840.4=2.05

Family  intake figure
reduced to terms of the
intake of an adult man
of average stature
engaged in moderately
fatiguing work

1.25_ I _
‘6,150 X-—E—Z,Qj'o 67150 Xz——_os--j‘,ooo

Basis of comparison = 3,000

The results obtained by calculation with the first and second
scale respectively are not exactly the same, because the coeffi-
cients are round figures, and so are not absolutely accurate.
They are, however, sufficiently exact for such purposes.



This method of calculation enables comparisons to be mz'lde
between families of different composition, but a calculation
can also be made of the intake of any particular member of
a family, instead of that of a theoretical person such as the adult
male of average stature engaged in moderately fatiguing work.

- *
* *
The scales of family calorie coefficients just discussed are

~ accordingly valid for all countries subject to the following three
conditions : .

(@) That an adult man shall weigh on the average 65 to
70 kilogrammes' ;

(b)) That the rate of basal metabolism in the adult shall
be that of countries of Western civilisation in temperate
climates ; and

(c) That the mean weight and height of new-born infants,
the rate of growth and the average age at which maturity is
reached shall correspond to those recorded in countries of
Western civilisation.

~ In those parts of the world—the Far East, colonial territories,
etc.—in which one or more of these conditions are not satisfied,
the scales of coefficients discussed above can be employed only
after certain adjustments.

Let us, in this connection, refer back to the table on page 96
and take a country such as the Netherlands East Indies, in
which the adult man of average stature weighs about 50 kilo-
grammes instead of 65 to 70 kilogrammes.-

Under conditions of moderately fatiguing work, his energy
requirements would be something approaching 2,400 net calories
instead of 3,000, and the scale would have to be re-adjusted
accordingly. It would similarly have to be modified for children,
bearing in mind: (1) the difference between the average size
of new-born babies in that country and in those of Western
civilisation ; (2) the rate of growth as well as the age at which
maturity is reached. It may be observed that there are some
countries in which like considerations apply, notwithstanding
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the fact that the average stature of the adult man corresponds
more or less to that of a man weighing 65 to 70 kilogrammes.

By way of example, we subjoin two types of scales published
in the Report of the Intergovernmental Conference of Far-
Eastern Countries on Rural Hygiene, held at Bandoeng in
August 1937, under the auspices of the League of Nations Health
Organisation (pages 81 and 85 of the report).

1. Scale adopted in the Southern Parts of India.

SCALE OF AVERAGE CALORIE REQUIREMENTS

Calories

Coeflicient required

Adult male {overxzg4) . . . . . . . 1.0 2,600
Adultfemale (over1g) . . . . . . 0.8 2,080
Child 12and 13years. . . . . . . 0.8 2,080
Child1oand rryears. . . . . . . 0.7 1,820
Child8andgyears. . . . . . . . 0.6 1,560
Child6and 7years. . . . . . . . 0.5 1,300
Child4and syears. . . . . . . . 0.4 . 1,040
Childzand 3years. . . . . . . . 0.3 780
Childotozyears . . . . . . . . 0.2 520

2. Scale adopted in Japan.

CALORIE AND PROTEIN REQUIREMENTS IN VARIOUS AGE AND SEX GROUPS

Male Female
As Protein Protein
Cocfficient | Calories | o 0°F, | Coeficient | Calories | o
0-2 . . .. ... 2 480 20 2 480 20
L T T 4 g60 40 4 gbo 40
57 4 e 0 e e e 5 | 1,200 50 5 | 1,200 50
810 . . ... ... 7 1,680 70 6 1,440 60
14 ... .. . 8 1,920 8o 8 | 1,920 8o
1520 . . . . . . . 10 | 2,400 | 100 9 | 2,160 90
21-50 . . . . . . . 1o | 2,400 8o 8 | 1,920 6o
51-60 . . . . . . . 10 | 2,400 60 7 | 1680 40
6o-above . . . , . . 9 2,160 45 6 1,440 30

*®
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Scales of Consumption Coefficients for Nuiritive Principles other
than Energy-bearing.

The scales of consumption coefficients just examined can be
used only for calories and are therefore concerned with the
amount of energy-bearing nutrients considered as a whole. They
cannot be employed for proteins, mineral elements or vitamins.
Though, for example, the normal calorie allowance of a child
of 4 is on the average 609 less than that of its father, the
normal calcium allowance would only be 309, less than its -
father’s, at the outside. Hence, generally speaking, different
scales should be drawn up for every kind of nutritive principle
other than energy-bearing principles considered as a whole.
But this is an ambition which is still unattainable in the present
state of our knowledge. In the case of vitamins especially, a
long time must still elapse before definite exact data are available
as to the mean values of bodily needs in relation to age, sex
and energy expenditure. The following brief notes show the
limited extent of our knowledge on this subject.?

Vitamin A. — The allowance which is probably adequate
for an adult is assessed at a figure somewhere between 2,000
and 4,000 international units (I.U.)* No indications are
available for children. -

Vitamin B,. — An allowance of 10 I.U. per 100 calories
would appear to be sufficient in the case of adults—i.e.,
300 I.U. for a man weighing 65 to 70 kilogrammes consuming
3,000 net calories. The pregnant or nursing mother would
probably require more, and children of pre-school age about

200 to 250 1.U. a day. Infants would require 10 to 15 I.U.
per 100 calories.

Vitamin C. — Adults require at least 30 milligrammes a

day.? For infants, the normal amount would be 5 to 15 milli-
grammes.

Vﬂ{amin D. — Fairly accurate values have been o-btained
only in the case of children (400 to 560 L.U. a day).

1 Bullstin of the Health Organisation of the League of Nations, Vol. V11, 1938, Extract No, 8,

'Mho&wtbmnhrpublhhedonthkmbjectdih to
e et asto results, partly because they use different

. ) . ’
Hnymthanuedopmmlhatthsﬂgmmldbeniudtoanavmgeofsomillintmmeﬂ.
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The few data given above are insufficient to enable a scale
of family coefficients to be drawn up, though an attempt to
do so has been made by American physiologists (see tables,
page 110). In other countries, such an attempt is regarded
as premature. Little is known of the factors on which vitamin
requirements depend ; in any case, these requirements appear
to vary in different individuals.

It would seem preferable at the present stage to express vitamin
intakes in international units per day and per head.

*
] *

So far as the profeins are concerned, the following table
gives figures calculated from the tables published by the Tech-
nical Commission of the Bulletin of the Health Organisation of
1936 (Vol. V, Extract No. 6, C.H.1197(2)) :

Grammes of protein Coefficient
, b day {to nearest 0.05)
Aduitman . , . . . . . . . . . 70 I
Adultwoman . . . . . . . .. 6o 0.85
Nursing or expectant mother . . . 105 1.5
Children 12toxg4 . . . . . . . . 69 1
" sto7 ... ... .. 64 0.9
e 3tos . . . ... .. 53 0.75
- 203 . . . ... .. 46 0.65
. Itz . . . .. . .. 37 0.55

A scale of this kind is, however, not thought to be adequate
for all countries. The reader will find in the tables on pages 110
to 112 other protein scales adopted in certain countries of
Western civilisation.

Page 105 sets forth the protein table which is in use in Japan,
the scale which has been adopted in India (report of the Bandoeng
Conference, document A.19.1937.III, page 81) is as follows :

Fgm g:, Coefficient
Man,18to60 . . . . . . . . .. : 65 I
Woman,18to6o . . . . . . . . 55 0.85
Boy,10t017 . . . . .. . ... 8o I.20
Girl,1otoxz . . . . . . . ... 70 1.10
Child,6t09. . . . . . . . . .. 60 0.90
Child,2t06. . « .« . 4 « + o + . 40-50 0.6to0.8
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Scales for calcium and phosphorus have been proposed in
certain countries. It is difficult, however, at the moment to
propose an internationally valid scale.

In the case of calcium and phosphorus, estimations of intake
per head are at present probably at least as satisfactory as those
based on more detailed scales. The normal calcium intake of an
adult male weighing 70 kilogrammes varies between 0.75 and
slightly more than 1 gramme, according to the country (in
countries with a Western civilisation). The intake of a pregnant
or nursing mother should be somewhat higher ; that of children,
from 0.8 to 1 gramme (except in the case of breast-fed infants).
An assessment per head is therefore suitable for rough estimates.

A difficulty in drawing up multiple scales of coefficients for
the various nutritive principles in a diet is that such scales must
have a common standard-—.e., the unit of each scale must
refer to some specified standard diet. The units of all these
scales provide the key to the whole; but there are many
problems having a bearing upon the whole set of scales which
are still unsolved. Thus, it is recognised that energy require-
ments vary in proportion to the amount of energy expended,
so that the food intake must vary accordingly ; but the question
whether the bodily requirements of protective principles also
vary, and, if so, to what extent, is still unanswered. If an adult
of average size needs only 2,500 calories and another of the same
size needs 4,000 calories because he expends much more energy
than the first, should the protein, calcium, phosphorus, iron
and vitamin intake remain the same in both cases, or should
it also vary ? ’

The system of combined scales which is in use in the United
States of America is based on a scale of the variation of the
optimum composition of the diet in that country (Grade-A
diets of the American classification) according to age, sex
and conditions of work. This scale is shown on page 110, Part
of it is reproduced on page 111. The values have been
converted into a corresponding system of coefficients, In
this way, the American system of family coefficients is
presented in a form which renders it more easily comparable

with another type of coefficient system, which is shown on
page 112.



The American scale suggests that the variation of the calorie
requirements should not entail a concomitant variation of
requirements in protective principles. Thus the table shows
that, for an adult man, whose calorie intake may vary from
2,400 to 4,500 calories according to the energy expended, needs
in respect of proteins and other protective principles remain
unchanged.

In other countries, physiclogists and health experts are not
of opinion that this must be the case. It is, moreover, difficult,
if the balance of the diet is to be maintained, to make any
substantial change in the calorie intake without, at the same
time, varying the supply of protective principles. The further
scheme of combined scales following the American system,
which is shown on page 112, suggests that, so far as the requi-
rements of protective principles are concerned, the values
corresponding to the units of each scale are, on the average valid
only if the energy allowance of the adult male is 3,000 net
calories. The two systems are reproduced here for purposes of
comparison, without any preference being shown for either, as it
is still difficult to reach a decision in the matter.” The author of
the present monograph is of opinion, however, that the last
system (page 112) is probably the most suitable at present,in the
case of such countries as Belgium, for example,

SUMMARY

The state of our knowledge permits only of the adoption
of scales of calorie coefficients at present.

In the case of dietary constituents other than energy-bearing
ones, it is preferable at present to make assessments per head,
regardless of age or sex.

Nevertheless, systems of scales for calories, for the various
protective principles, and for cost of diet have been proposed.
No malier what system is adopted, however, it is essential to indicale
¥n detail the values respectively adopted as scale units for the several
nutritive principles.



UNITED STATES DEPARTMENT OF AGRICULTURE, BUREAU oF HoMme EcoNowmics, WASHINGTON, D.C.

Misnimum Quantilies of Specified Nutrients 1o be furnished by Grade-A Diets
of the American Classification.

Inorganic elements (in grammes)

Vitamins {in Sherman units)

Calories Protein!

Child underzyears ......... goo 35 1.00 1.00| 0.005-0.007 | 4,000 200 75 | 400
Child 2-3 years ...... v 1,200 45 1.00 1.00 | 0.006-0.009 | 4,500 240 | 105 | 450
Boys: 4-6 years.......... 1,500 55 1.00 1.00 | 0.008-0.011 | 4,500 300 | 105 | 450
7-8 ss sessessraun 2,100 63 I.00 1,00 0,011-0.0I5 | 5,400 | 420 | 105 | 540
1 (- TR 2,400 75 1,00 1.20| o0.012-0,015 | 5,400 480 | 120 | 540
IX-I2Z ,, ceenensonaen 2,500 75 1.00 1.20| 0.013-0.015 | 6,000 500 | 135 | 600
13-15 o vaseerees - 3,000 75 0.88 1,32 o.015 | 6,000 6oo | 150 | 600
I6-19 4y eeenininens 3,000-4,000 | 75 | .88 | 1.32 0.015 | 6,000 | 720 | 180 | 600
Girls: 4-7 years......... 1,500 55 1.00 1,00 o.008-c.011 | 4,500 300 | 105 | 450
' 8-10 ,, .enen Cras 2,100 65 1.00 1.00| o0.011-0.0I5 | 5,400 420 | 105 | 540
11-13 by nesanenens 2,400 75 1.00 I.20 0.012-0.0I5 | 5,400 480 | 120 | 540
14-19 4y mreaaseswn 2,500 75 1.00 1.20 0.013-0.015 | 6,000 500 | 135 | 600

Men 20 years or over :
Active Work .....c.oven.. 4.500 67 0,68 1.32 o0.015 | 6,000 6oo | 150 | 600
Moderate work ....... ces 3,000 67 0.68 1.32 0.015 | 6,000 | 6oo | 150 [ 600

- Women 20 years or over : :

Activework ............ . 3,000 67 }o0.68-1.00| 1.32! 0.013-0.015 | 6,000 600 | 150 | 600
Moderate work .......... 2,500 67 |0.68-1.00| 1.32| o0.013-0.015 | 6,000 500 | 135 | 600

! 40% or more to be derived from foods containing proteins of high biological value,

— 0II —
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AMERICAN ScALE OF COEFFICIENTS

. . : Ph
Calories 1 Calories® (Protein | Cakcium* | 1 o8-

Men20yearsor over:

Activework ..., 1.90 1.5 1 I 1

Moderate work . . 1.25 1.0 1 1 1

Sedentary condi-

tion........ . I.00 0.80 I I I

Women 2o years or

over .

Activework . ... 1.25 1.0 1 1tor.s5 | I

Moderate work .. 1.05 0.85 1 r1tor.s | 1 1

Boys: 16-19 years. | 1.25t01.65/1t01.3

I.I 1.3 b ¢ I

13-15 ,, - 1.25 1.0 1.1 1.3 I I

11-12 ,, . 1.05 0.85 1.1 1.5 0.9 ¢

9-10 ,, . 1.00 o0.80 1.1 1.5 0.9 1

7-8  ,, - 0.90 0,70 0.95 1.5 0.75] 1

46 ,, . 0.65 .50 0.80 1.5 0.75 | o.
Girls: 14-19 years 1.05 0.85 1.1 1.5 0.9
I1-13 ,, . 1.00 0.80 1.1 1.5 0.9
8-10 ,, . 0,90 0.70 0.95 1.5 0.75
47 ., . 0,65 0.50 o.80 1.5 0.75
Children : 2-3 years 0.50 0.40 0.65| 1.5 0.75
0-2 ,, . 0.40 0.30 0.50 1.5 0.75

! 1 = 3,400 calories.

f 1 = 3,000 calories.

3 1 = 67 grammes of protein.

41 = 0.68 gramine of calcium.

4 1 = 1.32 gramme of phosphorus.
4§ = 0.01% gramme of iron.
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E. J. BicwooD’s SYSTEM OF SCALES

Net calories | Proteins Cakium Phosphorus Cost
Adult male of average
size, performing -
moderately heavy .
work. . . . . . 1.00 1.00 1.00 1.00 1.00
Adult female . . . . | o0.85 0.85 0.85 0.85. 0.85
Pregnant or nursing
mothers . . . . . 0.90 0.90 I.4 1.1 0.9
Children over 14 years ’ .
of age . . . 0.90-1.0 | 0.90-1.0| I.I 5.0 0.90-1.0
and overland overjand overjland over|and over
Children : .
12to 14 years. . 0.80 0.80 1.0 0.85 o.80
1rtorz ,, . 0.75 - 0.75 1.0 0.80 0.75
gtorr ,, 0.60 0.60 0.9 0.75 0.70
Fto 90, 0.55 0.55 0.9 0.70 0.65
5to0 7 ,, T 0.45 0.50 0.85 0.65 0.6o0
3to 5 ,, 0.40 0.40 o.80 0.55 0.40
2to 3, 0.35 0.35 o.80 0.50 0.35
tto 2 ,, 0.25 0.30 o.80 0.45 0.25
oto 1 ,, . .. 0.20 —_— _— — —_

The units of the first four scales of the above table represent

the following values

Net calories . .
Proteins . . .
Calcium. . . .
Phosphorus . .

I = 3,100.

I = II0 grammes.
I = I gramme.

I = I.5 gramme.



Chapter XI

ECONOMIC VALUE OF FOODSTUFFS AND DIETS

The cost of foodstuffs naturally varies a great deal between
one country and another. The question of nutrition presents
as many economic problems as there are countries on the surface
of the globe.

Certain general indications may, however, be given regarding
the economic aspect of the problem of nutrition, which are of
universal application.

J. COMPARISON OF THE Cosr oF DIFFERENT Foonsrunrs IN
ONE AND THE SAME COUNTRY

Each foodstuff is considered separately for purposes of
comparison. The unit of comparison may be the unit of weight
—e.g., the kilogramme ; but from the physiological point of
view, the unit should preferably be a common value relating
to certain nutritive principles such as calories.

The following table sets out, by way of example, a list of
‘various foodstuffs consumed in Brussels during the winter of
1932 and their prices expressed in terms of the cost of 100 gross
calories provided by these foodstuffs (5 francs = 1 belga of
that period) * (BicwooDp and RoosrT, Joc. cit.) :

. Cost
P Belgian francs

100 gross calories derived from eggs . . . . . . W 1.00
o e ’s . ., Vvegetables . . . . . 0.95

b b . " ws fruit . . . ... . 0.90

i ae - " ,» porkchops . . . .. 0.83
S " " ,» freshbeef . . . . .. 0.77
TR’ " -, .» liverpaste . . . . . 0.74

1 300 Belgian francs, or 20 belgas, were roughly equivalent at that time to 165, 10%d., $2.77, o 70.95
French francs,
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Cost
Belgian francs
100 gross calories derived from chilled beef . . . . . 0.72
. ee e ,» black pudding (boudin
noir) . . . . . . 0.48
vs e vs v ., white liver sausage
(boudin blanc) . . . 0.37
Y o »» ,, milk . . . .. .. 0.28
0w e . »a .» porksausage . . . . 0.24
e »a »e s 3 butter . . . . . « . 0.24
1T ”»” I » s Skim-mi]k ..... 0.21
e - ' ,, margarine . . . . . p.18
noow " . .. potatoes . . . . . . 0.13
s e ' . o, lard ..o 0o 0.12
o as v - ., whitebread . . . . . 0.06
PP ” ' ,, Dbeefsuet . . . . . . 0.0§

By means of such comparisons, it is possible to show the
return in calories which can be obtained with each kind of
foodstuff. In many countries it is found that the cost per calorie
is often proportionately higher, the greater the content of
protective principles in the foodstuff considered ; thus, the
calories of vegetables and fruit are dearer than those of beef
suet or lard. Foods containing both kinds of nutritive principles
will be found halfway down the list. If foods having roughly
the same energy value are compared, those containing most
protective principles will generally be found to be more expensive
(compare butter and margarine or potatoes and white bread
in the above list). There are, however, exceptions to these
rules.

Speaking generally, it is preferable to consider the cost of a
diet as a whole rather than that of each. foodstuff separately,
since in this way allowance is made for the varying proportions
in which the several foodstuffs enter into the diet.

II. Cost OF DIET

The total cost of the diet of a group of people—e. g.,a family—
may be considered first.
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In this case, too, calorie value in relation to cost may be taken
as a basis for comparison.

Dietary surveys enable the cost of diets to be ascertained
(see Annexes), and their energy value may be calculated by
analysing them from the physiological standpoint. Conditions
differ, it is true, from place to place, but in some countries
experience has shown that the cost of the calorie may vary
considerably even in the case of food bought by persons of the
same class from the same type of tradesman in the same district
and during the same period. During the winter of 1932, among
families of insured unemployed in Brussels, the return in calories
per franc spent on food varied, for example, from 370 to 670
net calories. A detailed analysis of the data showed that the
diets containing a large number of calories per fran¢—that is,
‘* cheap calorie *’ diets—were those which provided the consumer
with little protective principle. Such diets contain little meat ;
few eggs, if any; little fruit or vegetables; a great deal of
bread as compared with potatoes; and, in general, many
starchy foods. Inrespect of fats, they are the diets which contain
little butter as compared with margarine, beef suet and lard.
The converse is true of diets with a low energy-yield per franc.
These facts are shown in the table on page 116 (Bicgwoob and
RoosT, loc. cit. [ see also BicwooD, Revue de I’ Institut de Socio-
logie, Institut de Sociologie Solvay, Brussels, 1936, sixteenth
year, No. 3).

It is no doubt true, and should be emphasised once more,
that the situation is far from being the same everywhere;
nevertheless, these conditions are frequently encountered in
many countries. A large proportion of the poorer classes gene-
rally satisfy their hunger at small cost by doing without food-
stuffs rich in protective nutrients. The poor man’s diet usually
contains a superabundance of carbohydrates, as compared
with fats and proteins. Such conditions are most marked in
certain oriental and tropical countries, where serious forms of
deficiency disease are widespread and frequent ; but the same
phenomenon is observed, though in a less marked degree, in
many Western countries. It is therefore essential to consider
the economic problem from this angle. |
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Cheap calorie diets
Homsthold IV Household VII
Calories per franc . . . . . « . 610 670
e e e e e e 33% 37%
g:rt;;ohydrates ......... 13°/: ‘ 80% 9:A, 52%,
Milk . . v v« « o s a e -l 34% 6%
R I XY : 33%
Fogs o h i ’27:( v | 97| e
Vegetables, fruits, miscellaneous)14.5% 15%
Bread/potatoes . . . . 4/3 3-3/3
Butter . . . - - .« .+ .« > . 33% 0%
B:ef suet, lard . . . . . Ce e 67% 20%,
Margarine. . . . . . . . . . . 0%, 809%
Fat-soluble vitamins .. . . . . R R
Vitamin € . . . ... . . ... R _ R
Dear calorie diets
Household I Housebold IX
Calories per franc . . . . . . . 350 380
Carbobydrates . . . . . . . .. 18% 16%,
Fats . . . ... ... ... 16 ./ 489% 9% } 309%
Milk . . . ... A 14% 58
Meat and fish . . . . ... .. 18% 32%
Eggs . - - - . . . -0 i 6%} 52% 7% 1 7%
Vegetables, fruits, miscellaneous .| 209, 31% :
Bread/potatoes. . . . . . . . . 1.4/3 /3
Butter . . . . . e r e e e 71% 75%
Beefsuet,lard . . . . . . . .. 29% 259
Margarine. . . . . .- . . .. . 0% o%
Fat-soluble vitamins . . . . . , A A
VitaminC . . . . . e e a R A
R == rare, A = more abundant,

The group of carbohydrates, fats in gemeral and milk, comprises
the less expensive foods. It occupies a more prominent place in the
*‘ cheap calorie *” diets than in the ** dear calorie * diets,



— 117 —

The converse is true of the group of more expenswe foods (meat and
fish, eggs, vegetables and fruit).

In these parts of the table, the figures express percentages of total
expenditure on food,

It- will be observed that, as regards the proportions by weight of

bread and potatoes, the former preponderates in the first type of diet,
the latter in the second.

In the group of three alimentary fats, the figures denote percentages
by weight of the group as a whole.

Another way of approaching the same problem is to distribute
the total cost of the diet among the main foods or groups of
foodstuffs composing the diet. The object is to ascertain the
percentage of the total cost of the diet which is accounted for
by purchases of meat, milk and its derivatives, bread, vegetables,
etc. Separate studies of such distribution must be made on the
diet of adults and that of children of various ages. By way of
example, the reader will find below a table showing such distri-
bution in the case of the normally balanced diet of an adult in
Brussels, prices being quoted for three different classes of
tradesmen (A, B and C).2

Such studies may yield conclusions that will be of value in
different ways, according to the country considered. The follow-
ing example can be given in the case of Belgium : Green
vegetables, the consumption of which is so apt to be inadequate,
are nevertheless a far less expensive item than meat or milk
and its derivatives, even when the diet is well balanced and
contains appreciable quantities of this class of foodstuff (only
from 6 %, to 79, of the total cost of a normal diet). The reason
for any deficiency of vegetable food is therefore probably not
the cost but the amount of trouble involved in the preparation
and cooking, and the expenditure of fuel entailed. Theimportance
of observations of this kind when studying nutrition from the
economic or educational standpoint will be readily appreciated.

" 1R, J. Biowoop : “ Importance de I'alimentation rationnelle en hygiéne sociale *, Eleventh National
Child Welfare Congress, Revus dalge de Puériculiurs, No. 3, September 1937.



It is important to determine what
budget should be allocated to foodst
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constituents ; it is similarly important to

of the total energy supply of the diet s

furnished by foods of this type.

proportion of the food
uffs poor in protective
know what proportion

hould normally be

Approximate Mean Cost of @ Normally Balanced Diet in
Brussels.

Adults.

March to May 1937.

(Avérage expenditure per day in Belgian _francs.) t

Average for both sexes,

snctuding chikiren over 14 Pregnant or nursing
years of agn me
A B c A B c

Milk . . . . . ... 0.85 0.95 0.95 1.25 1.45 1.45
Butter . . . . . . . 2.20 2.20 1.80 2.20 2.20 1.80
Meat, fish, etc. . . . 2.20 2.90 2.90 1.85 2.40 2.40
I@EE . - « « s « « o 0.65 0.65 0.45 0.65 0.65 0.45
Cheese {Dutch) . . . os0] o050 o0.50{ 0.50] 0.50 0.50
Green vegetables . 0751 o©.75 0.75 0.75 0.75 0.75
Potatoes and roots 040} 0.40}) 040] 040 ] 0.40] 0.40
gngd legumes 010! o1o0]| o.10] o.I0 o.1o o.10

reits . . . . . . . 0. 0.75 0. 1.00 1.00 1.00
Cereals, bread 7 7 73
Smgar . . . . . . . 1.35| 1.35| 1.35] 1.20]| 1.20] 120

9.75 | 10.55 9.95 9.90 | 10.65 | 10.05

One extra half-egg per

day .. ... .. 10.20 | 11.00 | 10.30
Plus10% . . . . . . 1070 | 11.60 | 11.00 | 1r.20 | 12.10 | 11.35
General approximater ,

average. . . . . . II.1I0 1r1.60

'dechnﬁm(:obulaﬂmMyoquivahntnuhtﬁmehx

france.

3. 81%44., §3.37, or 74.535 French



III. ScALEs ofF FaMILY COEFFICIENTS FOR CosT OF DIET

There remains one last point to consider in connection with
the relative cost of the food consumed by various members of
a social group and, in particular, of a family. How much does
. a child’s diet cost relatively to that of an adult ? Here, again,
the scales will differ from one country to another. Reference- -
may be made, by way of example, to the scale which applies to
the normally balanced diet in Belgium (see page 112).

*
» *

IV.

In various countries, numerous investigations have also
been carried out on the variation in the composition of the
average diet of population groups considered in relation to
income. A typical example of such an investigation is afforded
by Sir J. B. OrRr's monograph: ‘Food, Health and Income”
(McMillan, London, 1936). N
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Chapter XII
STATISTICAL CONSIDERATIONS

When the physiologist or hygienist is examining a phenorr}enon
from the quantitative standpoint and considering some particular
magnitude in different persons, he generally expresses the order
of this magnitude by a mean value. But in reality the actual
values obtained by observation show a dispersion around the
mean which may vary considerably both in kind and in extent.
By itself, the mean value gives no idea of this dispersion ;
one and the same mean value may be recorded for phenomena
showing a very different distribution of individual values.
Accordingly, the mean value obtained by calculation must be
supplemented by another value expressing the type of distri-
bution.

Again, when' a quantitative phenomenon is to be studied
in relation to an entire population—or, as the statistician would
say, universe—investigation must, in practice, be restricted to

.a small number of persons, taken at random. But rarely can
the investigator cover all the persons composing the universe
concerned. The question therefore arises, will the chosen group
yield observations of which the mean is representative of the
whole universe—~say, an entire population ? This will clearly
depend both on the variability of the phenomenon under
examination and on the adequacy of the number of persons
comprising the group—i.e., on the size of the sample of popu-
lation chosen. The larger the group, the more nearly will the
mean approach the real mean value of the whole, In Ppractice,
the investigator always has to gauge the latter from the former.

There are therefore two requirements to be met :

(1) To indicate the distribution of a phenomenon around
a mean ;

(2) To determine whether the mean of a particular group
is or is not representative of the whole.

To clarify these problems, a concrete example will be taken,

but, first, a few definitions essential to an understanding of
the subject must be given,
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I. The distribution of a phenomenon around the mean may
be represented by a graph known as a frequency distribution
curve. Suppose a phenomenon can occur in ways that can be
expressed by the figures 15, 20,.25 . . . 501 To represent
this phenomenon as a graph, let us plot these numbers on the
abscissa scale and, on the ordinates, the frequency of their
occurrence.

FIGURE 1I FIGURE 2

_ FIG.1. __FIG. 2.
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Consider the phenomenon represented by curve I. It is
constructed from 38 observations, with values occurring as
follows :

The value 15 occurs twice 2XI5= 30
" . 20 ,, 4times 4x20= 80
. ., 25 ., 8 8 X 25 = 200
»s ,» 30 ,, TI0 10X 30 = 300
" . 35 . 8 8 x 35 = 280
' » 40, 4 4 X 40 = 160
' .» 45 ., twice . 2X45 = QO

Inall 38 observations Total 1,140 <-38 = 30

1 Taks, for instance, the calorie value of tha daily food intake ; and suppoee that energy valua is expressed
in units cotresponding to 100 large calories {or a ** hectocalorie ™) ; thep the number 30 will represent an
intake of 3,000 calories.

20 represents a mean of the values 17% to 22%4 ; 25,8 mean of the values 22% to 27% ; 30, & mean of the
values 27% to 32%, ete, Further, it is assumed that these groups are small enough for the real mean of each
of them to be roughly equal to the mean of its two extreme values.
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JI. The term arithmetic mean means the sum of all obser-
vations divided by their number. This can also be expressed by
saying that the weighted mean equals

(2 x 15) +(4 x 20) +(8 X 25)+ (10 x 30)+(8 x 35), etc.
38
This mean here equals 30 (value 4 in the graph)..

III. What is called the mode is the value occurring most
frequently ; it corresponds to the apex of the curve. Here the
mode equals 30 (value b in the graph). :

IV. The term median value, or median, means the value
above and below which the same number of observations occur.
Here the median equals 30.

V. Symmetry or asymmetry of dispersion. — Frequency
curve I is symmetrical. When a curve is symmetrical, the
arithmetic mean and the median coincide. So also does the
mode in frequency curves of the type here considered—i.e.,
where the values most frequently occurring fall inside the
extreme values, as is usual with biological phenomena.

‘Frequency curve II is also symmetrical. It expresses obser-
vationsof the occurrence of a phenomenonin twenty-four persons:

Value 15 occurs 4 times "4XI5= 60

w20, 5 5X20 = 100

w 30 , 6 6x30 = 180

» 40 ,, 5 53X 40 = 200

o 45 ., 4, . 4X45 = 180
24 observations Total 720 + 24 = 30

The arithmetic mean, the mode and the median again equal
30. Here then are two series of phenomena expressed by the same
mean value although their dispersion around this mean is very
different. Thus the mean value alone cannot be accepted as a
sufficient expression of a phenomenon. : |

Actually, the frequency curve of a phenomenon rarely turns
out to be symmetrical. There is nearly always some more or less
marked asymmetry : take the case of curve III.
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This relates to the occurrence of a phenomenon in forty-one
persons : :

Value 20 occurs twice 2X20= 40
» 25 ,, 6 times 6xX25 = 150"
» 30 ,, 10 10X 30 = 300
» 35 ., 8 8x35 = 280
., 40 ,, 6 6 x40 = 240
2 45 » 5 ”» 5 x45 = 22§
»w 50 ., 4 4 X 50 = 200

41 observations Total 1,435 + 4I = 35

The mean value of the phenomenon equals 35.
The mode equals 3o.
The median value is slightly less than 35.

With an asymmetrical curve, the values of the arithmetic
mean, of the mode and of the median do not coincide. The
more marked the asymmetry, the more they differ. Comparison
of these three values will thus give an idea of the degree of
symmetry of the frequency curve. Except for this purpose,
only the mean value is generally used.

Most of the phenomena which are the subject of statistical
study yield an asymmetrical frequency curve. Take, for instance,
the energy requirements of the adult; the most frequently
occurring value——i.e., the mode—is generally less than the
arithmetic mean. Thus, if the mean value is in the neighbour-
hood of 3,100 net calories per day, the most frequently occurring
value will be slightly less than 3,000. That is because the
exceptionally high values differ more from the arithmetic
mean than the exceptionally low ones. This right-hand
asymmetry of the curve displaces the mean to the right of the
mode (see below the curve in Figure 3, page 129).

It has been explained that a phenomenon thus expressed by
a given distribution curve and a given mean value reflects the
characteristics of a group of persons. If the experiment is repea-
ted several times with groups of equal numbers of persons taken
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at random from the aggregate of the population, it will be found
that, as a general rule, the mean values of each group are not
exactly the same. A fresh study can then be made, in the same
way of the frequency curve, of the deviations of the several
mean values from the general mean of the group means. This
general mean corresponds to the theoretical mean which would
have been obtained by expanding the single group under
examination to include the entire population. The more obser-
vations a group comprises, the more nearly does the mean of
that group approach the general mean, and the more closely
does it approximate to the true facts of the position.

Whereas experience shows that the curves observed in each
- group (or sample) of the population are asymmetrical, the
distribution curve of the means of these groups is usually
symmetrical and corresponds, if the groups are large enough,
to the so-called Gaussian curve.

VI. Dispersion index (standard deviation).! — In estimating,
in each case observed, the deviation of the observed figure -
from the arithmetic mean of the group, we see that this deviation
is sometimes positive, sometimes negative. If we find the algebraic
sum of these deviations and divide it by the number of obser-
vations of the group, we obtain a figure equal to o, which tells
us nothing about distribution. ‘

If, on the other hand, we take the arithmetic mean of the
numerical values of these deviations, omitting the signs, we
oblain an average magnitude of deviation ; and this figure is of
. some, though perhaps not of very great, interest.

The range of variation—i.e., the difierénce between the
extreme values—is often used to indicate the degree of dispersion.
Thus 3,000 calories may be said to correspond to a dispersion
ranging between 2,000 and 6,000 calories or, in another case,
between 2,500 to 4,000 calories. While it is no doubt of interest
to know this range, it is far from sufficient, as it conveys no idea
of the frequency distribution between the extreme values.

