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terview with the nutritionist, a complete

medical history and physical examination,

electrocardiogram, roentgen films of the chest

and lateral roentgenograms of the abdomen,

blood tests, and urinalysis, as previously

described.’

same person on repeated occasions, the chances

of getting a record of an “atypical” day are

obviously great. We tried to reduce the re-

sulting error by checking the 24-hour history

against the customary weekly food consump-

tion and made corrections for “atypical” foods

TABLE I

Description of Sample

Men Women

Italian Jewish Others Total Italian Jewish Others Total

Probands 58 135 27 220 44 28 25 97

Spouses 9 6 3 18 18 64 9 91

Siblings 10 41 2 53 13 42 5 60

Children 19 55 4 78 19 57 9 85

Total 96 237 36 369 94 191 48 333

DIETARY hISTORIES

Dietary histories were taken, with a few ex-

ceptions, by the same nutritionist (R. C.).

Each interview lasted at least half an hour.

A “Modified Twenty-Four-Hour Dietary His-

tory” was used. Specially prepared diet

forms provided for the charting of: (1) the

three meals and in-between snacks eaten dur-

ing the past 24 hours; (2) the customary food

consumption per week, based on specific ques-

tions concerning the different classes of foods

commonly used; (3) miscellaneous questions,

concerning special likes and dislikes of foods,

changes in eating habits (temporary, recent,

past), eating at home or restaurant, and ad-

herence to special diets.

Calculations of caloric and fat content were

based on the “Short Method” of Leichsenring

and Wilson.’8 These tables, which are based

on a typical varied American diet, were supple-

mented, as needed, by consulting Italian’9 and

Jewish2#{176} cookbooks for recipes of native dishes

and standard food composition tables2’ 22

for foods not included in the “Short Method.”

The caloric and fat contents were expressed

for the 24-hour period. Total fat was broken

down into fats of vegetable and animal origin,

and expressed as “grams consumed in 24 hours”

and as the percentage of the caloric intake.

It is emphasized that the data which form

the basis of this report were not derived strictly

from dietary histories covering only the 24

hours prior to the interview. Where it is

impossible to take dietary histories from the

by substituting “usual” foods. These cor-

rections were, however, kept to a minimum,

since excessive changes ck�arly defeat their

own purpose.

The reliability of the dietary histories thus

obtained was checked by comparing the calcu-

lated caloric intake with the caloric intake

estimated from the nomogram of Boothby and

Berkson,23 as suggested by Jolliffe and Alpert.24

The nomogram makes allowances for age, sex,

weight, and height, and assumes that weight is

neither lost nor gained. Since the nomogram

provides data for the caloric consumption

under basal conditions only, an allowance has

to be made for physical activity. As recom-

mended by Jolliffe,25 an “Activity Factor” of

30 per cent of the basal metabolic rate was

added to the latter for persons aged 20 to 59

years, and a factor of 40 per cent for persons

aged 60 years and over. These factors apply

to moderate degrees of activity such as are in-

volved in operating machines, housework, and

also clerical and office work. For the rela-

tively few persons in our sample who engaged

in heavier occupations, an additional 10 per

cent of the basal requirement was added to

these figures; for retired and relatively in-

active people, 10 per cent was subtracted.

The activity factor is difficult to estimate.26’�

There are considerable differences between in-

dividuals in relation to the caloric equivalent

of physical activity28 and iii the same person

from day to day.29 Moreover, it is well

recognized that obese individuals show a de-
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Men

Histories underestimated
Number by more than 30 per cent

212 1.4%

157 12.1%

Women
Histories underestimated

Number by more than 30 per cent -
164 14%

168 31��
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creased mechanical efficiency as compared with

lean people for a given amount of work.2032

The possible errors involved in these assump-

tions will be discussed below.

