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�4ANV studies have contributc(l to time

description of dietary intakes of chil-

dren. Virtually nothing, however, is knowim

about sequential changes in the food immtakes of

children as individuals during time years of

growth and developmmient. This report is omme

of a series dealing with the dietary intake data

of a group of children followed imidividually

throughout the major portion of their growth

period while living at home umider varying coii-
ditions of everyday life ; it deals with the usual

food intakes of these children and the various

ways in which they changed their nutriemmt

intake patterns during their years of growing

up. The 125 children, sixty-four 1)oys and
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sixty-one girls, whose amiiiimal proteimi immtakes

are reported here, belong to the Maturity

Series of the Longitudinal Studies of Child

Health and Developmilent conducted by the

Departmmient of Maternal and Child Health,

Harvard School of Public Health, under time

(lirection of one of us (H.C S.). The back-

ground of this research project, the methodol-

ogies ammd technics enmplove(l in the collection

and analysis of the (lata have already been

(lescribe(l. ‘ The Burke Research I)ietary

History Method� was used for the col-

lectiomi (-)f the dietary (lata at each routine

visit of time child to the climiic, i.e., seimmi-an-

imua.lly (lurimmg time early years and ammntmally

thereafter. Detailed nutri tiomm histories were

obtaimied imi which the average (laily dietary

immtakes of time precedimig timmie interval were

ascertanme(l.

The total caloric amid total proteimm intakes of

these children have already been reported.

In limic with the oi)jeCtivcS of future reports

fromu this researcim project, i.e. . to (leternmimie

relatli)nships l)CtwCemm intakes of mmutrients amid

mmmamiifestatiomms of health ali(l (leVelopmflemit, it

was considered important to ascerta i mi quali ta-

tire as well as quamititative diffcreimces iii the

proteimm imitakes of tlmese chiI(irelm . I t is
geimerally accepteti timat nmost protcimms fromim

amiimmial origin are of lmigher biologic value than

those derived from I)lants, and in diets iii which

growth is a factor it has bug been considered

(lesirable to provide a relatively high Pr�Por-

tion of total protein freon aninmal sources. On

the ()ther hand, it is well known that despite

the relatively low biologic value of plant pro-
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FIG. 1. Ammimmmal

to age ammd sex.

teins mutually supplenmentary relationships

exist when plant foods are combined in the diet

whereby deficiencies of essential amino acids

in one plant food can be corrected, to some

extent at least, by additional almmounts of these

amino acids from other carefully chosen plant

foods. Furthermore, it has been shown that

small amounts of aninmal protein of high bio-

logic value can considerably augment the bio-

logic value of an otherwise vegetarian diet.

Research already is concerned with and in the

future will show increased interest in the

anmino acid evaluation of diets in relation to

amino acid requirememits. However, with the

immformation at present available oim time amino

acid composition of foods, and the nature of

our data, it does not appear practical to at-

tempt detailed evaluatioim of the diets of these

children in terms of their essential amino acid

content. With this in mind the amount of

animal protein intake was determined. Since

both the total and animal proteimm intakes

(grains per day) are known, the amount of

protein (gramns per day) frommm plant origin caim

be obtained by difference.

METHODS

Time dietary data covering time entire childhood

of these 125 children are based on 2,71)7 nutrition

histories, each history providing a quantitative

appraisal of time average daily dietary iimtake of a

child for the preceding six- or twelve-month interval.

The total person s-ears of experience represented

by the 125 children are 2,125, i.e., a seventeen-

year period for each child. Time 2,707 histories

l)rovide information for approximately 91 per cent

of these iers�n years. Estimmmates of intakes were

made l)V interpolation for time years ivhen histories

were not obtained and for the occasional history

considered too incomnplete to justify inclusion in

this analysis. In this was’ every child was repre-

sented in the analysis at every age period. For

the description of the procedure used in the estimna-

tion of intakes and the use of these estimates the

reader is referred to the report on the caloric ammd

protein intakes (If these 125 children.m

RESULTS

The cross-sectional distribution of the animal

protein intakes of the sixty-four boys ammd
sixty-one girls of the Maturity Series of this

longitudinal research project is represented by

sex and age in Figure 1 and Table i.

Variations in intake with age aimd sex are

clearly illustrated by the ammimnal protein curves.

The average intakes are very similar for the

two sexes in time preschool years. During the

school years, especially the late school years,

the boys display a high rate of increase in

intake compared to the girls, resulting ill in-

creasingly higher values for the boys imi the
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Boys Girls

Mean � S. I). � Lowest � Highest

Age

(yr.)

1-2

2-3

3-4
4.-S
5-6
6-7

7--S
8-9

9-1))
10-11
11-12

12-1:)

13-14

14-15
15-16

16-17
17-18

Lowest � Highest

30.6 6.5 15.0

32.5 7.0 17.5
35.7 7.3 17.5

37.7 7.0 25.0

39.8 7.4 25.0
44.0 9.1 25.0

44.9 9.1 27.5
46.8 9.9 25.0
49.9 10.4 27.5
53.4 11.5 32.5
54.9 11.9 27.5
57.:) 10.2 35.1)

62.2 1:3.3 35.0

66.3 15.5 37.5
70.3 18.6 30.0

73.4 18.4 35.0

76.0 21.1) 30.0

42.�
51) .0

�7.5

GOt)

65.0

75.0
8().()

80.0

85.0

82.�
82.�
97.5

102.5
125.0

115.0
142.S

Mean S.D.