1 Termed * écart quadratique moyen "' or ** écart normal * in French publications.



In other words, it gives no idea of the shape of the frequency
curve—i.e., of the manner in which the individual values are
distributed around the mean ; or of whether most of the observed
values lie close to the mean or not. The margin merely indicates
the width of dispersion. The most satisfactory method of
eliminating the sign in deviations from the mean is to square
them ; this will give values of the same sign (since a square is’
always positive). The average of these squares is then taken
and the square root of this average is calculated. The result
is known as the standard deviation * {in French, écart quadratique
moyen).

The standard deviation is high when the frequently observed
values are widely dispersed around the mean. On the other
hand, two cases having the same mean and the same range of
- dispersion may show, one a high and one a low standard devia-
tion. This will depend upon whether the majority of the obser-
vations lie close to the mean or not.

The ratio of the standard deviation to the arithmetic mean,
taking the latter at 100, is known as the coefficient of variation.

If the arithmetic mean is 30 and the sfandard deviation is 6,
we say that the coefficient of variation is 209% (3 x wo). If
the figures are to have any significance, therefore, it is necessary,
in making comparisons, to express the arithmetic mean and the
standard deviation in terms of a common unit.

Let us, by way of example, set out in detail the calculation
of the standard deviation in curves I, II and III described
above (in doing so, we shall not use the simplified methods which
are described hereafter) ; the figures will be found in the table
hereunder. '

1 The standard deviation is usually represented by the Greek letter sigma and deviations from ths mean
by #. The standard deviation is therefore represented as follows, taking s to represent the number of
observations :

R
»

Yo

— is known as the variancs.
.




Deviation . of the square
ovlluel v:l‘uesthf::n dzviaﬁond We:ght:l‘ the doviations
the mean :
. 1 225 | 2 X 225 = 450
Curve I ;3 1c5: 100 | 4 X 100 = 400
Mean T 2% 5 25 8 X 25= zog
= 30 o L] 0
value 35 5 25 | 8 X 25=2z00
40 10 100 | 4 X 100 = 400
45 15 | 225 | 2 X 225 = 450
Total = 2,100 < 38 = 55.26
Standard deviation = ¥/ 55.26 < 7.4
Coefficient of variation == 24.79, [%gx xoo]
Curve II: I5 15 225 4 X 225 = goo
20 10 100 | 5 X 100 = 500
Mean 3o ) o - 0
value = 30 40 10 100 { 5 X 100 = 500
45 15 225 | 4 X 225 = 900
Total = 2,800 = 24 = 116.7
Standard deviation = 4/ 116.7 =10.8
; ‘ 8
Coefficient of variation = 369 [r:o X IOO]
I I
Curve 111 : 20 15 225 2 X 225 = 450
25 1o 100 6 X 100 = 600
Mean 30 5 25 |10 X 25 =230
value = 35 35 o o . o
40 5 25 6 x 25=150
45 1o 100 | 5 X 100 = 500
50 15 225 | 4 X 225 = goo .
Total = 2,850 = 41 = 69.51

Standard deviation = ¢ 69.57 = 8.3
Coefficient of variation = 23.79%, [8?5; X IOO]

It will be seen that the coefficien
of the standard deviation to the

t of variation—j.e., the ratio
arithmetic mean—increases

with increasing dispersion of the frequent values. We shall

find later on that the number of s
under observation also influences

ubjects constituting a group
these magnitudes, and the
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ratio just described possesses real significance only if the mean
of a group is representative of the population as a whole.

Let us now consider what would be the position if we merely
took the weighted average of the deviations instead of the
standard deviation. The results of calculations based on weighted .
deviations (disregarding the signs of the deviations) are as
follows :

Curee I, Cum .

u Curve III.

zZ X 15 = 30 4 X I§ = 60 2 X 15 = 30
4 X 10 = 40 5 X 10 = 50 6 X 10 = 60
8 X §5 = 4o o 10 X 5 = 50

o 5 X 10 = 50 o
8 X 5= 40 4 X 15 = 6o 6 X 5 = 130
4 X 10 = 40 5 X 10 = 50
2 X I§ = 30 4 X I5 = 60
Total = 220 Total = 220 Total = 280
=38 = 538 =24 =917 - < 41 = 6.8

If we compare this table with that of the standard deviation,
we shall see that the latter is higher than the weighted average
of the deviations; that is because the extreme values, though
rare, play a relatively more important part in the total of the
squared deviations than in the total of the unsquared deviations.

*
* *

Having considered what is meant by standard deviation,
let us see how this deviation is measured in practice. For this
purpose, we will take a concrete example from actual practice.

3,300 4,200 3,700 A nutrition survey was
3,600 4,700 . 3,800 made of ninety-seven adult
3,000 3,300 4,800 men engaged in moder-
2,000 2,400 3,100 ately heavy work (enquiry
3,700 3,200 2,900 by A. SLOSSE at Brussels,
3,200 3,100 4,900 1910). The average work-
3,000 3,000 3,900 ing-day (paid work) was
3,500 2,900 3,800 11 hours (10 to 12 hours).

3,100 2,400 3,400 The net calorie intake per
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3,700 3,200 6,400.
2,600 3,100 3,000
3,000 4,800 3,000
3,500 2,400 3,900
3,800 3,200 3,200
'3,200 3,400 6,100
3,000 3,800 3,800
4,200 - 1,800 3,800
3,100 3,000 4,100
3,500 3,300 2,600
4,000 3,000 3,300
2,700 3,800 2,800
1,900 3,200 4,100
3,900 2,400 3,600
2,600 3,200 3,000
4,700 2,500 3,300
3,500 3,900 3,400
3,200 3,300 3,000
3,300 2,900 3,700
2,600 3,500
3,000 3,700
3,700 3,000
3,300 3,000
4,000 3,600
3,700 104,400
4,400 122,200
3,900 106,200
122,200 106,200 332,800 % 97
= 3,431

day per person will be
found in the table opposite.

The mean figure for this
group is 3,431 net calories ;
the median is 3,300 net
calories; the most fre-

‘quent figure is round about

3,000 net calories.

The range of individual
deviations from the mean
goes from 1,800 to 6,400
net calories, the mean of
the two extremes being
4,100.  Distribution is
therefore  asymmetrical,
but the small difference
between the mean, the
mode and the median indi-
cates at once that the
asymmetry will not be
very pronounced (see
below).t

The first step towards
simplifying the calcula-
tions is to adopt a unit
which will enable the mea-
surements to be expressed |
by the simplest possible
numbers. If, for instance,

we keep to four-figure numbers to express the daily calorie.
intake, the calculations involved in working out the standard
deviation will be complicated. It will be far simpler in the
present case to divide these figures by 100—i.e., to work in

hectocalories :
instance.

the figure 3,300 would then become 33, for

lmdkpmhthe!memducmsidmﬁonhwmfaiﬂymm. The reason is that we are
mﬁm subjects of different heights, taken at random from families of varyiog composition,
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We can analyse a series of observations by taking each item
separately. But we can also subdivide it into small groups.
Let us begin with groups. The ninety-seven subjects forming
the group may be subdivided into ten classes.

1st class 16 to 20 hectocalories  Frequency 21!
2nd ,, 21 to 25 . " 5
3rd ,, 26 to 30 ve . 23
4th 31 to 35 v v 30
s5th ,, 36 to 40 . . 25
6th ,, 4I to 45 ’e " 5
=#th ,, 46 to 50 . " 5
8th ,, 5I to 55 v v o
gth ,, 56 to 60 . . o
10th ,, 61 to 65 » " 2

Total number of observations . . g7

The frequency distribution curve will be found in Figure 3.
The extremes are, of course, only approximate, and the curve
therefore passes between the points. If we carried this method

further, we should, of course,

T CURES bhave to assume for each sub-
“TTT division that the true average
or \ was the same as the average
l ] \ of the extremes of each sub-
ver / \ division. But that is only
gof N roughly the case. It is prefer-
S st N able, whenever possible, there-

o T TR LR fore, to take each item of the
Heclocsories arjur = Pectoaorespeam | general group separately.

Let us then consider the
whole group without subdividing it.
The frequency with which each of the figures (in hectocalories)
occurs is as follows :

1 That is, & value in this subdivision occurred twice.
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Hectocalories Frequency Hectocaloties Frequency Hectocalories Frequency
18 I 31 5 40 2
19 I 32 9 41 2
24 4 33 8 42 2
25 I 34 3 44 I
26 4 35 5 47 2
27 I 36 3 48 2
28 I 37 7 49 I
29 4 .38 7 61 I
30 13 39 6 64 I

(1x18) + (1 x39) +lex24) +{xx3s)... ete __ og 2]
97

Weighted average =

The next step is to ascertain how far each item deviates from
the mean. For instance :

First item : the deviation = 34.31 — 18 = 16.31.

As these deviations are to be squared, the calculations
would be laborious. A device is therefore employed to simplify
the operations : instead of being worked out from the true
mean, the deviations are calculated from an arbitrary figure,
selected for the purpose of simplifying the calculations. In the
present instance, for example, the figure 30 will be used (the
true mean is 34.31). ‘

Let us take x as the true deviation, and #, as the arbitrary
deviation. The formula

a=v3:_°:-—(m-—mo)’

will give the necessary adjustment for calculating the standard
deviation, where n is the number of observations in the group,
m the mean, and m, as the arbitrary figure in place of m.!

In the example we are analysing, therefore, we take x, as
the deviation from 30. On the other hand,

(m — ma)* = (34.31 — 30)* = 4.31* = 18.58.

* The arbitrary figure in question can also be represented as o, The formtla then becomes

G = va-—m’
n

nﬁnganhmndmeohuv:ﬁm.tbhtmbdngthmnlmwudbra-
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Below will be found the figures for x, for each item in the

table on page 128 (tables of squares and square roots of num-
bers -are used for this purpose) :

SR 5o 5 R
— 12 I 144 144
— I1 1 121 121

— 6 4 36 144

— 5 1 25 . 25

— 4 4 16 64

— 3 I 9 9

— 2 I 4 4

— I 4 1 4

) .13 0 o
1 5 1 5
2 9 4 36
3 8 9 72
4 3 16 48
5 5 25 125
6 3 36 108
7 7 49 343
8 7 64 448
9 6 81 486
10 2 100 200
1I 2 121 242
12 2 144 288
14 I 196 196
17 2 289 578
18 2 324 648
19 I 36x 361
31 I 961 gbx
34 I 1156 1156

Total 6816 = = [.x,°

—18.58 =v 70.27—18.58 = v 51.69

_ En-_ _ $ — 6816
G_VT (m mo) 97

standard deviation = ¢ = v 51.69 = 7.19

coefficient of variation = 27 X 100 = 20.959%



If » is sufficiently large, the standard deviation of the group
may be taken to be almost identical with the standard deviation
of the whole population, of which the group is merely a sample.
But if # is too small, particularly if it is less than about 100,
it is better, for the purpose of obtaining a reliable estimate of
the standard deviation of the whole, to take # — r instead of n
in calculating the ¢ of the group :

| g = vn

n—1I

In other words, the number of subjects forming the denomi-
nator of the ratio under the square-root sign is decreased

by one unit. A simple calculation shows that o =a x |[-*-

This adjustment is only of significance if # is too small. To
ascertain whether this is the case, we must work out ¢ and ¢ ;
we first find the value of ¢ and calculate ¢’ in accordance with
the above equation. In the case under consideration :

¢ =aX vg = 7.19 X VI.OIO4 = 7.1 X I1.005 = 7.22
Coefficient of variation = 2r.049%

It is therefore hardly necessary to make any adjustment in the
present case.

*
* *

VII. There is one other important question—the extent to
which the mean value of a group is representative : how far it
applies to the whole population to which the persons forming the
group belong. If we take m as the mean of the group under
consideration, and M as the mean of the whole population, to
what extent can we gauge M from m ?

For this we employ the standard deviation, and calculate
the standard error of the mean (“erreur quadratique de la moyen-
ne " of French authors). This corresponds to the standard devia-
tion divided by the square root of the number # of subjects. In
the present case, the error e is as follows :

s 722 _ 722

e == =
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Mathematical probability shows that :

1. There are about 68 chances out of 100 that M will be
within the limits of m + e.

2. There are about g5 chances out of 100 that M will be
within the limits m + 2e.

3. There are about gg9.#7 chances out of 100 that M will
be within the limits m + 3e.

In the present instance : & = 0.733
: ' 2¢ = 1.47
3¢ = 2.2

If, therefore, the mean observed in the group is 34.31 (3,431
calories), there are about 68 chances out of 100 that Af
will be between 34.31 — 0.73 and 34.31 + 0.73—t.e., between
3,358 and 3,504 calories; there are about g5 chances out of
100 that the true mean of the whole population will be between
34.31 — 1.47—t.e., 32.84—and 34.3I1 + I1.47—.e, 35.78; in
other words, there are about g5 chances out of 100that the true
mean will be between 3,284 and 3,578 calories. Lastly, there
are about 9g.7 chances out of 100 that this mean will be between
34.31 -+ 2.2—t.e., between 32.11 and 36.51 (i.e., between 3,211
and 3,651 calories). In other words, we may say that within
less than -+ 200 calories the mean of the group is representative
of the total population.! To put it in yet another way, the
group studied was sufficiently large to be representative, bearing
in mind the variability of the factors concerned—z.c., the
variability of the individual energy requirements of the adults
under consideration.

Some writers work out the probable error instead of the
standard error, It corresponds to the latter multiplied by the
coefficient 0.6745—i.e., to about two-thirds of the standard

error. In the present instance, the probable error is 0.733 X
0.6745, or 0.49.

1 1t should be remembered that even in the estimate of energy requirements, there is an approximation
of at least - 31%.
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There are about as many chances that the general mean M
will be within the limits of m + the probable error (34.31 + 0.49)
as that it will be outside.

There are about 95 chances out of 100 that the general mean
will be within the limits of the mean of the group + 3 times the
probable error—i.e., 34.31 + 3 X 0.49, or 34.31 + I.47 (see
above). ‘ .

The probable margin is therefore m+ twice the standard
error, or, what amounts to practically the same, m+ three
times the probable error, and in this case there are about g5
chances out of 100 that the true mean of the whole population
will be within this margin.

*
* *

To illustrate the importance of calculatirig these errors, let
- us consider the following possibility :

Let us assume that the survey did not cover g7 persons, as
above, but that only 12 persons, taken at random from these
97 persons, were available. Let us further assume that this
led to the formation of the following small group :

I worker at 20 hectocalories I X 20 = 20

2 workers at 27 " 2 X 27 = 54
2 workers at 30 ' 2 X 30 =60
2 workers at 33 " 2 X 33 =066
I worker at 35 " IX 35=35
2 workers at 42 - " 2 X 42 =84
I worker at 48 " I X 48 =48
I worker at 64 . I X 64=64
Total. . 12 workers Total . .431
‘ ~— 12 = 35.91

The weighted average corresnonds to 35.91 (3,591 calories).
L.et us calculate the deviations from 30 again. The standard
deviation is obtained by the following calculation -



e Cesponding xg? £ 2
— 10 1 100 100
— 3 2 9 18

) 2 0 0
+ 3 2 9 18
+ 5 I 25 25
+ 12 2 144 288
+ 18 - I 324 324
+ 34 I 1,156 1,156

12 1,929 = I}, x,}

7= V%_(35‘9I—3°)’ = v160-75—-34.93 =v 125.82 = 11.22

¢’ =11.22 X v o =1L22 x 1.0g = 12.23

2
Coefficient of variation = 1223 X 100 = 34.069,
35.9x
The standard error ¢ = :
12.23
— = 223 _ 333
v 12 3.46

m+ 16 = 3591 + 3.53
m + 2¢ = 35.91 + 2 X 3.53 = 35.91 + 7.06
m -+ 3¢ = 35.9I + 3 X 3.53 = 35.9I + 10.59

In other words, the mean of the group of 12 workers == 3,591
calories—i.e,, a figure not very different from the mean of the
larger group of 97 (3,431 calories}). But this figure—3,591—is
hardly representative of the general mean of the population,
if taken separately, as there are about 68 chances out of 100
that the genera! mean of the population will fall within 35.91
— 3.53 and 35.91 4+ 3.53—%.e., between 3,238 and 3,944 calories ;
there are about g5 chances out of 100 that it will be between
2,885 and 4,297 calories (35.9117.06), and there are about
99.7 chances out of 100 that it will be between 2,532 and 4,650
calories (35.91+10.59). The range of these values is too wide
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for the mean of the group (3,59 calories) to be regarded as
significant ; in other words, the group is too small, in view of
the variability of the factors in question.*. .

In the group of 97 subjects, the mean was about 3,400 calories
and the probable margin of error of this figure was about 3,300
to 3,600 calories.

In the group of 12 subjects taken at random from the same
g7 subjects, the mean was about 3,600 and the probable mgrgin
of error extended from 2,900 to 4,300.

3,400 for the group of 97 subjects is a mean representative
of the whole. ' .

3,600 for the group of 12 subjects is not a mean representative

of the whole. . B ‘

In conclusion .

The object of a statistical analysis of the results of nutrition
surveys is :

(1) To determine the distribution of the observed values
around the mean.

The extreme limits between which the figures vary and the
arithmetic mean of all the observed values do not in themselves
constitute sufficient data to show the distribution. For this
purpose, it is necessary to work out the standard deviation

1 In order not to confuse the issue, the number of chances out of 100 for m - s, 22 or 3¢ have been taken
as the same a8 on page 133 ; in point of fact, however, they shouki probably be slightly different in the present
unfavourabls instance, because the group is too small ; the error is therefore slightly larger here than in the
group of 97 subjects & .

w1 1#: 66 instead of 68 chances out of 100
m 4 26: g2 instead of 95 chances out of oo

~ m 43 9b.5 instead of 9.7 chances out of 100
m 3 4¢: 99.7 chances out of 100

This adjustment is necessary because computation of the mathematical probability, as shown on page
133, Is based on the fact that the curve of distribution of the mean of groups around the general mean is
& Gausslan curve, when the groups are sufficiently large. When the groups are too small, on the-contrary,;
the frequency curve of means of groups is still fairly symmetrical, but it csases to be Gaussian, and the
cakulation of the mathematical probability bas therefore to be adjusted. I is of little consequence in ®
first approximation, however, if the groups provide for at least fifteen or twenty observaticns.

It should be noted, however, that, even when the groups are sufficiently large, the statistical computations
¢can ounly be worked out strictly when the group is really taken at random—and this is rare in nutrition surveys.
Gonerally speaking, the computation of the statistical errors can thus oaly be approximate in practice,though
this is sufficient for the pirpose in view.



and the coefficient of variability. They are an index of distri-

bution when the group of subjects observed is sufficiently large
to be representative.

(2) To ascertain whether the group in question is sufficiently
large to be representative : If it is, the mean of the group is
near the true mean of the whole population, of which the group
studied is merely a sample. The standard error, or the probable
error, serve to show the extent to which the mean of the sample
is representative of the true mean of the whole population.
To calculate these errors, it is necessary to find the standard
deviation. They enable us to ascertain whether the group
studied was sufficiently large to give reliable results, bearing
in mind the variability of the factors considered.

Only by measuring these errors, can we therefore ascertain
the extension which is appropriate for nutrition surveys (see
Chapter VI, page 39). In the survey taken as an example in
this chapter, there was a fair measure of variability, mainly
because the subjects were of different stature and were living
in families of different composition. When a survey entails
the classification of households in more homogeneous groups
{(see Chapter III, page 25), there is less variability in each
group, and the groups need not be so large as heterogeneous
groups. It should not be forgotten, however, that, if the house-
holds studied are to be classified in homogeneous groups, repre-
sentative of each type of family, it is none the less necessary
that the whole survey should cover a fairly large population,
as we have already seen, since the number of groups between
which a distinction should be drawn is inevitably higher if
each is to be really homogeneous from every point of view.



Part 11

. ENQUIRIES INTO THE STATE OF NUTRITION:

INTRODUCTION

Whereas dietary surveys have been carried out in large
numbers for some considerable time, and standardisation of
the methods of investigation employed in this connection is
not merely desirable but feasible, elaborate enquiries into the
state of nutrition reflect a more recent development, save,

perhaps, for biometric studies. It should further be noted that,
~ originally, such enquiries were undertaken with the object,
not of determining a physiological condition, but of securing
anthropological data. - .

Investigations into the state of nutrition considered in relation
to dietary problems—investigations, that is, which are concerned
with questions of morbid physiology—have thus been somewhat
infrequent up till now ; they are fragmentary and unrelated
to each other, owing to the rapid advance of the knowledge
on which they are based. The experience acquired is still too
limited for standardisation of the methods of enquiry to be
suggested, Such studies are, in fact, in the nature of pure
research, in- which the investigator’s initiative cannot be
hampered without detriment to the work itself and to the
solution of the problems concerned. We shall see, nevertheless,
that three types of enquiry were indicated for guidance by
a Committee of Experts which met at Geneva in December
1936, on the proposal of the Technical Commission on Nutrition.

The present monograph will be concerned principally with
the tests that can be used in such investigations. In view,

1 This second part is taken from an article written by Dr. Bicwoob in 1937, which was published in the
Bulletin of the Health Organisation of the League of Nations, Volume VI, Extract No. 3, 1537. The article
bas been revised, expanded and brought up to date for the purposes of the present publication,



however, of the great rapidity with which knowledge is
accumulating in this field, this second part will assume the
form rather of a bibliographical survey of these tests, together
with accompanying comments, than of a description of methods
of enquiry. This is why Part II contains a bibliographical
index of a kind which has no counterpart in Part I.

We may begin by retracing the history of the efforts that h_ave
been made to study the state of nutrition of populations, and
of the work done in this connection by the Health Organisation
of the League of Nations.

The first research into the effects of under-nourishment
on health took the form of physiological investigations and
group surveys relating to pronounced under-nourishment and
even complete fasting.

The classical work of F. G. BENEDICT and his school on
prolonged fasting (1) and STARLING’S publications dealing with -
under-nourishment as observed in Germany between 1917 and
1919 (2) are familiar. These latter publications referred to an
adult diet, the energy value of which averaged 1,700 calories
and very rarely exceeded 2,000 calories ; it consisted of from '
15 to 20 grammes of protein and from 30 to 40 grammes of fat,
~ and was thus very markedly deficient from every point of view.
This study may serve as an example of tlie type of study which
was being carried out twenty years ago, or even more, and of
the kind of acute nutritional deficiency which suggested itself
naturally as a subject of investigation.

It is not surprising, therefore, that doctors and hygienists
should have been impelled to enquire into the serious and far-
reaching effects of this severe deficiency on public health.

More recently, again, the world economic depression had a
serious influence on public health in many countries. During
t_:he worst years, unemployment had so greatly increased that,
in many cases, Government relief had become quite inadequate.
Here: ag:ain, the gravity of the situation naturally suggested an
enquiry into the effects of under-nourishment on public health,
especially the more far-reaching effects such as an increase in
mortality or morbidity. Two- papers dealing with mortality



and morbidity statistics were published by the League of Nations
in 1930 and 1933 (3, 4).

In its first report on the question, which appeared in September
1932, the Health Section of the League of Nations Secretariat
made a detailed study of the data then available, which may
be summarised as follows (5): -

During the second half of 1931 and the early part of 1932,
statistics did not seem to point to any appreciable effect of the
economic depression on the aggregate death rate in the United
Kingdom, Czecho-Slovakia, France, Germany, Hungary, Italy,
the Netherlands, Poland, or the United States of America. It
was difficult, however, to know what construction to put upon
this fact. It was realised that the conclusion could not be drawn
that the depression had had no effect upon public health.
There were too many factors capable of influencing the statistics
for the latter to have any real value for the purpose in view.
Doubtless, also, it was still too early to judge of the remoter
effects of the depression, such as its influence on the aggregate
death rate ; and, as for morbidity, it seemed difficult to obtain
valid statistical data on a very large scale.

It may be pointed out, however, that there are countries in
which it might be of some interest to investigate the fluctuations
of the death and morbidity rates considered in relation to those
of the price index and purchasing power of populations. Such
studies are however, in a degree which varies according to
cases, subject to errors of interpretation.

Enquiries into the nutrition of the unemployed showed that,
in some countries, unemployment relief was insufficient to
provide a diet yielding a normal calorie intake. In other words,
the diet in those countries was quantitatively deficient. The
qualitative balance of the diet was also seriously defective :
the consumption of cheap foods, poor in  protective " con-
stituents (bread, cereals, margarine), increased at the expense
of the dearer foods (milk, meat, butter, eggs, vegetables and
fruit) with a high content of such principles.

In other countries, however, such as Belgium, the enquiries
conducted in 1932 among the insured unemployed revealed
the same qualitative deficiency, although the aggregate energy



intake (net total calories) was comparatively satisfactory, or,
at all events, not seriously deficient. @We have therefore
instances in which the diet of a people is characterised by an
inadequacy of protective foods without any caloric deficiency.
The opposite may perhaps occur in certain hot countries, but the
evidence available is not sufficiently full in this connection to
warrant any definite assertion. In our countries of Western
civilisation, in which the findings of past enquiries permit of a
more detailed analysis of the situation, of the two deficiencies
—the deficiency of protective foodstuffs and the deficiency in
caloric value—the former is usually the first to arise ; the only
way to provide the necessary energy cheaply is to sacrifice the
protective components of the diet. This is illustrated particularly
by the Belgian enquiries, the results of which were not mentioned
in the League’s 1932 report, since they were not published until
“later (6). They reveal the important fact that a diet can be
definitely deficient without any shortage in its aggregate energy
value, expressed in calories.! Such a state of affairs is probably
much commoner than has hitherto been supposed, and this
observation takes on a special significance at the present time.
While we are witnessing a recovery in the general economic
situation, our rulers are becoming increasingly anxious to
improve the living conditions of all social classes, and hence the
main problem of nutritional hygiene is somewhat different
from what it used to be. It consists much more in assessing the
consequences of a diet which is ill-balanced, though adequate
from the standpoint of energy, than the effects of gross under-
nourishment. Not, unhappily, that the latter is nowhere
apparent ; but the detection of early and unobtrusive signs of
a slight nutritional deficiency has become a burning problem
in our countries of Western civilisation.?
" We now know that, with a sufficiency of calories, the
contingency of pronounced malnutrition may be ruled out;
but this does not necessarily mean that the diet is satisfactory,
inasmuch as there may still be a deficiency of protective foods.

'Thi:quaﬁonhnnlmdybeeneomiduedinChapteeroannI.whichdeahwiththomnomic aspects
of the quuﬁomaﬁsingouto{dietary:urvm

? See Fart I, pages 12, 80 and #1.



None the less, there is a certain relation between the calorie-

producing value of a ‘diet and the quantity of protective
foodstuffs required.

But let us return to the Health Section’s report of 1932. The
highly unsatisfactory state of nutrition of a large part of the
population of various countries at that time was soon to produce
medically detectable consequences. Several instances were
reported by health services as a result of fragmentary enquiries
conducted mainly among children : diseases accompanying
growth, delayed growth, prevalence of anzmia, scrofula, rickets,
dental caries and nervous conditions leading to rapid fatigue
and lack of concentration; frequency of various affections,
especially tuberculosis, etc.

While an accurate grasp of the remoter consequences of a
deficient dietary was necessary, it was also clearly essential,
from the standpoint of preventive medicine, to be able to detect
at an early stage the first unobtrusive symptoms of malnutrition,
so as to act in time, '

At a first international Conference held at the end of 1932, the
Health Committee of the League sought to bring about an
exchange of views on the methods to be employed for this
purpose, which were to be based in particular upon a clinical
examination of a standard type to be determined (7). The
Conference felt that all available data should be turned
to account, even those which might be of but approximate
" value or difficult to interpret when taken singly. It therefore
advocated combined medical and social investigations covering
the same population groups. The social side of the investigations
was to include a study of incomes, diet, cost of living, and death
and morbidity rates. It was to be based upon official statistics
for the country as a whole, or for certain of its administrative
areas, and upon statistics drawn up from time to time as a
result of local enquiries.

As for the medical work, the Conference considered that it
should be confined to simple and expeditious methods applicable
to mass investigations (groups of some tens of thousands of
persons). In the first place, as a basis for the medical enquiry,
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it recommended that the age, sex, weight and height (sitting
and standing) should be recorded, together with an index
combining certain of these data—the ‘ Pelidisi”’ index of
voN PIRQUET (see page 166 below). It also thought that a
general clinical impression of the state of health of the persons
examined should be given in a simple standard form to be
agreed upon, and for this purpose it proposed another of von
PirQueT’s formule (the ‘“ Sacratama ’ index, see page 177
below). The large-scale enquiries were to be limited to this,
but it was recommended that they should be supplemented
in respect of a smaller number of persons by physiological
examinations, chief among which are :

Determination of the hemoglobin content of the blood by
an accurate process such as VAN SLYKE's.

Determsnation of protein content of the blood serum and of
the ratio of globulin to serum albumen in this medium.

Fatigability after moderate muscular exertion.  Certain
methods, such as those of MURLIN or ATZLER, are mentioned
in Annexes 2 and 3 of the report of the Berlin Conference.

Signs of the preliminary stages of avitaminosis ;

(r) Xerophthalmia—Bitot’s spots, keratinisation of the
‘corneal epithelium in vitamin-A deficiency ; .
(z2) Symptoms of polyneuritis and pellagra in B-group
avitaminosis ;

(3} X-ray photographs of the epiphyseal junctions and

determination. of inorganic phosphate -content of the
blood in vitamin-D deficiency.

Since that date, a large number of enquiries have been under-
taken in various countries ; it was thus possible to ascertain
the value of the methods advocated, which, in practice, were
found to be unreliable. Experience has also shown that, from
a social standpoint, small detailed enquiries carried out with
the utmost care yield more valuable results than large-scale
enquiries, which, as they are conducted upder less strict
conditions, necessarily furnish less accurate data ; the advantage
of the former over the latter has been clearly established,



although they do not always represent the general situation.
It was also found that medical surveys carried out on a very
large scale, but by over-rudimentary methods, yield data
which are difficult to interpret. It is often much more useful
to ascertain the precise social conditions of a small group of
individuals than to obtain a wery rough idea of the general
"condition of a large number of persons. Similarly, it may be
more instructive to find out the exact diet of one hundred persons
than to obtain an imperfect and debatable idea of the average
diet of one hundred thousand.

The very simple methods used, which could easily be applied
to a large number of subjects, were mainly based on somatometric*
measurements. It was soon seen that they might lead to the
confusion of purely anthropological considerations, on which
the classification of men into different types is based, with
physiological considerations such as differences in physical
condition due to defective nutrition. Moreover, it was necessary
to distinguish between malnutrition of meorbid origin and
malnutrition due to a defective diet in the case of a subject
who would otherwise be healthy. The use of over-simplified
methods was obviously calculated to lead the hygienist astray.

Knowledge concerning the physiological examinations .
carried out only in the case of less extensive enquiries was,
however, soon widened by experience. Certain recommendations
in the 1932 report could no longer be accepted without
modification. For instance, certain fatigability tests are
inexpedient in the case of some subjects ; moreover, as we now
see, signs which were then regarded as indicating the prodromal
stages of avitaminosis are clearly signs of frank avitaminosis.
It was therefore necessary to continue research with a view to
detecting much earlier stages of vitamin deficiency, forms of
pre-deficiency which were still ‘‘ non-apparent”, and to look
for * tell-tale "’ signs®* of these obscure and hidden states by

1 This term is preferabie to * biometric ™, which is more commonly used but which may relate to functional
measurements such as vital capacity (difference of thoracic volume as between forced expiration and inspi-
ration). It therefore refers exclusively to morphological considerations.

2 The expressions in inverted commas are translatious of the terminology used by MouriguaNp in
describing these pathological states,
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means of appropriate tests. These conclusions were, moreover,
justified by experiments on animals.

In short, knowledge in this sphere had increased considerably
since 1932, and a further meeting of experts was necessary for
the re-examination of these questions.

In June 1935, there appeared an important report by
E. BurNET and W. R. AYkRrROYD on ‘' Nutrition and Public
Health ” (8), in which the problem is studied in its various and
manifold aspects. The tests referred to above are only mentioned
briefly. A few * indices of mutrition’ are simply enumerated
and divided into three categories :

(1) Somatometric indices of QUETELET, Livi, PIGNET and
VON PIRQUET (* Pelidisi ') (see below, page 166).

(2) Clinical indices of DUNFERMLINE, VON PIRQUET
(“ Sacratama ), FRANZEN (A.C.H.) (see below, page 175).

(3) Physiological tests, for which the reader is referred to
the 1932 report (7). :

It should be pointed out, however, that, as regards vitamin-
deficiency tests, reference is already made in the report to more
exact methods than those described in the 1932 report (7).
The authors mention the first attempts to detect obscure forms
of pre-deficiency : HEss’s capillary resistance tests and JEANS’
and ZENTMIRE'S visual test (see below, pages 190 and 194).

Concurrently with the development of the study of nutritional
hygiene in relation to living conditions, and the efforts to solve
the practical problem of the early detection of the first effects
of defective nutrition on public health, research was being
carried out in the physiological field. Its object was to define
the standards of a normal diet from the quantitative and
qualitative standpoint, the relative proportions of the various
constituents of a normally balanced diet—in other words,
the body’s need for these various constituents, A first inter-

national Conference on this question was held at Rome in
September 1932 (9).
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The question was taken up again in 1935, when the Health
Committee’s Technical Commission for the Study of Nutrition
was set up under the chairmanship of Sir Edward MELLANBY.
This Commission met for the first time in London in November
1935 (x0) and for a second time at Geneva in June 1936 (11).
The object of this Commission was to establish human nutritive
food requirements. In point of fact, this problem is closely
bound up with the determination of the means of ascertaining
whether these requirements are satisfied. Physiologists and
medical men have at their disposal two methods of research
for the purpose of ascertaining human food requirements —
(f) experiments on animals and (¢z)} nutritional surveys.

Experiments on animals have made it possible to establish
certain basic principles regarding the physiology of nutrition.
They have taught us a great deal about the function of
mechanism of nutritive exchanges, but do not enable us to
determine with sufficient accuracy what constitutes a balanced
diet for human beings.

