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URING the course of the Nutrition Study at the
Pennsylvania Hospital, physical examinations were
routinely done on the infants in the study population.
These examinations were performed on the newborn infants
within a few days of birth and, subsequently, at ages one, two,
three, six, and twelve months. The examination procedure
included determination of weight and measurement of the
baby’s chest circumference, crown-sole length, crown-rump
length, hip breadth, head circumference, and calf circumference.
The analysis of the data on weight, crown-sole length, and
chest circumference for the examinations up to three months
of age have been presented in another paper in this series of
Newborn Studies (1), and this paper will report on all meas-
urements made at birth and at three, six, and twelve months
of age.
The analysis 1s based on the records of 1,391 singleton in-
fants, weighing more than 5.5 lbs. at birth, whose mothers
attended the Nutrition Clinic during the years 1947-1952.
Babies of mothers with syphilis or a serious chronic disease
have not been included.* Three hundred and fifty-four of the
_ * The Nutrition Studies at Pennsylvania Hospital (Philadelphia Lying-In Hos-
pital) were supported by grants-in-aid from the Milbank Memorial Fund, the Wil-
liams-Waterman Fund, the National Vitamin Foundation, the Upjohn Company,
E. R. Squibb and Sons, and in part by the Nutrition Foundation and Mead John-
son & Company.
1Milbank Memorial Fund.
2 Formerly Pediatric Fellow, Nutrition Studies.
3 Formerly Pennsylvania Hospital, Director of Nutrition Studies.
_*Patients with chronic disease or syphilis referred to the Nutrition Research
Clinic were carried but have been excluded from tabulations in this report. Chronic

diseases excluded are essential hypertension, chronic heart classified II-a or higher,
chronic nephritis, and chronic pyelitis.
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babies were Negro, and the remaining 1,037 were white, of
whom about 75 per cent had one or both parents of Italian
ancestry. All infants were on the same regimen in the Hospital,
and the mothers were given uniform diet instructions and vita-
min supplements for their babies. The condition of the infants
was generally appraised as favorable by the pediatricians, only
3 per cent being rated as poor at birth.

The babies were not always returned to the Clinic for each
scheduled examination and the number for whom observations
are available decreases considerably after the birth examina-
tion. This attrition is especially heavy among the group of
white infants. Weight was determined on almost all of the
individual examinations, but it was not always possible to
make all of the other measurements so that there are differ-
ences in the numbers on which the analysis of each measure-
ment is based. Measurement of calf circumference was not
included in the examination until the later part of the program,
and there are fewer observations of this dimension than there
are of the other measurements.

In most cases, the examinations were not done at exactly
three, six, and twelve months of age. The observations were
adjusted to these ages by plotting the measurements for each
baby and making a linear interpolation or extrapolation from
the date of examination to the date on which it should have
been done. This method was not used to estimate missing
observations when no examination had been performed.

During much of the study the measurements were made by
one pediatrician (A.R.).* The procedure for each measure-
ment is as follows:

Weight: The infants were weighed nude on a scale measuring in
pounds and ounces, and the weight was read to the
nearest ounce.

Chest Circumference: Measured with a steel tape in centimeters

8 Measurements not done by Alexander Randall, IV, M.D. d -
ine Perlingiero Randall, M.D., and Thomas Rn %oggs, MD.’ were done by Joseph
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to the nearest tenth at the level of the xiphoid normal
to the body axis.

Crown-Sole Length: With the baby placed flat and straight on a
board, the measurement was made from the plane tan-
gent to the top of the head to the bottom of the heels,
and read in centimeters to the nearest tenth.

Crown-Rump Length: Measured between the planes tangent to
the top of the head and the bottom of the buttocks
when the infant was lying on his back on the measuring
board with the legs flexed on the abdomen.

Rump-Sole Length: Computed by subtracting the crown-rump
length from the crown-sole length.

Hip Breadth: Measured with sliding steel calipers, graduated

in millimeters, at the maximum breadth between the
iliac crests.

Head Circumference: Measured approximately around the
crown at the greatest circumference in this area with

a steel tape and read to the nearest tenth of a centi-
meter.

Calf Circumference: Measured with a steel tape at the maxi-
mum circumference of the calf, and read to the near-
est tenth of a centimeter.