Dietary histories in which the estimated

caloric intake was more than 30 per cent above

TABLE 11

Reliability of Dietary History Measured by Per Cent

Difference Between Actual * and Predicted t Caloric

Intake

Per cent difference

Within ± 30% (Accepted)

369 Men
(per cent)

333 Women
(per cent)

85 75

Within ± 20% (Accepted) 66 59

Within ± 10% (Accepted) 37 34

More than ± 30% (Rejected) 15 25

More than + 30% (Rejected) 9 3

More than -30� (Rejected) 6 22

* Calculated from “Modified 24-hour Dietary

History”

t Calculated from nomogram of Boothby and Berk-

son. 23

RELIABILITY OF THE “MODIFIED 24-HOUR

DIETARY HISTORY”

Approximately one-third of both the men

and women gave dietary histories which agreed

within ±10 per cent with the predicted value

(Table II). About two-thirds of the men and

women gave histories falling within ± 20 per

cent. Eighty-five per cent of the men and 75

per cent of the women came within the selected

range of acceptance, i.e., ±30 per cent.

Women as a group underestimated their

food intake (Table II). Twenty-two per cent

of the women and only 6 per cent of the men

gave histories rejected because they were more

than 30 per cent below the predicted values.

Since overweight women are known to under-

estimate their food consumption,33 we com-

pared men and women of normal or less than

normal weight with those 10 per cent or more

overweight (Table III). As was expected, in

the overweight, the proportions of under-

TABLE III

Relative weight*

under 110

Relative weight*

110 and over

Reliability of Dietary Histories in Relation to Overweight

* Determined from Tables of Standard Weight59

or below the calculated value were rejected as

unreliable. Although an allowance of 30 per

cent, at first sight, may appear excessive, it

may be pointed out that 93 per cent of persons

will deviate by ± iS per cent from the nomo-

gram by virtue of the fact that one standard

deviation amounts to about 7 to S per cent of

the mean value. If one adds to this figure

daily variations in dietary intake and activity,

not to mention the inherent inaccuracies of the

dietary history method and the estimation of

the activity factor, a margin of 30 per cent

does not appear unreasonable. No attempt

was made to reject persons who either lost or

gained weight, since such individuals should

exclude themselves by falling outside the 30

per cent limits set by the nomogram; more-

over, most participants kept a steady weight.

estimated values were greater for both men

and women, particularly among the latter.

However, the same tendency for women to

underestimate was found in those not over-

weight. The theoretical possibility exists that

this tendency is, at least in part, only apparent,

since the nomogram may give excessively high

basal caloric consumption rates for women, as

compared with men. In the experiments UpOn

which the nomogram is based, Boothby and

Berkson determined the basal metabolic rate

only once and used this single measurement, for

reasons which were stated, in their statistical

treatment of the data. 23 Repeated determina-

tions of metabolic rate and use of the lowest

measurement yield, as expected, different

regression lines.34 If, in Boothby and Berk-

son’s experiments, womnen were more “nervous”
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Height Weight
ft in lb

B.M.R. Daily caloric expenditure
Surface cal/24 assuming activity factor of:

Age* area, m’ hr 40 per cent 50 per cent 60 per cent

5 0 150 40 1 .65 1480 2070 2220 2360

5 5 150 40 1 .75 1580 2220 2370 2530

5 7 150 40 1 .80 1600 2240 2400 2560

5 7 180 40 1.93 1740 2440 2610 2790

5 7 210 -10 2.05 1850 2590 2780 2961)

5 8 150 40 1 .81 164() 2300 2460 2620

5 8 180 -10 1.95 1760 2460 264() 2810

6 0 150 40 1.88 1700 2380 2550 2720

6 0 180 40 2.04 1840 2580 2761) 2940

5 6 174 52+ 1.88 1620 2270 2430 2590

5 7 174t 52+ 1 .90 1650 2310 2480 2640

5 7 222� 52 + 2. 11 1820 254() 2730 2910

* All Males.

t Relative weight 110.