Nutritional surveys have also been carried out among
populations living under varying social conditions, which are
 in some cases wumsalisfaciory—when they have revealed the
influence of various factors on the composition of the diet—
and in some cases normal, at all events in appearance, when
they cannot, even so, be blindly accepted as a necessarily
correct assessment of nuiritional requiremenis, for there are
too many fortuitous factors which are likely to influence
the diet, and, besides, it is not always easy to distinguish
between the normal satisfaction of nutritional requirements
and a tendency towards over-feeding.

We are therefore faced with a difficult problem, and it is not
surprising to find at the head of the list of subjects recommended
for further study by the Technical Commission the assessment
of the nutritional state of children. It is growing children who have
the greatest need of protective foods and in whose case even
a slightly defective diet is likely to produce the most clear-cut
ill effects. We are therefore confronted with the same problem
as before : how we can detect at the earliest possible stage the first
signs of malnutrition attributable to even a slight defect in diet.
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Towards the end of 1936, therefore the time, seemed to be
ripe for a further meeting of experts to discuss the assessment
of the nutritional state of children in relation to defective
diet.

Many of the countries co-operating with the Health
- Organisation in this field planned at that time to carry out
further investigations ; in Sweden, they were to cover 50,000
children ; in Czecho-Slovakia, 10,000 ; in Austria, 20,000 ; in
other countries—such as- Belgium, the United Kingdom, the
Netherlands, Norway, Poland and the United States of America
—similar enquiries were already in progress. The discussion
of the methods employed and of certain results already obtained
was therefore calculated to lead to the immediate establishment
of certain basic principles. A meeting was held at Geneva for this
purpose on December 8th, gth and 1oth, 1936.

The experts invited to attend this meeting and consulted on the
methods of assessing the state of nutrition of children and young
people (children of pre-school age and school age, and adolescents)
decided to recommend three types of ~enquiry applicable to
different requirements,

1 The group of experts, presided over by Professor H. Lavcree of Paris, and prising si mem|
from eleven countries, was made up as follows : ’ oom sixteen bers

United States of America: Dr. Martha M. Evior, Assistant Chief, Children's Bureau, United States Depart-
ment of Labour, Washington.

Ausiria: Dr. Edmund Nopri, Primirarzt am Mautner Markhofschen Kinderspitale der Stadt Wien,
Universititsprofessor fir Kinderheilkunde, Vienna.

Belgium: Dr. Edouard-Jean Brewoon, Professor of Biochemistry, Medical Chemistry and Nutritionak
Hygicoe at the * Université libre **, Brussels,

Umited Kingdom: Dr. Arthur Griffith MarTLAND-JoNES, of the London Hospital, London ;
Dr. M. T, Moncax, Medical Officer, Ministry of Health, London.

Cuecho-Slovakia: Dr. Hynek J. Prrc, Professor at the Charles IV Faculty of Medicine, Prague.

Denwmark: Dr. Louis Sigurd Frinrricia, Professor of Hygiene at the Unjversity of Copenhagen.

Franca: Mme. C. Brunscawice, Under.Secretary of State, Ministry of National Educati i
ucation, Represe
the Ministry of Public Health, Paris ; o v

Dr. ngi Lavemxr (Chairman), Professor at the Sorbonne and at the Ecole des Arts et Métiers, Paris - ’
Dr. Pierre Nostcouny, Professor at the Faculty of Medicine, Paris ; ' g
Professor Jacques Pamisor, Director of the Institute of Hygiene, Nancy,
Netherlands: Dr. Evert Gorrxx, Professor at the University of Leiden :
Professor Johannes Coenraad Stxnc, Chisf of the School Inspection Department, The Hague.
Norway : Dr. Carl Scuidrz, Professor of Hygiene, Institute of Hygiene, Oslo,
Poland: Dr. Miecislas Micaarowicz, Professor of Pediatrics at the

e Joseph Pilsudski University, Warsaw.
Sweden: Dr, Urban Hjawne, Privat-docent in Pediatrics, Upsala. ’



1st Type of Enquiry :

This type of enquiry is esseniially suitable for practical work,
such as the determination of the state of nutrition of large numbers
of children in the course of extensive demographic surveys, or the
first rough classification of a very large number of subjects (mass
enquiries). For this first type of enquiry, the experts recommend
the preparation of record cards giving particulars of :

r. Apge;

2. Sex;

3. Physical appearance (slender, medium or stocky type) ;
4. Weight;

5. Height (and possibly the sitting height).

The experts recommend that weighing and measuring be
vepeated at fairly frequent intervals. In addition, each child
should be subjected to a simple elementary clinical examination
bearing in particular upon the colour of the skin, the firmness and
elasticity of the skim, the state of the teeth, the condition of the
subcutancous fat layer, the state of the muscles and any signs of
abnormal fatigue. _

The object of this kind of enquiry being to discriminate between
the children who seem'to be mormal and those whose nulrition
appears to be defective, it goes without saying that children of
the latter group should be subjected to a medical examination
and form the subject of a medical social enquiry dealing especially
with their diet. '

2nd Type of Enquiry :

The second type of enqusry is intended for more thorough and
more sciemtific, but still partial, investigations, covering less
numerous groups than the previous type. The object of enquiries
of this second type will be to study the significance of the dala
collected in the course of the first type of survey, by examining
them in the light of complementary research work.

The second type of enquivy should mecessarily include, in the
first place, all the tests of the first type, as well as the following
dests .
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(a) Engquiries into the child’s food intake ;

(b) Enguiries into the economic and social sta?us of the
child’'s family ; ‘ ‘
(c) Thorough medical examination.

To these, there can be added some of the following tests, to b-e
selected by the investigators according fo the facilities at their
command .

(d) Additional somatometric data (e.g., the bisacromial
breadth, the breadth of the pelvis, chest girth, elc.);

(e) Special tests, in particular: measurement of hemoglobin
and protein content of blood, pre-deficiency tests, eic. ;

(fy Photography.

In enguiries of this type, the experts suggest that special
attention be givem to the lests that may be presumed to be related
to states of malnutrition, in particular tests for latent unapparent
pre-deficiency.

Vitamin—A Pre-deficiency : Slight night blindness (adaptation
of visual acuity in semi-darkness) ;

Vitamin—C Pre-deficiency : Vascular fragility ; ascorbic acid
saturation ltests (determination of the ascorbic acid content of
the blood and wurine) ;

Vitamin—D Pre-deficiency : X-ray examination of wrist
(in infants),; determination of phosphatase content of blood.

3rd Type of Enquiry:

The object of the third type of enquiry is to study scientifically
the disturbances to which all the functions of the body are subjected
when the diet is quantitatively or qualitatively deficient. Such
enquiries, which are of a biotypological nature, should be as extensive
as possible ; they should include all the tests of type-1 enquiries,
coupled with as many significant measurements as possible of
@l morphological characteristics and biological functions amenable
to mensuration. In this way, it should be found possible to work
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out individual graphs and collective graphs for under-wourished
individuals and groups, affording a complete definition of ithe
indiwviduals and groups concerned as dzstmgmshed from normally
nourished individuals and groups.

This research work should also yield information as to which
~ of the iests are most constantly and markedly affected by malnutrition,
and could hence be yvecommended thereafier for use in large—scale
surveys.

This kind of enquiry should include somatometric measurements '
and physiological measurements bearing upon the muscular
system, the respiratory system, the circulatory system, the digestive
system, the nervous system, the endocrine sysiem and the urinary
system, as well as blood and semsorial measurements and
psychological tests. 7 '

Furthermore, each subject should be submitted to a complete
medical and psychiatric examination,

W hatever type of enquiry is being conducted, 1t would be desirable -
in all cases that the measurements taken should be supplemented
by enquiries concerning the diet of the subjects concerned. The
experts point out, however, that such investigalions can be of
real value only if sufficiently precise and full information is
given as to the conditions in which they were conducted. For
- enquiries of type 2 and 3, such information regarding food
intake is indispensable.

No matter how elaborate the enguiry may be, information as
to the child's progress in school work should be added.

L
* *

In a word, each of these three types of enquiry was intended
to be used alone, according to the size of the population under
investigation. The first type was designed for mass investigations
calling for simple methods, and the second and third for less
extensive but more elaborate studies. Technically, such studies
involve the application of a series of tests that can be combined
in different ways, according to the plan of action contemplated.



Such tests can be grouped into three categories — somatometric,
clinical or physiological. A separate chapter will be devoted to
each of these.

Before proceeding to deal with them in detail, it may be well
to mention that the Technical Commission on Nutrition, in the
course of its session in London in November 1937 (76),
recommended that enquiries into the state of nutrition combined
with dietary surveys and covering the same population should
henceforth be undertaken. Such investigations have this
advantage, that they yield data both as to the response of the
persons investigated to a sensitive test for latent pre-deficiency,
and as to the quantity of protective principles supplied in their
diet. Whilst it is:reasonable to suppose that, in many cases,
comparison of these two factors will afford the physiologist
some information as to the bodily requirements of protective
principles, it must nevertheless be borne in mind that the problem
under consideration is complex. There is not necessarily any
simple relationship between the supply of protective principles
at the time of testing and the more or less satisfactory response
to an appropriate test at that same time. In other words,
allowance must be made for the following physiological factors,
the importance of which has been demonstrated by both animal
experiments and observations in human pathology.

(1) A “ Time’ Factor.

(2) If an animal is subjected to a deficient diet, it will be
found that a period of latency precedes the time of appearance
of overt signs of deficiency. The duration of this phase of latent
pre-deficiency, during which the organism is living on its
reserves, is inversely proportional to the seriousness of the
dietary defect, and may extend over a considerable period of
time. Sensitive tests capable of detecting such non-manifest
conditions are the more valuable, the earlier the phase at which
they give a response. In this matter of early detection, the
probability is that no ideal test has yet been devised. There is
hence a period of latency preceding the phase at which such
tests prove effective. We must therefore bear in mind that



we may find persons whose appearance and response to these
tests is still normal, although their diet is not completely so.

() Intercurrent influences may, spontaneously and without
any test, cause a state of latent pre-deficiency to emerge in
noticeable form, thus shortening the period of latency. This is
true of pregnancy and even of common infections,* or of the
incidence of some critical phase in the development of a child,
such as puberty, etc. It follows from this that the retarded
consequences of some transient period of dietary deficiency
have to be reckoned with, even though the food intake may
have been normal between that period and the appearance of
morbid signs. Thus a temporary defect in the diet of an infant
may not show its effects until a very late stage of development.

(¢) According to the degree or duration of the dietary
inadequacy concerned, a condition of definite nutritional
deficiency may remain for a long time reversible in the sense
that it can be corrected by an adjustment of the food intake.
When, however, a certain point is reached, the deficiency
becomes srreversible, and dietetic treatment ceases to be effective.
In such serious cases, the pathological condition persists and
grows worse, in spite of the administration, in therapeutic
form, of large quantities of protective principles. MOURIQUAND
demonstrated this in both animals and human beings.

(2) The Factor of the ' Diversity”’ of Morbid Manifestations
which may appear in Association with ONE AND THE SAME
Highly Defective Diet.

As MoURIQUAND relates in his publications (77), V. BABES
reported on a German camp for war prisoners in the 1914-1918
war, in which Russian and Roumanian prisoners fed on a like
highly deficient diet were living side by side. Whilst apparently
healthy at the start, the Russian soldiers contracted scurvy,
and the Roumanians pellagra. Here, therefore, were two groups

1 Thus, in the course of an influenza epidemic, it was found that large numbers of children in certain
children’s hospihlwudsshonddgnsddeﬁdmcydthwbuﬁctymwbﬂstho&amrdstb&ﬁgm
were not observed. The first gromp of childrea came from an area in which the population was in a
condition of scorbutic pre-deficiency, whausthesewndsvacameframanaminwhic}: it was not.



of men who showed signs of ‘dz'ﬁerent kinds of frank deficiency, .
although they were both on the same unbalanced diet. The
extensive depletion of their reserves disclosed in the one case
a pre-existing latent sub-deficiency of the scorbutic type and
in the other a sub-deficiency of the pellagrous type.

(3) The Factor ** Individual Variability "’ of Body Requirements
in respect of Certain Protective Principles.

Two cases should be distinguished :

(@) This variability may appear in the same person and
depends on the composttion of the diet in respect of the components
other than that of which the requirements are being assessed.

By way of example, reference may be made to the body
requirements of vitamin B,, which vary with the intake of
carbohydrate ; so much so, indeed, that signs of beri-beri may
appear in consequence of an excess of carbohydrate in a diet
diet sub-deficient in vitamin B;, and may be removed by
reduction of the amount of energy-bearing materials without
any concurrent increase in the vitamin intake. In such a case,
the carbohydrate excess is the factor which discloses a latent
vitamin B, pre-deficiency which might have remained latent
had that excess not occurred.

(b) The variability of vitamin requirements—as it may
show itself between various more or less susceptible persons
consuming a diet containing the same quantity of energy-
bearing and protective nutrients—is due to the influence of
individual endogenous factors whose regulative action produces
differences in the absorption or utilisation of the vitamins. These
are the deficiencies of secondary origin, which have already
been discussed in Part I, pages 13 and 82.

There may thus be said to be a whole series of reasons why
the requirements of the body in vitamins may vary and may
depend both upon dietary factors and upon individual
physiological factors independent of age, sex bodily size or energy
expenditure on work. This important fact should be borne in
mind in the comparative analysis of the results of dietary
surveys and of enquiries into the state of nutrition.



Chapter I

SOMATOMETRIC TESTS

The purpose of these tests is to determine the effect of diet
on the rate of growth and physical condition and the form and
figure of the individual during and after growth. Since the
characteristics of the adult bodily form are largely a matter of
race, it is the rate of growth in a group of children which calls
for special attention in the construction of somatometric
indices in relation to nutrition. '

I. TREND OF THE MEAN WEIGHT AND MEAN HEIGHT oF GROUPS
OF CHILDREN

These two magnitudes—height and weight—form the basis
of all somatometric tests. No extensive enquiry is conceivable
in which these two fundamental indications are not given
together with age and sex. But what significance is to be
attached to them in the question under consideration ?

Although a contrary opinion was originally held, little useful
and precise information as to the state of nutrition of an
individual can be derived from a comparison between his
height and weight and the corresponding data contained in
a table of statistically calculated averages. There is no objective
criterion of normality in respect of mean values, nor is there any
as regards the limits of individual fluctuations around the mean.
The normal limits are estimated differently according to authors.
According to some, they are plus or minus 79, ; according
to others, they range from minus 109, to plus 209%,. According
to some observers, the width of this margin varies with the
age (see below, page 163). Individuals whose deviation from the’
mean, in weight or height, exceeds these limits may certainly
be regarded as abnormal ; in such a case, however, the anomaly
is well marked and is very likely to be due to disease-engendered
malnutrition producing obesity or emaciation rather than to



bad feeding. If, however, the fault shouldlie with the diet—which
may be regarded as exceptional—the case will no doubt prove
to be one of very pronounced under-feeding readily discernible
by a simple observation of living conditions.

Measurements of height and weight may serve for the easy
detection of these somewhat exceptional cases of pronounced
malnutrition, but cannot give any indication as to whether this
condition is due to organic or o dielary causes.?

This is therefore a very rough method, and it is unlikely that
it can be refined, for a scale of * normal ** heights and weights
established on the basis of statistical measurements is of
questionable value. Anthropological differences are sufficiently -
marked to preclude the choice of a single scale of reference.
Statistical averages show differences, not only between countries,
but between different parts of the same country, between
different races in one and the same district, and also differences
in time. This has been shown by extensive somatometric
investigations carried out in England by the Board of Education
and the Ministry of Health. Material differences were observed
according to locality between the mean height and weight
of children of the same age. These may certainly be due to
differences of social circumstances or food habits, but they
may also be attributed to other causes. This is particularly
well brought out by an examination of Netherlands statistics
compiled in the schools of the city of Amsterdam (12) (13).
Height and weight measurements were taken at different
ages, in the non-Jewish schools (group 4) and in the Jewish
schools (group b). Here are a few examples taken at random
from among the results obtained :

116.6cm. in group a.

Average height, ..
Girls 61 years of age 109.8 im' oo b
A a 1 ht e 21'4 g' e s Q.
verage weig 82kg. . b
Average height..... I34.9cm. ., . a.
Boys 10 years of age I1304cm. ,, b
Average weight . ... 3o3kg. ,, @
28.0 kg. o as b

! There are examples in which extensive and prolonged under-feeding has led to a fall in weight, This was
the case of the German population during the war, as has been shown by Ruswax (22).



143.3cm. in group a.

Average height.....

. 136.5¢m. ,, ,, b
Girls 101 years of age 35.1 kg a
Average weight . ... 32.0kg. . b
Average height..... 147.3C¢m. 0 4
143'4 cm. (2 e b‘

Boys 13 years of age !
Average weight 38.4 kg. no o
g BUE o\ 37.0kg. .. b

Although the number of children examined in each of the
groups @ and b was not the same, the consistency with which
the differences lie in one direction is striking. The divergencies
thus brought to light, despite the fact that figures are taken
which apply to the same town and the same date, are attributable
to differences of race and perhaps also, but only in part, to
differences in dietary habits.

In any case, a comparison of the height and weight
measurements of a given child with the figures of a table can
only be justified if this table is considered, not as a standard of
normality, but simply as a datum of reference in the stpdy of
variations ; and, once this is conceded, it becomes questionable
whether such a datum is really essential.

Moreover, as an-indication of normal values, the same table
is not valid everywhere ; indeed, it can scarcely be so even for
a single locality and a single period. The mere difficulty of
defining exactly what is normal—assuming that the question
can arise at all—is a sufficient reason for endeavouring to avoid it.

In any case, even if a given table is adopted as an expression
of the norm, it will only serve to detect malnutrition when the
latter is pronounced, and will give no indication as to whether
the diet was at fault.

It is quite otherwise with investigations involving the
statistical recording over a given period of the average height
and weight of children in one and the same locality, or-
comparisons between different social classes. In the Netherlands,
investigations referred to above the rate of growth in 1935, for
example, showed a definite improvement over that for the period
1916-1920 ; and, weight for weight and height for height, the
average child of 1935 proved to be one year in advance of those
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of 1916-1920 {9 to 15 months ahead in respect of weight).
In 1936, the situation was the same as in 1935.

Here, therefore, are data in which constitutional factors,
differences of race, etc., no longer play a preponderant part.
The progress recorded is due to improved feeding and better
living conditions in the community. .

What the normal rate of growth is and whether it is desirable
to accelerate it are, of course, questions that are open to
discussion. If, however, the acceleration is accompanied by
an improvement in the average state of health and in school

efficiency, and other indications of a similar kind, it may also
" be regarded as reflecting a real advance in the physiological
rate of growth.

It is, of course, necessary to define clearly how the
measurements were taken before interpreting their results.
The subject is measured, for height, standing to attention with
bare feet, and weighed completely unclothed. When this last
condition is not observed, as much information as possible must
be givén as to the exact manner in which the weight was taken ;
for example, the average weight of clothes worn at the time of
weighing, etc. This is important for the comparison of weights
at different seasons, since the nature of the clothing varies a
great deal.

Another investigation undertaken at Oslo by thelate Professor
ScH18TZ (14) yields evidence similar to that of the Netherlands. ?
An example of his observations on children aged 13, showing
both the progress in time and the differences inherent in social
conditions, is given in Table 1.

Table 1
Boys.

Schools of the poorer classes Schools of the well-to-do classes

Average Height Weight Height Weight

for the years Cm, Kg. Cm. Kg.

1920......... 143.27 35.05 147.44 37-8
1925. .. vnuu.. 145.79 36.64 150,65 39.85
I930......... 147.78 38.09 151.13 40.67
1935...000u.. 150.46 49.43 157.08 45.03

! Investigations in the schools at Utrecht in the N

ectherlands yiel
bere (26). yielded data comparable to those related
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Girls.
Schools of the poorer classes
Height Weight
Cm Kg.
145.62 37-40
147.91 38.36
150.40 40.83
153.06 43.28
Table 2

Schools of the well-to-do classes
Height Weight
Cm. Kg.
149.36 39.59
151.08 40.81
153.73 43.39
157.42 44.50

LARGE-SCALE INVESTIGATION UNDERTAKEN AT (OSLO FROM 1920 TO
THis INVESTIGATION SHOWS THE FIVE-YEARLY

1925 (BY C. ScHIOTZ).

TREND IN THE MEAN WEIGHT AND HEIGHT OF SCHOOL-CHILDREN AND
THE DIFFERENCES IN THIS TREND ACCORDING TO SOCIAL CONDITIONS

Mean HEIGHTS

Elementary Schools.

Boys Girls

Age
(years?)

1920 192% 1930 1935 1920 1928 1930 1938

Cm. Cm. Cm. Cm. Cm. Cm. Cm. Cm.
8 121.80 | 125.53 | 125.17 | 127.21 | 120.58 | 124.45 | 124.72 | 126.41
9 126.09 | 128.57(130.59 | 132.11 | 125.30 | 127.82 | 129,71 | 131.33
10 130.91I | 132.90|135.13|136,75]| 130.02|132.27| 134.59] 136,69
11 135.02|137.83(139.81 |140.01135.05]|137.21 ]| 139.49] 141.48
12 139.23 | 141.34 | 142.93 | 145.60]| 140.37 | 142.38 | 144.84 | 147.47
13 143.27 | 145.79 | 147.78 | 150.46 | 145.62 | 147.91 | 150.40 | 153.06 |
14 148.22} 150.51 ) 153.10 ] 155.00) 150.60 | I51.39 | 154.94 | 157.30
15 157.90| 158,75 152.39 | 157.27 | 160.31
1 8 years = 7'/t to B3, ete.

Higher-grade Schools.
Boys Girls

Age
{years)

1920 1928 1930 1935 1920 1925 1930 1933

Cm. Cm. Cm. Cm. Cm. Cm. Cm. Cm.
I 140.34 | 145.46 | 145.27 137.98 | 142,12 | 145.07
1z | 144.73|146.50 | 147.51 143.811147.37 [ 149.76
13 147.44|150.65| 151,13 157.081139.36|151.08 | 153.73 | 157.42
14 153.46|155.86|157.39 | 162.66§154.91 | 155.93 | 158.52 | 161.17
15 159.47162.36 | 163.84 | 166.76]157.88 | 158.69 { 160,83 | 162.47
16 165.73 | 167.57 [ 170.17 [ 171.331150.87 | 160.66 | 161.62 | 163.17
17 170,03 | X70.98 | 172.77 | 174.12| 160.97 [ 161.66 | 163,01 | 164.17
18 | 173.55|174.65|176.07|176.59 | 161.04 | 161.43 | 164.69 | 164.58
19 174.14 | 175.95 | 176.94 | 177.23 164.88




— 160 —

MEAN WEIGHTS

Elementary Schools. .

Boys Girls

1920 1928 1930 1935 1970 1925 1930 19338

Ke. Kg. Kg. Kg. Ke. Kg. Kg. Kg.
8 23.8 24.6Y | 23.33 | 25.66 § 22.58 | 24.30 | 23.03 | 25.24
9 22.23 23.20 27,23 | 28.07 | 24.58 | 25.00 | 26.99 | 28,01
10 27.58 | 28.49 | 20.87 | 30.80 | 27.02 | 28.09 | 20.79 { 31,05
11 | 20,93 | 31.39 | 32.82 | .33.46 | 29.94 | 30.89 | 32.65 | 34.17
12 | 32.44 | 33.64 | 34.75 | 36.77 | 33.28 | 34.x7 | 36.22 | 38.16
13 | 35.05 | 36.64 | 38.00 | 40.43 | 37.40 | 38.36 | 40.83 | 43.28
14 38.54 | 40.00 | 42.64 | 43.60 | 41.81 | 42.43 | 45.50 | 47.26
15 45.76 ) 46.75 : 47.55 | 51.95

" Higher-grade Schools.,

Boys Girls
Age
) 1920 1925 1930 1935 1920 1928 1930 1935
Kg. Kg. Kg. Kg. Kg. Kg. Kg. Kg
xx | 32.80 | 35,56 | 38.05 31.91 | 36.06 | 37.00
12 | 35.64 | 36.92 | 38.35 36.33 | 37.69 | 39.44

13 | 37.80 | 30.85 | 40.67 | 45.03 | 30.59 | 40.81 | 43.39 | 44.50
Y4 | 42.39 | 43.84 | 45.46 | 50.05 | 44.92 | 45.93 | 48.19 | 50.06
15 47.25 | 49.60 { 51.09 | 53.03 | 48.15 | 49.83 | 51.51 | 52.44
16 | 53.04 | 54.16 | 57.30 | 58.04 | 51.27 | 51.87 | 53.67 | 54.59
17 | 58.06 | 59.23 | 60.65 | 61.05 | 53.50 | 53.78 | 54.75 | 56.32
18 62.30 | 63.11 | 64.27 | 65.60 | 52.87 | 54.52 | 56.94 | 57.20
19 65.50 | 64.38 | 66.36 | 66.40 58.74

A more detailed table of values referring to the age of children
is given in Table z. It relates to a large-scale investigation
conducted at Oslo from 1920 to 1935, the details of which were
communicated by Professor ScHib1z. '

The growth of the children of well-to-do parents is thus in
advance of that of children of the poorer classes. That of all
the children under observation at Oslo in 1930 was also in
advance of the rate of growth for 19z0.

The same conclusion emerges from the numerous extenswe
and detailed studies made at Vienna between 1920 and 1935



- 161 —

under the auspices of the American Save the Children Fund.
Only a brief allusion will be made to these studies here to
corroborate the facts reported above, since they have already
been dealt with in a detailed article published in 1934 (15)
(16). These observations showed that the mean height and
weight of adults and children were, as a rule, greater in families
of workers in employment than in unemployed households,
and that in these two social groups the figures were higher than
those observed by NoBeL and voN PIRQUET immediately
after the war (1920-1923).

It was recognised, moreover, that the cause of this fact mlght
reside in a series of factors of some complexity.

In England, too, like observations have been made. They
are set forth in a general report recently published by Sir
J. B..Orr (58). It was found that the mean height and weight
of children of the same age differed according to social class.
Families were classed according to estimated per caput income
(aggregate family income d1v1ded by number of persons in
family).

A study of the trend of the mean wezght and mean height of
children and adulls in the same social group from year to year,
or a comparison between such values obtained at the same period
in different social groups, can- provide intevesting data on the
state of nutrition. This conclusion justifies the proposal which
has been made to repeat these measuremenis at given intervals.

On the other hand, it is of less value from our point of view lo
compare these same data with those of the table of so-called normal
figures, the criteria of normality being difficult to determine.

We have just considered the absolute figures of height and
weight in relation to age and sex. Another aspect of this question
consists in analysing the weight fo height ratio, perhaps even
independently of age (W/H). This ratio, known in France as the
Bouchard index, is held by its author to characterise the
condition of stoutness or thinness of an individual ; it expresses
the value of the anthropometric segment—i.e., the average weight

1 In the United States of America, use was fwmeriy made of BALDWIN-W00D’s tables, which give the mean
age-weight-height ratio (61). [See also (62) and (83).]
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of the individual per decimetre of height, the weight being
expressed in kilogrammes and the height in decimetres. LAUGIER
and LiBERsoN have recently summarised what is known of this
segment, which in the average normal adult man weighs 4.2 kg.
The normal mean values vary, however, with the height and
sex, and should be corrected by means of empirical coefficients
computed on the basis of general build and muscular
development. LAUGIER and LIBERSON state that the determina-
tion of the value of this segment will yield an indication
as to a person’s state of emaciation, but does not always warrant
the conclusion that there has been under-feeding. This index
probably does nof constitute a very refined test of under-feeding.
Thus, for example, stout persons may fail to grow thinner
despite a strict diet, and, conversely, lean persons may fail to
‘grow stouter despite an abundant diet. It does not appear
from experience that we are entitled to regard this index as
providing genuinely new information which would not be
afforded by the absolute figures for weight and height. The
interpretation of this index is, moreover, sometimes liable to
error, since normal children who are rather small for their age
may be comparatively over-weight, while normal children who
are rather big for their age may, on the contrary, be, relatively
speaking, under-weight.

Another way of studying the ratio between weight and height
is to compare the individual’s weight with the average for persons
of his height, as given in a table of such values.

Certain authors have expressed the plus or minus deviation
of the real mean weight from the * normal ” mean weight for
the height considered, the normal weight being always reduced
to 100. In the Netherlands, this positive or negative number is
called ** Van der Heijden's number " (12). This method has
also been employed in other countries. In the Netherlands, it
has been declared inutilisable (xz). In the United States of
America, the method has been much studied (18), and also at
Vienna (Joc. cit. (15), page 489) ; and here, too, certain difficulties
of interpretation are mentioned. According to the late Professor
Scu181z at Oslo, the numerical standards of the American
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EmErsoN should not be applied too strictly, otherwise they
would be misleading.?

- The investigations made at Oslo from 1920 to 1935 showed
that the weight-to-height ratio is subject, among other influences,
to seasonal effects which cause fluctuations : rise in the W/H
ratio towards the end of October, decline until the New Year,
fresh rise at the beginning of spring and fresh decline during
the spring until the beginning of summer. A study of the
variations of the W/H ratio from one year to another must
therefore rest on measurements made at the same time of the
year. Moreover, according to ScH16TZ, within the limits of
normality, the standard deviations from the mean weight for
a given height work out at values which, expressed as a
percentage of the mean, range from % 79, to + 129%, according
to the height considered (24).

- Generally speaking, the majority of health experts now accept ihe
view that a simple record of the mean weight and mean height of
children is all that is really necessary, and that it is better to keep
to these two absolute figures in layge-scale enquiries, to the exclusion
of more complicated measurements. The recording of these data
is only of real inlerest when it is periodicaily repeated, preferably
at comparable times of the year, and when these dala are compared
with other observations concerning social condittons, school resulls,
standard of Living, certain general clinical indications and, lastly,
ceriain physiological tests. Onlythen canthey give useful information
on the state of mutrition considered in relation to food habits.

Let us, however, examine briefly the series of more complicated
somatometric indices which have already undergone the test
of experience at the hands of health experts.

*‘*

t According to Woob's statistics (United States Burean of Edmuon). 20% of American children taken
at random after the war in different social circles showsd somatometric signs of malnutrition. According
to that author, a child whose weight is 10%, o more below 'nonnal ** in relation to his beight must be con-
sidered under-nourished.

According to EMERSON, on the other baod, the limit is 7%. But ths establishment of & standard mean
value of normality is difficult. In xg17, the mean weight of a normal child of x4 was fixed at 8o Ib. (36.24 kg.)
and the mean height at 36 in. {240 cm.) fn the State of Illinois {Child Labour Act of July 1917).

Later, these figures were reduced to 75 Ib. {3¢.1 kg) and 35 in. (137.5 ¢m.) respectively. Onoe again, what
is the criteron of normality ?

An excellant statement of the position with regard to these questions in 1921 was given briefly by Meznicy
and Vioirs (20}



2. VaR1oUS OTHER SOMATOMETRIC INDICES

Quetelet’'s Index.
weight weight

height® . height's
This index is not much used now.

Livi’s Index (index ﬁondcrahs) |
3__
ro0 x YW

H

W = weight in grammes. H = height in centimetres.

This index, also, is not much used now.

*
* %

Pignet's Index (coefficient de robusticité).

H — (W + Cg)
H = helght in centimetres, W = weight i m kllogrammes
Cg = chest girth in centimetres. ‘ "

According to NoBECOURT and VITRY (19), the value of this
index is doubtful. It does not deserve the description of coefficient
de robusticité ; it only gives a qualitative indication of corpulence
and numerically it varies in inverse ratio to the latter. Too large
a coefficient reflects either too low a weight or too small a chest
girth ; while, when the coefficient is too small, either the weight
or the chest girth may be abnormally large. In any case,
therefore, this index does not necessarily give any true indication
of the state of nutrition alone.

Raohrer’'s Index.
W x 100
H?
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This index has been much used in Germany since the war
{American missions on infant nutrition in Germany). It has been
abandoned by the majority of experts for some considerable
time past, owing to the errors of interpretation which have
been found to occur when too rigid a construction was placed
upon it. According to ScH167z, this index may be of some value
when it is used with discernment and when it is determined at
regular intervals with the same child, but it gives no indication
as regards the child’s state of nutrition. It certainly provides
no more information than that afforded by a simple study of
the trend of the mean height and weight.

t*t

Manouvrier’s Index. '
H — SH
SH
H = erect height.

SH == sitting height or height of head and trunk—i.c., the
distance from the vertex to the seat on which the person is
sitting.t H — SH therefore expresses the height of the lower
limbs. ’ '

This ratio of MANOUVRIER'S varies with age and sex ; it
must always be compared with the figure corresponding to the
person’s height. According to NoBECOURT, it gives no direct
information on the state of nutrition, but it may reflect a
pathological condition involving disturbances of nutrition ;
and the measurement of the distance from finger-tips to finger-
tips with laterally outstretched arms leads to considerations of
the same kind (x9).

In German-speaking countries, this ratio is known as the
“ length of leg to sitting height ratio ”’. These measurements
are essentially characteristic of constitutional types. They can
only serve as an indication of a state of nutrition when they are
used for a comparison between ‘individuals of the same

1 Silshike, Stammidnge.
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constitutional type, and this circumstance greatly reduces
their practical value. In more than a quarter of the cases
observed, this index is liable to misinterpretation (21).

*
x L

Sitting-height Index.
SH

H

This ratio between the sitting height and the erect height is a
variation of MANOUVRIER'S index. It has been used by
E. NoBeL at Vienna (Stammindex). It calls for the same
observations as MANOUVRIER’S index. '

Von Pirquet's * Pelidisi ” Index.!

3
VioW

SH

W = weight in grammes. SH = seated height in centimetres.

According to voN PIRQUET, this somatometric index must be
considered as expressing the state of nutrition of the subject
examined, owing to the relation between the terms of the
‘“ Pelidisi *’ ratio and the absorption surface area of the intestine.

This relation is based, in the main, upon two roughly established
statistical findings : . .

(1) The length of the intestine is about ten times the éitting
height, while the circumference of the intestine is about one-
tenth of that height, although in reality it varies with its

* This index was first called ' Geléduss”, from the first syllables of the words forming the sentence * Gewicht
sehatach, linear durchzichen der dritten Wurzel, dividiert dwrch Sitzhdhe”. Subsequently, the word
* Pelidisi ** was preferred, derived from the Latin : * Pondus decies lineare divisio sedentis altitudo .
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contents. The intestinal surface S is therefore the square of the
sitting height, and this ratio can be verified.