The purpose of the Nutrition Study was to assess the effect
of nutrient supplements in the diets of pregnant women upon
the outcome of pregnancy and the physical status of the infant.
The latter question has been reported upon in earlier papers
in this series (2) (3), based upon the examination of the infants
at birth and one month of age. It was concluded that the effect
of the supplements upon the physical condition of the infant
was slight. It was believed that if no action of the supplements
was apparent during the first month of life, none would appear
later. However, the observations at the later ages during the
first year of life were analyzed to see whether the supplements
seemed to influence the size and growth of the infants, but no
such association was found. In view of these negative results,
the extensive data for this analysis will not be presented in
this report.
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MEASUREMENTS AT EAcH AGE

The observations at birth and three, six, and twelve months
of age are summarized in Tables 1-8 and Figures 1-8. One
table and figure is devoted to each measurement and each
table is divided into three sections. In Section A are given the
means and standard deviations for each of the four race-sex
groups; Section B shows the differences in the means by race
and by sex and the ratios of the means of male infants to those
for females and the ratios of the means for whites to those for
Negroes; in Section C are the quartile values for each distribu-
tion of the observations by race and sex.

Weight (Table I and Figure 1). The average birth weights

Fig. 1. Mean and quartile values of weight by age and by race and sex.

LBS. j Les.
25 25
H
QUARTILES ?51
I H
it
204 1 20 |
. |
11
iy
15+ 1 -
{ ! 5
-
1il
1]
3RO QUARTILE
104 {MEDIAN 10
1ST QUARTILE
1i7
13 e WHITE MALE
== WHITE FEMALE
51 weeeeeee NEGROMALE |- 5
A e+ = NEGRO FEMALE
7 A
o1— x y X r———T— °
BIRTH 3 6 12 BIRTH 3 6 [=3
MONTHS MONTHS MONTHS MONTHS MONTHS MONTHS
AGe AGg E
PER Per
CENT CENT
MALE MEAN |\ WHITE MEAN
FEMALE MEAN NEGROMEAN © '0°

108 == = MALE -1C8
1064 . ————————— = = —=FEMALE (o6
1064 — WHITE 109
1024 = = — NEGRO L
> /::::: 102
~ 100
981 9
ab
9 T - v J r T v T 96
BIRTH 3 3 12 BIRTH 3 6 12
MONTHS MONTHS MONTHS MONTHS MONTHS MONTHS
AGge AGce )




The Milbank Memorial Fund Quarterly

328

¥0°8% 8I1°9¥% 19°%% 1828 44 LT eV 1€°1% £9°0% 9 6¢ 67°8¢ 61°¢E 6L°1¢E 78°0¢ s3jewa g o18aN
eI 6¥ 12°L¥ ¥0°9% 15°s¥ 98°¢¥ LT (484 9°0% L5768 yeoee 26°'1¢ ¥9°0¢ 83[e]q 018N
65°8% 98°9¥ sy S9°¥¥ (2814 wy 68°0% 6L°6¢ 0.4°8¢ yege 81°2¢ 9I°1¢ 83[ewa ] AYM
92°0§ 0.°8¥ oT°Ly ¥8°s¥ 9L ¥¥ 3234 12°7¥ 16°0¥ ¥L6¢ £8°¢€ 65°l¢ 9¢°1¢ SIE YM
smnd | umpoyy | FIRIEND | A1END | wepspy | AIBEND sntend | yegrpapy | P1IEND | ANIENY | weipapy JnIend
g ) w1 12 ) ] P ' 9 pig w1
D Nouoag
syIuoN 71 SYIUOIN 9 SYIUO ¢ Qg
(‘'swd) SANTVA ATILAVAD
¥ 101 £°101 8001 1°101 $9° AN £e” 9¢* Jeurdg
$*701 ¢ 101 8°001 8°101 (148§ 65’ ¥ 65’ TN
[IEEING
. 0135 SNUIA] 93!
001 AEE m N SRUIAL A M
87701 8701 1°¢01 $°001 o'l 12°1 wl (4% oi8aN
6°€01 87701 1°¢01 1°101 S8°I XA €1 s¢” uUYM
SRUON 7T SITOIN 9 SQIUOIN € Qg SYImoN 71 SYIVON 9 SYIUOIN £ qug
001" Ao_mﬁomv sjews J SNUIA e g Nouag
SEN
SNVEJ\ J0 OLLVY SNVAJ\l NI ZONI™ZLAI
(4] SII 671 8%l 0¢°'e S0°C 6L°1 89°1 12°9% £6°T¥ syU6¢ 68°1¢ sajewrs J 0183\
16 LET 18T 191 e 88°1 LI $8°1 1S°L¥ 129844 L9°0¥ 10°2¢ 8aeJA] O189N
44 11z vt 90¥ e (40 €9°1 SS'L 98°9¥ 05°¢v 8L°6¢ sT'ee so[ewWa g AIYM
0t [4%4 s9T 805 12t $8°1 8L°1 L9°1 12°8% Ly 10°1% 09°2¢ SI[El IYM
sqauopy | sqiuopy | squopy Qg sqiuolyl | squuoly | syluopy g SYIUON | SYIuoly | sqIuolN Qg v Nouoag
A 9 3 A 9 £ (18 9 £
waERAN NOLLVIAZ(] QUVANVLS (swd) NVA X3g aNV FOVY