� Relative weight 140.
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than mmien during the first amid only determuina-

tion of basal metabolism, their rates might

have been higher than the “true” value. As a

result, the discrepancy between actual and

predicted values for caloric intake, in our data

on women, might possibly be exaggerated.

big constant. If height and age are constant,

an increase in weight fromu 150 to 180 pounds is

associated with an increase in 210 calories.

Even if there is gross overweight (210 pounds),

the increase amnounts to less than 400 calories.

An increase in age from 40 to 32 years or over,

TABLE IV

The Predictioli of Caloric Iiitake from Surface Area by Means of tlie Nomograin of Boothby and Berkson

Probands, spouses and siblings gave his-

tories of similar accuracy. Female children

gave more accurate histories than their mothers

and aunts, the proportion underestimating by

more than 30 per cent being only 3.3 per cent as

compared with 11.8 per cent. Male children,

on the other hand, overestimated their intake

to a greater extent than their fathers and

uncles.

Members of the various ethnic groups gave

histories of comparable reliability. More

Jewish than Italian women tended to under-

estimate their caloric intake, but the dif-

ference was not statistically significant.

VARIATIONS IN CALORIC INTAKE AMONG DIF-

FERENT GROUPS

Persons differing in body build and activity

level also differ in caloric intake. The mag-

nitude of these differences may be predicted

from the nomogram, assuming that weight is

neither lost or gained (Table IV). A change in

height from 3 feet 5 inches to 6 feet is associ-

ated with an increase of only 150 calories at the

50 per cent activity level, age and weight be-

height and weight being constant, involves a

decrease of about 130 calories. Most of this

decline can probably be accounted for by a

relative increase in body fat with age,35 since

there is evidence that the metabolism per unit

of lean body mass is unrelated to age.36 An

increase of activity from 40 to 60 per cent

above basal requirement, a considerable dif-

ference in activity, involves a difference of only

about 300 calories in energy consumption.

It may be seen from a consideration of the last

column, “Daily Caloric Expenditure,” that

wide variations in age, height, weight, and

activity are associated with changes in caloric

consumption within a range between approxi-

inately 2200 and 2900 calories, a difference of

700 calories. However, in a large sample,

where age, height, weight, and activity dif-

ferences have an approximately normal distri-

bution, the average differences are presumably

considerably less than indicated by the above

extreme values, probably more in the region of

300 rather than 700 calories.

It thus appears that the caloric intake of

comparable groups is relatively constant irre-
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spective of age, activity, weight, and height.
The two latter factors can be further tested by

comparing the weights and heights of the per-

sons examined during this study with their

caloric intake, estimated from the dietary

history. In both men and women, the mean

TABLE V

Relation between Relative Weight and Actual Caloric

Intake*

Men Women

Relative Mean caloric Mean caloric
weight Number intake Number intake

Under 100 17 2147 16 1725

100-109 134 2239 72 1844

110-129 85 2220 58 1841

130 and

over 14 2414 20 2040

Total 250 2242 166 1854

* Excluding dietary histories which deviated by

more than ±30 per cent from the nomogram.

actual caloric intakes between the highest and

lowest weight groups differed by only about 300

calories (Table V). This figure is identical

with the one previously given on the basis of

theoretical considerations. The relative con-

stancy of caloric intake is also confirmed by the

observation that the three different ethnic

groups studied likewise differed little in mean

caloric intake (Table VI). The relation be-

TABLE VI

Actual Caloric Intake in the Different Ethnic Groups

Studied *

Men Women

Ethnic Mean caloric Mean caloric
group Number intake Number intake

Italians 68 2312 52 1962

Jews 153 2188 85 1782

Others 29 2314 29 1879

Total 250 2236 166 1855

* Excluding dietary histories which deviated by

more than ±30 per cent from the nomogram.

tween height and actual caloric intake is shown

in Table VII. Here, the difference between

the shortest and the tallest persons is somewhat

greater, amounting on the average to approxi-

mately 500 calories. This difference, however,

expresses not only extreme differences in height

but also considerable differences in weight, the

taller people being, on the whole, considerably

heavier. Thus, the figure of 500 calories is in

keeping with the 700 calorie (lifferemice which

was expected from the nomuogramn betweeil

extremes in build and activity.