S = 10 SH x %I- = (SH)*-~-~=-- (a)

(2) The cube of the sitting height in centimetres is about ten
times the body weight in grammes.

10 W= (SHP ——-ooco______ (8)
3
Oragain, SH = VIOW-~—--—— - -~ - () -
1f we divide equation (b) by equation (a), we get :
(SH)? 10 W
—— = 8SH = —— =~
from which it follows that :
10 W
S = g ——-——mmmm——mmo- 0

Lastly, from equation {c) there may be deduced the following
ratio, which gives the Pelidisi index :

3
Yio W _ = 100
SH T 77 100 #

The equation (¢) shows that this index (f) is theoretically a
function of the intestinal absorption area.

The theoretical normal index value is thus represented by
unity, but in reality the measurements yield a figure which
deviates somewhat from this! According to NOBEL (see
page 127 of reference (7)), the real figures are as follows :

1 For this reason, it is usual to multiply the results by 100, and the theoretical figure is thus 100 instead
of 1. To illustrate this point, an example of calculations is taken from the article of MERRILL and VioLLE (20) :
A child whose body weight is 19.3 kg. and whose sitting height is 6o cm. :
10 P == 10 X 19,300 grammes s 193,000.
Pelidisi index = V_’!?;L“; - —52—:- - 0.963 = %; instead of the theoretical value T, the Pelidisi
inder will be given as equal to 96.3.
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" School-children whose index value ranges from g5 to 100
are normal and those below g5 are under-nourished, while
those whose index value exceeds 100 are over-nourished.

In adolescent youths, the limit of malnutrition corresponds to
an index value of g8 and in adolescent girls to an index value
of 99.

This complicated index, based on unduly theoretical
considerations, has not produced all that was hoped of it. As in
so many other somatometric indices, the measurement is only
approximate. It is not completely reliable, except in cases of
marked deviation from the normal. Slight fluctuations are
subject to errors of interpretation. GoOrzL, KORNFELD and-
NoBEL observed this in the course of their Viennese investiga-
tions : ‘* We have been surprised to find that the Pelidisi
index did not show the differences in the state of nutrition as
clearly as we had expected in view of our previous experience
of this index "’ (loc cit. (15), page 480). An examination of these
authors’ tables shows that many of the values recorded are
markedly divergent. In other series of figures, on the contrary,
the indications given by this index appear to have been
satisfactory. The fact is that the same defect reappears in all
indices which involve a comparison between a value that has been
found and that of a table of so-called ** normal ”’ values; it is
when establishing this table that errors may occur,

According to BARDEN, the experiments carried out in America
by means of this index show that the Pelidisi index fluctuates
considerably according to age, and that the relation of the cube
~ root of the weight to the sitting height is only approximately
linear during the period of growth (loc cit. (8), page 39). This
author gives other references to investigations showing the
errors resulting from an over-strict application of these indices.
Moreover, the slightest error in the measurement of the height
has a considerable influence on the calculation of the final
figures. .

In 1923, HELMREICH and KAssowiTz expressed the opinion
that individuals might exhibit a Pelidisi index far too low for

their age, notwithstanding the fact that they were adequately
nourished (21).
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Most hygienists are at present of opinion that it is preferable
not to employ this index.

*
* »

Index of *“ Vitality ** or Chest Girth-to-Height Ratio.

Cg
H

According to NOBECOURT, the chest girth should be measured
at the level of the xiphoid process, on forced inspiration and
expiration, and the figure taken should be the mean between
these two extremes. Sex affects the measurements of the chest
girth. NOBECOURT agrees that the index is unsatisfactory when
it is under 50 in the adult. In children, the mean varies with
age, and it is not possible to give definite maximum and
minimum figures (19). ]

According to Scu1dTz, it is very difficult to obtain accurate
measurements of the chest girth for comparative purposes in
mass investigations, and for this reason it is preferable not to
employ this criterion.
~ LIEFMAN (23) prefers the ratio of the square of the chest girth
to the height (““ Quadratisches Brustumfangsindex ”).

(Ce)
H

or else another variant, the Brugsch index:

Cg X 100
H

This author shows how these indices are influenced principally
by differences between constitutional types, which he divides
into three — slender, medium or stocky (leplosome, mesosome
and pyknosome) 1 — and observes that even within these three
general categories the index still permits of distinguishing

T See page 176.
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morphological sub-groups, so that it can hardly serve as a test
for malnutrition unless the individuals in any one group are

compared with one another.

The same conclusion is arrived at with regard to the vifality
index E:I_-Ig according to HELMREICH and KassowITz (21). These

authors do not consider it of any great value as a test of
malnutrition. They regard it simply as an objective means of
distinguishing between different constitutional types.

*
* &

Flesch Index (Measurement of the Carpus, Wrist Girth).

This index gives an indication as to the general constitution
of the skeleton. The normal figures for the Vienna population
expressed in millimetres are, according to E. NoOBEL, those
shown in Table 3.

Table 3

FrescH INDEX (WRIST GIRTH IN MILLIMETRE): NorMAL FIGURES
FOR THE VIENNESE POPULATION ACCORDING TO E. NoBEL

Age Boys Girls Age Boys Girls
{years) (years)

Atbirth . . 76 76 8 ... .. 124 124
I. . ... 113 113 9 .. ... 127 127
2, ... 116 116 10 . . . .. 130 130
3. . . .. 117 117 Ir. . ... 134 134
4 . .. 118 118 2. .. .. 139 139
5. « . . . 119 119 I3 .. . .. 144 144
6. . ... 120 120 I4 .« . . . 148 148
2P 122 122

It should be noted, however, that no data are given concerning
physiological fluctuations. The figures recorded in .Table 3
are not necessarily valid for every country, and there is nothing
to show what part nutritional and constitutional factors play
respectively in determining this index.

A great deal still remains to be learnt on this subject as well
as on the accuracy attainable in such measurements.

L
* *



Circumference of the Skull.

This index has also been recommended, for reasons similar
to those which apply to the FLESCH index.

According to E. NogBEL, the normal figures are the averages
shown in Table 4.

" Table 4

MEAN VALUES IN CENTIMETRES FOR THE CIRCUMFERENCE OF THE SKULL
IN THE VIENNESE POPULATION, ACCORDING TO E, NoBEL 1

Age Boys Girls
(years)
Atbirth . . . . . . . . .. 34-5 34.2
1. .. - .. 46.5 45.4
2. . e 48.0 47.0
3. e e e 48.8 47.8
4. e e e e 49.5 48.5
5. . e e e e 50.0 49.0
6. . 50.5 49.5
2 5L.0 50.0
. 5I1.5 50.4
9. e e e e e 51.8 50.8
e 52.0 51.I
I, & v o v e s e e e e e 52.3 51.3
I2. & o v e e e e e e e e 52.5 51.5
T30 @ o v 6 v e e s e e e 52.7 51.7
T4 = ¢ o 0 e u e e e e 52.8 51.9
I5. & v v e v e e e e e e 53.0 52.0

Most hygienists, however, consider that standardisation of
the method of effecting this measurement is too intricate to
undertake, and that, in practice, such a measurement is too
difficult for the purposes of a large-scale survey, and might
involve the investigating officers in errors.

%
* ®

1 The figures in Table 4 are taken from the cbservations of KorRNFELD (25), of Professor NoszL's service,
They concern individuals whose height does not differ by more than 5% from the mean height correspoading
to their age. Individual fluctuations do not exceed &= 3%, to 4% and, lastly, concordance with the values
observed in other countries is said to be satisfactory.



— 172 —

Pryor's Indices (Width to Height or Weight Ratios).

Certain authors have endeavoured to establish a relationship
between height and age, on the one hand, and the bony structure,
on the other—that is to say, the state of development of the °
skeleton. The breadth of the body has been suggested in the
United States as a means of expressing the degree of skeletal
development, and it has been suggested that the said breadth
be measured across the. pelvis. The landmark adopted by
Pryor is the iliac spine, so that the bisiliac diameter gives the
breadth of the body.* The ratio of breadth to height, or, more
accurately, the ratio of the bisiliac diameter to height, constitutes
Pryor’s index. Tables giving such values for all ages have been
published by this author in the United States (64, 65). Take,
for instance, a boy of 9 : his height is 135 cm., the bisiliac
diameter 23 cm. PRYOR’s index is then 23/135 = 0.17.

In reality, this index is a numerical expression of the various
constitutional types : leptosome, mesosome or amplosome—i.e.,
the slender, medium or stocky types referred to elsewhere in this
report (see page 176). It is thus dominated essentially by
anthropological factors and, whilst it is possible that the state
of nutrition may also influence this index, the extent to which
it does so still remains to be determined. The author certainly
found that there was a connection between the value of his
index and the basal metabolism rate, inasmuch as persons of the
leptosome (slender) type (low index) generally show a higher
rate than amplosome (stocky) subjects (higher index). It is
probable that the endocrine balance may underlie these
individual biotypological differences, but it has not yet been
proved that dietary inadequacies may affect Prvor’s index.

Other tables of the same author give the width-weight ratios
for different heights.

x
* *

Franzew's Index (A.C.H.).

In order to make certain that the purely somatometric indices
have a really significant connection with the state of nutrition

! This measurcment is considered preferable to that of the bisacromial diameter.



of the persons examined and not merely with their biotypological
characteristics, FRANZEN studied, after 1929, more complex
indices establishing a relationship between (1) the weight of
the subject, (2) muscular development as judged from arm
girth, (3) the development of the subcutaneous cellular tissue as
measured at the surface of the biceps,* (4) the index of vitality
and (5) PRYoR’s index (66).

In practice, however, it was found that these indices were too
intricate. In any case, they do not lend themselves to large-
scale enquiries. FRANZEN and PALMER have accordingly proposed
a simplified test involving the use of only three measurements :
the arm girth, the depth of chest and width of pelvis. This
simplified FRANZEN and PALMER index is known in the United
States as the A.C.H. index, these being the initials of the three
_ parts of the body measured * (67). The authors acknowledge,

however, that these measurements can only be effected by
~ specially trained observers if comparable data are to be obtained.
Moreover, it still remains to be seen whether FRANZEN's elaborate
or simplified (A.C.H.) indices can really be used with advantage
as a means of assessing the state of nutrition of children.

t‘#

McLoy's Index. -

This is a variant of FRANZEN's index, It is also highly intricate
and takes into account the vital capacity (respiratory volume)
and basal metabolism. This index is very little used.

t*#

Tuxford’s Index (78).
Weight

Teight X [381—age (in months)]:54.

For the metric system :

For English weights and measures :
Weight (in Ib.)

— i ths)] : 0.3.
Height (in in.) X [379—age (in months)] 3

1 Thess measurements are analogous to those of KorwrzLD (see below, pages 178 and 179).
2 4rm, Chest, Hip.
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This index has been studied at length, and has been specially
recommended, in England, by R. H. JonEs (79).

*
¥ *

Various Other Indices. ‘

Yet other indices which are not mentioned here are to be
found in R. H. JONES’s paper, quoted above (79).
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Chapter II

CLINICAL TESTS

The exclusive use of somatometric tests has been recognised
to be inadequate as a means of forming a sound opinion of the
state of nutrition of an individual or group of individuals. The
reasons for this are given in the previous chapter. Accordingly,
it has long been recommended that mass investigations should
be supplemented by simple clinical examinations giving a
brief indication as to the general condition of the persons
considered and their clinical aspect. The Berlin Conference in
1932 emphasised the necessity for employing for the purpose a
practical, simple and rapid method summing up a general clinical
impression. It recommended voN PIRQUET'S ““ Sacratama’ index
(see Annex 1, page 127 of that report, prepared by NoBEL (7) ;
see also below, in the present report, pages 177 and 178).

BurNET and AYKROYD called attention again to this aspect
of the matter (see page 40 of their report (8}). The feeling that
the general condition should be assessed in terms of a very
simple standardised scheme of classification has had this conse-
quence, that investigating physicians have been left to appraise,
according to their own subjective judgment, the factors on
which such a classification rests. An example is afforded by
the Dunfermline ? scale referred to in BURNET and AYKROYD'S
report, which involves a distinction into four categories :

. General condition excellent ;

. General condition good ;

. General condition requiring supervision ;
. General condition requiring treatment.

BN -

The equivalent of this division is found in the classification
now adopted in the investigations carried out by the British
Board of Education and the Ministry of Health since 1935—viz.,

1 See also (68).
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division of children into four groups according to the e§timate
of their general condition, based on a subjective clinical opinion :

Excellenti—Normal—Slightly subnormal—Bad.

The estimate will depend more particularly on the child’s
general appearance, facies, carriage, attitude, condition of the
mucos®, muscular activity, amount of fat in the subcutaneous
cell tissue, colour of the skin, brightness of the eyes, degree of
alertness, etc.

In other countries, further considerations are : frequency of
chills, number of days of absence from school, teacher’simpression,
scholastic results, etc. '

Classification in four groups has also been criticised on the
ground that there is no objective criterion for distinguishing
between the groups. Whether to assign a child to this or to that
group is too frequently a matter for hesitation. Accordingly, a

scheme of classification into three groups instead of four,—viz. :

Good—Doubtful—Bad—
may appear preferable.

In addition to this clinical and empirical classification, certain
hygienists, such as ScH16Tz, lay great stress on the necessity for
a second classification, into the three human or physical types :

Tall or slender (leptosome) ;
Medium (mesosome) ;
Short or stocky (amplosome). s

ScHI61Z preferred the terms in parenthesis, on the grounds
that they could be employed internationally.

The chief drawback of a very simple clinical classification
based on ill-defined considerations is that the findings are not
comparable inler se. Two kinds of difficulties have been
observed :

! There has been some discuseion on the terms used to describe these four groups, although this aspect of
1be question is but of secondary importance, given agreement on the conventions, It may, for instance, be
thought irrational not to include in the category of normal individuals children whoee condition is considered
excellent. 'I'hmtexmsneedonlyberephced bygoodmdwry:ood,ifthisseemspmferable.

? Rather than pyknosoms (Scriotz),
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(1} A number of investigating physicians working
simultaneously among the same group of persons have not always
classified the children in the same way, some being more
optimistic or more pessimistic than others in their estimate.

(2) Further, such investigations are necessarily not
comparable infer se for another reason : the general condition
of a given child may appear relatively satisfactory if he is
examined in a group of children whose average general condition
is only fair, whereas he himself might have been classified only
as fair had he been examined in a group whose average condition
was good.!

In a word, there are no precise or objective standards of
reference, and attempts to remedy this defect have not always
been successful. The index described below represents an effort
in this direction.

Von Pirquet's ** Sacratama”’ Index.

The twofold purpose of this index is to standardise methods
of examination and provide a systematised method of recording
findings. NOBEL gave a definition of the index in 1932 (see
page 127 of reference (7). It may be useful to recall it here.

The purpose of the index is to assess :

(x) The blood content of the skin ;
(2) The condition of the subcutaneous fat layer ;
(3) The tension, or, more precisely, the elasticity, of the
skin ;
(4) The condition of the muscles.
These various points are appraised according to a conventional
scale represented by the five vowels of the alphabet, arranged in
descending order of pitch :

= very pronounced }
pronounced ;
normal (average) ;
inadequate ;
quite inadequate.

g 0o m o =
i

1See also the paper by R. H. Jonrs, already referred to (79).
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The combination of these vowels with the initial' letters of the
following four Latin words :

(1) sanguis,
(2) crassitudo,

(3) turgor,
(4) musculus,

yields a descriptive word, which expresses the properties in
question. A normal (average) state of the skin, subcutaneous
cellular tissue and muscles will be described by the word
Sacratama. The term Socretami, on the other hand, will signify
that the blood content of the skin is inadequate, and that the
subcutaneous fat layer is fairly thick, but that the elasticity of
the skin is normal and that there is great muscular development.
Socretemo will indicate pallor, a thick fat layer, excessive skin
tension and a defective condition of the muscles.

 This ingenious proposal, however, does not appear to have
found favour with hygienists. It has been very little used,
except at Vienna, and does not seem to have been as practical
as was hoped. '

On the other hand, attempts have been made to express the
normal condition of the skin, the subcutaneous cellular tissue
and the muscular system in standardised numerical terms.
This question has been dealt with statistically, chiefly at Vienna
(25) and in the United States (75).

A. Measurement of the Thickness of the Skin and of the imme-
diately Subjacent Tissues.

The process recommended by KORNFELD (25) is to measure
with a compass, in millimetres, the thickness of a fold of skin at
various points on the surface of the body; these points are always
the same, and are selected very carefully—e.g. :

A. The skin of the chest, 2 or 3 cm. below the middle of the
right collar-bone,

B. The skin of the abdomen, 2 or 3 cm. to the right of the
navel (vertical fold of skin).



‘C. The skin of the back near the median line, to the right,
halfway up the vertebral border of the scapula.

D. The skin of the soft part of the cheek over the cheek-
- bone (thickness of the skin of the cheek). -

The average normal figures are given in millimetres in Table §
(according to KoRNFELD).

Table 5

AVERAGE NORMAL THICKNESS OF THE SKIN AND SuBJacENT TISSUES
ACCORDING TO KORNFELD, VIENNA

The thickness is measured under standardised conditions on the
chest (A), abdomen (B), back (C) and face (D) (see text).

Boys Girls
Age
{years _A B < D A B c D
oto 2] ro 6.5tog, 7.5 Io 10 7t0100 7.5 1o
jto 51 9.5 7-5 7 9.5 9.5 8 7 9.5
6toro| 8.5 8 6 8 toto 11 gtor1|{6to”y 8.5
1rto14] 8.5 gtoto] 6.3 7 1ztor3jrztor7f8tog 8

Lastly, it should be noted that the temperature of the skin
has also been proposed as a means of appraising the thickness
ol the fat layer.

B. Determination of the State of Development of the Muscles.

As a means of assessing mere muscular development, as distinct
from functional quality (for this, see physiological tests below),
it was recommended at Vienna that the girth of the biceps and
of the calf of the leg should be measured. The mean normal
figures for the Vienna population are shown in millimetres in

Table 6 (according to KORNFELD).
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Table 6

MEAN NORMAL MUSCULAR DEVELOPMENT IN THE VIENNESE POPULATION,
ACCORDING TO KORNFELD (GIRTH OF THE ARM AND LEG IN MILLIMETRES)

(veurs) piocgs " Catot kg Bicops - Calf o g
Atbirth. . . . . . . . 95 110 95 110
To o o o o = o 2 = = = 158 190 150 190
R 163 200 155 200
K T 165 210 156 205
O 166 215 157 210
Be v« o v o s 4w e 167 220 159 215
- 168 225 162 220
 F P PR 169 230 165 230
. 171 238 170 237
T 173 245 176 - 245
1 177 250 132 255
b S . 182 260 189 265
IZ. v 0 0 e e e e e 187 240 196 275
I3. & & o v o 4 0 0 o+ os 194 278 204 285
) 202 285 212 300

The followihg points must, however, be considered :

(1)' How far factors other than diet may influence these
figures ;

. (2) How accurately these dimensions can be measured ;
and

(3) What is the range of physiological fluctuation above
and below these average figures. It is clear also that these
numerical appraisals of the average normal condition of
certain tissues are not necessarily valid for other countries.

It should be noted, however, that these values have been
compared with those shown in other returns. The fluctuations
above and below the average figures have also been studied by
KorNFELD (25) and, according to the degree of fluctuation,
deviations have been classified in categories according to the
conventional scale of voN PIRQUET'S Sacratama index.
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()th-er'Su-p;blemmtary Clinical Examinations.

Summary Nose, Ear and Throat Examination.
[ , :

By this is meant that a rapid examination is likely to be of
use in mass investigations; there is, of course, no question of a
specialist’s examination, but ez
simply a scrutiny of- the
pharynx, tonsils and ears.

Examination of the Teeth.

. An examination of the
state of the teeth is regarded
as an excellent index of
satisfactory or unsatisfactory
nutrition, It should include
an indication of the number

- of teeth with definite signs of
disease, the number of teeth
extracted and the general
appearance of the teeth as a
whole. '
*. The late Professor ScH16Tz
advocated the photographing

Figure 1. .
of this general appearance as Photograph taken in the service

’ of the late Professor C. ScHi6TZ at
pact it the recods of survegs. Oslo, with the object of determi-

(See Figure 1.) nihg the general state of the teeth,

The Sign of the Dorsal Median Furrow {KNUDSEN-SCHIGTZ).

One sign specially recommended by ScHI6TZ in mass investi-
gations, as constituting a true test of the state of nutrition, is
the appearance of the median furrow of the back when the arms
are held straight above the head. The observer should look
out for two points : the appearance of the spinal column viewed
from behind and the posture of the individual examined in
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profile. This test was proposed first by KNUDSEN in Denmark.
It is claimed to be an indication of defective. nutrition when thu‘e
median furrow is broken or unduly sinuous, the former sign
s oy being the more important to
“watch for (test satisfactory in
Figure 2 ; test unsatisfac-
tory in Figure 3). Ac¢ording
~to “the | experience so - far
gained at -Oslo, this is a-
simple and accurate test for
the state of nutrition and is
very little influenced by cor-
rective gymnastics. The sign
‘appears to depend really on
the normal development of
‘the spine and thorak under
the influence of a properly .
‘balanced. diet. "’ LA
Professor - Schi61z - laid
great stress on the advantages’
of this test in mass investi-
gations, its facility of appli-
cation. and its reliability ;-
he stressed the advisability
of extending the photogra--
phic method -in recording the
results of investigations, '
- Generally speaking, no en- -
tirely satisfactory scheme
has yet been devised for- g .
&-——_ simple standardisable clinical -
' " Fiewre s.‘- ..  Ccxamination, tobe applied on .
’ tgure 2, - 7 . ] i
Photograph taken in the service of Practical lines to mass investi--

Professotl; C. ScuiéTz at Oslo. . The gations. The results are too
- $ame subject as .in Figure 1, ; ‘ ;

_Appearance of median furrow, —— v.aguel “’he'? ‘the method is
_\fortz;:a] Fosture, 'i\':l?te the continuity simply defined, and there is a .
o e furrow, e only defect is SAdehelty a
perhaps that the line is somewhat lack of ho.mogenelty in the. .

too sinuous, . recording of results * when, ..
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_greater elaboratlon is attempted Nevertheless, it is in the

~direction of standardisation that perfettlon in the technique of
exammatlons must be sought

Figure 3. 7-

KNUDSEN- SLHmTz sugn " Incorrect postures.

' ‘.4ppeamm:a of the median furrow. — The arrow shows a break lq the
median furrow. Same observation for the child on the rlght althnugh
the cond:tlon here is more satisfactory.

Postuu in pfoﬁle — 4 and B, defective poa.tures The arms are not
“held vertical. - The thorax does not lift sufficiently to enable the arms
_to assume the correct position. *

C, correct pnsture.



Chapter IIX

PHYSIOLOGICAL TESTS

It is in tests of this kind that the methods of investigation
studied and suggested have varied most. A distinction should,
however, be drawn between two groups of physiological tests: (1)
Specific physiological tests for malnutrition ; (2) Non-specific
-physiological tests for malnutrition consisting of functional tests
that may, however, be indirectly affected by defective nutrition.

We will first consider the former, which, though less numerous,
are undoubtedly more important, because they bear directly
upon disturbances-specifically attributable to the functions of
certain constituents of the diet.

1. SpEciIFIc PHys1oLOGICAL TESTS FOR MALNUTRITION !

Theoretically, in the case of most of the constituents of the diet,.
an inadequate intake is liable to produce specific disturbances,
having regard to the part they play individually in promoting
certain particular physiological functions, as distinct from any
share they may have in more general joint contributions, such
-as the covering of energy requirements. Among specific troubles
of  this kind, mention may be made of deficiencies in the
development and calcification of the bones, the building-up

of respiratory pigments, the rate of growth of children, the
co-ordination of nutritive exchanges, etc. '

! When correcting the proofs, the author received an American publication dealing with the saie matiers

.';s the present chapter. The reader will find there a great deal of information and material of interest
119). )
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It is therefore clear that a deficiency of any constituent
should, theoretically, be detectable by means of a suitable
specific test.

At the present time, however, such specificity has been
attained only in one or two tests. We must therefore learn what
we can from these in looking for the early signs of slight
malnutrition, And, apart from the specificity of such signs of
latent deficiency, we must also consider, for practical reasons,
how early they appear and how far they are reliable.

" From this point of view, we shall consider the following signs

of pre-deficiency : (1) Signs of latent vitamin pre-deficiency ;
(2) Signs of mineral deficiency ; (3) Signs of protemn
deficiency.

We are thus considering, generally speaking; early indications
of deficiency in ' protective nutrients'. The importance of
this aspect of the question at the present time has already been
emphasised on several occasions. It is evidenced by the fact
that an unsatisfactory standard of life leads to a deficiency
of protective foods in the diet before any deficiency-in the
aggregate calorie intake occurs.

The conception of latent vitamin pre-deficiency or unapparent
hypo-vitaminosis, as compared with frank, well-marked vitamin
deficiency, is a fairly new one. According to this conception, the
development of deficiency diseases may be divided into two
successive stages : (1) Prodromal period of occult or un-
apparent hypovitamin'osis ; (2) Period characterised by more
pronounced, clinically apparent, deficiency disease.

Whilst frank vitamin deficiency is not common except in
certain countries in which there is pronounced malnutrition and
a decided lack of balance in the diet, there is a growing amount
of evidence to suggest that, in countries in which these diseases
are rarely found, if ever, a slight lack of balance in the diet
may nevertheless bring about a state of insidious unapparent
pre-deficiency, though this does no¢ commonly lead to sickness,
since the diet is usually not sufficiently unbalanced for that.

The reality of the fact that latent pre-deficiency may remain
hidden for a long time was verified by experiments on animals,
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~and a striking example will be found in the papers of

MourigQuanD and his school (27 to 30). Animals suffering from

 vitamin-A pre-deficiency are found to be in an unapparent
_pathological condition, traceable by an appropriate test long

before the ocular effects of definite vitamin deficiency (xeroph-

thalmia and keratomalacia) begin to, appear. The first signs of

eye trouble are preceded by weakened resistance of the cornea to

- certain pathogenic agents. This can be shown by producing

" very slight irritation by brief exposure of the cornea to ultra-
violet rays. The micro-lesion is then watched through the
biomicroscope. In the ordinary way, it should heal within three

or four days. Animals suffering from unapparent pre-deficiency

take longer to recover, and in some cases this slight irritation

leads to serious complications, suppurating ulcers followed by

typical xerosis lesions. Tests of this kind cannot, of course, be

used in human pathology, but they serve to demonstrate the -
existence of latent pre-deficiency conditions in animals. .

. We may therefore assume that other tests could be used in .
. practice to disclose similar conditions in man. - S

Studies of this kind are not very advanced at present, but if
we continue on these lines we may hope to establish objective
" tests of.a normally balanced diet. ,

Up to the present, we have not sufficient experience to permit
of the early diagnosis of latent vitamin pre-deficiency, except in
the case of partial deficiency of three vitamins : A, D and C.'
We will take these three cases in turn, .

Vitamin-A Deficiency.

The MOURIQUAND test on animals bears upon the early stages .
of morphological impairment leading to xerophthalmia and
keratomalacia and thus seems to be concerned with the part
played by vitamin A in increasing’ the resistance of mucous

s

! Work is only now beginuiug on methods which ma
These comprise determinations of the vitamin content
the organism after intake of certain products of th
pyruvates) (ri7).

¥ serve as early tests of vitamin:Bl pre-deficiency.
of the urine (1:8), and tolerance tests shown by
e intermediate carbohvdrate metabolism (lactates, -
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membranes and teguments to the attacks of microbes (vitamin A
is sometimes described as *“ anti-infectious " for this very reason).
The test applicable in human pathology, on the other hand, is
“concerned with another aspect of the physiology of vitamin A,
especially the part played by this vitamin in the production
of wvisual purple. Proportionately speaking, the retina is the
organ which is richest in vitamin A {31), and a dietary deficiency
in vitamin A has a con%nderable effect on its concentration in
the retina.

The presence of a fairly large supply of vitamin A seems to
play a decisive part in the mechanism of the reversible conversion
of the visual purple into its leuco-derivative. This pigment is
bleached under the influence of light and its regeneration in
the dark would seem to depend upon the concentration of
vitamin A in the retina.

Now the accumulation of the pigment within the rods
makes the eye sensitive to weak rays of. light—that is to
say, increases visual acuity in semi-darkness—while its
disappearance enables the eye to adapt itself to a strong light.

. As one outstanding characteristic of vitamin-A deficiency
is the exhaustion of the retina’s reserve of vitamin A, this should
retard the regeneration in the dark of visual putple, and should
therefore cause some delay in the function of dark adaptation .!
Hemeralopia ,? or tropical night-blindness—one of the forms of
frankly apparent vitamin-A deficiency—is to be explained by
this mechanism, which has been verified by FRrIiDERICIA and
HoLMm (32) on animals fed on a diet deficient in vitamin A.

Whereas xerophthalmia and night-blindness are forms of
distinct avitaminosis,® it has been suggested that a.slight
weakening of the adaptability of visual acuity, so faint that the

-

L Dysad:;ptation * ig the term usad by Evwusp to describe this slowing-down of the adaptation of
visnal acuity to variaiions in the intensity of the light.

* Hemeralopia ot erepuscular amblvopia is defective sight in semi-darkness, the sight being satisfactory
in daylight ; nvclalopia is defective sight in the daylight (dazzle), the sight being satisfactory at night.

3 Examples are to be found in Europe of such frank avitaminosis occurring either in a relatively large
numnber of person: or in isolated cases—viz,, in Denmark in 1917 (BLEGVAD, 33); in Vienna in 1919 {34);
in the North of England in 1g3o0 {35}, etc.
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Figure 4. T
Method of lighting the charts for

FRANDSEN’S charts, The figures : D
placed below the letters indicate the AXANLUALIONS,
logarithmic scale of the coefficients '

of extinction,
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person is not even conscious of it, might, if it could be detected
early and by objective means, afford an early specific test of a
very slight hidden form of latent.night-blindness and so serve to
indicate a state of early vitamin pre-deficiency, in so far as
such ** dysadaptation’” may not be attributable to other
known local causes, discernible by ophthalmological examination.

The test consists, then, in ascertaining quantitatively the
minimum intensity of light in which visual acuity can be
determined by some particular ophthalmological test, first,
when the eye has been moderately dazzled beforehand by a
given source of light, and, secondly, after a certain time has been
allowed to elapse for dark adaptation; in other words, the test
consists in ascertaining the rapidity with which the eye adapts
itself to a change in the conditions of light in which visual
acuity is measured.

Four methods have been suggested for this purpose :

(a) Edmund’'s Method.

The principle and application of this method have been
described by the author in various memoranda (36, 37) ; his
experience as a whole in the matter will be found in the
monograph published by him in collaboration with CLEMMESEN
(37). Variations on the same method have been used by
FrANDSEN (38). The main principle may be briefly stated as
follows : '

A graded range of grey tones of given degrees of darkness can
be made up in various ways. One is illustrated in figures 4 and
5. Tt consists of letters on a white background. The gradual
toning-down is determined photometrically in accordance with
a scale indicating progressive extinction from left to right,
corresponding to the following coefficients :

I I 1 I I I I I

—
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The corresponding logarithmic scale of this series extends as
follows in relation to 0.00 (absolute black) (Figure 4) :

025 o050 075 I 125 150 L75 2

These coefficients are indicated in Figure 4.

The plates can thus be exactly calibrated photometrically,
if it is desired to render the results of various investigations
comparable. But, for the purposes of one given investigation,
charts reproduced with rough accuracy can be used, provided
subjects enjoying normal adaptation have first been tested with
them. The only limitation is that the numerical results obtained
cannot necessarily be compared quantitatively with those
obtained with the use of photometrically standardised charts.

The charts are read by the subject under observation, who
wears a series of smoked glasses of varying opacity (TSCHER-
NING’S photometric scale ; sertes in increasing order of opacity)
(39).* Visual acuity is determined by the number of letters
read on the charts in varying intensities of light, regulated by the
Tscherning glasses worn. The distance from observer to chart,
the size of the letters and the brightness of the illuminant are
fixed and are kept constant. Series of letters on a number of
different charts are used, so as to obviate errors due to memo-
risation by the subject.

Another means of eliminating this source of error has been
resorted to by FRANDSEN ; he uses a single, movable letter
(E, for instance), which is successively placed in different
positions. EDMUND’s method has also been used by CLEMENTS
in Australian enquiries (81).

(b) Birch and Hirschfeld’s Photometer Method,

Figure 6 illustrates the principle on which this method,
borrowed from the work of JEANS and ZENTMIRE (40}, is based.
A source of light (A) of given intensity emits a ray traversing

Immmﬁmhmﬁmwmwmhmmb t .
refraction must be corrected in advance where necessary, Ject may norrally wear, since the subject’s



an iris diaphragm having an adjustable aperture (B) provided
with a conventionally numbered scale, and a disc (E) with five
holes placed like the pips on a ““5” playing-card. A GOLDBERG
smoked screen (C)! is placed across the light beam in such a
way that its position, which is also plotted on a conventional
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_Figure 6.

Bircu-HIRSCHFELD photometer or adaptometer.

scale, regulates the degree of extinction.® The observer is placed
with his eyes 60 centimetres from the apparatus. Two factors
control the degree of extinction : the position of the Goldberg
screen and the aperture of the iris diaphragm ; through the
action of the Goldberg screen, the five luminous points produced
by the disc have different degrees of brightness, while the
diaphragm enables the luminosity of the whole image to be
changed.

Measurement takes place in the dark, and consists in
ascertaining the diaphragm aperture at which not less than
three luminous points are visible to the observer.? His sight
must, of course, be corrected in advance, if necessary by suitable
glasses.*

1 ‘This screen consists of a wedge-shaped rectangular piece of smoked glass, the opacity of which increases
progressively in the direction of its longest side.

2 The screen moves in a direction perpendicular to the path of the beam.

2 The position of the Goldberg screen is first suitably adjusted.

4 JEAns has recently recommended 2 new design for his apparatus (6g).
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Visual acuity is measured first after the subject has been
somewhat dazzled for a while by means of a lamp. The
measurement is then taken again after several minutes spent in
complete darkness. The rapidity with which adaptation takes
place is thus judged by the difference in the threshold of
intensity of the light. The power of adaptation is impaired by
vitamin-A deficiency.