‘X38 pue 3del %ﬂ pue 28e %n DUAIBJWNDIIID 3S3YD JO sanjea U—muuwsv pue ueaq °7 dqel,



Newborn Studies: V 329

Cms. Cwms.
504 QUARTILES l 50
v
T
i
11!
13l
a5 T i 45
Tit
ti}
J
} g 1
T
40+ *'{I -40
1]
3RD QUARTILE
lmzmm
354 ISTQUARTILE I35
14
iéi ——— WHITE MALE
i === WHITE FEMALE,
waeveses NEGRO MALE =
30:_ ‘e e NEGRO FEMALE v\so
BirRTH 3 6 2 BIR™M 3 6 iz
MONTHS MONTHS MONTHS MONTHS MONTHS MONTHS
AGE AGE
PER PER
CeNT CenT
MALE MEAN WHITE MEAN
vEmaLE mean 100 NearomEAN | 'O°
WHITE
1064 ——— NEGRO — A 106
1009 I = o == FEMALE 109
1024 oo™ ——— —_—————— — [0
1004—= - 100
98 - 98
96— v + J r T 6
o eirm 3 6 =2 BIRTH 3 3 Z 7
MONTHS WMONTHS MONTHS MONTHS MONTHS MONTHS
AGge AGce

Fig. 2. Mean and quartile values of chest circumference by age and by
race and sex.

for the four groups of babies range from 7.15 lbs. for Negro
females to 7.53 for white males. At three months of age the
means fall between 12.4 and 13.5 lbs., at six months between
approximately 16.5 and 18.0 lbs., and at twelve months be-
tween 21.4 and 23.5 Ibs. The average weight of male infants
1s greater than that of females at all four observations during
the first year of life. At birth the means for the male groups
are about .25 lbs. above those for females; at three months the
difference is over 1 lb. and at twelve months of age it is 1.79
lbs. for the white babies and 1.34 lbs for the Negroes. In rela-
tive terms, the mean weight for males is about 3 per cent
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greater than that for females at birth, the differential increasing
to 8 per cent at three months and remaining between 6 and 8
per cent for the subsequent observations. The mean weight
for white infants tends to be slightly larger than the mean for
Negro infants of the same sex at each age except three months.
This difference at birth is under .2 lbs. and at twelve months
is almost .75 Ibs. for males and .26 for females. At three months
there is practically no difference between the average weight
of white and Negro babies of the same sex. The corresponding
differences expressed as a per cent of the means for Negroes
are 2-3 per cent for males and 1-2 per cent for females. Study
of the quartile values, illustrate the tendency of heavier weights
in male infants and the relatively smaller differences in weight
by race. At each of the four points of observation the quartile
values for males are larger than the corresponding values for
females of the same race. These differences are small at birth
but emerge clearly at the later ages.