TABLE VII

Actual Caloric Intake in Relation to Height*

Men Women

Height Mean caloric Mean caloric

(inches) Number intake Number intake

52-55 1) - 7 1615

56-59 8 21)22 72 1761

60-63 107 2097 76 1919

(14-67 112 2328 11 2159

68and over 23 2575 0 -

Total 250 2242 166 1854

* Excluding histories deviating

per cent from the nomogram.

DISCUSSION

by more than ±30

In this study, it was assumed that the caloric

intake of a person of steady weight can be pre-

dicted by the use of the nomogram of Boothby

and Berkson,23 and that the predicted value

can be used to check the accuracy of dietary

histories, as recommended by Jolliffe and

Alpert.24 The assumption that the predic-

tion from the nomogramn is accurate cannot be

easily checked by experiment. Such an experi-

ment would involve observation of men and

women of different ages and body composition

over the course of days, measuring food con-

sumption, excretion, and metabolic rate during

rest and exercise throughout the experiment.

Such experiments can be performed37 but are

clearly too involved for the present purpose.

A partial answer can, however, be found from

more simple considerations.

Boothby and Berkson, in their experiments

upon which the nomogram is based, find pro-

portionality between basal metabolic rate and

surface area. Two criticisms may be cited.

Firstly, use of surface area as a reference

standard has been critically examined by

Tanner, who finds that its use may possibly

yield misleading results.38 Secondly, the con-

cept of “lean body mass”39’40 has led to a re

examination of the relation between basal

metabolic rate and surface area. Contrary

to their expectations, Steele and co-workers

originally found basal metabolism no more

closely correlated with total body water and,
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therefore, lean body mass, than with surface

area.4’ Others have found basal metabolism

more closely related to lean body mass than

surface area.354244 However, the superiority

of lean body mass as a reference standard is not

striking,43 possibly because most of the studies

cited were carried out on young people with

relatively normal amounts of body fat. In

older people, whose proportion of body fat is

greater,45 the discrepancy might be more

marked, although this expectation is not

borne out in the recent studies of Johnston and

Bernstein on 17 women of markedly different

relative weights.46 The nomogram, based on

proportionality between surface area and

oxygen consumption, would seem to give ade-

quate predictions of metabolic rate for practi-

cal purposes, as in this study. The use of

surface area as a standard of reference for

metabolic functions also appears reasonable

from other considerations. While, in theory,

an increment in body fat might increase sur-

face area to a greater extent than basal oxygen

consumption, a part of this increment is in-

ternal and does not affect surface area. More-

over, one-fourth of “obesity tissue” may be in

the form of active cell mass,35’� so that in-

creases in surface due to superficial accumula-

tion of body fat are associated with concomitant

increases in active metabolizing tissue.

In the above considerations, the factor of

body build has not been taken into account.47

Body build is important where the cumulative

effects of small degrees of overeating are con-

cerned. A person with a larger lean body

mass, i.e., a greater amount of active, metabo-

lizing tissue, will be able to eat a greater

amount without weight gain. Moreover, it is

likely that differences in body build are asso-

ciated with differences, not only in total but

also in intermediary metabolism. Thus, it is

known that asthenic individuals have lower

serum cholesterol levels than persons of pyknic

build.48 � Gertlerm#{176} has, more generally, pos-

tulated an association between “chemotype”

and “somatotype,” the latter term referring

to the anthropometric system of Sheldon.5’

The advantages52 and disadvantages,35’53 �‘(,

of Sheldon’s classification have been discussed

by others. It is likely that “mesomorphy” is

related to lean body mass and “endomorphy”

to body fat content.55’56 In our study, we have

not been able to measure these quantities but

have attempted to get a rough estimate of

body build by means of the chest girth-height

ratio, as described by Robinson and Brucer.57

It must be apparent, as pointed out by Bro�ek58

that the measurement of chest girth, even if

carried out with a steel tape measure pulled

tight, includes a certain amnount of subcutane-

ous fat, so that relative weights based on formu-

lae including chest girth underestimate the

degree of obesity. For the same reason, the

chest girth-height ratio overestimates the

degree of broadness of build in obese persons.