BicwooD, JACQUEMYNs, DANIS and SaNo have also utilised
an apparatus similar to this (Birch-Hirschfeld-Zeiss) (82),
of which a further variant has been proposed by RUDOLPH
and HecHT. The latter has been used by BOOHER, CALLISON
and HewsToN (83).

(c) A. Chevallier's Method.

In 1938, A. CHEVALLIER proposed another method for the
detection of latent hemeralopia, based on a principle different
from that of previous tests (84). He does not measure visual
acuity or its speed of adaptation to darkness. He determines
the threshold intensity of light which is perceptible by the
person under test as dim light and not as a defined image.
His measurement is thus concerned with peripheral vision alone.
He rejects any test of acuity, because this involves macular -
vision, whereas he argues that the distribution of visual purple
extends more especially over the remainder of the retina and that
there is less in the fovea. Against this argument, it might be
urged that, when a person is trying, in the dark, to detect the
moment at which he begins to perceive a gradually appearing
image, the whole of the retina is brought into play in this effort
of detection. Moreover, macular vision also undergoes dark
adaptation and the fovea is also said to contain a photosensitive
pigment chemically similar to visual purple (Z. Hecrt). On
the other hand, CHEVALLIER does not measure the speed of
regeneration of the visuval purple in darkness ; he determines
a threshold intensity value which, according to him, is related
to the maximum quantity of visual purple that can be formed
in a given retina. He claims that this maximum rises with an
increasing supply of vitamin to the retina. It should, however, be
noted that FrIDERICIA and HoLu (32) have found in animals
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that, when the eye is completely adapted to darkness, the
content of visual purple, which is then at its highest, appears
to be the same in animals suffering from frank vitamin-A
deficiency and in normal controls. According to this evidence,
therefore, the factor to be taken into account is the rate of
regeneration of the visual purple rather than the maximum
quantity of purple which the eye is capable of regenerating when
given time to do -so.

However this may be, CHEVALLIER believes that his method
provides him with a reliable technique for the detection of
latent hemeralopia. The half-hour in complete darkness which
his method requires is, however, a difficulty in the way of
its practical use in surveys. His apparatus, on the other hand,
is fairly simple.

(d) Method of Friderichsen and Edmund.

These authors have attempted to determine the threshold
of luminous intensity in infants adapted to complete darkness,
by observing the reflex action of the face and eyes caused by
the perception of light radiation.

L * *

FRANDSEN (38), in March 1933, found impaired power of
adaptation in sixty-five school-children in apparent good health ;
forty-six showed latent hemeralopia in varying degrees. Four
months later, during the summer, their condition had
spontaneously improved.

The same author also examined twenty-six children in a
boarding-school, where the fare could be exactly controlled.
The diet was deficient in vitamins. Twenty-one of these children
showed signs of latent hemeralopia, together with a tendency
to calcium and phosphate deficiency in the blood. After one
month’s treatment with cod-liver oil and calcium phosphate,
the hemeralopia signs disappeared entirely or in part.

Finally, from among seventy-two children examim;d in private
practice for eye troubles (conjunctivitis, ‘photophobia, cePhalea,
etc.), the great majority (seventy patients) showed signs of



latent hemeralopia,kwhich yielded to treatment with fat-soluble
vitamins.

EpMunD has also shown by his method that 50% _of pregnant
women admitted to a Copenhagen municipal hospital showed
signs of dysadaptation (37). _

ToveRUD used the same method in testing children at Oslo
for dysadaptation (108). '

JEANs and ZENTMIRE have investigated the incidence of
vitamin-A pre-deficiency among school-children in  Iowa City
(United States) and the surrounding countryside, using the
Birch-Hirschfeld apparatus (40 and 41).

Their enquiry, undertaken during 1934, covered 213 children
aged from 6 to 15 attending the out-patient department of Iowa
City Hospital. Normal reactions to the test were obtained in
168 cases. The remaining forty-five subjects showed signs of
latent hemeralopia ; half of them were admitted to hospital,
and their eyesight was tested regularly during treatment with
cod-liver oil. The tests showed that sight became normal after
a period varying from four days to six weeks.’

The same method was subsequently used by the same authors
on 404 school-children taken from : (1) a village of 2,000
inhabitants ; (2) the countryside surrounding this village in a
ten-mile radius ; (3) Iowa City (150,000 inhabitants). All the
subjects therefore came from the State of Iowa. The town
children were divided into three categories according to their
social status, as indicated by average income. Clear evidence of
latent hemeralopia ‘was found in 26%, of country 'children,
53% of village children, 56%, of town children in the higher social
category, 63% in the middle category and 799, in the lower
category. The investigators found no correlation between the
incidence of latent pre-deficiency and sex or age ; but they were
struck by these high percentages, and continued observation on
the subjects during treatment with cod-liver oil or carotene.
Of ninety-nine children either definitely deficient or subnormal
(t_aorde'r-line cases), seventy-five were cured in three to six weeks,
nine improved substantially in health although treatment
was not sufficiently prolonged, twelve were lost sight of (refusal
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to submit to treatment, intercurrent ailments, etc.}, and only
three did not react to treatment even though prolonged for a
further three to six weeks. The authors consider that this test
_g?nc:zezlied upon to indicate vitamin-A pre-deficiency in 95%,

Having improved their technique, these authors (69) arrived
somewhat later at very slightly modified percentages, which
did not, however, affect the order of relative incidence of the
latent pre-deficiency which was disclosed by this means in the
American population group studied.

Bicwoop and DaNI1s (82) conducted similar observations in the
Brussels population, both among adults and also, and especially,
among children (130 subjects examined). They found defective
adaptation in about 409, of cases examined, whilst in about
20% it was doubtful and, in the remaining 409%, good. They
also found that, save in a few exceptional cases, the findings
remained reasonably constant when the examination was
repeated after a few days’ interval. The reliability of the test
has, however, been questioned by certain authors (PALMER
and BLUMBERG (107) and SNELLING (104)). Nevertheless, most
workers regard this method as generally reliable and specific,
at least within certain fairly satisfactory limits, -

At the same time, the distinction between good and bad
adaptation cannot be said to be easy. The methods adopted
to draw the line of demarcation vary according to the author
concerned, so that the technique is not yet standardisable.
Difficulties of interpretation subsist in border-line cases.
Really good adaptation can be distinguished without hesitation
from marked dysadaptation, but the border-line cases are many.

One difficult technical point still in need of elucidation is
the degree of adaptation of the eye to light, which may affect the
rapidity of the subsequent adaptation of the visual acuity
to darkness (105, 106, I11). )

Observers are generally agreed on the following principle
as a criterion of normal or defective adaptation. Any adaptation
test finding that can be definitely improved by the addition to
the diet for a few days of a substantial supplement of vitamin A
in the form of some concentrate (10,000 international units and
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over per diem) shows that there is dysaflaptation (pre:deﬁciency )
Adaptation is normal when no such 1mproveme-n’§ is ?bserved.
It is therefore assumed that the normal condition is one of
maximum adaptation. It may, however, be asked whether su-g:h
a view is not arbitrary. Is not such a criterion of norm-ahty
too stringent ? The most recent research work has accordingly
been designed to ascertain whether the individual response to
the test can be influenced by modifications of the diet other than
the addition of a vitamin concentrate in high doses. In the
course of an enquiry conducted in a Danish prison, FRIDERICIA
found that a supplementary milk ration bringing the intake of
vitamin A and pro-vitamin A up to 1,500 international units or
more per day for an adult man eliminated the seasonal fluctua-
tions observed without this supplement (80). BooHER, CALLISON
and HEwsToN (83), in tests on four normal adults of 55 to 70 kg.
body-weight, found that a daily supply of 2,000 to 3,000
international units was necessary to maintain good adaptation
of visual acuity to darkness. Bicwoop and his collaborators
(82) made similar observations in thirty-five Brussels families
of all income classes. Their observations yielded evidence of
fairly marked individual differences. When the daily intake
exceeds an average of 3,500 international units per head in the
family (irrespective of age or sex), adaptation is good ; when it
falls below 1,000 units, it is bad ; between these limits, individual
cases can be found in which adaptation is satisfactorily
maintained on a low intake of vitamin A, and others in which
adaptation is less good, though the supply of vitamin is more
abundant.” Speaking generally, any substantial change in the
quantity of vitamin A and pro-vitamin A provided in the diet
has a distinct effect on the dysadaptation test ; there are,
nevertheless, factors which modify the vitamin requirements
of the body fairly considerably. The reason for these individual
fluctuations is probably to be sought in differences in digestive
utilisation, in the efficiency of the conversion of carotinoids into

1 These values have been derived from the tables of Suxauan, Fapan and Norcaarp. If, however, they
are computed from the tables of Fixsew and Roscoz, they must be reduced by aun amount which is fairly

small on the average, and which will be given in a comprehensive paper to be published later. (See Part I
pages 60 to 62.) ’
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actwsa vitamin A, in the balance of the diet, in the utilisation in
the tissues, and, finally, in build and height, age and sex. This
shows the importance of working, primarily, on average results
observed for whole groups.

In conclusion, reference may be made to the observations
of STAz in South Africa (109), of MAITRA and HARRIs in England,
(1x0 and 115), of Scuuck and MILLER (112), of CORLETTE ef
soc. (113) and of Junasz ScuAFFER (114), in regard to the
incidence of dysadaptation in both children and adults, or in
pregnant women.

Though no attempt can be made to draw conclusions from these
—so far insufficiently numerous—observations, it can already
be seen that (1) the test for latent hemeralopia is applicable to
investigations in the field of social medicine, (2) it will yield useful
information, although the exact technique has mot yet been worked
out in its final form, and (3) latent vitamin-A pre-deficiency can,
even at this stage, be asseried to be frequent in many parts of our
countries of Western civilisation, although its incidence cannot
vet be reliably assessed in numerical terms.

x®
* *

Wessely's Method.

This method rests upon a principle entirely different from
that of the three tests already described. Whereas the latter
disclose latent forms of hemeralopia—that is to say, functional
disturbances whose pronounced form in human beings is night-
blindness—WESSELY’S method should probably be regarded as
a test for a latent trophic defect, the pronounced form of which
is keratomalacia. The method consists in examining the
reflective power of the cornea. In vitamin-A pre-deficiency,
the optical properties of the cornea are impaired, so that it
reflects but imperfectly an incident ray of light emitted by
a standardised source. The test amounts, in fact, to a comparison
of the brightness of the cornea under examination with that
of a normal cornea. WESSELY described his method in 1927
(55) (85). It was not used, however, until much later as a test
for pre-deficiency. In this connection, reference may be made
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to the investigation which HEIJERMANS and ZEEMAN can:ied
out in the Amsterdam schools during 1937 and 1938, using
both the WEssELY method and the measurement of latent
hemeralopia. By the latter method, these authors detected a
condition of latent vitamin-A pre-deficiéncy in about 209, of
the school-children examined. As for WESSELY'S method, it
proved rather unsatisfactory, the results of successive exami.—
nations of the same children showing very considerable

discrepancies.

Method of determining the Vitamin-A Content of the Blood. ;

This method was used by Dr. MENKEN at the Health
Laboratory of the University of Utrecht. The question is
not examined in detail here, since information upon it has
already been published in the Health Bulletin (42).

Vitamin-A pre-deficiency, according to this method, is
probably accompanied by a lowering of the proportion of this
vitamin in the blood. :

All observers do not agree that the fluctuations of the vitamin-
A content of the blood really reflect the variations of the intake
in the food, though CHEVALLIER takes the  view that
determinations are useful in this connection. This difference of
opinion is due to the fact that the methods applied in making
the determinations do not give comparable results and are not
all equally specific in regard to the substance measured.

’ *
* L

Vitamin-) Deficiency.

{Pre-rachitic condition.)

Signs of a pre-rachitic condition in infants can be discerned
by X-ray examination of the wrist, but this method does not

appear to give as early an indication as a determination of the
phosphatase content of the blood.



Determination of the Phosphatase Content of the Blood.

A latent pre-rachitic state can, according to certain authorities,
be detected by measuring the phosphatase content of the blood
serum. It is known that the blood content of this enzyme is
increased in patients suffering from various bone, and even
other, diseases. The increase is therefore not a specific symptom
of the single complaint of rickets. If, however, it can be shown
to occur regularly in children who are in the pre-rachitic phase
.but are otherwise clinically normal, such a sign may be of
practical importance as an indication of vitamin-D pre-
deficiency. :

As the test has to be used on children, it is essential that it
should be applied to the capillary blood. LUNDSTEEN and
VERMEHREN have, -with this object, worked out a micro-
method of determination of phosphatase in the plasma, which
requires 50 cubic millimetres of capillary blood for each
double test (43). Using this method, VERMEHREN obtained
the following preliminary results, the normal phosphatase
content of the blood varying considerably according to age :

Age (years) Units !
New-borninfants . ., . . . . . . . . e e e e e e 8o-100
o-I {artificialfceding) . . . . . . . . . . . . . .. 100-250
I-2 0 v vt e e e e e e e e e e e e e e e e e 120-250
T 65-190
G-T0 . . . . i it e e e e e e e e e e e e e 65-135
L e T 40-125

20-30(adults) . . . .. .. .00 L., . s+ 20-55

In rachitic children (well-characterised rickets) between 6
months and 2 years of age : 300 fo 700 units,

This excess of phosphatase in the blood is known to be the
symptom which is the last to yield to treatment. Moreover, this
same symptom also appears before the clinical, radiographic
and other biochemical signs in the blood (calcium and phosphorus
content). It is therefore clearly an early sign of a latent pre-

rachitic condition. A

1'The unit is taken as the amount of phosphatase which can rel 1 mgrm. of phosphorus from its organic
compounds in twenty-four bours at 37° C.
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Lastly, seasonal fluctuations are also observed in the bloo_d
phosphatase content of children of normal appearance ; this
rate falls from spring to autumn and rises in the winter.

These observations of VERMEHREN are still of a preliminary
nature, but they already show that this test for latent vitamin-D
pre-deficiency promises to yield valuable results. They were
described by Professor FRIDERICIA at the meeting of the
Committee of Experts held at Geneva from December 8th to
12th, 1936. :

* * *
Yitamin-C Deficiency.
(Sub-clinical, pre-scorbutic condition.)

The Normal Vitamin Content of the Organs.

The animal species studied up till now may be divided into
two categories : those which are liable to scorbutic deficiency
and those which are not. The latter form the majority. They
synthesise vitamin C iz vivo, and are thus not dependent upon
their diet for their ascorbic acid requirements. The vitamin
content of their organs is, and remains fairly constantly, at the
maximum level ; it is unaffected by fluctuations of the food
intake. It is characteristic for each organ, irrespective, so far
as this category is concerned, of the species considered ; hence
the idea that it is representative of the normal physiological
condition (state of saturation). .

Among species liable to vitamin-C deficiency (man, monkeys
and guinea-pigs), it is probable that synthesis ¢ vivo is practically
nil ; these species have to look to their food for the necessary
supplies of ascorbic acid. - The vitamin content of their organs
is variable and affected by the diet ; it is very often below the
physiological saturation level as defined by the values observed
in synthesising animals. Adult man requires, on the average, at
least 50 mgrm.) 1,000 international units) of ascorbic acid to reach
this “ ceiling . The fact that guinea-pigs reach this maximum
degree of saturation of themselves when allowed to feed
unrestrained on what they choose suggests that this * ceiling ”’
really reflects the normal condition. It has not, however, been

1
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proved unequivocally that physiological values may not differ
somewhat from it. The determination of the ascorbic-acid
content of the tissues is obviously impracticable in nutritional
Sur\feys. The only test which would be in some measure
equivalent is ROTTER’s test (87), which consists in injecting
) c.c. of 0.0025N (N/400) dichlorphenol-indophenol under the
skin. If the coloration of the reagent disappears in less than
5 minutes, the organs are saturated. If the time required is
between 5 and 10 minutes, the person examined is still normal.

Deficiency is present if the decolorisation takes more than 10
minutes,

*
*® *

The Vitamin-C Content of the Blood.

All methods do not give the same result. According to
EMMERIE, the normal serum contains an average per litre of
5 mgrm. of ascorbic acid in its reduced form alone (C,H,O,)
(determination by dichlorphenol-indophenol—:.e., TILLMANS'S
reagent). WOLFF, BANNING and VAN EECKELEN measure
both the vitamin in its reduced form and its reversible oxidation
derivative, dehydroascorbic acid (C,H,O,). (They also use
TiLLMANS’s reagent for titration.) Tested in this way, the
content may vary from o to 18 mgrm. per litre, the mean lying
somewhere between 10 and 12 mgrm. (42). CHEVALLIER assays
spectrophotometrically and finds an average of 20 mgrm.

Another method is that of TRIER, who determines only the
reduced form by the process of photochemical reduction with
methylene blue (a process worked out for his tests by LunD
" and L1Eck (47)). TRIER's values fluctuate between 2 and 6 mgrm.
per litre in normal or nom-febrile sick persons. The author
observed seasonal variations as follows (according to 500
analyses performed at the Copenhagen Municipal Hospital—
communicated by FrRIDERICIA (95)) :

Milligrammes per litre (mean values)

Januvary to April . . . . . . e e e e 2.5 t0 3.5
Mayand June . . . . . . - . . . . 2.0to 2,5
Julyand August . . . . . . . ... . 5.0to 5.5
September and October . . . . . . . . 4.0to 5.0

November and December . . . . . . . 2.5 to 3.5
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In case of definite deficiency, o to 2 mgrm. per litre. . The
absolute value of these determinations can obviously not be
judged, but their relative value is of significance in enquiries in
which one and the same method is used. Thus we have seen that,
according to WOLFF, BANNING and VAN EECKELEN (42), for
instance, the blood content can vary between o and 18 mgrm.
per litre. When, on the showing of the urine test, the organism
is saturated with the vitamin, the concentration in the blood
varies between 14 and 18 mgrm. and some passes into the urine.
This state of affairs is regarded as normal and as corresponding
to the utilisation of 50 mgrm. of ascorbic acid in a subject
weighing 70 kg. (0.7 mgrm. per kg.).

When the organism is in a state of definite pre-deficiency,
it utilises only 0.1 mgrm. per kg. (7 mgrm. in a subject weighing
70 kg.) and the proportion in the blood is reduced to o to
4 mgrm. per litre. A concentration of from 4 to 12 mgrm. might
be still sufficient, but would not indicate a really satisfactory
condition, for which the minimum is about 12 mgrm. per litre.

According to these same authors, the inhabitants of the
Netherlands who consume a sufficient quantity of potatoes—
and this may be roughly estimated by the number of hot meals
eaten per week (from five to seven)—have a satisfactory blood-
content of vitamin C. They consider the determination of this
content a more reliable test than the measurement of vascular
fragility ; the drawback to it is that blood samples must be
taken, which always complicates social enquiries.

*
| ] *

T, }u Vitamin-C Content of the Urine and the Urine Saturation Test.

In the urine even more than in the blood, chemical tests have
the disadvantage that they are not strictly specific for ascorbic
acid. In spite of all precautions, what is really tested is a mixture .
of reducing substances among which ascorbic acid is
p_reponderant. An increase in the degree of speéiﬁcity for the
vitamin alone is obtained by acidifying the urine immediately



— 203 —

after discharge (preferably with metaphosphoric acid)! and
by proceeding very quickly to cold colorimetric titration.
Under these conditions of test, the output of reducing substances
expressed in terms of ascorbic acid varies in man between 5
and 100 mgrm. per day (average 30 mgrm.). It is certain that
these empirical values do not relate exclusively to the ascorbic
acid, for methods of biological assay demonstrate that the urine
exerts no antiscorbutic activity unless the diet is fairly rich in
ascorbic acid. It should, however, be borne in mind that the
toxicity of the urine hampers these biological assays.

However that may be, according to HARrIS and Ray, such
empirical data obtained by TiLLMANS’s reagent determinations
should be interpreted as follows : The normal adult eliminates,
on the average, every day more than 15 mgrm, of reducing
substances expressed in terms of ascorbic acid (average
concentration in several samples of urine fractionated: over
10 mgrm.). ‘

An adult in a state of pre-deficiency eliminates on the average
every day less than 10 mgrm. (average concentration in several
samples of urine fractionated : below 7 mgrm).

_In view of the uncertainty attaching to the interpretation
of ascorbic-acid measurements in the wurine, the so-called
saturation tests are to be preferred. They consist in determining
the quantity of ascorbic acid which must be ingested, in order
to produce an abrupt increase of the quantity of reducing
substances eliminated in the urine.

According to WoLFF, BANNING and VAN EEKELEN (42), the
test is carried out as follows : The subject is required to ingest
250 mgrm. of ascorbic acid per day. The analysis of the urine
is repeated daily. If the.reducing power of the urine
measured by TILLMANS'S process increases on the first day,
this. means that the organism is saturated with ascorbic acid—
the most satisfactory condition. Normally, however, this
increase may not occur for from one to four or even five days.
If it is delayed still longer, pre-deficiency exists.

1Six parts of acetic acid and two parts of metaphosphoric acid or 100 parts of urine.
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Variations of this technique have been proposed by HARRIS
and Ray (48) and JEZLER and NIEDERBERGER (49)- .

The saturation test is undoubtedly valuable, but many factors
of error are liable to operate unless it is carried out under strict
experimental conditions, which make the test impracticable
" for the purposes of social enquiries.!

The following are some of the difficulties : the instability
of ascorbic acid in the urine, even when the latter is acidified ;
the extreme variability in the speed with which this acid is
destroyed in the urine, which makes it necessary to examine the
urine without delay; the presence of other substances also
possessing reducing properties ; the possible variability in the
threshold of elimination of ascorbic acid by the kidneys, so
that, with the same degree of saturation with ascorbic acid and
the same excess of this acid in the organism (ingestion of the
same quantity of ascorbic acid), different subjects may
nevertheless eliminate varying quantities of this substance
(L. S. FRIDERICIA) ; not only are there other substances in the
urine which, like ascorbic acid, are capable of reducing the
oxidation-reduction indicator employed by TILLMANS’S, but the
reducing power of the vitamin itself is influenced by widely
different factors : pH, partial pressure of oxygen, total salts in
the urine (chlorides and phosphates, etc.), the concentrations
of urea, uric acid, creatine and creatinine, etc. )

The urine saturation test has been applied in a variety of
ways. The reader will find numerous indications on the subject
in the report made by GIrRoUD and LEBLOND in 1938 to the
twenty-fifth French Congress of Medicine (88). Many scientific
workers use the daily dose of 300 mgrm. advocated by DEMOLE.
Some measure the ascorbic-acid content in a twenty-four-hour
sample of urine, others determine the variations of concentration
in samples of freshly discharged urine. A distinction is also

made between slow methods and rapid methods, as exemplified
below :

Example of a slow method. — The person concerned ingests
300 mgrm. of ascorbic acid every morning at 8 o’clock. The urine

1 See also Jounsow, 5. W., and ZrLva, S. S., regarding certain difficultiss in the interpretation of saturation.
tests (70, 71).
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pa.ssefi during a period of from eight to twelve hours following
faa.ch_mgestion is then collected. When 40%, of the 300 mgrm.
1s eliminated within this period of eight to twelve hours,
the person under examination is saturated.  Alternatively, if-
saturation point is reached only after the third or fourth day, the
person concerned was in a state of pre-deficiency. Certain

autl_lors merely record the time at which the concentration
begins to rise noticeably. ‘

Example of a rapid method. — FINKLE injects 1 gramme of
ascorbic acid intravenously and collects the urine passed during
the six hours following the injection. The person is saturated if
he has eliminated from 30% to 509 of the dose injected.
HARRIs and RAY collect the urine passed between 7 and 10 a.m. ;
they are of opinion that the * ascorbic acid” eliminated
during that period is roughly equivalent to an eighth of the
twenty-four-hour output. At 10 o’clock, the person is given
700 mgrm. of ascorbic acid. In the course of the afternoon, a
normal person should have eliminated at least 309, of this dose.
L. J. Harris and A. ABRASY have proposed another simplified
method of the same kind (116).

These rapid methods are obviously the rougher and the more
unreliable. They are advocated merely because they are more
handy in practice than the slow methods.

It would seem that saturation can be obtained more easily
with food rich in vitamin C than with ascorbic acid taken
separately (88, 91). These facts show the great need for
caution in placing a physiological construction upon saturation
tests. These tests must be regarded as unquestionably useful in
practice but as affording, so far, only very empirical indications.

*
* *

Vascular Resistance.

The tests mentioned above for the detection of vitamin-C
pre-deficiency represent that part of our present knowledge
which is physiologically most satisfactory. From the practical
standpoint of nutrition surveys, however, they have very
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considerable drawbacks, in that they require the 'tztkm_g of
blood sémples or samples of urine, or subcuta.meous injections.
Now these are procedures which the.populatlon groups under
enquiry are usually somewhat unwilling to accept. Moreover,
when the enquiry extends over a somewhat numerous group of
persons, they involve a great deal of work. This is why grt?at
hopes were entertained of the capillary resistance test, which
has no such disadvantages and is much more simple to perform.
Unfortunately, the findings of different scientific wo.rkers are
not concordant, and opinions still differ as to the practical value
of this method. Generally speaking, the principal advocate of
this method is GOTHLIN, in Sweden. We shall, accordingly,
first state his view, and then pass on to the objections urged by
his opponents.

We may begin by an indication of the various techniques
used.

The wall of the small blood-vessels (arterioles, capillaries
and venules) is normally capable of a high degree of mechanical
resistance. It can be considerably distended without rupturing.
On the other hand, in certain pathological states (hzmorrhagic
and scorbutic syndromes), it becomes comparatively fragile,
and slight distension then causes breaks accompanied by
punctate perivascular h&morrhagic extravasations (petechiz).

Vitamin C increases this mechanical resistance of the vascular
walls ; its absence from the organism occasions the fragility
in question. It should be remembered, however, that this is
not the only principle which affects the capillarie.

If there is a marked deficiency (pronounced scurvy), the
hzmorrhagic extravasations occur spontaneously. When the
deficiency is less marked (latent pre-deficiency), moderate
distension is necessary before the fragility becomes apparent,

The low resistance of the vessels was first observed by the
thong or garrot test (RumPEL LEEDE test) : passive distension
by venous stasis obtained with a garrot, the constriction of
which is sufficient to stop the venous circulation but insufficient
to prevent the arterial circulation. This test did not, however,
lend itself to mensuration. HEss’s technique was an improve-



ment on this method, inasmuch as the distension was obtained
by means of a pneumatic sleeve connected with a pressure-gauge.
Compression of the arm was maintained at 100 mm. of mercury
for three minutes ; if not less than ten petechial spots were
then observed on the part of the arm in which stasis was
produced, the test showed abnormal fragility.

A variant of this technique, G. F. GOTHLIN’S method, consisted

of three successive constrictions, of increasing severity : a first
quarter of an hour at 35 mm. Hg, a second quarter of an hour
at 50 mm. and a third at 65 mm. At the end of each stage, the
number of petechiz was counted. A minimum of eight petechiz
observed at the end of the first of the three tests revealed
abnormal vascular fragility.
. These improvements were considered inadequate by some
experimenters. HECHT introduced for the first time in 1907
another method of distension by suction with a small cupping-
glass connected with a pressure-gauge (44). This innovation is
a real improvement from the standpoint of measurement.
Nevertheless, HECBT’s process was not followed up until much
later by DA SirvA MELLo, CUTTER and MARQUARDT, WIEMER,
DALLDORF, ADANT and other investigators. A diagram of the
method is given in Figure 7, which I have taken from M. ADANT’S
publications (45).

A specific degree of depression is produced for thirty seconds
by the cupping-glass, which is pressed on the wet skin at the
bend of the elbow. The skin is drawn into the cup and thereafter,
the surface is examined with a magnifying-glass through
a glass slide which is pressed down upon the portion of skin to
be examined ; by this means, the number of punctate petechiz
formed under the cupping-glass can easily be counted. The
petechiz are counted several times in adjacent areas after the
application of varying degrees of depression. The maximum
depression which can be used without producing petechiz and
the minimum depression which causes them to appear are
ascertained. These two data usually coincide to within 10 or
15 mm. of mercury, and this shows the sensitiveness of the
test.
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Various factors influencing the experiment have been studied :.
differences in the sensitiveness of the skin according to the area,
constancy of the results obtained
with the same subject provided
the measurements are made at -
the same time [of the year, as
there are seasonal variations in
capillary resistance connected
with the changes in the quality
of protective foods at different
times. The influence of various B g
pathological conditions was also
studied. ,

The resistance of the vessels
is normal if, without the produc-
tion of petechiz, they can stand
suction for thirty seconds at a 5
barometric depression varying
from 175 to 350 mm. (in excep-
tional cases, 400) of mercury,
according to the subject and the
time of year.

This method is simple, rapid,

’ SONT7125
painless and accurate.
* .
™ Figure 7.
GOTHLIN is of opinion that APPARATUS FOR THE

MEASUREMENT OF VASCULAR

the measurement of capillary FRAGIL
ILITY.

resistance offers a means of

detecting latent vitamin-C pre- (A} Cupping-glass 1z mm. inter-

naldiameter (flat edge 2 mm.

deficiency. In his latest papers thick)
(89, 90), he measures what he () Spring clip obturating the
calls the ‘' petechial index ” lateral tube.

(this numerical indexis twice the (C) Mercury pressure-gauge.
‘number of petechiz observed in (P) Graduated scale.

the crook of the elbow after a (& Mercury bulb.

quarter of an hour’s stasis at 35 mm. mercury pressure, plus once
the number of extra petechiz which develop in the course of



a second quarter of an hour’s stasis at 50 mm. of mercury
pressure}). This index is said to show seasonal variations which
are related to differences in the vitamin-C content of the diet.
In view of the fact that, according to the author, a connection
between this index and vitamin-C pre-deficiency may be
postulated only in the absence of certain chronic diseases and the
influence  of certain therapeutic agents (vascular poisons),
GOTHLIN now proposes the following test : Measurement of
the petechial index at the crook of the elbow. Repetition of the test
on the other elbow after administration of a daily dose of 300
mgrm. of ascorbic acid for six days. If under such conditions,
the index falls by about 309, of its initial value, and if the said
initial value was abnormally high, the person under test was in
a state of vitamin-C pre-deficiency. GOTHLIN estimates that,
towards the end of the winter, the percentage of cases of pre-
deficiency among the school-children in certain parts of Sweden -
is 22 9/, ' ‘
From the experiments he carried out with his capillary
resistance tests in order to determine the vitamin-C requirements
. of an adult man, G6THLIN has arrived at the following figures :

Milligrammes per day
‘Adult of 50kg. body weight . . . 20to24
' 6o ,, . " 23 to 29
5 { T . 27 to 34 (average about 30)
AT 8 ,, . ” 31to 38
1 go ,, . ) 35to0 43

It would therefore appear that requirements depend upon
body weight and that the average figure is about 30 mgrm.

It has been seen that estimates of the requirements of the
adult human organism in respect of vitamin C have varied, up
till now, according to the criterion used for the assessment :

Mean daily dose éxerting an anti-scorbutic action, just a

few milligramimnes. .
Mean daily dose ensuring normal capillary resistance,
H

30 mgrm. . .



Mean daily dose ensuring urinary saturation, 50 mgrm.
Mean daily dose ensuring saturation of the organs, at least

50 mgrm.

Let us now turn to the considerations which do not militate
in favour of the capillary test.

DEGELLER is unable to establish any relation between capillary
resistance and the vitamin-C concentration in the blood (92).
According to ADANT (Brussels), the intravenous injection of
a single heavy dose of 100 mgrm. of ascorbic acid regularly
raises capillary resistance in man for several hours following
the injection (45, 46). This, however, is also true if the capillary
resistance was already high before the test, and it is equally
true of persons who are saturated on the showing of the urine
test. The ingestion of a single dose of 300 mgrm., on the other
hand, does not produce this immediate effect, even in persons
shown by the urine test zot to be saturated (93, 94). It should,
however, be noted that these tests differ from those of GGTHLIN in
respect both of the technique of measurement and of the fact
that the Scandinavian author studies the effect of small doses
repeated for a considerable period of time. ADANT also failed to
observe any improvement of the capillary resistance in the
course of a urine saturation test involving the daily ingestion
of 300 mgrm. of ascorbic acid for a week.

Finally, BicwooD, DaNis, JACQUEMYNS, SANO and ADANT,
in the course of an investigation the results of which are not
yet published (82), were unable to establish any regular
correlation between the magnitude of the vitamin-C intake in
the food and the capillary resistance of the children and families
studied in the course of a dietary survey. :

To sum up, it is difficult to draw any consistent all-round
conclusion from the experience thus far obtained with the

capillary test. Some authors deem it of value, others not, in
the detection of a vitamin-C pre-deficiency.

*
% L

! There would no doubt be some advantage in resuming these investigations, using Gar "
. . using HLIN'S
technique, which is perhaps superior.
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Tests for Pre-deficiencies of Inorganic Chemical Elements.

Our present knowledge of these signs is still very imperfect.
They are also related, to some extent, to vitamin deficiency.

Calcium and Phosphorus Deficiency.

This may be due to insufficient intake of these elements when
the diet is deficient in protective foodstuffs, a shortage of milk
and cheese being the principal cause of calcium deficiency.

But conditions of vitamin pre-deficiency also have a marked
effect on calcium assimilation, and the acid-base balance of the
diet, too, has an influence. The quantity of calcium ingested
is thus only one of the elements in the complicated problem with
which we are confronted when we come to consider the many
factors affecting the calcium and phosphorus balance.

As already noted, a deficiency in the calcium and phosphate
content of the blood has been observed, together with latent
hemeralopia in conditions of pre-deficiency brought about by
a lack of fat-soluble vitamins (page 193).} Such a deficiency of
phosphates and calcium may also be found in rachitic subjects ;
but, as we have seen, excess of phosphatase in the blood is an
earlier biochemical sign and probably the only sign capable
of revealing a pre-rachitic condition (page 199). '

Iron Deficiency.

_ Anzmia from lack of iron in infants is a typical example, when
a mixed diet is started too late.