Chest Circumference (Table 2 and Figure 2). At birth the
means of chest circumference in the four groups of babies are
between 31.9 and 32.6 cms. and at twelve months they vary
between 46.21 cms. for Negro females and 48.71 cms. for white
males. The means for males are larger than those for females
except at birth when the mean for white females (32.25 cms.)
exceeds that for Negro males (32.01 cms.). At the examina-
tions at three months and after, the average chest circumfer-
ence for males is well over 1 cm. above that for females of the
same race, corresponding to a percentage difference of about 3
per cent. The means for white babies are consistently larger
than those for Negro infants of the same sex, but, except for
males at twelve months the differences lie between .3 and .7
cms. The quartile values indicate that at birth the white males
tend toward a larger chest circumference, with little difference
among the other three groups. At the later observation periods,
the occurrence of larger measurements among the males is
evident.

Crown-Sole Length (Table 3 and Figure 3). Crown-sole
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length of male infants averages about 50.2 cms. at birth,
slightly above 61 cms. at three months, 67.9 cms, at six months,
and about 76.8 cms. at twelve months. The corresponding
values for females are around 49.5 cms. at birth, just under
60 cms. at three months, 66.2 cms. at six months and 74.8 cms.
for white females and 75.6 cms. for Negro females at twelve
months. Thus at birth the mean length of males is .7 cms.
greater than that for females, and at the later periods this dif-
ference ranges from 1.2 cms. to 1.9 cms. These represent differ-
ences of between 1.5 and 2.7 per cent of the means for females.
The differences in the mean crown-sole lengths by race are gen-
erally small and inconsistent with respect to sign. From birth
onward, the differences by sex in the distributions of the meas-
urements of length and the negligible variation by race are
reflected in the quartile values.

Crown-Rump Length (Table 4 and Figure 4). The pattern
of the distributions of this segment of crown-sole length, re-
sembles that noted for the latter measurement with respect
to the differences by sex but not by race. As was also found
for crown-sole length, the mean crown-rump length for males
is consistently greater than that for females of the same race,
although in relative terms the differences for crown-rump
length are not as large. At birth, the means for males exceed
those for females by less than 1 per cent, and for the Negro
group the difference never exceeds 2 per cent, while it rises to
2.5 per cent for the white infants. The white babies have av-
erage crown-rump lengths which are always higher than those
for Negroes of the same sex, but the difference is never as large
as 1 cm. These are equivalent to percentage differences of be-
tween .4 and 1.8 per cent. Thus, while there appears to be no
difference in crown-sole length by race, the white babies tend
toward a slightly larger crown-rump length than do the Ne-
groes. This may also be seen in the graph of the quartile values.

Rump-Sole Length (Table 5 and Figure 5). The factors of
race and sex evidently influence this segment of the total body
length to a greater extent than they do the crown-rump length.
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Fig. 3. Mean and quartile values of crown-sole length by age and by

race and sex.

The means of this dimension for males are greater than those
for females by about 2 per cent among white infants and be-
tween 2 and 3.5 per cent among Negroes. Rump-sole length
is one of the measurements for which the means for Negro
babies are greater than those for the white infants of the same
sex. At birth, the average rump-sole length for Negroes is
greater than that for whites by .25 cms. for males and .18 cms.
for females and this differential steadily increases until at
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Fig. 4. Mean and quartile values of crown-rump length by age and by
race and sex.

twelve months the difference is about 1.1 cms. At birth, the
mean for white babies is less than 99 per cent of the correspond-
ing mean for Negroes and at the end of the first year it is only
96 per cent of the average among the Negro infants. The
largest quartile values are observed for Negro males, and at
birth, three and six months, these values are about equal among
the white males and the Negro females. At twelve months of
age the quartile values for both Negro populations are larger
than those for the white babies.

The longer rump-sole length and shorter crown-rump length
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Fig. 5. Mean and quartile values of rump-sole length by age and by
race and sex.

in Negro infants compared with the white babies is reflected

(crown-rump length)
(crown-sole length) 100 at each
age for each race-sex group (Table 5a). At each age, crown-

rump length, on the average, constitutes a higher proportion
of the total length among white infants than it does among
Negroes, although the differences in the mean ratios are small.
Among both races, the average proportion decreases during
the first year of life from around 67.6 per cent for white infants
and 67.0 per cent for Negroes at birth to 64.5 and 63.2 per cent
for the two race groups at twelve months of age.