There is no question that there are more de-

sirable ways of expressing body build and

nutriture than height, weight, and chest girth,

as recently fully discussed by Bro�ek.58 Un-

fortunately, none of these, except the skin-fold

measurement, are applicable to large surveys

like the present study of atherosclerosis car-

ried out by us. As a rough guide, we have

attempted to use the chest girth-height ratio

to distinguish between excess weight due to

adiposity and the apparent overweight of those

with heavy muscles and bones. Since the

nomogram takes no account of body build, a

certain amount of error from this source might

be suspected. In order to estimate this error,

we have compared the mean actual caloric in-

takes of 43 men, aged 53 to 65 years, 63 to 64

inches tall, of different build according to the

chest girth-height ratio. The mean intakes

for those of linear, linear-intermediate, lateral-

intermediate, and lateral build were 2088, 219S,

2232, and 2143 calories per day, respectively.

It would appear, therefore, that persons of

different body build can be treated as a single

group in dietary studies of this kind, since the

measurable differences in caloric intake are

negligible.

The above considerations are not only of

theoretical but of practical interest. Obvi-

ously, with such small differences in overall

caloric intake between persons of widely dif-

ferent stature, the very small differences in-

volved in “excess” caloric intake in a slow but

steady gain of weight could not possibly be

recognized in an estimate of daily dietary in-.
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take. Therefore, the effect of these small con-

stant, or even intermittent degrees of over-

loading with calories can obviously be meas-

ured best in terms of degrees of overweight

rather than in estimations of the daily caloric

intake. On the other hand, the effect of the

composition of the diet in terms of proteins,

carbohydrates, and fat can only be determined

by such dietary inquiries as have been carried

out in this study. This principle will be applied

in a subsequent paper concerned with the rela-

tion between diet and atherosclerosis.3

SUMMARY AND CONCLUSIONS

Methods for the study of dietary habits of a

random sample of working people are de-

scribed. The “Modified 24-Hour Dietary

History” which corrects errors due to unrepre-

sentative meals is shown to be a practical

method in nutrition surveys, with a definable

margin of error. By comparing total caloric in-

take calculated from the nomogram of Boothby

and Berkson, it is shown that approxi-

mately one-third of the men and women inter-

viewed gave histories agreeing within ±10

per cent with the nomogram, two-thirds agreed

with the nomogram within ± 20 per cent, and

85 per cent of the men and 75 per cent of the

women agreed with the nomogram within ± 30

per cent. In general, women tend to under-

estimate their dietary intake, while men as a

group tend to overestimate it. Overweight

men and, in particular, women underestimate

their intake.

Dietary histories appear to provide a valid

basis for the estimation of the food intake of

population groups but not in individuals. Their

margin of error does not detract from their

usefulness in this regard. The nomogram of

Boothby and Berkson is shown to be valid and

useful in nutritional studies for checking the

accuracy of dietary histories.

Different people, of steady weight or gaining

weight slowly, irrespective of weight, height,

age, activity, or body composition, except at

extreme range, have similar caloric intakes

which differ by as little as 300 calories per day.

This conclusion is reached from theoretical

considerations by predicting caloric intake from

the nomogram of Boothby and Berkson and

from actual determinations of caloric intake

from dietary histories.

Since the differences in daily caloric intake

from person to person are so small, it would

appear that the composition of the diet might

be more important than caloric intake or

obesity �er se in metabolic derangements

which may be of importance in diseases such as

atherosclerosis.
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