But an®mia is also connected with vitamin deficiency, and
the determination of the h2moglobin in the blood has therefore
been recommended as a test in various investigations into
nutrition and under-nutrition. This test is obviously only
valid when the anzmia is not attributable to a morbid cause.
Accurate methods of hzmoglobin determination arere quired,
in order that the hzmoglobin content may be objectively

1 In a normal individual undergoing a complete water fast, thecak:iumeontentoﬂheblooddosnotall:?u:
tobemodi.ﬁedeveninahsthrtwcmrthmmh(54),buthmmo!pmlongadandmmalnumhm.
thmisaslighthndmcymuds:hckdalduminthobkndtso).
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assessed. VAN SLYKE'S method was recommended at the
Conference of 1932 (7). ' -

In England, the use of DARE’S hzmoglobinometer has been
- recommended, the blood being taken from the lobe of the ear.
According to Mackay (56) in London and DAVIDSON (s7) at
Aberdeen, about half of the women who come to the hospital
out-patient department are suffering from a form of anzmia
which can be cured by iron treatment. These authors think it
possible that this common form of anzmia may have its origin
in a defective diet, and it is proposed that studies should be -
carried out in England with a view to the statistical comparison
of nutrition in groups differing from one another in respect of
the mean hzmoglobin content of the blood.?

Tests for Protein Pre-deficiency.

The quantitative determination of the total nitrogen content
of a twenty-four-hour sample of urine was recommended by
the International Conference in 1932 (7). While this test
undoubtedly gives an accurate indication of the total nitrogen
intake in the diet, it is open to one serious objection : it
necessitates the obtaining of a true sample of the urine passed in
twenty-four hours. The test is admittedly difficult to carry out
in practice with the necessary care, and is not very suitable for
purposes of social investigations.

Protein Content of the Blood Serum,

The normal human blood serum contains the following
quantities of total proteins :

7 to 8 grammes % (sometimes g grammes) in the adult ;-
6 to 7 grammes 9 in the infant.

The normal ratio of serum albumin and serum globulin
(A/G ratio) is 1.7 to 1.9.

¥ See also Jerraxy Rausay, v. T. Tamazws and H. E. Macxz (96} and H. B. Macz (98).
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Cachectic cedema and starvation cedema are accompanied by
hypo-albuminosis of the serum ; the total protein content often
drops to a figure ranging, according to JANSEN (50), from 4.6
to 5.9 grammes %,

At the same time, the A/G ratio tends to fall. It was
reasonable, then, to suppose that similar but less accentuated
blood-serum , modifications might be observable at a fairly
early stage in persons living on a diet unbalanced in respect of
nitrogen intake. This is why the use of these criteria was
recommended at the Conference in 1932 (7).

Various micro-analytical methods, perfected and now accepted
as classic, can be recommended : there is, for example, the
PARNAS and WAGNER (microkjeldahl) process or FoLIN’S
colorimetric test, for both of which one-tenth of a cubic
centimetre of blood serum is sufficient.  The accuracy and
reliability of these methods are well established ; they are
described in different classical treatises. An optical process,
based on the measurement of the refraction index of protein
media, has also been known for some time.

A method more recently recommended is that of the
determination of protein nitrogen, based on the principle of
TER MEULEN’S method (51), while, lastly, and more recently
still, E. GorTER, of Leyden, has proposed a physical method
employing a one-in-ten blood-serum dilution spread in a

monomolecular film on -% hydrochloric acid (measurement of

the spreading power of protein media on the surface of
liquids (52)). :

It still has to be determined, however, whether these blood
analyses are really capable of revealing at an early stage a
specific state of protein pre-deficiency in persons whose diet has
a. comparatively satisfactory aggregate energy value. Only
if this is so can the method be of any practical value in detecting
a deficiency of protective food in respect of protein. If, on the
other hand, the dietary deficiency must be pronounced to the point
of affecting the total calorie intake before it can influence the
protein concentration of the blood serum, the method will lose
much of its value, owing to the lack of sensitiveness of the test.
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Further research will be necessary to settle this qutfstit')n. It
is conceivable that protein deficiency may be 1r.1d1rectly
determinable through its effect upon basal metabolism (see

below).

2. NON-SPECIFIC PHYSIOLOGICAL TESTS

Whereas the specific physiological tests which we have just
been studying are designed to reveal latent states of pre-
deficiency attributable to an ill-balanced diet deficient in
protective foodstuffs—and we have seen that, in the present
state of our knowledge, these methods cannot be regarded as
being all of equal value—it now remains to review rapidly,
or simply to enumerate, the physiological tests—non-specific
in the sense just defined—which are concerned with physiological
functions liable to be affected by under-nutrition, though they
are not to be regarded yet as early tests for malnutrition.

These tests extend, generally, to all physiological measure-
ments of the muscular, respiratory, circulatory, digestive,
endocrine, nervous and urinary systems, and to hematological,
sensory and psychotechnical measures.

A few tests only will be briefly described here by way of
example, as they cannot all be mentioned.

Measurement of the Basal Metabolism.

It has long been known that basal metabolism tends in the
long run to slacken slightly in persons who have been suffering
for some time from pronounced under-nutrition (r, 2). It
remains to be determined whether this test can be used to detect
conditions of moderate malnutrition at a fairly early stage. This
appears unlikely a priori, but the possibility cannot be entirely
dismissed. Again, the lower limit for a basal-metabolism value
that is still normal is not sharply defined, and questionable
limiting values must be viewed with caution. Certain signs of a
downward tendency of basal metabolism also .occur, especially
when the protein intake is deficient, even when the total energy
value of the diet may be high (DEUEL (53))." Thus the fall of
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the basal-metabolism value is an index of protein deficiency
rather than evidence of a shortage of total calories, but the lack
of protein must be pronounced before it affects basal metabolism.

A slight reduction of about 109 of the basal-metabolism
figure was observed in a few individuals during the war of 1q14-
1918—that is to say, during a period of pronounced and
protracted under-nutrition (for references, see LAUGIER and
LiBERsON (17)).

CHEVALLIER has shown that vitamin A exerts upon the rate
of basal metabolism an action antagonistic to that of thyroxin
(97). But the variations of basal metabolism which may be
produced by vitamin-A deficiency fall within the limits of normal
physiological fluctuations. .For the practical purposes of
enquiries, it is hence difficult to detect any abnormality of the
basal metabolism rate which is inherent in vitamin-A pre-
deficiency.

Similarly, B-group deficiencies are known to depress the basal-
metabolism rate. But here, again, it would appear that the stage
of frank deficiency must be reached before any distinct difference
in the rate of basal metabolism can be discerned.

Blood Tests.

There is a definite tendency towards a fall in the sugar content
of the blood during the first week of a complete water fast,
after the second or third day. In the course of a prolonged fast,
the blood sugar tends to resume its normal level. On the other
hand, the level does not appear to be appreciably modified when
the diet is unsatisfactory, especially since there is never any
dearth of carbohydrates in ill-balanced qualitatively defective
diets. Carbohydrate deficiency is found only in very pronounced
cases of general under-nutrition. _

Many other blood measurements have been effected in cases of
under-nutrition : counts of blood cells, red corpuscles and
leucocytes, differential counts ; coagulation time ; measurement
of the alkaline reserve, of the specific gravity ; uric-acid and
cholesterol content, etc.

It has not been proved that these measures can be taken as a
sensitive index of defective nutrition. They have generally been
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carried out only during complete fasting or in persons suffering
from very marked under-nutrition. - A fairly complete
bibliography on the question is given by LAUGIER and LIBERSON
in a memorandum which has already been published in the
Bulletin of the Health Organisation (17).

The same applies to several analyses of urine : the total
nitrogen content, creatinuria and the urea-nitrogen ratio (urea
N/total N} fall in persons who are fasting. The ammonia
coefficient (ammonia N/total N) and acetonuria increase during
complete fasting (the well-known phenomenon of starvation
acidosis) ; the ratio of carbon to nitrogen also increases. But
here, again, only very pronounced under-nutrition and starvation
have been studied on these lines (17). There is nothing to suggest
that these signs are capable of revealing a lack of balance in a
diet of fairly adequate total energy value.

Cardiac and Vascular Tests.

MURLIN'S test was mentioned at the 1932 Conference (7).
The pulse is taken in the resting position, before and at certain
fixed intervals after a measured amount of work, such as stepping
up on to a chair and down again five times in fifteen seconds
(heart fatigability test) (see also gg).

The product of the heart differential pressure (difference
between systolic and diastolic) and of the pulse rate gives a
value which is said to run parallel with the oxygen absorption
and may thus be taken roughly as an index of variation of the
blood volume flow per minute. The characteristics of the pulse
and arterial pressure during fasting have been studied (see 17).

Fatigability of Subject under Observation in the Course of Muscular
Exertion. i

A mnote by Professor ATZLER appeared as an annex to the
report of the 1932 Conference (7) with reference to the various
tests : dynamometrical measurement of the force exerted by the
dorsal muscles during the transition from the bending to the -
erect position ; dynamometrical measurement of the force
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exerted by the hand ;! ergographic tests applied to flexion
and extension movements of the forearm. Measurements of
muscular chronaxie have even been suggested.

In England, movement co-ordination tests have been proposed
—according ' to HoORSLEY’s method, for instance. Dynamo-
metrical tests are also used there, and the results obtained in all
these various ways are correlated with the somatometric data
and with the classification of children into four groups according
to general clinical appearance (see page 176).

In Belgium, M. DELAET has examined another test of the
normal capacity of adult man and of his endurance in the course
of muscular exertion. This test consists in determining the ratio
of respiratory capacity in cubic centimetres to the pulse rate per
minute. The test is based upon the fact that lung capacity
may offset cardiac excitability during severe exertion, whereas,
on the other hand, slowness of the pulse can, within physiological
limits, make up for a smaller respiratory volume.* This test is
applied to normal persons to determine fitness for heavy muscular
work. A ratio under 35 indicates the subject is not fit to
undertake fairly tiring work and should avoid any exertion other
than moderate gymnastic training. A ratio between 35 and 45
is found in subjects who are still in comparatively poor condition
from this point of view. A ratio between 45 and 55 represents
a fair average figure, and persons yielding a value over 55 are
fit for heavy muscular work.

It does not seem that the influence of diet on the response to
this. test has been studied. It is not impossible that dietetic,
as distinct from pathological causes may eventually be found
to have some bearing upon this matter.

1 Dynamometers of CoLLIN; Hamn, Urrman (rmercury) ; Hamw (traction), etc.
2 Let us take, for instance, a case of low vital capacity in an adult man—viz., 3,000 c.c. If the subject
tends to show prenounced cardiac excitability (pulse rate 90), which is unfavourable to his capacity for

. . . - 3,000
muscular exertion, his cardio-respiratory quotient will be comparatively poor N = 33.3. If, however,
e shows bradycardia within physiological limits (pulse rate 60), he may be capable of considerable muscular
. N o will he 39 o
exertion, notwith-standing his low vital capacity ; his cardio-respiratory ratio will be . so0, which

is satisfactory. ) ) o
The test is difficult, owing to the frequency of emotional tachycardia at the time of examination,
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Various Other Tesls.

We have just referred briefly to a few examples of non-specific
physiological tests that have already been tried on fasting or
gravely under-nourished persons. All the differential biometric
determinations could be used without exception in this
connection : measurement of the thoracic capacity (spirometrics),
various sensory tests, tests of skin sensitiveness (zthesio-’
metrics, barasthesiometrics, thermal sensitiveness, etc.), mental
and psychomotor tests, etc.

These cannot be discussed here in detail. In any case, there
are many scientific papers which deal with biometrics in its
most general aspect. The purpose of this report is merely to
show the service that has been done by those among these tests
that have been profitably studied in connection with problems of
nutrition,
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,Chapter IV

SOME EXAMPLES OF VARIOUS TYPES OF ENQUIRIES
IN A NUMBER OF COUNTRIES

The 1932 Conference (7) advocated, for the purpose of enquiries
designed to characterise the state of nutrition of whole
populations, simple methods suitable for extensive surveys ;
for practical reasons of organisation and because of the limited
facilities available, investigations have frequently been limited
to a few easily applied tests. Now past experience shows that
this is not always a very profitable line to take ; it is desirable,
on the contrary, to combine as many tests as possible in the
course of the enquiries. _

Taken individually, tests frequently yield divergent results
that are difficult to interpret. The following is an example :

A summary clinical examination applied as thé sole means
of classifying subjects into three or four categories according to
their general condition (page 176) has frequently led to the
recording of favourable findings in respect of three-quarters of
the population or more. This, according to M. T. MORGAN,
has been the case in certain enquiries in England. Now, from
a recent report by Sir J. B. ORR, it would seem that, in that
same country, the diet is not likely to be completely satisfactory
except in income groups at or above a level which is attained only
by 509%, of the population (58).

If we approach the matter from another angle, that of a
purely physiological investigation, based upon the detection
of signs of latent vitamin deficiency—a method of enquiry
of which our knowledge is still inadequate—the proportion of
subjects yielding favourable findings is still smaller (see above,
pages 193 ef seq.). Such fragmentary enquiries thuslead tocontra-
dictory conclusions that are difficult to interpret individually.

If we are to improve our knowledge of the state of nutrition
of populations as related to diet, the enquiries to be conducted
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in the future must clearly be directed towards the obtaining of
further evidence concerning the significance of the tests
themselves—that is to say, the acquisition of more accurate
knowledge as to their value, and thereafter the collection of
objective data as to the requirements of the body in respect- of
protective foods and the variability of such needs in relation
to climatic conditions: ‘

It is in consideration of both these aims, which must be
simultaneously pursued, that a distinction must be made, for
practical and material reasons, between various types of enquiry.

First TYPE oF ENQUIRY !

Simple Methods intended for Mass Enguiries.

This, as a matter of fact, is the type of enquiry already
advocated in 1932 (7). It is essentially suitable for practical
work, such as the rough determination of the general condition
of large numbers of children in the course of demographic
surveys, or the first summary classification of a very large number
of subjects (from several thousand to several hundred thousand).

For this purpose, it has been recommended that record cards
be prepared giving particulars of : ’

(1) Age;

(2) Sex ;

(3) Physical appearance (slender, medium or stocky
type) ;

(4) Weight ;

(5) Height (possibly also the sitting height, so that research

workers who believe in certain somatometric tests employing
this value may be able to use it).

If the first classification just mentioned consists in comparing
!:he individually observed heights and weights with the figures
in the table of *“ normal ** values, the classification will be very

! See three types of enquiry already mentioned in the Introduction to Pact II, pages 149 to 151,
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rough. It will merely enable those subjects to be picked out
whose condition is markedly anomalous, and, being so, is more
" likely than not to be attributable to some morbid cause rather
than to defective diet pure and simple. Moreover, subjects
coinciding with the norm cannot be regarded as necessarily in
a state of satisfactory nutrition. This is why it is recommended
that, in enquiries of this kind, the measurements should be
repeated at intervals of a few years, so that the trend of weight
and height in one and the same population may be determined
without recourse to a table of so-called normal values.

If the latter method be adopted, this first type of enquiry
thus reduces itself to judging the rate of growth, and this is the
only way in which it may be usefully turned to account for the
appraisal of the state of nutrition of children. It is common
knowledge that growth is closely related to the composition of
the diet in respect of protective foods. Now, the resultant of the
phenomenon of growth—that is to say, the stature and weight
of the adult subject—is governed in the main by hereditary
factors ; but, as Sir John B. ORR points out, ‘‘ the extent to
which a child will attain the limit set by heredity is affected by
diet * (58). '

So far as the normal rate of growth in children is concerned,
opinions might vary as to how this should be defined ; therefore,
even in simple enquiries of the first type, the somatometric
measurements whereby this rate is determined should be
supplemented .by a summary clinical examination (page 175)
and by other objective data, such as the frequency of absences
from school and the standard of school work. Any variation
in the rate of growth which is accompanied by an improvement
in the standard of work and a reduction in the absences from
school may be rightly regarded as reflecting an improvement in
the nutrition of the normal child.

SEcoOND TYPE OF ENQUIRY

This second type of enquiry is much more elaborate than the
first. For material reasons, it can be applied only to smallfer
groups (a few hundreds). It is definitely experimental in
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character and calls for the services of physiologists and of
doctors trained in this line of research. For these reasons,
there can be no question of proposing a rigid study programimne
based upon a planned scheme of organisation. Ft wx?l ne‘cessanly
depend on possibilities and upon the exact object in view. All
that can be suggested is that such enquiries should in any case
comprise : '

(1} The simple tests of enquiries of the first type ;
(2) Exact particulars on diet.

Since no specification of such a type of enquiry can be given,
it will doubtless be preferable to describe briefly a few examples
of studies taken either from among those made in the past and
already reported upon, or from among those now proceeding,
even though they may not strictly follow the recommendations
set forth above. Needless to say, the list of examples given below
does not claim to be exhaustive. Its only purpose is to afford
illustrations of the kind of work that has already been attempted
Or is Now in progress.

1. In England.

CorrY MANN showed in 1926 that the rate of growth of
children under observation in an industrial school improved
when the diet was supplemented by an additional milk ration.
Where, for instance, the mean height increment.among boys
was 1.84 ins. a year in a control group not receiving
supplementary milk, the corresponding figure was.2.63 ins.
in the group receiving such milk.* (Reference given by Sir
J.B. Orr (58).) In 1927, in seven Scottish towns, 1,500 children
from elementary schools received a supplementary milk ration
at school, during a period of observation of seven months.
The growth recorded was 209, higher than that of children not
receiving this supplementary ration. In addition, there was an
improvement in the average state of health of the children (60).

1467 om. and 6.68 cm. respectively.
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Other similar tests covering 20,000 children gave comparable
results (see 58). By way of comparison, we may also mention
that, among- under-nourished children of the elementary schools
at Tokio, the mere provision of a supplementary daily ration of
200 c¢.c. of milk over a period of six months considerably
improved the rate of gain (plus 869, for weight and plus 169,
for height) (Tsurumi). Similar results were achieved by
experiments in New Zealand (see 58).

The above are enquiries involving a comparison between
somatometric data and certain nutritional factors essentially
connected with the protective foods.

The Ministry of Health has also had another enquiry carried
out by the Milk Nutrition Committee (Milk Act, 1934) (100).
It took place at Luton, Wolverhampton and Burton-on-Trent,
in Renfrewshire and at Huddersfield, and covers 8,000 children
from 5 to 14 years divided haphazardly into four groups:

(1) The control group receives a supplementary biscuit
ration ; .

(2) The second group receives 200 grammes of pasteurised
milk ;

(3) The third group receives 2 X 200 grammes of
pasteurised milk ;

(4) The fourth group receives a supplement of 2 X 200
grammes of raw milk.

These supplementary rations are distributed free; the enquiry
comprises a clinical examination, somatometric and physiological
tests. '

With regard to iron deficiency, experiments similar to those
set forth on page 212 afford further examples of the same type
of work. ’ ) o

Altogether, the enquiries involving the determination of
hzmoglobin in the blood have already covered more than 2,000
persons in various urban centres (Warrington, Manchester,
Huddersfield, Oldham). .

Enquiries comprising, among other things, a dynamometric
test have already been carried out upon some 5,000 persons



(Warrington, Manchester, Leeds, Huddersfield, Glossop,
Barnsley and Walthamstow) ; voluntary m.ovement co-
ordination or balancing tests (modified ROMBERG sign) have been
performed on nearly 3,000 subjects (same urban centres).' In
a substantial proportion of the persons examined, these various
tests are accompanied by a clinical test.

- Blood analyses have been taken in the case of some 500
expectant or nursing mothers at Leeds, Warrington, Barnsley
and Blackburn. In the last-named locality, the.analysis has been
supplemented in some thirty subjects by the measurement of
the calcium, phosphate and phosphatase content of the blood.
Finally, it should be said that many enquiries into diet and family
food expenditure have been conducted at various times in
England. According to several English authorities, an accelera-
tion of growth consequent upon a change of diet should always
be regarded as reflecting an improved state of nutrition. This
view is, however, not generally shared, and many physiologists
and doctors on the Continent are not convinced that it is always
desirable to aim at attaining the maximum rate of development
in children. , L

This is why it was suggested that other data should be collected
at the same time as particulars of the rate of growth, such
as the standard of school work, in-order that the exact
significance of the change of rate of growth might be better
judged. Here, again, exact and specific data are still lacking,
and we must wait until these have been obtained through
experimental work before we can discriminate objectively
. between normal, subnormal or deficient states of nutrition.

At the Aberdeen Imperial Institute of Animal Nutrition, -
research on specific pre-deficiency tests is to be undertaken with

a view to developing our knowledge of thé subject. '

II. In Belgium.

-

The fairly numerous enquiries conducted in that country both
before the war and latterly have brought evidence of the fact
that the average energy value of diets is satisfactory, and this
is true even in cases in which social conditions are not very -



favourable—e.g., among the insured unemployed. It should be
said, however, that this class of unemployed is not the one which
is living under the worst conditions. Among the insured
- unemployed of Brussels, in 1932, the mean energy intake of
adults of both sexes was equivalent to about 2,500 nett calories
. per diem. Assuming 2,800 calories to be a fair moderate
figure (the mean of 3,000 for the man and 2,600 for the woman),
the average deficit was only about 10%,. On the other hand,
the diet of a substantial proportion of the Belgian population
is very definitely deficient in protective foods.

Taking, by way of example, the general average of milk
and butter consumption in the country as a whole, we find
that it represents only about a third of the amount that would
be desirable (xox). This is why social medical enquiries are
undertaken at Brussels with a view to detecting latent states
of pre-deficiency.

Up to the present; more than a hundred school-children of
Greater Brussels have been subjected to tests for impaired
power of adaptation of visual acuity and for vascular fragility.
This enquiry is associated with a careful study of the children’s
diet, their circumstances, and their condition from the medical
standpoint.! From a comparison of these various kinds of
data relating to one and the same population, conclusions
can be drawn on two points :

(1) The significance of the pre-deficiency tests concerned ;
(2) The state of nutrition of the population.

So far as the former point is concerned, there is no doubt
much to be learnt before we can interpret the results yielded
by these methods ; this type of investigation is thus still in the
experimental stage. The children under enquiry are examined,
so far as possible, twice a year : once at the end of winter,
and again at the end of summer.

In this way, it is possible to determine what differences in
respect of vitamin intake are attributable to the unfavourable
time of the year in the one case and to the favourable period in

the other.

1 The results of this enquiry have not yet been published im full. For preliminary references, see (82) and {93).
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It is absolutely essential that the investigations concerning
specific physiological tests should be supplemented by dietary
surveys, for, even if it should be shown that an abnormal
response to these physiological tests can be corrected after
treatment with a comparatively high dose of vitamins
administered in the form of concentrates, this does not prove
that the abnormal response was due to a lack of vitamins in the
diet ; the state of pre-deficiency may be attributable to an
endogenous pathological cause, such as excessive vitamin
destruction in the organism, and not necessarily to an exogenous
cause (deficiency in the diet?). There still remains for us to
verify whether or not there is any regular parallelism between
fluctuations in the vitamin intake and the results of specific
physiological tests.

I111. In Denmark.

So far as earlier work on vitamin-A pre-deficiency tests is
concerned, EDMUND and MOELLER, as well as FRANDSEN, have
already been mentioned (pages 193 et seq.). Reference should
also be made to the work of FRIDERICHSEN and EDMUND in
the same field (72). :
~ Other similar investigations are now proceeding. They were
begun in 1936 ; they are being carried out in the Faroe Islands
by a group of doctors, ophthalmologists, dentists and nutrition
experts ; they are planned to continue for two years.

Similar work.is being done among other groups of the
population(unemployed, rural districts, etc.). .

IV. 1In the United States.

A large number of enquiries of various kinds have been
proceeding for some considerable time in the United States.
The _Children’s Bureau at the Department of Labour at
Washington is now preparing a detailed report on the question,

1The distinction between endogenous and exogenous deficiencies b i i
! a8 been discussed on several occasions
In this monograph (see Pages 13, 81, 82, 154).



with the assistance of the Institute of Human Relations and the
Pediatrical Service of the Faculty of Medicine of Yale University.
The enquiry comprises : h

(1) Complete clinical examinations of the children under
enquiry, on the lines of a standardised plan of examination
laid down in advance ;

(2) Various somatometric indices of malnutrition, indices
of Franzen (A.C.H.), PrRyor and BaLDWIN-WooDp (height,
weight, age, sex) (pages 172 to 174) ;

(3) A social enquiry;

(4) A dietary enquiry ;

(5) The child’s medical history and especially the frequency
of absences from school. -

The enquiry covers some 750 children examined in 1934 and
1935.

A preliminary investigation was carried out on a group of
200 children with a view to determining the reliability of the
methods adopted in noting the results of the clinical examination.

We have already seen above that the difficulty of medical
enquiries resides in the method of recording the clinical
impression of the examining physicians {(see page 177).

In order to test the value of the method employed, the zoo
children were examined at frequent intervals by three separate
doctors, all of whom carried out the instructions given. In
addition, a hzmoglobin determination was made in 150 out of
200 children by the HADEN-HAUSSER method. The purpose of
the enquiry was to ascertain whether the classification of children
yielded by a single medical examination tallies with that which
is obtained by somatometric tests, and whether the results
of such examinations can be brought into relation with the
dietary and social enquiries.

Somatometric tests determining the rate of growth have also
been in use for ten years in the investigations undertaken by
the health services of the City of Hagerstown (State of
Maryland) : annual weighing of school-children, measurement
of height and other somatometric tests (FRANZEN and PRYOR).
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Finally, there are yet other enquiries proceeding in the United
States ; dietary surveys in the rural areas and physiological
pre-deficiency tests with regard to vitamin A (ocula%r te_st of
dysadaptation), vitamin C (capillary. fragility), vitamin D
(X-ray examination of the bony structure and chemical tests})

etc. .
V. In France.

Professor ParisoT (Nancy) arranged for a dietary survey and
a budget investigation to be carried out on 10,000 families in
the department of Meurthe-et-Moselle by the Office d’Hygiéne
sociale and the Social Medical Service ; a staff of seventy nurses
is in charge of the work.

An extensive national enquiry is also proceeding under the
direction of Mme. L. RaNDoIN, Directress of the Institut
d’Hygiéne alimentaire, Paris.

VI. Inthe Netherlands.

Certain results of somatometric investigations conducted in
the schools of various towns have already been described in the
present report (page 156). At Amsterdam, an enquiry was
undertaken among school-children who were subjected to
physiological tests for vitamin-A pre-deficiency (dysadaptation
of visual acuity and WESSELY’S method (page 198).

Finally, material concerning dietary survey findings considered
in relation to blood tests has already been published in the
Bulletin of the Health Organisation (42).

VII. In Norway.

Professor SCH16Tz's somatometric investigations were both
" numerous and extensive. They have been referred to in the
present report (pages 158 et seq.). '

A detailed enquiry is proceeding with regard to the state of
nutrition of persons living in somewhat different social conditions.
(favourable and unfavourable financial circumstances). It
extends to about 300 families in and around Oslo and to two
fishing districts in the north of Norway. The dietary survey is
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Tepeated twice or three times in the course of the year, so that
seasonal fluctuations may be followed, and, on each occasion,
covers a period of four weeks. The state of health of the children
is also examined three times in the course of the year, and the
enquiry includes an investigation of the previously recorded
medical history, a clinical examination of the heart and lungs,
the measurement of height and weight, a record of the clinical
impression, an examination of the teeth by a dentist, the
determination of hamoglobin of the blood (Zeiss-Ikon h&mo-
meter), the capillary fragility test, FRANDSEN’s test of
dysadaptation of visual acuity and voN PIRQUET’s skin test.

One of the purposes of the enquiry is to determine the value
of the three specific physiological tests. X-ray examinations
of the bones are carried out upon all subjects whose response to-
the capillary fragility test is unfavourable.

A systematic study of the effect produced upon the rate of
growth by improving the protective food component of the diet
among the poorer classes was . carried out at the time when
certain schools introduced the ‘ Oslo breakfast’’, whilst other
schools continued the older practice of giving a hot lunch. The
quality of this hot meal was inferior to that of the * Oslo
breakfast >, which consists of protective foods (milk, Kneipp
rusks and Kneipp bread, cheese, butter, orange, apple or raw
carrot).

Experience has shown that, over periods of observation of
six months, the rate of growth increased in the proportions of
48%, among boys and 140% among girls receiving the * Oslo
breakfast ”’, as compared with that observed in children
receiving the lunch, which is less satisfactory in point of
physiological quality (73 and 74).

VIII. In Sweden.

The many dietary surveys and investigations into the state of
nutrition of children in Sweden show that in that country the
diet is frequently deficient both qualitatively and quantitatively,
and more especially in regard to the vitamin-C intake. The
Swedish Parliament has a proposal before it which, if adopted,
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will enable the *“ standard Oslo breakfast **, with its rich supply
of protective foods, to be provided for some 50,000 children.
It is thought that this meal will enable ascertained deficiencies
to be corrected and that arrangements will be made for the
children receiving it to be examined with regard to their state
of nutrition both before and after this experiment. The enquiry
would last a year.

THirD TYPE OoF ENQUIRY

The purpose of the third type of enquiry advocated
is somewhat different from that of the first two types.

To begin with, it calls for an even more elaborate plan of
studies than enquiries of the second type, since its object is to °
study the disturbances occurring in all the functions of the
body when the diet is quantitatively or qualitatively deficient,
even if there is no apparent reason, either immediate or remote,
to suppose that these functions may be more or less markedly
affected by a state of malnutrition. '

Such enquiries are thus biotypological in character, which
means to say that they are essentially intended for the purpose
of working out individual graphs characterising under-nourished
persons or groups, and thereby ultimately distinguishing between
types of persons displaying different individual reactions—that
are characteristic for each group—to one and the same state
of malnutrition. : '

The aim of these enquiries is thus somewhat different from
the essential object in view here. It is not merely to define
suitable methods for the detection of states of malnutrition,
but to go a step farther and to investigate whether different
persons are likely to react in a different way to some particular
effect of malnutrition, owing to the fact that they belong to
different categories of human types.

The objective of such an enquiry is thus not merely a matter
of social medicine but the securing of results of purely scientific
interest.

‘Such enquiries are therefore particularly extensive by reason
both of the variety of tests involved—since these concern the



functions of all organs of the body—and of the necessity, for
statistical reasons, of extending these enquiries to a very large
number of persons all living under similar social conditions in
general, and nutritional conditions in particular.

This is inescapable, since, where fine shades of distinction have
to be made, it is essential to make certain that the differences
determined by mean statistical wvalues correspond to real
significant differences and not to meaningless fluctuations
within physiological limits. The conditions for such a type of
enquiry are hence complicated, for, in the first place, numerous
tests have to be applied to large numbers of persons, and, in
the second place, the physiological and social conditions of all
the subjects under examination must be identical, so that they
may be comparable. _

The various tests which have been contémplated in this type
of enquiry have been discussed in an article by LAUGIER and
LiBERSON (17), published in the Bulletin of the Health
Organisation.

An enquiry of this kind has been carried out in Paris, under
the direction of Professor H. LAUGIER (102).
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General Conclusions

Methods of assessing the state of nutrition are never simple
when the object in view is a specific characterisation of this
state in so far as it is clearly related to defective diet. ‘

The comparatively simple, purely somatometric, methods that
can be used in large-scale enquiries give an indication of the
all-round physical condition of the subject, and the findings
do not relate exclusively to the state of nutrition. Anthropo-
logical factors connected with differences of stature have an
important influence upon the recorded numerical values. The
only conditions in which these figures may be of some value in
assessing the state of nutrition have been defined.

The more complex methods, in which it is sought to combine
simple somatometric tests with either clinical or physiological
tests, are not at present suitable for use in large-scale enquiries ;
at the same time, they enable the problem to be studied more
closely in less extensive surveys. |, _

More detailed investigations bearing on a comparatively
small number of persons may be expected to yield new knowledge
concerning states of malnutrition. At present they are still in
the experimental stage, but will help both to assess the
intrinsic value of the methods at present contemplated and to
gain a clearer idea of the requirements of the human organism
in respect of protective foods. They will in future afford a
means of procuring essential additional information in the field
of nutritional hygiene, without which the highly valuable
experimental work on animals would not enable us to reach .a
satisfactory solution of the problems of human morbid physiology
that arise for consideration.

With these considerations in view, it will therefore be necessary
fo combine, wherever possible, dietary surveys and enquiries
Into the state of nutrition, covering the same population groups.
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TERMINOLOGICAL INDEX
(Covering both parts of the Guide)

Absences from school (see School).

Acid, acetic (vinegar), 65.

lactic, 186.

~— pyruvic, 186.

— nicotinic, and its amide, 76,
88.

Alcohol, 65.

Amblyopia, crepuscular
Hemeralopia).

Amplosome, 169, 172, 176.

Anzmia, 81, 143, 200.

Analysis, physiological, of diets,
53112,

Assessment of the representative
character of the mean value of a
group, in statistics, 132-138.

Asymametry of statistical data,
122,

Avitaminosis, apparent (see Defi-
ciency, frank).

(see

Balance of diet, acid-base, 74.

Beri-beri, 81, 154.

Biometric (see Tests).

Birch and Hirschfeld’s apparatus,
(see Deficiency, vitamin-A),

Blood (see Tests).

Body-building (see Principles).

Calcium, 73, 108-112, 211, 224,

Calculations, statistical, 16, 44,
120-137.

Calories, net and gross (see also
Principles, energy-bearing), 29,
62-64, 65-69. 88, 89-ros, 113-
116-127-137, I41-143, 214-215.

Carbohydrates (ses also Principles,
energy-bearing), 64, 82, 115,
154, 215.

Cardiac tests (see Tests, physio-
logical, non-specific).

Circumference of skull (see Index).

Classification of foods, 49-5I.

of populations into homo-
geneous groups (see Homo-
geneity of population groups
studied).

Clinical tests (see Tests).

Coefficients, caloric, of Rubner and
Atwater, 67,

family consumption (or

consumption units), 14, 24, 53.

89-112, 119. .

of physiological utilisation of -
foods (see Intake, useful).

-—— of variation, in statistics,
I124-135.

Collaboration of families in
enquiries, securing of, 41I. .

Complex, B, (see Vitamin B,).

Cornea (see also Xerophthalmia,
and Reflective power of cornea),
186, 197, 228,

Curve, frequency distribution; in
statistics, 12I.

Deficiency, frank, 12, 80-81, 115,
142, 145, 185, 189, 211,
—— exogenous, I2-13, 82,

154, 189,
~——- latent, or Sub-deficiency (see
Pre-deficiency).