Hip Breadth (Table 6 and Figure 6). The means and quar-
tile values of the distributions of this measurement fall into
a pattern that differs from that of most of the other measure-

in the means of the ratio
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Fig. 6. Mean and quartile values of hip breadth by age and by race and sex.

ments. At each age both the means and quartiles fall in de-
scending order of magnitude from the value for white males,
followed by those for white females, Negro males, and Negro
females. For example, at twelve months the means for hip
breadth for these four groups are, respectively, 13.06 cms.,
12.66 cms., 12.25 cms., and 11.97 cms. This pattern contrasts
to that noted for most of the other measurements for which
the values for males are usually greater than those for females
regardless of race. The means for males, though always larger
than those for females of the same race, never exceed the latter
values by more than .5 cms. In relative terms those differences
are between 2 and 4 per cent and are slightly greater than
those found for most of the other dimensions. The percentage
difference between the means for white and Negro babies of
the same sex increases steadily during the year of observation
from 3 and 4 per cent at birth to almost 7 per cent for males
and almost 6 per cent for females at twelve months.

Head Circumference (Table 7 and Figure 7). In this popu-
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Fig. 7. Mean and quartile values of head circumference by age and by
race and sex.
lation the average head circumference at birth is about 34.5
cms. for males and 33.8 cms. for females. At twelve months
the largest mean is that for Negro males (47.09 cms.) and the
smallest that for white females (45.49 cms.). The mean of
head circumference for males is always larger than the corres-
ponding mean for females by between 2 and 3 per cent. Ex-
cept at birth, where no difference by race is found, the means
for the Negro babies are larger than the means for white babies
of the same sex, although the differences are relatively small,
being less than 2 per cent of the means for Negroes. The quar-
tile values also show this tendency toward a larger head cir-
cumference among Negroes at the three-month observation
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Fig. 8. Mean and quartile values of calf circumference by age and by
race and sex.
and after. All three quartile measurements are larger for Ne-
groes than the corresponding value for white babies at each
age except birth. The quartile values also demonstrate the
even larger differences in this measurement by sex.

Calf Circumference (Table 8 and Figure 8). The means and
quartiles of this measurement present a more irregular picture
than was found for the other measurements, possibly because
they are based on a smaller number of observations. The av-
erage values for males are larger than those for females of the
same race except for Negroes at birth. This difference is as
great as 4.5 per cent for white infants at three months, but
usually is about 2 per cent. The means for white babies are
at most periods between 1 and 3 per cent greater than the cor-
responding value for Negroes. The quartile values also are in
no consistent pattern. At twelve months they fall in descend-
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ing order from white male, to white female, to Negro male, to
Negro female, as was observed for hip breadth, but the num-
ber of cases from which they were calculated is small.

For each of these eight measurements, the mean values for
the male babies are almost always greater than the means for
females of the same race. The greatest relative difference in
the means by sex is found for weight at three months of age
and after. This differential is between 6 and 8 per cent. For
most of the other measurements the relative differences are of
the order of 2 to 4 per cent, and in most cases tend to be
slightly lower at birth than at the subsequent observations.

Comparison of the means by race indicates that the white
babies in this population tend to be larger than the Negroes
of the same sex in weight, chest circumference, crown-rump
length, hip breadth, and calf circumference. Negro babies have
larger average values for rump-sole length, and head circum-
ference, while no racial difference is found for crown-sole
length. The most pronounced differences between the race
groups are observed for rump-sole length and hip breadth.

The average per cent gain from birth to three, six, and twelve
months of age is given for five of the measurements in Table
9. The largest relative increases are observed for weight. Be-
tween birth and three months of age the average per cent
gain in weight for males is over 80 per cent and for females it
is almost 75 per cent. During the first year of life the mean
per cent increase is over 200 per cent, indicating that, on the
average, these babies tripled their weight within this period.
The mean per cent gain for males is about 10 per cent greater
than that for females during each of these three intervals. In
the periods, birth to three months and birth to six months, the
average relative increases for the Negro babies are slightly
above those for white infants of the same sex, but over the
twelve-month interval, the larger means are found for the
white population.

The average increase in chest circumference between birth
and three months of age is above 27 per cent for males and 24
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per cent for females and during the first year is between 45 and
52 per cent. The males have a mean per cent gain about 3 per
cent above that for females during each period and there is al-
most no difference in the means by race, except over the one
year period, when the means for white babies are about 2 per
cent above those for Negroes.