32.1 6.4

33.9 � 7.4

35.4 � 7.4
38.9 7.7

41.0 9.3
43.0 9.9
44.6 10.8

46.0 9.6
48.2 10.4
5().9 11.0
51.5 11.0
51).5 9.4
54.0 10.5

54.4 10.7

56.9 15.2

54.2 13.7
53.8 14.7

22.S
22.�
17.0

22.0
19.0
22.�
23.0

20.0

25.0

30.0

30.1)
30.0

25.0

31) .0
32.�
27.5
30.0

45.0
57.S

51).))
55.0

65.0

67.5

72.5

67.5
70.0

75.0
97.5

8�.0
80.0

92.S
105.0
100.0
112.5
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S.D. = Standard deviatiolm.

TABLE I

Aninmal Protein Iimtake (grams per day) According to Age and Sex

later years. The boys’ animal protein intakes

were highest at eighteen years of age when the

average value was 76 gm. per day, the girls

reached their mnaximum, 57 gm. per day, during

the fifteen- to sixteen-year period.

Widdowson,3 in her cross-sectional study of

individual children ‘s diets, investigated the

average animal protein intakes of children

between the ages of one and eighteen years.

Insofar as we know, no other equally compre-

hensive study of animal protein in children’s

diets exists in the literature. A comparison

of her values with those of our Maturity

Series shows that our values for animal pro-

tein, both for boys and for girls, are always

appreciably higher than those of the British

children. Except for a few age periods the

Boston children also displayed higher total

protein intakes than the British children.2

The wide range encountered in the total

caloric and total protein intakes of these in-

dividual children is shown also by the animal

protein values. In Widdowson’s group similar

individual variation is in evidence. In the

Boston group at every age period, among the

boys as well as the girls, the child with the high-

est intake consumed at least twice as much ani-

mal protein as the child with the lowest intake.

At every age, one to eighteen years, and for

both sexes there was at least one child whose

animal protein intake was actually lower than

the maximum intake at one year of age.

It was not always the same children who

occupied these extreme positions. Although

some children maintained the highest or

lowest positions for only two or three consecu-

tive years, the intake of one boy ranked highest

for eleven different age periods. Figure 1

gives a cross-sectional picture of the animal

protein intakes and progressive changes in

intakes of the boys and girls in this series during

their years of growing up. It does not, how-

ever, show how individual children deviate

from their average pattern of change in intake.

In order to make it possible to view the data

longitudinally in terms of individual patterns

of consumption of animal protein, the chil-

dren were classified according to their levels

during three broad age periods (one to six,

six to twelve, and twelve to eighteen years).

Within each age interval the cumulative intake

of animal protein was calculated for each boy

and girl, and these values were grouped into

quartiles for each sex. Children ranking in
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TABLE II

Cummiulative Values of Ammimmmal Proteiim Intake Which Deflume the Extrenme Quartiles by Sex aim(i Age Imitervais

.�ge

(yr.)

1-6

6-12

12-18

1-18

Granm per Day

Boys Girls

�_____.___. --- -- ---��---.--��-- .�.-.---�- .��----�- � .. .
Lowest 25tlm � 75th Higimest Lowest 25th 75tim � Highest

Value Percentile Percentile Value \‘aiue Percemmtile Percemmtile ,� Valtme

115.0 156.2 191.9 262.5 111.0 160(1 207.5 � 272.2

172.5 259.4 , 326.2 � 467.5 166.8 241.9 322.5 385.0

210.0 348.0 � 443.8 640.0 � 210.0 283.5 357.5 � 530.))

615.0 772.5 � 957.5 . 1,370.0 � 487.8 696.2 876.4 1,082.5

TABLE III

Frequeimcy of Occurremmce of Iimdividuai Longitudinal Patterns (If Ammiimmai Protein Imitake

Patterns

HHH
MMM

LLL
MLL, JILL, HMM
LMM, LHH, MHH
MML, HHL, HHM
LLM, LLH, MMH
LML, LHL, LHM, MHL, MHM
MLM, MLH, HLM, HLH, HMH
LMH
HML

No. of Boys

5
12

6
(2 + 0 + 5) - 7

(2 + 0 + 3) = 5
(2 + 1 + 3) = 6

(3 + 0 + 4) = 7

(4 + 0 + 0 + 1 + 3) = 8
(4 + 1 + 0 + 0 + 2) = 7

1

0

No. of Girls

3

12

4

(1 + 1 + 2) = 4

(2 + 0 + 3) = 3
(7 + 0 + 4) = 11

(5 + 1 + 2) = 8
(2 + 0 + 0 + 0 + 3) = 3
(3 + 0 + 0 + 0 + 3) = 6

1

0

Fl--High; M-Medium; L-Low.

the lowest quartile of the distribution were

classified as having a ‘ ‘low” (L) value, those in

the highest quartile as having a “high” (H)

value, and those that fell between the 25th and

75th percentiles were classified as “medium”

(M) value in intakes. The values defining the

extreme quartiles are given in Table ii.