140,



_— -243 —

Deficiency, secondary (endoge-
nous), 13, 82, 154, 196, 226,
——— Vitamin-A, 8o, 146, 150,
186-198, 215, 235, 228.

— Vitamin-B,, 81, 154, 186,

—— Vitamin-C, 81, 146, 150,

" 200-210, 225, 228, 229.

~—— Vitamin-D, 81, 144, 150, 198-
200, 228,

Dermatitis, 76, 81.

Deviation, standard, r124-137.

Dispersion of real values around
the mean, 58-60, 78, 89, 120-137.

Distribution of real values around
the mean, I20-I37.

Dorsal median furrow, sign of
Knudsen-Schiétz, 181-183.

Dunfermline scale, 146, 175.

Duration of dietary surveys, 42-45.

Dysadaptation (see Hemeralopia,
latent).

Edmund, ophthalmological chart

(see also Deficiency, vitamin-A),
188. -

Error, probable, in statistics,
133-137.

standard, of the mean,- in
statistics, 132-137.

Extension of dietary surveys {see
Scope).

Fatigability after moderate mus-
cular exertion, 144, 226-2r7, 223.

Fats (see also Principles, energy-
bearing), 63-64, 73, 82, 116,
140.

lavin (see Vitamin-B, complex).
ragility, wvascular or capillary
(see Resistance).

‘urrow, dorsal median (see Dorsal).

lucides (see Carbohydrates).
rowth, 81, 8s,

219-230.

143, 155174,

Hamogiobin, 144, 150, 211, 223,
227, 229.

Hemeralopia, frank {sez Night-
blindness). .
latent, 146, 150, 186-197.

225-229.
Height, body, ¢8-105, 144. 149,
I155-174, 220, 227, 220.
Homogeneity (Heterogenpeity) of
population groups studied, 24,
25, 45. I27-137.
Hypovitaminosis {s¢¢ Deficiency,
vitamin).

Index, Bouchard’s, 161.

Flesch’s, 170,

Franzen's, 146, 172, 227.

~—— Livi's, 146, 164.

Manouvrier’s, 16s.

McLoy's, 173.

——— ‘" Pelidisi”, 144, 146, 166-169.

petechial (see Resistance,
vascular),

—— Pignet’s, 146, 164.

—~—— Pryor’s, 172, 227,

Quételet’s, 146, 164.

Rohrer’s, 164.

—— *' Sacratama ", 144, 146, 175,
I177-178.

—— Sitting-height, 166.

skull circomference, 171.

Tuxford’s, 173.

“ Vitality ”*, 169.

Inorganic chemical elements, 3o,
70-75, I08-112, 211, 223.

Intake, useful and total, of the
components of the diet, 29-3t,
57-58, 65-69.

Iodine, 74.

Iron, 74.

Keratomalacia, (see Xerophthai-
mia}.

Lactoflavin (ses Vitamin-B, com-
plex).
Leptosome, 169, 172, 176,



Mean, arithmetic, 16, 44, 58,
123-137.
weighted, in statistics, 122.
Median, in statistics, 122.
Mesosome, 169, 172, 176.
Metabolism, basal, 214.
Methods of making surveys:
direct and indirect, 30, 3I, 44.
by records of
purchases in household books,
35. 42, 47, 68. .
by questionnaire
(and ° schedule ”” method), 37.
monographic, 29.
photographic, 150,

I181-183.

by weighing, 31,
42, 47, 68. ,

Mode, in statistics, 122-124.

Morbidity, 140, 141.

Mortality, 140, 141.

Night blindness (or frank hemera-
lopia), 80, 187, 189,
Nyctalopia, 187.

** Pelidisi ”
Index),
Pellagra, 13, 76, 81, 88, 153-154.
Petechial, (see alsc Resistance,

vascular), 203-210.
Phosphatase content of blood,
150, 198-200, 211, 224. :
Phosphorus, 72, 78, 108-112, 211,
224, . :
Photographic (see Method).
Pro-deficiency (latent or un-
apparent deficiency), 12-13, 81,
15, 143-154, 158-162, 185-214,
219-221.
Pre-rachitic condition, (see Defi-
ciency, vitamin-D).
Pre-scorbutic condition (see Defi-
ciency, vitamin-C),
Principles, inorganic chemical (see
Inorganic).

{von Pirquet) (see

Principles, nutrient, energy-bear-
ing or energy-producing, 29, 30,
54, 62-69, ¢Qo-105, II3-117,
I27-I37, 141-142, 224-225.

nutrient, body-building, 55.

and Joods, protective, 29,
54-55. 64, 69-88, 106-1T2, IT3-
IT19, 141, 152, 153, 185, 225.

Proteins, generally (see also -
Principles, energy-bearing and
body-building), 62, 63, 107-112,
140, 144, 2T2-2I5.

of high biological value (see

also Principles, protective), 69,

70

of the blood  plasma, 144,
212-214.

Pro-vitamins, 79, 196,

Purple, visual, 187-193.

Pynknosome (se¢ Amplosome).

Questionnaire (see Methods of
making surveys).

Race, 26, 104-105, I156-158, 164-
174.

Recording of quantities of food,
method of, 49.

Reflective power of cornea (see
Cornea).

Requirements of organism :
Calories, Q0-105, 146-147.

pProtective principles,
80, 106-112, 146-147, 154, 195-
196, 209-210, 232,

Resistance, capillary or vascular,
146, 150, 205-210, 225, 228,
229,

Reversibility (or Irreversibility) of
deficiencies, 153.

Riboflavin, or lactoflavin (see
Vitamin-B, complex), 76, 143,

198, 199..
Rickets,

‘" Sacratama " (von Pirquet) (see
Index).
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Saturation, .vitamin.C (see also
-Test), 201, 202-205.

Scale of family coefficients (see
coefficients, family ‘consump-
tion).

Schedule method {see Mothod of
making surveys).

School, absences, progress in school
.work, 151, 158, 173, 1%6. ,

Scope of dietary surveys, 39-41.
137-

Scurvy. 79, I153-154, 200-210,

Series, statistical, subdivision into
groups, 129. :

. Sign of the dorsal medlan furrow
(Knudsen-Schittz) (see Dorsal).
Size of body, 26, 98-105, 154, I55-

174, 197.

Somatometric, (see Tests).

Staff, investigating, 46-48.

Statistics, generally (see also
Calculations, statistical), 16, 40,
41, I20-137.

—— of food
country, 20. :

Sub-deficiencies (or latent defi-
ciencies) {see Pre-deficiencies).

Sugar, content of blood, all of, 215.

Suiphar, 72.

Surface area, body Dubois-Lusk
diagram, 98-r00.

Symmetry of dispersion, in
statistics, 122-129.

resources of a

Table of Baldwin-Wood, 161, 227.

Tables, food composition, 14, 44.
58-62, B3. '

Teeth, 81, 143, X8I, 226.

Tests, biometric {sez also Tests,
somatometric), 144, I50-I5I,
216-218, 230.

blood {sze also Hamoglobin),

144, 198, 199, 20I1-202, 211,

z215-216, 224.

cardiac and vascular, 216.

Tests, clinical, 143-144. 145-146,
149, 151-152, I75-183, 221, 227,

ocular  (ses  Deficiency,
vitamin-A). -
—— physiological, - specific for

malnutrition, 146, 15r-152, I75-

214, 221-230,

non-specific for mal-

nutrition, 146, 150, 151, 214-218,
221-231. )

—— Rotter’s 201,

—— saturation of urine {vitamin-
C), zo2-205.

somatometric, 144-146, I49-

I50, 151-152, I55-174, 219-231.

Tscherning, glasses (see also
Deficiency, vitamin-A), 190.
Types of dietary survey, 19, 20,

23, 25, 28, 48.
of enquiry into the state of

nutrition, 139, 149-15r, 219-
231,
Under-nourishment, pronounced,

140, 211-218.
Units, consumption (ses Coeffi-
" cients, family consumption).
vitamin, 14, 83-88, 106-107,
110, 195, 196, 209,

Value, biological or nutritive, of
proteins, and their supplemen-
tary value (s¢¢ Proteins of high
bioclogical value}.

economic, of foods and diets,
IT3-I19, 142.

Variance in statistics, 1235.

Vascular (see Tests, physiological,
non-specific).

Vitamins, generally, terminology,
lability, influence of cooking,
etc., 70-88, 106, 110, 116.

—— in foodstuffs {see also Tables),

59-62, 76-79. 83-88.
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Vitamin A, 75-81, 85-88, 106,
110, 116, 144, 146, 150, I8O-
198, 215, 223-231.

—— B, (anti-beri-beri, thermo-

- labile; aneurin), 75-81, 85-88,
I0B, 110, 116, 144, 154, 186, 215,

B, (B, complex), 75-81, 85-88,

110, 144, 153-154, 2I3.

B,, 76.

B,, 76.

- —— B,, 76.

— B, .76.

— C, 59, 75-81, 85-88, 106 110,
116, 146, 150, 1‘53-1’54 200-210,
222-231.

Vitamin D, 75-81, 85-88, 1006, 116,
144, 150, I98-200, 211, 222-231.

—— E, 73-81.

—— G, 76.

—— H, 76.

—— PP, 76.

— W, 76,

Waste, 14, 55-58. 9o.

Weight, body, 63, 88, 97-105, 144,

- 149, I55-174, 196, 209, 220, 227,
229.

Work, 89-112, 154, 216-228,

Xerophthalmia, 8o, 84-85. 144,
- 186-187.
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Annexes

RECORD FORMS OR BOOKS FOR DIETARY

SURVEYS
1to6. . . .. UNITED STATES OF AMERICA
y AT GREAT BRITAIN
8toxrz3 . . . . FrRANCE
I4 -+ - . .. CzECHO-SLOVAKIA
15and 16 . . . BeLGiUM
& DENMARK

TABLES SHOWING THE VARIATION OF WEIGHT
AND HEIGHT IN RELATION TO AGE AND SEX

8 ... . .. UNITED STATES OF AMERICA
10 v ¢« 4 . BELGIUM
20 4 0 e e s NETHERLANDS



Annex 1

‘ AMERICAN DIETARY SURVEYS (Weekly).
(Weighing method.)

ReEcorp OoF HoUSEWIVES' Foop STocKksS (INVENTORY MADE AT
BEGINNING AND END OF THE DIETARY SURVEYS) :
Form B.H.E. 106 of the United States Department of Agriculture
(Bureau of Home Economics, U.S.A.)
Agent .......... Ceerecaean Food Record No. ........ )

Information requested is confidential and giving it is voluntary.
It will be seen only by sworn employees of the Federal Government.

RECORD OF FOOD CONSUMPTION FOR ONE WEEK
Inventory of food on hand.

Date of beginning record... Date of closing record... :
After..... meal After..... meal Difference

Kind of food , "
p X Quantity A Quantity . Quantity .
Weight | Measure | (givermit)| Weight | Measure | (giveunit)| Weieht
b e, (give amig) | &5 I o | ave anity | OO | e,

26,

28.
29,
30.

O o~y Ma bR M

Total .. . xx xX XXXX XX xX XXXX xx
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Annex 2
AMERICAN DIETARY SURVEYS (Weekly).
(Wesghing method.)
. ForM FOR EACH DAY OF THE WEEK
Form D, . _

Information requested is confidential, and giving it is voluntary.
It will be seen only by sworn employees of the Federal Government.
RECORD OF FOOD CONSUMPTION FOR ONE WEEK
Dasily record of food brought into the khouse and of all food waste.

Agent ...... e iaeataranenn Food record No. ......00v0vne
Date ....ovvvvennnnnns Dayof week «u.vvvvivnannn
. Food received All food waste
: Edjble Inedible waste
K“(':p;;)”d 7 aveight | Unit price | Bxpenditure T :

Weight Kind Weight

Ib. orn Ib. os
I.
2,
3.
4.
5.
6.
7.
8.
9.
10.
II.
1z.
13.
14.
15.
16.
17.
18,
19.
z0.

(1) Did any member of the famil -
friends ? Yes? No ? amily eat meals at restaurants or with

(2) I yes, what share of hi , -
A half, a third, all ? is day’s food did these meals represent ?

Di i )
hog}ma nl: ?any friends share the family’s food ? Yes? No? If so,

What share of his day’s food did each receive ? A half, a third, all ?
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Annex 3

AMERICAN DIETARY SURVEYS (Weekly).
. (Weighing method.)

ANOTHER DAILY FORM REGARDING THE FOODSTUFFS USED BY THE
HousewiFe

(Form B.H.E. 107 of the United States Department of Agriculture,
‘ Bureau of Home Econcmics, U.S.A.)

Agent ............oi..... Food record No. ......... ..
Information requested is confidential, and giving it is voluntary.
It will be seen only by sworn employees of the Federal Government.

RECORD OF FOOD CONSUMPTION FOR ONE WEEK
Daily record of food brought into the house.

Date ........ e eaiaa Dayof week ..............

Kind of food Weight Measure Price Value
{specify) b, =z (give unit} (give unit)

. e

.

0O~ QACA W B

O

10,
1x.
12,
13.
I4.
Is.
16.
17.
18.
19.
20.

ME ALS BOUGHT AND EATEN AWAY FROM HOME
Item Number Price Expenditure

1. Lunchesatwork . . .
Lunches atschool . . .
Other meals, not vacation :
Breakfast
Noonmeal . . .
Evening meal . .
Meals on vacation .
Board atschool . . . . e .
Candy, ice-cream, drinks, etc. . .

L]

0= Thn b W
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Annex 4

AMERICAN DIETARY SBURVEYS.

{(Form E. — Family composition and occupations.)

(Form F.— Menu served at each family meal for each day of thevwebk
(questionnaire method). '

Form E. — FAMILY COMPOSITION AND_OCCUPATIONS

Describe ooﬁupluon during the eight to ten
Family member : most active hours of each day '
Age Sex Height | Weight

Name Sun. | Mon. | Tues. | Wed. |Thurs.{ Fri. | Sat.
I.
2.
3.
4.
5.
6,
7-
8.

Form F. — MENU SERVED AT EACH MEAL
Meal times Sunday | Monday | Tuesday |Wednesday| Thursday I Friday l Saturday

Special notes should be made on the following points : '
Baby-feeding :

Do the children take cod-liver o0il or other remedies ?
Do the children receive extra food at school ? If so, what ?
Do the children eat anything between meals ?

Does the family consume much or little ** warmed-up " food ?
How many hot meals a week ?




Annex 5

ode No.
ood record No.

revious food records
xpenditure schedule No.

own or village

unty ° :
. D, or M. C. D.

;e Nos,

State

'

© O W~ AU B W R e

i
B

10. ]
1x. 1
12.
13. ¢
14.- 4

+«F Y

spoken

In family circle

By bomemaker’s parents

By busband's parents

g;(;ify) ‘e

TYPE OF STORE FROM WHICH FOOD WAS PURCHASED DURING WEEK

. . GrocEry Oruzn Sroxx {srxcrry)
Milk
Independent Independent dealer Other
b GroupP o |—— o f— e [or dairy y
- Chain Chain (deliv- (W}')
store Cash i stare Cash . )
and | Service and | Service | V.
b carry carry
N AN XX
er esee sy XXx
bds, vy ann . e X x
petables ....... XX
. NUMBER OF HOURS WORKED
THURSDAY FriDAY SATURDAY
Hows | Kiod of work | Houss | Kind of work | Hous | Kind of work | Houn
[
2 )
.
%,
* '
. ' XxXx X X
XX XXXXXX XX XXXXXxX XXx xxx
XXXXXX XX XXXxXXxX XXx XXXXXX xX
xx XXX XX
XX XXXXXX XX XXXXXX XX XXX
P.T.O



Annex 7 (a)

. ENGLISH WBEELY SURVEY BOOKS
(Some typical pages.)

Study began ; Date—
Study ended : Date—

MEMBERS OF HOUSEHOLD

After®
After

Refe-
Tence

Age | Sex Occupation

Remarks

VN NMALN B

[l Bl
e moO
.

Waste and Refuse collected: Bmd.

1f Unemployed, how long ?
Total period of Unemployment during pest 3 years.

* State Meal,

REFUSE

Potato-parings, etc.

Weight

absent, indicate it by writing,

RECORD OF MEALS EATEN
thaemnouhms.mdntethlbyx. 1If anyone is

the prover meal,

mmnmhu(mp.n-)dmm
B—Dbreakfast; D—dinner; T—tes; S—supper.

Absent

Visitors

Dats

B.|D.|T

5 | Sex

Meal | Age| Remarks

FOOD SUPFPLY

Oz Hand before study
Obtained during study

On Hand at end of study

Kind

Weight

Total Per Unit




WEEKLY BUDGET

Annex 7 (b)

INCOME

Other

Fatber |y mbers

TorAL

gs d |2s d

£s. d

Wages.........
" Unemployment Benefit .......
Public AsSiStance ......covens
Pension...... Ceeaenn vasseues
Health Insurance .. ..... ceras
Money from any other source

ToraL INCOME o, .uvens

EXPENSES

3.—Fuel! and Light ,,
5.—All other items, £.8.—
Clubs, ... .vivvvvnnenns

rwrawe

ToTaL EXPENDITURE ,...0.-

No. of Pregnancies : —

GENERAL HEALTH OF FAMILY

COOKING AND PREPARATION OF FOOD

1. Is & mixed diet aimed at ?

2. Is a dinner cooked daily ?

3. What methods of cooking are adopted ?

4. Times of meals ?

Weight
in lbs,?
Height
in inches

'
Bl

Place in
Family

D

(within past year},
Rickets, Adenoids

Condition 3 and
focts  Tik

Teeth, etc.

Age

Cause

Still-births

T

Care of
Children,
ete.

Father |*
- Mother

O I VAR W Bk

! Years and moaths.

* Children under 1 year to be weighed without clothing. Children 1-§ years,

if weighed without r.lothi.ng. state weight of clothes. Children over § to

without boots and in ordinary indoor clothing.

9 Good or bad,
S State Month of.

be weighed

HOUSING
General Character of Neighbourhood—

Approaches—

Type of House (tenement, flat, seli-
contained, etc.)—

Rent (Weekly)—

Through Ventilation—
No. of Rooms—

No. of Members—
How much of House used by Family—

Cleanliness—
Ventilation—
Sanitary Arrangemen ts—



Annex 8

FRENCH FAMILY DIETARY SURVEYS
(L. Randoin: Bull. soc. scientif. d'hyg. aliment., 1937, V.25, Nos. 5 & 6.)

Form 1. — GENERAL INFORMATION CONCERNING THE FAMILY
No. of Survey : 1234.

Form No. 1 : GENERAL INFORMATION

Placel: Troyes, 3 rue de la Fontaine. (1 Survey from June 1st
well-aired room looking cut on courtyard ; = to June 6th (inclusive).
1 dressing-room).

Total family income per Rent per year: 2,800 Light, coal and gas :

year : Wages : about francs (including 700 to 8co francs for
16,000 francs. Some pri- heating). electricity  (lighting,
vate income. ' cooking and wireless).
. , Origin, illnesses and state |
Christian name | Relatiooship | Age Height Weight of health of members of o
the family? oocupation
Cécile. . . 52 |1m.66 |53kg. | Bornat Troyes. Welfare

Appendicitis worker.
(operation at age
) ) of 25), with a
period of enteritis
and enterocoli-
tis ; liver adhe-
sions removed at
the same time.
Whooping - cough
at the age of 33.
Pleurisy and two
pulmonary con-
gestions. Mastoid
operation. Infla-
tion of the gall
bladder, followed
by bronchitis,
) Double cataract
in 1936. Neither
albumen nor sugar
present. No con-
stipation at pre-
sent,

‘Theinvuﬁgatuwﬂlspocﬂyhmthetypeo!dwﬂﬁng.whthﬂ'the!tmﬂylimintheopmair,mdothﬁ
cneral health conditicns. . ] ]
y ® Country or town dweller ? From what region ? Place of birth ? Do the members of the family complain
of futigus, ill-hoalth, sic. ?- .

The last question is of vital importanos.
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Anpex 9

v

FRENCH FAMILY DIETARY SURVEYS (L, Randoin : Bull. soc. scientif.
d'hyg. aliment., 1937, V. 25, Nos. 5 & 6.)

Form 2. — INFORMATION CONCERNING THE PHYSICAL ACTIVITY OF
EACH MEMBER OF THE FAMILY

No. of Survey : 1234.
Form No. 2 : SPECIAL INFORMATION : PHYSICAL ACTIVITY

Relationship, Method of | Athletic .
L erabl . Moving | Heavy or ; etic exercise
Christian pame g‘;ﬁd | Seated | Standing | “jpouy |tghtwork? uIv;lol:_lli‘s to (including
family walking)
Cécile . . . sh. 1 h. 8h. jHeavy}| Omni- | Swimming
bus | Gymnastics

Annex 10

FRENCH FAMILY DIETARY SURVEYS (L. Randoin : Bull. soc. scientif.
d’hyg. aliment., 1937, V. 25, Nos. 5 & 6.)

Form 3. — INFORMATION CONCERNING THE PHYSICAL ACTIVITY OF
EACH MEMBER OF THE FAMILY

No. of Survey : 1234.
Form No, 3 : SPECIAL INFORMATION : PHYSICAL ACTIVITY

Relationship,

Christian bi Rising-ti

name 5:%35 and bed-time | ® ®) te) @ |®
¥

Cécile The first
month
of each

quarter

In

about 11 p.m.
twice a month

Irregular, varying according to
work. Rises between 6.30 and 9
a.m. during the week and at
midday on Sunday; goes to bed
knits, and then bathes

Spends 3 hours on the beach and
bathing in the morning. In the
afternoon, goes for ride or reads,
Reading and wireless (music and
the theatre). Goes to the theatre

One month in July at Nice.
bed betweea 10p.m.and 7.30 a.m.

{a) Period of inactivity.
(¢} Period of intense work. work.
(2} ?gth of holidays and p_lane 'in the case {¢) Length of bolidays and place in the case of
adult.s; manner in which time is spent children ; manner in which time is spont
(approximately). {approximately).

(@) Intellectual activities, apart from occupational



Annex 11

FRENCH FAMILY DIETARY SURVEYS
(L. Randoin : Bull. soc. scientif. d’hyg. aliment., 1937. V. 25, Nos. 5 a.nd6)

Form 4. — ORIGIN OF FOODSTUFFS: CATERERS
No. of Survey : 1234.
General remarks (in particular, concerning pastries for children).

Kindt | Homeprodwe | Yok | Fettd Retailer Co-operative
" 1. Meat, fish Beef Local
, butcher
2. Dairy produce, eggs . Dairy
3. Qils, nutritive fats . Grocer
4. Bread, flour, ali- Bakery,
mentary pastes- : Grocer
5. Roots Carrots, The garden Local
. potatoes | provides some | market
vegetables
6. Dried legumes
7. Green vegetables, The garden Market
fresh and preserved .
B. Fresh, dried and Some Market
preserved fruits fruit-trees
g. Groceries Retailer
10. Other foodstuffs
11. Beverages

' Should it be necesary to distinguish between several foodstuffs belonging to coe gronp—e.g., butcher's meat, poultry, pork butcber's produce
—the exact names should be given in this column, For any further indication, see No. 1 in the notice,

N.B. — The sbove particulars are given only as examples. Investigators may always adapt them o each particular case,

— L8z —
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Annex
ighing Method)
FRENCH FAMILY DIETARY SURVEYS (Weekly) (Welghing DAILY CONSUMP

(L. Randoin : Bull. soc. scient.

No. of Survey : 1234.
: Monday, June 1st. . L.
Date onday, Ju Remarks: (1) Soup weighed 0.627 kg. after straining.
. Gross weight when | Non-edible portion of
Price t (kg o ived i '
Foodstuft Kind litre), axcept Where | “Cycca bafors Roapog il i
otherwise stated cleaning the case of meat}
4 2 3 4 3
Francs Kg. Kg.
Beef Sirloin 30.00 0.217
Butter . Table 24.00 0.013
0Oil . . Arachis (peanut) 7.00 0.012
Oil . . . . .|Arachis (peanut) 7.00 0.015
Bread . . . .\|Fresh 2.40 0.215
Carrots. . . .|New 3.c0 0.125 0.025
Potatoes . . .|Old 0.85 0.310 0.080
Potatoes . . New, from the
garden 0.115 0.012
Artichokes . .} Picked the same day 0.194 0.132 (cooked)
White cherries | Picked the day be-
fore in the orchard 0.127 0.026
Sugar . . | Cane 4-75 0.009 ‘
Vinegar . . .)Of wine 4.25 0.013
Salt ., . . Table 2.15 0.006
Tea . . . . .{Brand X

(2) (s} In general, the foodstuff should be described exactly. In the case of a cheese or other product little
kuown outside certain regions, it should be described in every possible detail (soft, cooked or uncooked, ete.) ;
in the case of a raw product—e.g., & special fiour—tbe manufacturer’s name should be stated and the labsl
showing the ingredienis sent. In the case of pressrves, the brand and weight should be stated ; 4/ possible,
state the weight of foodstuff (peas, meat, etc.) and of broth.

(5) Imcolumm 4 state the weight in kilogrammes of the foodstuff before it is cleaned, meat with bones, stc.

(€) Incolumn § mention all waste from cleaning—i.¢., alf that is not caten—whether the cleaning is done in

the kitchen, or when the food is eaten, as in the case of the bones of chops and rabbits, eggshells (boiled eggs,
etc.), choese rinds, the skin of fruits, ete,

{d) Column 6 shows the difference between the weights given in columns 4 and 5 this difference represents
the weight of the foodstuff :

cooked



2
i
2
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TON CARD

;‘.Hyg. aliment., 1937, T/25 Nos. 5 and 6.)

First example of daily card.
One person only.

Lt the end of the day, 0.425 kg. remained,
. Have the foodstuffs been cleaned ? Scaked .
‘Weight of edible h::w!long ? Method and time of cooking, S?l'ai“ Edible portion of {These 3 columns are not
raw portion of whether the water in which the vegetables were food thrown to be fillod in by the
foodstuff oooked was consumed—¢.¢., as soup. Statethe | away orleft over investigator)
weight of the cooked food in the case of scraps
; 6 7 8 8(a) 9 10
Ke kg
0.217 20 minutes in the oven. 0.135
0.013 With tea.
*  0.0X2 Used up in frying.
0.015 Artichoke.
0.215 '
0.100 Cooked in soup (45 minutes). 1
0.230 Then strained. 1
"0.103 Fried for 20 minutes in oil,
: Boiled for 20 minutes, water,
thrown away ; weight when
cooked o.215 kg.
0.101 | Washed in cold water.
0.009 With tea.
0.013' | Artichoke.
0.006
¢ Taken in the morning (with
bread and butter).
’ t ’
eaten raw : fruits, salad, cheese ;

or bought ready cooked : ham.
(3} Column 7 gives all the necessary details concerning the method and time of cooking—i.s. : (a) Is the
meat roasted, boiled or fried, ete, ? (5) Are vegetables, salads, fruits, etc., soaked in water before being
cooked ? Time of cooking ? (c) What i dows with the waler wssd for cooking ? This is of the wimost imporiencs, |
as the greater part of the sugar and mineral elements are dissolved in the water nsed for boiling vegetables.
State when such water i3 fhromn swoy and when it is consumad—e.£., in soup.
{4} Investigators will experience the following difficulties when filling in columns 8(a), 9 and 20 :
“The cooked foodstuff has changed in weight, particularly if prepared in soup (additional water) ;
The cooked focdstuff is served up at table mixed with otber foodstuffs (butter in the mashed
potatoes, etc.). :

. First cass: When the disk consists of one joodstuff only: State in column 7 the weight of the food when

cooked and in column 8 the weight of the remainder. Here the work of the investigator finishes.
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FRENCH FAMILY DIETARY SURVEYS (Weekly) (Weighing Method)

Annex

DAILY CONSUM

. (L. Randoin : Bull. soc. scient. d'hyg.
No. of Survey 1234.
Date : Tuesday, Jume znd.
Remarks :
{z) Noodles were boiled in a large quan
(3) 197 grammes of soup were left over
(4) Cornflour was eaten for breakfast,
. ; Gross weight when | Non-sdible poction of
Frice per unit (kg. or received in the foodstuff (specify
Kind litre), t whe 5 pecity
Foodstuff gc) expcps t:tedw mc:;:m bf‘m b?:., 0:::. &mmt:t;n
1 2 3 4 3
Francs Kg.
Sirloin  (left over 0.135
-Beef . . .. from previous day)| 30.00 (cocked)
Milk . . . 1.50 0.157
Butter . . For the table 24.00 o.010
Eggs (1 yolk} . | Fresh 0.65 0.060 0.005
oil . . Arachis (peanut) 7.00 0.035
Bread . Fresh 2.40 0.192
Noodles . (Brand) 0.065
Carrots. . New 3.00.
Potatoes . Old 0.85
Cherri Picked the same 0.032
erries . day in orchard ©.145 032,
Sugar . . Cane 4.75 0.008
Salt . . . Fine 2.15 0.005
Cornflour. (See attached label) 0.009

2nd case ; Where there are sevesal foodstufls im one dish, note in the space following information concerning
the first food contained in the dish.

(s) All the weights of the foodstufls, in theic raw and cleaned stats, of which the dish is composed

{column 6) ;

(5) The total weight of the dish when cooked {column 7} ;
{c) The weight of the amount left over (column 8)

{d) Use a special oumber to indicate the dish ; write this number in the small column reserved for this
purpose between colurmnn 8 and column 8(s) in the appropriate spaces opposite sack of the ingredients of
which a dish is composed. .

The work of the investigator ends here,

3d case: When it is impossibls to know the weight of the dish whes cooked : Fill in the consumption card
as above, stating the weight of all the foodstuffs when raw and cleaned {column 6) which make up the dish,
together with water if any ; in column 8, state the weight of the amount left over.
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[ON CARD
ment., 1937, Tf25, Nos. § and 6).
‘ ) Second example of daily card.
One person only.

y of water ; the water was thrown away. i
the end of the day.
thout bread and butter.

’ Has the food been cleaned ? soaked ? For howlong ? Thess 7 cols
Weight of edible | Method and time of cooking. State whather the | Edible portion of 4 porrf Argrvirted be
food when raw | "ater in which the vegetables have been boiled food thrown y y
‘ . is consumed-—s. ., as soup. State weight of away or left over "'"""*""’
} cooked food when some is left over
L
'L ] - 8 8(a) 9 10"
Kg. Kg .
0.135 ] xye L
- (cooked) With mayonnaise I
0.157 Cornflour 4
0.010 Noodles
. 7 0.032 White
0.023 Mayonnaise thrown 1
away
0.035 Mayonnaise 1
0.192 : . '
0.06¢ 20 minutés in water. 0.125
0.095 Weight when boiled : 215 gr. kept
. | {Soup left over from previons 3
day) ’ ‘ 3
0.113 Washed in cold water
H. ©0.008 Cornflour
| 0.005 .
§ 0.009 Boiled 12 minutes in milk 4

4tk case: Whenihe weight of the cooked food is Anown, and special addstional indications of valus ars svailable—
#.g., when it is known that only one part of ane of the foodstuffs is consumed, whereas the other is consumed
in its entirety, ete, )
stk case; The ** remains ' are either eaten the next day, given to someone or thrown away. When they
are eaten the next day, the contumption ¢card must be filled in a8 was done for the dish itself—éa. ¢
(#) Recopy the list of ingredients ;
(4) Write down a special number in the small column between columns 8 and 8{a), and copy it in the same
" column and in the spaces corresponding to each of the ingredients composing the * remains ** ;
(¢) note in the space corresponding to the xst ingradient :
the list of ingredients composing the * remajns **; .
the total weight of the * remains " served up (columm 6) ;
description “ remains from * {date, name of dish), columa 7 ;
what cannot be eaten (column 3). .
6th cass: Always state the number of pevsons al sack meal (and their ages).
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" Annex
CZECHO-SLOVAE FOOD SURVEYS (Families and individuals).
Weighing Method—Annual Survey
DAILY
(H. Pelc : Tyav. Inst. Hyg. pub.
Total quantity =
of food prepared A
Meal Food consumed Ingredients
Volume | Weight T.ﬁdd ‘Con-! g‘::_
x 2 3 4 5 6 7 8
Litres Kg. Kg. Keg.
« Unboiledmilk ., . . . . . . ..
1kg. 700 potatoes,
Breakfast | g 09 potatoes { 900 gr. butter, salt, 1.440|8 a.m.| 0.310| 0.040
caraway seeds :
Milk . . . .. 3decl.
Milk 1.5
Snack { Bread . 10 M. | 0.080
Small extras .
730 gr. flour,
. 1 egg, salt, zo00
Midday Waffles with gr. compote, 3o 12
meal compote and gr. sugar, 550 gr. 1.9400 L on | ©-339| ©.130
curds curds, 120 gr.
butter
1
Waffles left over from midday meal} 3p.m.| o.130
Tea. .. .{ Bread . . . . . ... ... o.080
Milk. ... ... e e e
] Potatoes . .. . . '2kg. potatoes . 1.650|7 p.m.| 0.400| 0.050]
Evening | Cabbagesoup . . 50 gr. butter, ‘
meal _ spices, salt 1.5 4 dcel. T
Unboiledmilk . . . . . .
17.111.1932.
Signature of Investigator 1




ST

tat tchéco-sl., oct. 1934 n° 4.)
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AMOUNT CONSUMED BY EACH MEMBER OF THE FAMILY

B c D E
me of| . Con- | lett |Time ofl Con- | Left |Time off Com- | Left |Time of] Com- | Lett
meal sumed over meal | sumed | -over meal | sumed over meal | sumed | sumed
9 10 Iz 12 I3 4 15 16 17 18 39 20
y Ke Kg. Kg. Kg. Ke. Kg. Kg. Ke
7am.| 4dcl. 7a.m.| 3dcl
ia.m.| o.530! 0.040|8a.m.} 0.340 8a.m.| 0.180| 0.070 8 a.m.| 0.080} 0.040
3 dcl. 4 dcl. 1 dcl. 1 dcl.
101} 0.100 4 del.
’ ) 103M.{ 0.030 104l | 0.030
c12 | 12 12 ~ 12
aoon | 9:-74° noon | ©:36° noon | 0390 0-120| [ oom 0.180| o.080
- . N - 1 )
. 3 p.mj 0.120 3 p.m| o.080
.p.m. | 0.100
P 3 dcl. 4 dcl.
-p.m. [ 0.520| 0.200 [7p.m.{ 0.450 7p.m| o0.180 7p.m| 0.180| o.060
' del. 4dcl. 3dcl. 1 dcl.
3 3 dcl. 3 dcl.
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Annex 15

BELGIAN MONTHLY DIETARY SURVEYS (FAMILY)
(Housewife's special account-book method.)