The mean per cent gain in crown-sole length is slightly more
than 20 per cent during the first three months of life and over
50 per cent by the end of the first twelve months. The means
for males are a little larger than those for females, and, although
the differences by race are small, there may be some tendency
for the relative increase in crown-sole length to be larger in the
Negro infants. The standard deviations of per cent gain in
length are smaller than any of the others shown in Table 9,
indicating that there is less variation among the infants in gain
in this dimension.

The average increase in hip breadth during the first three
months is between 29 and 32 per cent. During the first year
the mean per cent gain ranges from 56 per cent to 61 per cent.
The means for the male babies are larger than those for females
of the same race, and the means for the white babies are always
greater than those for Negroes of the same sex. During the
twelve-month period, the average relative increases for both
white groups are larger than those for the Negro infants.

The mean per cent gain in calf circumference in the first
three months of life is between 36 and 46 per cent and in the
first year between 73 and 86 per cent. The averages for males
are consistently greater than those for females. The differences
by race are inconsistent within the two sex groups.

Of the five measurements considered here, the greatest av-
erage relative gain during the first year of life i1s found for
weight. Among the measurements of body dimensions, the
largest mean per cent increases are found for calf circumfer-
ence, followed by hip breadth, crown-sole length, and chest
circumference. Relative growth for all these measurements is
usually greater for males than for females, but differences
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Mean Per Cent Stanparp DeviaTion NumpEz:
GaAIN FroM BirTH oF Per Cent Gain B y
IRTH TO:
TO: FroM BirTH TO:
Race aAnp Sex
3 6 12 3 6 12 3 6 12

Months | Months | Months | Months | Months | Months | Months | Months | Months

WEIGHT
White Males 80.4 | 141.8 | 215.0 19.9 30.2 41.1 265 238 134
White Females 72.0 | 129.4 | 204.2 18.9 29.5 43.8 247 212 122
Negro Males 83.7 | 142.4 | 212.3 22.4 34.4 48.9 151 141 92
Negro Females 74.4 | 130.9 | 201.6 22.3 32.1 4.1 130 120 84

CHEST CIRCUMFERENCE

White Males 27.3 38.2 51.4 6.2 6.7 7.6 241 215 121
White Females 24.1 35.6 47.3 6.0 6.7 7.7 207 174 100
Negro Males 27.4 38.5 48.9 7.2 8.6 8.7 131 122 80
Negro Females 24.5 35.0 45.2 6.8 7.9 9.0 113 103 72
CROWN-SOLE LENGTH
White Males 21.6 35.0 53.0 3.0 4.0 4.4 244 218 125
White Females 20.7 33.5 51.6 3.2 4.0 5.3 206 173 103
Negro Males 22.2 35.9 53.6 3.9 5.3 6.6 132 124 81
Negro Females 21.7 34.2 53.5 3.6 4.7 5.7 114 106 73
HIP BREADTH
White Males 32.1 46.3 61.0 8.1 10.6 10.6 191 175 98
White Females 30.0 44.2 60.0 7.8 10.6 11.4 167 137 80
Negro Males 31.5 45.2 57.7 8.0 10.2 9.9 106 98 61
Negro Females 28.7 4.0 55.8 7.6 10.8 11.2 94 87 58
CALF CIRCUMFERENCE
White Males 45.0 65.4 79.1 10.8 17.3 14.4 51 59 25
White Females 35.9 56.5 76.3 11.2 13.1 18.9 41 39 17
Negro Males 45.3 68.0 85.4 13.0 16.7 16.5 52 st 24
Negro Females 39.9 60.8 73.5 13.9 20.6 16.4 49 47 26

Table 9. Mean per cent gain in selected measurements between birth and
three, six, and twelve months of age by race and sex.
among the means by race are less consistent than those by sex.
An estimate of the amount and direction of the association
between the size of the measurements at each age is furnished
by the coefficients of correlation between each pair of measure-
ments (Table 10). Each coefficient is the weighted combina-
tion of the set of four coefficients, one for each race-sex group,
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computed for each pair of measurements. Before they were
combined, the four correlations were tested for homogeneity,®
and the 15 of the 104 sets of coefficients found not to be homo-
geneous are given in Table 11, and their weighted combination
shown in italics in Table 10. Each correlation coefficient is
shown twice in Table 10, once under each of the two measure-
ments being correlated. To avoid correlating a whole with its
parts, the correlation between crown-sole length, and both
crown-rump and rump-sole length, are not shown in the table.