For the one- to eighteen-year period each

child was assigned a pattern according to the

combination of his ratings in the three age

intervals. For example, Boy 139 (Fig. 2)

was among the sixteen boys who for the one-

to six-year interval had the lowest cumulative

values of the group, but this boy increased his

intake rapidly so that for the six- to twelve-

year interval his intake rated “medium” and

for the twelve- to eighteen-year interval his

cumulative value ranked in the highest quar-

tile of the distribution. Therefore, his pattern

of intake was classified as “consistently rising”

(LMH).

According to this method of classification

there were twenty-seven possible patterns.

On the basis of direction of change in intake

from one interval to the other these twenty-

seven patterns were combined into eleven

pattern groups. The distribution of the sixty-

four boys and sixty-one girls in the different

patterns and pattern groups is shown in Table

III.

Figures 2 ammd 3 illustrate differemmces as well

as similarities between patterns and pattern

groups and between children in the same

pattern or pattern group. For example, boys

in the ‘ ‘consistently low, ‘ ‘ ‘ ‘consistently mne-

dium” and “consistently high” groups con-

form more or less to the average pattern of the

series in the rate at which they change their
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ANIMAL PROTEIN INTAKE-BOYS
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ANIMAL PROTEIN INTAKE-GIRLS
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FIG. 3. Selected individual curves of girls’ animal protein intake shown in the pattern groups
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ANIMAL PROTEIN INTAKE-GIRLS
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624 Burke, Reed, van den Berg and Stuart

intakes with age, but display a wide range in

level of intake with many intermediate varia-

tions between extremes of over-all intake as

presented in Cases 178 (LLL) and 260 (HHH)

in the “consistently low” and “consistently

high’ ‘ categories, respectively. The boys in

the other pattern groups show widely different

patterns of change in intake. There are dif-

ferences in direction of change, see, for example,

Case 220 (HMM) in the “early drop” category

in contrast to Case 146 (MHH) in the ‘ ‘early

rise’ ‘ category and Case 133 (MML) in the

‘ ‘late drop’ ‘ versus Case 37 (LLM) ‘ ‘late rise”

category or Case 224 (MHL) versus Case No.

38 (MLH). There are also differences in the

timing of change ; compare, for example,

Cases 141 (MLL) and 133 (MML), respec-

tively, in the “early drop” and “late drop”

categories. Differences in amount of change

are well illustrated by cases in the rise and diop

categories ; compare, for example, the intake

in Case 278 (HHL) with the intakes in Cases

271) (HHM) and 130 (HHM).

The gradations of difference in levels and in

direction and rate of change within patterns

and pattern groups as well as between different

pattern groups should be noted. In the

“consistently mnedium” category, for example,

there is a relatively high over-all animal protein

intake in Case 135 (MMM) in relation to Case

I I (MMM). In level of intake Case 11

occupies an intermediate position between Case

138 (MMM) and Case 74 (LLL) which falls

in the “consistently low” category.

In Case 21 (MMM), also in the “consistently

medium’ ‘ category, there is a lower over-all level

of intake than in Case 138 (MMM), but this

child proceeds with a comparatively rapid

increase in intake, particularly in the later

years, from a relatively low intake in the one-

to six-year interval to a relatively high intake in

the twelve- to eighteen-year interval. Thus,

with regard to pattern of change, Case 21

(MMM) tends to occupy an intermediate posi-

tion between Case 135, also in the “medium cat-

egory, ‘ ‘ and children in a rising category such

as Case 3 (LLM) in the ‘ ‘late rise’ ‘ and Case

145 (LMM) in the ‘ ‘early rise’ ‘ category.

SUMMARY

The cross-sectional distributions of the ani-

mal protein intakes of sixty-four boys and sixty-

one girls of the Maturity Series of this longi-

tudinal research are described for the age period

one to eighteen years. Wide variations in

intake with age and sex are clearly shown.

The average intakes are very similar for the

two sexes in the preschool years. During

the school years, especially the late school

years, the boys displayed a high rate of in-

crease compared to the girls. The boys’

animal protein intakes were highest at eighteen

years of age, when the average value was 76

gmn. per day; the girls reached their maximum,

57 gm. ier day, during the fifteen- to sixteen-

year interval.

A comparison with Widdowson’s cross-see-

tional values for animal protein shows that

our values are always appreciably higher thaim

those for the British children.

In order to view our data longitudinally in

terms of individual patterns of consumimption of

animal protein, the boys and girls in the Ma-

turity Series were classified according to their

levels of intake into pattern groups by a pro-

cedure described in the text, using values for

cumulative intakes of animal protein within

specified age intervals. The frequency of oc-

currence of the individual longitudinal pat-

terns of animal protein intake are presented

in the tables, and the figures show the gradation

of difference in levels of animal protein intake

as well as in the direction and rate of change

within patterns and between pattern groups.
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