DAILY LIST

(Professor G. Jacquemyns, Head of the Investigation service of the
Solvay Sociological Institute, Free University of Brussels.)

DAILY LIST

Purchases of foodstufis.

Quantity Designation of foodstuffs Price

Home produce such as vegetables, eggs, milk, etc.

Gifts
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Annex 16

BELGIAN MONTHLY DIETARY SURVEYS (FANILY)

(Housewife's special ‘account-book method.)

CARD FOR AN AGGREGATE MONTHLY FAMILY SURVEY

(E. J. Bigwood and G. Roost; ** L’ahmentatlon rationnelle et les besoins
énergétiques d’une population ouvriére’, publication of the Solvay
Sociological Institute, Free University of Brussels, 1934}.

) ) Grammes
Wheatbread. . . . . . . . 89,000
Wheatflour . . . , . . . . 1,000
| Gingerbread (pain d'épices) . 1,750
Speculaas (gingerbread men) . = 750
Macaroni . . . . . . . e 250
Vermicelli . . . . . . .. 250
. Rice . . . . . 2. o .. 87s
Milkflour . . . . . . . . .- 1,000
Potatoes . . . . . . . . . 81,000
Potatoflour . . . . . - . . 125
Carrots . . . . . . . . . . 3,000
Dried haricotbeans . . . . 500

Lumpsugar ., . - « . « . . 2,000

"Candysugar. . . . . - - . 500
Brownsugar . . . . . . . 750
Cherryjam-. . . . - . . . 500
Plumjam . . . . . . . .. 500
Farmbutter. . . - . . . . 750
Dairy butter . . . . . .. 2,250
Lard . . . . . e Ve 8,500
Bacoh, . . « - + + 2 o s . 4,000
Arachis oil . . . . o.5litre
Wholemilk . . . 591 litres
Sourmilk , , . , . 5 litres .
Creamcheese . . . . . . . 200
Edamcheese. . . . . . . . . 100
Dutchcheese, . . . . . . . 875

Beefsteak . . . . . . . . . 1,500
Fresh beef :
Mincedmeat . . . . . . 3,500
. Stewedmeat . . . . . . 2000
Grilled meat . . . . . . . 5,000

Vealliver ., . . . .
Pork :
Chops. . . . . .
Sausages .
Ham .. . .

Knuckleoiham. L.
Boudin blanc . . .

Fresh eggs (32) . .
Plaice. . . ..
Cured herrmgs (: 5) .
Fresh herrings . . .
Mussels . . . . .
Green leaf vegetables
Brussels sprouts .
Red cabbage . .

Leeks . . . . . . .
Celery . .. . . e
Endives . . . . . .

Omions . . . . . .
Tomatoes (preserved)
Bananas. . . . . .
Lemons (8, weighing

. * = &

.« 8 + @

753"

each) . ... . . . . ..

Pepper . . . . . ..

Salt . .. .. .«
Nutmeg . . . . .
Mustard. . . . . .

Chicory . . . . . - .

Vinegar

Coffee. . . . . . -

2,000

100
3.500

2,500
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Annex 17

DANISH DIETARY SURVEYS
(Type of Return Form.)

DAILY LIST
PURCHASES OF FOODSTUFFS

Designation of Designation of Designation of
foodstuffs foodstufis . foodstuffs

Kg. |Crowns | Ore Kg. {Crowns| Ore Kg. | Crowns

Amociation of Danish Domestic Economy Societies

.




TABLES SHOWING THE VARIATION OF WEIGHT
AND HEIGHT IN RELATION TO AGE AND SEX
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Annex 18 (a)

SPECIMEN OF BIOMETRIC TABLE FOR CHILDREN IN THE UNITED STATES
WEIGHT-HEIGHT-AGE TABLE FOR BOYS FROM BIRTH TO

SCHOOL AGE?!

Weight is stated to the nearest pound ; height to the nearest inch ;
age to the nearest month.

Up to and including 34 inches the weighls are net.

Above this the

following amounts have been added for clothing (shoes, coats, and
sweaters are not included) :
35 to 30 in. 114 pounds;
40 to 44 in. 11, pounds;
45 to 49 in. 13; pounds.

¢

Average i
Height W:;g;ht b4 3 6 9 12 18 24 30 I 36 48 6o 72
(inches) Height Mo, | Mos. | Mos. | Mos. | Mos. | Mos. | Mos, | Mos. | Mos. | Mos. | Mos. | Mos.

(pounds)
20 8 8
21 91 9| 10
22 “101% | 10| 11
23 12 I | 12 | 13
24 131 12 | 13 | 14
25 15 13| 14 | 15 | 16
26 165 150171171 18
27 18 16 | 18 | 18 (| 19
28 193, 19 | 19 | 20 | 20
29 2014 20 | 21 | 21 | 21
30 22 22 | 22 | 22 | 22 | 22
31 23 23] 23123 ) 23| 24
32 || 24 24 | 24 | 24 | 25 | 25
33 26 26 | 26 | 26 | 26 | 26
34 27 27 | 27 | 27 | 27
35 29 Y, 29 | 20| 29| 20} 29
36 31 . 30| 31| 31| 31
37 32 3232|3232 32
38 33% 33 (33|33 34
39 35 35 135]135]| 35
40 361 36 {36 | 36 | 36
.41 38 38 | 38 1 38
42 39% 39 | 39 | 30
43 41 41 | 41 | 41
- 44 43% 43 | 43
45 45%
46 48 45 :g
47 50 50
48 52% 52
49 55 55

1 Tables prepared by Robt. M. Woodbury, Ph.D. Reprinted by permission of American Child Health
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WEIGHT-HEIGHT-AGE TABLE FOR GIRLS FROM BIRTH

i

TO SCHOOL AGE!

Weight is stated to the nearest pound ; height to the nearest inch ;
age to the nearest month.
Up to and including 34 inches the weights are nel. Above this the
following amounts have been added for clothing (shoes and sweaters are

not included) :

35 to 39 in. 1
40 to 44 in, 1% pounds;

45 to 49 in. 114 pounds.

pound ;

Average
Height W:Ehl‘. 4 L] [ 9 12 18 24 7| 30 36 48 6o 73
(inches) Height Mo. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos. | Mos.
(pounds)
20 8 8
.21 9 9| 10
22 101, | 70| 11X
23 12 II | 12 | I3
24 13% |12 | 13| 14 | 14
25 15 13|14 )15 158
26 , 1614 15 1 16 | x7 | 17
27 17% 16 | 17 | 18 | 18
28 19 19} 19| 19| 109
29 20 19 | 20| 20 | 20
30 211, 21 | 27 | 21 | 21 | 21
31 223, 2z | 22 | 23 | 23 | 23
32 24 23 | 24 | 24| 24 | 25
33 25 25 | 25 | 25 | 26
34 2614 26 { 26 | 26 | 27
35 29 29 | 29 | 20 | 29 | 29
36 30 30| 30| 30| 30 31
37 31l 31 | 31 | 31 | 31 | 32
38 -32% 331333333
39 34 34 ] 34| 34 | 34 3;
o 35136 |36}3
:I g;;/’: 37| 37 37
42 39 39| 39| 39
43 41 40 [ 41 | 41
44 42% 42 | 42
45 45 44;
46 47% %o
47 50 2
48 52% 5

1 Tables prepared by Robt. M. Woodbury, PhD. Reprinted by permission of American Child Health

Association.
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Anne

WEIGHT-HEIGHT-AGE TABI,

Height (io.) A‘l’-i l.w:ib ;or S Years | 6Years { 7 Years | 8 Years | ¢ Years | 1o Years | 31 Years | 12 Yean
38 34 34 34*
39 35 35 35
40 36 36 36% '
41 38 38 38 38*
42 39 39 39 39* 39*
43 41 41 41 41* 41*
44 44 44 44 44 44* | -
45 46 46 46 46 46% | 406¢
46 48 47* | 48 48 48 48%%
47 50 49* | s0 50 50 50%. F - 50* |- ‘
48 53 52 53 53 53 |, *53* :
49 55 55 55 55 55 | 758 55*
50 58 57* 58 | 58 58 58 58* 58%
51 61 61 61 61 61 61 61*
52 64 63 64 64 64 64 64
53 ‘68 66* 67 67 . 67 67 68
54 71 70 70 7° 70 71
55 74 72* 72 73 73 74
36 78 75* 76 77 77 77
57 82 79* 8o 81 81
58 83 83* | 84 84 8s
59 89 87 88 89
6o - 94 91* 92 92
61, .. | 99 95 96
62" I04 100* | 101
63 | 111 105* | 106
- 64 - 117 109
65 123 114t
66 129
67 133
68 139 q
69 144 _
70 147
71X 152
72 157
73 163
74 169
u
Age 6Years | 7Years | 8 Years | 9 Years | 10 Years | 11 Years | 32 Years
-7 | Short
=3 , voeel 43 45 47 49 51 3 54
ggg ; ¥elc}1um .. .l 46 48 50 52 54 '26 58
<=lTa - -] 49 51 53 55 57 59 61
g fShort ... .. 3 4 5 5 5 4 8
.= edium .
2% | Tall p 3 ° ° o 3 H
3 5 7 7 7 7 8 12




13 (b).

FOR BOYS OF SCHOOL AGE!
13 Years | 14 Years | 15 Vears | 16 Years | 17 Years | 18 Years 19 Years A‘;‘uw(f‘b_,'u Height (in.)
34 38
35 39
36 40
38 41
39 42
41 43
44 44
46 45
48 46
50 47
53 48
55 49
58 50
61 51
64* 64 52
68% - 68 53
7t 72* 71 54
74 [~ 74* 4
78 28 8o* ;8 gg
Bz 83 83* 82 57
85 86 87 . 85 58
89 90 90 90 : 89 59
93 94 95 96 | 94 60
97 99 100 103 106% 99 61
102 103 104 107 Irt 116% 104 62
107 108 110 113 118 123 127% 111 63
11X 113 Its 117 121 126 130* 117 64
117 118 120 122 127 131 134 123 63
119 122 ‘125 128 132 136 139 129 66
124% 128 130 134 136 139 142 133 67
: 134 | 134 137 141 143 147 139 68
137 139 | 143 146 149 ) 152 144 69
Yl 43 144 145 148 151 155 147 70
| 148% | 150 151 152 154 159 152 7T
153 155 156 158 163 157 72
157* 160 162 164 167 163 73
) 160* | 164 168 170 171 169 74
13 Years | 14 Years | 13 Years | 16 Years | 17 Years | 18 Years | 19 Years Age
. 56 8 | 60 | 62 6 6 65 |. . .. . . Short Jgp>
30 1% | es | er | es | 63 | 65 |l il Medium igg;
F- 64 67 70 72 72 73 73 e e e e e Tall 1 £~
9 11 14 13 7 3 e e e . Short "E:
I1 15 1 84 8 4 3 ! |e.. - Medium } & B
E 16 11 9 7 3 N N Tall E

Bese groups, there have been added a8 starred figures estimated weights, All the other weights represent averages for each
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Annex 18 (b)

. WEIGHT-HEIGHT-AGE TABLE
Height (in.) Al‘-’l't.w(tl'bﬁ)t § Years 6 Years 7 Years 8 Years 9 Years 10 Years 11 Years
38 33 33 33
39 34 34 34
40 36 36 36 36*
41 37 37 37 37*
42 39 39 39 39*
43 41 41 41 41 41*
44 42 42 42 42 42"
45 45 45 45 45 45 45*
46 47 47* 47 47 48 48*
47 50 49* 50 50 50 50 50*
48 52 52 52 52 52 53* 53*
49 55 54 54 55 55 56 56*
s5o0® 58 56* 56 57 58 - 59 61
51 61 50 6o 61 61 63
52 64 63* 64 64 64 65
53 68 66* 67 67 68 68
54 71 69 70 70 71
55 75 72* 74 74 74
56 79 . 76 78 78
57 B4 8o* 82 82
58 89 84 86
59 95 87 90
60 101 gr* 95
61 108 99
62 114 104*
63 118
64 121
65 125
65 129
67 133
68 138
69 142 s
70 144
7t 145
Age 6 Years ¥ Years 8 Years 9 Years 10 Years 71 Years
-7 [ Short 43 o 2
151 slelglelsls
<53 | Tall . 47 50 53 55 57 59
gi* Short’, . . 4 4 4 5 6 6
532 | Medium . 5 5 6 7 8 10
<3 Tall . 6 8 8 9 1I 13

* In order to extend the ran
inch in beight and age of the

! Tables prepared by Bird T. Baldwin, Pi.D., and Thomas D. Wood, M.D.

Re of these tables 80 as to include weights of chil 1 i
hildren of in this study, B ildren who are taller or shorter than those in ‘



3 — 273 —

(continued)
FOR GIRLS OF SCHOOL AGE!
12 Years 13 Years 14 Years 13 Years 16 Years 17 Years 18 Years A}vltw(tl'bﬁ;' Height (in.)
33 38
34 39
36 40
37 41
39 42
41 43
42 44
45 45
47 46
‘ 50 | 47
52 48
55 49
62* ) 58 50
6s ' 61 51
67 . 64 52
69 71* 68 53
71 73* 7t 54
75 77 78% 75 55
79 81 83¢ 79 56
82 84 88 92* 84 57
86 88 93 96* iol* 89 58
.90 - 92 96 100 - 103 104* 95 59
- 9§ . 97 10X 105 - 108 109 L1 101 60
100 10X ' 105 108 112 113 116 108 61
105 106 109 113 115 117 118 ‘114 62
110 110 112 116 117 119 120 118 63
C 14 115 117 119 120 122 123 121 64
118% 120 121 122 123 125 126 125 65
© 124 124 125 128 129 130 129 66
128¢ 130 131 133 133 135 133 67
131* 133 135 136 138 138 138 63
135* 137* 138* 140* 142* 142 69
136% 138 140" 142% 144* 144 70
. 138* 140% 142% 144* 145* 145 71
12 Years | 13 Years 14 Years 55 Years 16 Years 17 Ye?xs 18 Years Apge
- 57 59 6o - 61 61 61 . . Short) >
gg 60 62 63 64 64 64 . Medium g-g,g
62 64 66 66 67 °* 67' 67 .. . Talljd=
10 I3 1o 7 2 I . . Short} 2>
13 10 6 4 3 1 . Medium E,E;
9 8 4 4 1 I . . . Tall] TE®

these groups, there have been added as starred figures estimated weights. All the other weights represent averages for each

W



Annex 18 (c)

TABLE OF WEIGHT AND HEIGHT FOR MEN AT DIFFERENT
AGES!

In ascertaining height, measure in shoes ; stand erect, and press
measuring rod down against scalp. Weigh yourself in indoor clothing
and shoes. Subtract for height of heel if measured in shoes.

Height ;:xii 20 | 21-22 | 23-24 | 25-29 | 30-34 | 35-39 | 4044 | 43-49 [ 50-54 | 35-59
5 ft. 1xr|112{114 118 122)126)128|131]1331134]135
5ft. rin. 116 | 117|118 121|124 | 128|130 133|135] 136|137
5 ft. 2in. 122 123|124 | 125{ 126|130} 132 | 135] 137 138|139
5 ft. 3 in. 127|128 | 128 | 120 131|133 135|138 | 140 ]| 141 | 142
5f?:. 4 in, 130|131{132|134|135|136| 138 141|143 144|145
5 ft. 5 in. 134|135(136|137] 138 | 140|142 | 145|147} 148|140
5 ft. 6in. 139 | 140] 141|142 | 143 | 144| 146]| 149|251 | 152 153
5 ft. 7in. 1421143| 144|145} 146|148 150|153 | 155|156 158
5 ft. 8 in. 147|148 149| 150|251 | 152 | 155]| 158 | 160 161 | 163
5 ft. 9in. 152|153|154)155[ 156158 | 160|163|165| 166|168
5 ft. 10in. 1551 156|157 | 158 | 159 | 162 | 165 | 168|170 | 171|173
51ft. 11in. 159|160 | 161 | 162|164 | 166|170 174|276 | 177|178
6 ft. 163|164 ) 165|166 168 | 172 | 176| 180 | 182|183 184
6 ft. 1 in. 1671168169 171| 1731178 182]186| 188] 190 191
6 ft. 2 in. 171|172 | 1741761179184 | 180] 193|105 197} 108
6 ft. 3in. 175| 175|178 181 184 Igo‘ 195} 200} 202 | 204 205
6 ft. 4 in. 178|180 183 | 186|189 196 | 201 | 206 | 209 | 211 { 212
6 ft. 5 in. 183185 188|191} 194 | 201 | 207] 212 215| 217|219

1 From Personal Health Standa, Scale, D. d
» Oﬂ’, M. » Bureau of Publica tions, Teachers
rd and by Thomas W D u of Pul y
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Annex 18 (c) (continued)

TABLE OF WEIGHT AND HEIGHT FOR WOMEN

DIFFERENT

AGES?

AT

In ascertaining height, measure in shoes; stand erect, and press
measuring rod down against scalp. - Weigh yourself in indoor clothing
and shoes. Subtract for height of heel, if measured in shoes.

deﬁt Axg: 20 | ar-23 { 23-24 | 25-29 | 30-34 | 35-39 | 40-44 | 4549 | s0-54
years

4 ft. 10in, - 104 | 106{ 108|110} 113|116} 119} 123]| 126|129
4 ft. ixlin. 106|107 | 109|112 115|118 121 155 128} 131
5 ft. 11z r11zj1v3lxr5| 17| 120{123| 127|130 133
sft. 1in. Ilé 116/ 116 118} 119 122} 125} 129|132 135
5 ft. 2im. 118 InS 11g| 120|121 | 124 )| 127[ 132|135 138
5 ft. 3in.- 120] 121} 122 123 124|127|130{ 135 138|141
s ft. 4 in. 123|124 | 125|126 128 | 1311134138 141|144
5 ft. 5in. 126|127 | 1281129 | 131|134 138|142 | 145148
5 ft. 6in. 130|131 132|133 135. 138|142 146|149} 152
5ft. 7in, 135|135 135|137]139] 142 146. 150]|153] 156
sft. 8in. . 138/138{139(141|143]146]|150] 154 1571161
s ft. gin. 142 | 142{142] 145|147 | 150|254 | 158 | 161]165
5ft. Io'in. 144|144 | 145|148 [ 151|154 [ 157 [ 161|164 | 169
5 ft. 11in. 146|147 149|151 | 154] 57 i60 164 | 168|173
6 ft. 150|152 | 154 | 156} 158 | 161|163 | 167|171} 176

3 From Peysonal Healtk Standard and Scale, by Thomas D. Wood, M.D., Bureau of Publications, Teachers

College, Columbia University.



Annex 19

SPECIMEN OF BIOMETRIC TABLE FOR CHILDREN IN BELGIUM
TENTATIVE DETERMINATION OF MEAN WEIGHT VARIATIONS IN RELATION TO AGE AND

AN INCREASING SERIES OF HEIGHT MEASUREMENT

GIRLS
§14 {18 |
150 vt [ vdn | v | vl | v | v | ¥l | v | £ 7| vetn | viin | i | il | veko | v | ¥ | oo
=] It i o
90 [ 13.9 [ 14.3 122 | 24.9
92 | 14.5 [ 14.8 124 | 25.1 '
04 [ 151 [ 15.4 126 | 26.3
g6 | 15.6 ; 15.8 128 | 26.4 | 28.3
98 [15.9 | 16.0 | 16.3 | 16.8 I30 | 27.4 | 28.8
I00 16.4 | 16,5 | 17.4 I32 | 28.3 | 29.6
102 16.6 { 17.1 | 17.5 | 18.0 I34 | 29.1 | 30.3
104 17.0 | 17.4 | 17.9 | 18.4 136 | 29.6 | 30.9 | 33.0
106 18.z | 18.4 | 18.7 | 19.1 138 | 30.5 | 32.3 | 34.1
Io8 18.2 { 18.4 | 18.7 | 19.2 [ 19.6 140 | 31.2 | 32.7 { 34.9 | 36.8
110 19.4 | 19.7 | 20.05| 20.6 142 (32.0 | 34.2 | 35.1 { 39.5
Ir2 19.6 | 19.9 | 20.11| 2I.1I I44 | 32.7 | 35.6 | 36.7 | 40.5
II4 19.8 | zo.1 | 20.5 | 21.3 146 {33.4 |35.9 |37.2 |4t.1 | 44.7
116 20.0 | 20.7 | 21.2 | 21.5 | 22.0 148 36.4 {39.4 | 41.5 | 45.1
I8 21.3 | 21.8 | 22.05| 22.2 I50 36.8 | 39.7 | 42.8 | 45.8 { 46.6 | 47.7
120 22.6 | 22.9 | 23.0 | 23.4 || I52 39.2 | 40.3 | 43.7 | 45.9 | 49.0 | 50.4
122 22,9 | 23.2 | 23.6 | 24.1 I54 41.2 | 44.6 | 47.4 | 49.3 | 5I.1
124 23.3 | 23.7 { 23.9 | 24.5 || 156 41.6 1 44.8 | 48.7 | 49.6 | 51.6
126 23.7 { 24.9 | 25.2 | 25.3 || 758 42.7 | 46.2 | 49.0 [ 50.9 | 54.0 { 55.6
28 24.5 | 25.1 | 25.6 | 26.3 || 160 46.8 | 51.2 | 51.5 | 54.7 | 55.8
130 25.3 | 26.5 | 27.2 || I62 48.2 | 51.4 | 51.7 | 55.5 | 56.0
132 25.6 | 26.8 | 27.5 }} 164 48.8 | 52.8 | 54.0 | 56.5
I34 25.8 | 27.5 | 28.3 || 166 49.3 | 53.0 [ 54.8 | 58.3 | 60.4
I36 27.7 | 28.6 || 168 s1.0 | 58.3 ] 56.1 | 58.6 | 60.6
138 28.0 | 29.3 || 70 58.3 | 60.5 | 63.0
30.3

140

-— 9lz



Annex 19 (continued)

SPECIMEN OF BIOMETRIC TABLE FOR CHILDREN IN BELGIUM
TENTATIVE DETERMINATION OF MEAN WEIGHT VARIATIONS IN RELATION TO AGE AND

AN INCREASING SERIES OF HEIGHT MEASUREMENT

Bovys

'g%g a 4 s 6 7 8 10 g%g 11 12 13 14 18 16 17 18
::E q Years | Years | Years o] Years | Years | Years | Years | Years g 2.5 Years | Years | Years | Years | Years | Years | Years | Years
92 | 14.7 | 15.1 126 | 26.3
94 | 15.2 | 15.5 I28 | 26.8 | 28.3
96 | 15.5 | 15.8 I30 | 28.2 | 29.1
98 | 15.7 | 16.04] 17.4 I32 | 28.7 | 30.1 | 3.1 | 31.2 .
I00 { 15.7 | 16.9 { 17.5 | 17.7 I34 | 29.6 | 30.7 | 31.4
102 17.2 | 17.7 | 18.1 ‘ I36 | 30.2 | 31.3 | 31.8 | 32.9
104 17.6 | 17.8 | 18.6 | 19.6 38 t 30.5 | 32.0 | 33.1 | 35.0
106 17.8 1 18.4 [ 18.7 | 19.7 140 | 31.7 | 32.6 | 33.6 | 35.2
108 . | 18.3|18.6 | 19.0 | 19.8 I42 | 31.8 | 34.0 | 34.3 | 37.2
110 19.3 | 19.6 | 20.1 | 20.3 144 | 334|349} 356 (375
I12 19.6 | z0.0 | 20.5 | 21.0 146 | 33.8 | 35.2 | 36.6 | 38.4
I14 20.0 | 20.8 | 21.1 | 21.6 | 21.8 48 35.8 [ 37.4 | 39.2 | 41.3
116 21.2 | 21.4 | 21.9 | 22.4 150 36.8 | 38.6 | 40.1 | 43.0
118 22.1 | 22.2 | 22,7 | 22.8 I52 37.0 | 39.0 | 42.3 | 44.0
I20 22.2 | 22.8 | 23.0 | 23.3 | 23.5 || I54 39.8 | 43.0 | 45.5 | 47.6
I22 22.3 | 23.2 | 23.7 | 24.0 | 24.3 || 156 39.1 | 40.7 | 44.8 | 47.2 | 49.
I24 23.6 | 24.4 | 25.0 | 25.3 | 158 45.2 | 47.8 | 50.4 | 51.5
126 23.7 | 24.9 | 25.7 | 25.9 || 160 45.5 | 49.3 | 51.7 | 53.2 | 55.0
128 25.2 | 25.9 | 26.5 || 162 46.1 | 50.8 | 52.6 | 54.8 | 56.0
130 25.9 | 27.3 | 28.1 || 164 51.8 | 53.4 1 57.0 | 58.9
132 26.1 | 27.6 | 28.3 {| 166 52.5 | 55.6 | 57.4 | 61.4
134 27.8 | 20.1 || 168 53.2 | 57.1 | 57-7
136 28.6 | 30.0 || 170 57.5 | 58.1 | s8.9
138 30.3 || 172 59.3 | 60.2

I74 62.5

— Llz —
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Anuex 20
NETHERLANDS BIOMETRIC TABLES

THE HAGUE, 1934

BOYS
Age Weight Height Age Weight Height
Kg. cm. Kg. cm.
6 yrs IO yrs 29.6 135.8
I m. iIm. 8 136.2
z 2 30.0 6
3 3 3 137.0
4 20.7 116,2 4 5 4
5 9 8 5 7 8
6 21.1 117.2 6 9 138.1
7 3 8 7 3I.1 5
8 5 118.3 8 3 9
9 7 7 9 6 139.2
10 9 119.1 10 8
11 22.1 5 11 32.0 140.0
7 yrs 2 120.0 II yrs 32.2 140.4
I m. 4 5 I m. 4 8
2 6 121.0 2 6 141.2
3 8 4 3 8 5
4 9 8 4 33.0 9
5 23.1 122.2 5 2 142.2
6 2 6 4 5
7 4 123.0 7 6 8
8 6 5 8 8 143.0
9 8 124.0 9 34.0 z
10 9 4 10 I 5
11 24.1 8 II 3 9
& yrs 3 125.2 12 yrs 6 144.2
I m. 6 7 I m. 8 5
2 9 126.3 2 35.0 8
3 25.1 9 3 3 145.1
4 3 127.4 4 6 5
5 6 9 5 8 146.0
6 8 128.4 6 36.1 4
7 26.0 9 7 4 8
8 z 129.3 8 7 147.2
9 4 7 9 37.0
10 6 130.1 10 3 148.1
I 8 5 1I 6 5
Q yrs 27.0 - 131.0 I3 yrs 149.0
Im 2 4 Im, 38.2 9 4
z 3 9 2 5 9
3 8 132.4 3 8 150.3
4 28.0 8 4 39.1 7
> 2 133.2 5 3 151.0
6 4 6 6 6 3
g 6 134.0 7 8 7 .
8 4 8 40.1 152.0
9 29.0 7 9 3
10 2 135.0 10 ~
11 4 4 11

Note communicated to the Health Section on June 28th, 1938 (C.H./Com.Exp.Alim./45),



Annex 20 (continued)

H .
Wn:frn'or‘;?ws cm. % yearskg. cmgy’ yw;g- c:lxll.l!ré y!a;‘ss. cr::3 % yea.:‘s"
Utrecht, Board | 1993 | 113 20.7 |123 25 132.5 29.2
School 1916 | 114 21.4 124 26 | 134 30.7
' 1935 | 119 23.4 |I3I 28.5 |[138.5 33.3
Utrecht,middle-{ 1905 | 121.8 24 132 29 141 34
class schoolq 1916 | 125 24.8 134 30 143.5 35.2
children 1935 | 125 25.3 | 136 31.5 | 145.1 37
Ut;gﬁ]&ﬁoorest 1920 {114 = 2L.5 [123.5 20 132.5 30.3
children 1935 | 118 227 129 . 27.5 |137.2 325
Amsterdam . . 1916 | 115 22 126.5 27.2 [139 32.1
’e 1917 |119.5 22.5 |128.5 26.3 | 137 31.9
. 1918 | 115 22 128.5 26 135.5 3I
s 1935 | 122 23.9 132,58 29.5 |141.7 34.8
> 1936 | t21.3 23.7 |132.1 28 142.3  35.1
' 1937 | 122 24 -}132.4 29 141.7  34.7
. ' {1920 | 125.80 23.85)128.48 26.43|137.12 31.18|145.79 36.79
Oslo, elemen-) 1925 | 125.53 24.61|130.93 27.34|139.58 3z.51]|148.15 38.32
tary schools] 1930 | 125.17 23.33|132.86 28.55|141.37 33.78|150.44 40.36
1935 | 127.21 25.66|134.43 29.43|143.25 35.11|152.73 42.0I
1920 142.53 34.22|150.45 40.09
Oslo, secon- 1925 146.01 36.24|153.25 41.84
dary schools } 1930 146.39 38.20| 154.26 43.06
: 1935 159.87 47.54
Banska Bystrice . . |116,3 21.4 |125.7 254 [I31.0 29.1
Prague . . . 120.51 22.70{130.15 27.70|140.51 34.22
Kralupyn. Vit . . . | 119 22.28 129 27.12|137.5 32.05
Berehovo. . . . . . |116.78 21.22|124.57 24.31|131.97 28.53
Mukacevy . 115.82 20.41|124.03 23.98|132.22 28.25
Sub-Carpathian
Russia 116,48 20.86|124.36 24.16|132.08 28.37
Bratislava (poor) . 117.10 20.85|125.07 24.64|132.8g 28.50
Banovce, Trencin and
Trnava . . 1117.8 22.30|124.3 26.59|135.3 -32.30
Radnice (city) . . . |115.42 20.9I|125.03 25.52|133.45 29.31
Radnice (surround- ‘
ings) . . . 120.39 23.49|128.86 28.42|137.29 32.73
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Annex 20 (continued)

Bovs — MEAN WEIGETS ror Various HEIGHTS

Helght | Number Ke | Nimbe e | Nomber K | Nomber Kg. | Number Ke,
103 3 21 I I5.4

104 4 I7.1 . I 32.3

105 4 18.1

106 8 17 1 16.5

107 5 I17.1

108 18§ 18.8 3 18

109 14 18.1 2 18

110 36 19 1T 20.1

I1I 45 18.8 16 8.8

112 75 19.1 1g 1I9.5

113 71" 19.6 20 20.7

114 78 z20.2 28 20.2

II5 89 zo0.5 3z 20,1 1 18

116 96 20.9 29 209 2 229 I 23.2

117 | 135 2I 2 21 3 20.8

118 140 21.3 63 21,1 2 23.7 1 20.9

119 | 144 21.6 59 21.7 4 22.5 l 1 208
120 | 171 22.2 79 22 10 22.1

121 160 22.5 72 22.5 10 22.4 23.9

122 | 191 23.4 90 23.4 10 23.9 I 30

123 203 23.5 76 23.5 23 23.8

124 195 23.8 69 23.4 24 25.4 3 24.7

. 125 221 24.3 85 24.2 30 24.1 4 25.3

126 | 216 24.6 70 24.6 46 24.3 I 27.2 r 23.6
127 | 232 25 61 24.5 40 25.4 8 27.6

128 | 213 25.7 SI  24.9 52 26 7 25.6

129 | 217 26.3 43 25.9 64 26.5 16 278

130 | 200 26.6 3z 26.2 58 26.7 12 27.7

131 242 27.5 31 26,4 67 27.3 13 289

132 | 236 z27.7 20 26,9 73 27.2 22 28.4

133 | 252 28.3 2z 287 82 276 26 28.4

134 260 2849 15 28.9 69 286 36 2838 2 33.2
135 256 29.3 6 30.4 70  29.2 42 29.6 3 32.5
136 | 258 29.5 4 289 69 29.4 52 29.3 2 29.4
137 | 248 30.3 z 31 80 30.3 58 30.6 4 32
138 | 265 30.6 4 25.7 74 30.1 54 3I1.1 5 30.7
139 | 238 31.2 I 285 52 31.1 62 31.4 11 3I.5
140 | 269 32.1 3 38 43 317 | 77 323 9 331
141 237 32.5 I 34 42 32.5 66 33.2 8 31.7
¥42 | 2290 33.2 I 30 35 32.z | 68 33.7 Io 34.3
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Anpex 20 (c.ontinued)

Bovs — MEAN WEIGHTS For Various HeicaTs

Height Whole group 78 years 9-10 years 1T-12  years I3-14 Years
cm, Number Kg. Number Kg. Number Kg. Number Kg. Number Kg.
143 | 220 33.5 25 337 | 81 334 | 17 347
144 | 189 34.1 13 33.5] 68 33.7 | 15 349
I45 | 165 34.8 353 | 11 35 53 347 | 17 35
146 | 179 35.3 10 351 ( 67 354 ( 12 358
147 | 178 35.7 6 353 | 54 351 | 23 36.6
148 | 163 37 - 5 37.5 | 51 366 | 32 371
I49 | 126 37 8 36 44 368 | 24 383
150 | 136 38.3 4 38 | 47 377 | 24 391
151 118 33.3 6 34.6 3xr  37.2 25 39.4
152 | 112 38.7 1 36 29 37.5 17 40.2
153 73 39.7 1 38.5 21 40.8 16 40.4
154 70 41 5.1 2 429 13 38.5 30 4I.2
155 62 40.9 10 40 22 41.6
156 64 41.8 9 42.2 18 41.5
157 49 42.5 2 36.2 9 444 17 434
158 38 43.3 6 43.8 16 42.4
159 27 44.6 7 42.7 10 44.6
160 28 455 4 453 | 17 46.7
161 20 46.4 13 46.5
162 14 46.9 z 48.9 9 46.4
163 15 45.2 7 46.2
164 10 44.8 3 455 2 454
165 11 50.8 4 50.7
166 9 50.7 1 527 5 51
167 6 48.2 3 493
168 7 51 3 472
- 169 I 49.2 T 49.2
170 5 57.6 2 57.7
171 2 59.6 2 59.6
172 5 52.3 2 57.2