At birth, the highest correlations are those between weight
and each of the other measurements, except rump-sole length.
All of these coefficients are above .60 and four of them exceed
.70. Also above .60 are the coefficients of correlation between
chest circumference and crown-sole length, crown-rump length,
and calf circumference. The lowest correlations are those be-
tween rump-sole length and the other five body dimensions
(.23 to .38). The coefficients of correlation among the other
measurements are between .40 and .59.

The correlations among the measurements from the examina-
tion at three months are, in general, slightly smaller than the
corresponding values at birth. The correlations between weight
and chest circumference, crown-rump length and calf circum-
ference are over .70 and those between weight and crown-sole
length and hip breadth are above .60. The coeflicients for
rump-sole length and all other measurements are under .31.
All the remaining coefficients are between .30 and .59.

¢ The procedure for testing homogeneity and combining the coefficients of the
four race-sex groups was as follows:

P 2(111—3)21

2(!11 - 3)
r=tanhZz [5( Ba]?
2= _ g _le\mi—J)zi]7

x 2(111 3)21 2(m—3)
where
z1 = Fisher transformation of the correlation coefficients, ri, of the race-sex
roups.
n|=§mm er of observations from which r, was computed,
‘T =estimate of the combined ri.
If with 3 degrees of freedom, one less than the number of correlations being
tested, P(yx2) < .05 then the four coefficients were considered non-homogeneous.
Cf. Weatherburn (3).
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THREE Six | TWELVE B THREE Six | Twer
MEASUREMENT BIRTH| p 1o nrms| MonTas| Montas|| B'RTE| MonTas| MonTas| Moxr
WEIGHT CHEST CIRCUMFERENCE

Weight — — — — .76 .74 .75 75
Chest Circumference .76 .74 .75 75 —_ — —_ —
Crown-Sole Length 77 .65 .65 .68 .62 .52 .49 49
Crown-Rump Length .76 .71 .72 .75 .65 .56 .54 .56
Rump-Sole Length .45 31 .25 .29 .38 .25 .18 .23
Head Circumference .64 .55 . 59 .50 .54 .47 .42 .40
Calf Circumference .74 .75 .75 .78 .64 48 .51 .53

RUMP-SOLE LENGTH HIP BREADTH
Weight .45 31 .25 .29 .64 .67 .67 .69
Chest Circumference .38 WA .18 .23 .56 .57 .55 .58
Crown-Sole Length — — —_ — .54 .48 .48 52
Crowa-Rump Length .27 .29 .21 .22 .50 .53 .52 .58
Rump-S.le Length — — — — .31 20 .19 .21
Hip Breadth 31 .20 .19 .21 — — — —
Head Circumference .32 .25 17 .15 44 .33 .29 .28
Calf Circumference .23 .14 .12 .00 .57 43 .46 .46
NussEer o
BIRTH

Wt. Ch. (&) C-R R-S Hip Head Calf

Weight 1,00 962 1,222 4
Chest Circumference 1,009 %62 1,219 400
Crown-Sole Length — 960 1,209 39t
Crown-Rump Length 1,010 957 1,009 39i
Rump-Sole Length 674 957 1,000 3%

Hip Breadth 651 658 658 653 653 962

Head Circumference
Calf Circumference

783 790 789 674 674
257 261 261 259 259

3 Months

Note: Coeflicients in italics are based on coefficients by race and sex which are not homogeneous.
Table 10. Correlations between measurements by age.

The coefficients at six months and twelve months of age
are about equal to or slightly smaller than those for the three
month examination. As at the two earlier periods, the highest
correlations are those involving weight, all but two of which
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THREE Six TWELVE B THREE Six TwWELVE
BIrTH | Montas | Montas | MonTss IRTH | MonTas | MonTas | MonTas

CROWN-SOLE LENGTH CROWN-RUMP LENGTH
77 .65 .65 .68 .76 7 .72 75
.62 .52 .49 .49 .65 .56 .54 .56
— — — — .27 .29 .21 .22
S5 .48 .48 .52 .50 .53 .52 .58
.57 45 41 .40 .59 .51 .45 .46
.54 .36 .38 .35 .54 .40 .37 .51

HEAD CIRCUMFERENCE CALF CIRCUMFERENCE
.64 .56 .50 .50 .74 75 .75 .78
.54 .47 42 .40 .64 .48 .51 .53
.57 .45 41 .40 .54 .36 .38 .35
.59 .51 45 .46 .54 .40 .37 51
.32 .25 17 .15 .23 .14 .12 .00
44 .33 .29 .28 .57 43 .46 .46
— — — —_ .51 .38 .24 .34
51 .38 .24 .34 — — — —

NumsER
6 MONTHS
Wt. Ch. CS C-R R-S Hip Head Calf
699 617 617 605 698 268

418 616 616 605 695 265
422 423 — — 609 702 270
385 386 605 621 268
385 386 —_ 391
376 377 382 378
423 424 428 391
171 171 173 172

12 Months

at each age are above .60. Coefficients under .25 are observed
for rump-sole length with the other dimensions and for head
circumference with hip breadth and, at six months, with calf
circumference.

At all four ages, each of the seven body dimensions is more
highly correlated with weight than with any of the other dimen-
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sions. Weight is most highly correlated (above .70) with chest
circumference, crown-rump length, and calf circumference,
and the measurement with the least association with weight
is rump-sole length (.29 to .45). The minimum correlations
for each of the other measurements are also with rump-sole
length.

The correlations between the dimensions, chest circumfer-
ence, crown-sole length, crown-rump length, and calf circum-
ference are all at approximately the same level. Hip breadth
could also be included in this group, but it should be noted
that most of the coefficients involving this measurement at

Table 11. Correlations between measurements by race and sex which are not
homogeneous by race and sex.

CoRRELATION COEFFICIENT Numser

MEASUREMENTS Ace . i . .
White | White |Negro | Negro | White | White |{Negro | Negro

Male |Female | Male | Female | Male | Female | Male |{Female

Weight and Chest

Circumference Birth .77 .71 .86 .75 508 406 | 161 148
Chest Circumference and

Crown-Sole Length Birth .61 .56 | .75 .60 | 504 400 | 161 147
Hip Breadth and Weight Birth .61 .59 .75 .70 | 387 318 135 122
Hip Breadth and Chest

Circumference Birth .55 .50 | .67 .64 | 387 318 | 135 122
Hip Breadth and Crown-

Sole Length Birth .50 .50 | .68 .57 | 385 318 | 135 122
Hip Breadth and Crown-

Rump Length Birth 44 .47 .64 .60 384 316 135 122
Chest Circumference and

Calf Circumference 3 Months | .47 .48 .28 .68 78 63 64 56
Hip Breadth and Calf

Circumference 3 Months | .46 .41 .19 .62 78 63 64 56

Weight and Calf
Circumference 6 Months | .68 .78 .66 | .87

7z
b

65 64 54

Chest Circumference and

Calf Circumference 12 Months | .35 .67 .72 .37 58 38 37 38
Hip Breadth and Weight | 12 Months | .57 .69 | .70 .81 121 106 78 71
Hip Breadth and Chest

Circumference 12 Months | .46 .63 .52 74 1121 107 78 71
Hip Breadth and Crown-

Sole Length 12 Months | .49 40 | .55 .70 | 122 110 79 n
Hip Breadth and Crown-

Rump Length 12 Months | .52 .44 | .68 74 | 120 109 78 n
Hip Breadth and Head

Circumference 12 Months | .16 24 | .53 24 | 122 110 79 7
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birth and twelve months are derived from non-homogeneous
sets of coefficients. At birth the coefficients of correlation be-
tween these measurements are between .54 and .65 and at the
later ages, are, with a few exceptions, between .45 and .55.
The correlations between head circumference and these meas-
urements are slightly smaller.

The correlation coefficients for each race-sex group for the
fifteen sets of coefficients which were found to be non-homo-
geneous are given in Table 11. Ten of the fifteen involve the
measurement of hip breadth. At birth, in the four sets of cor-
relations with hip breadth the coefficients for Negroes are con-
sistently larger than those for white infants, and, thus, the
combined coefficient understates the correlation among Ne-
groes and slightly overstates it for the white groups. At twelve
months the same four sets of correlations with hip breadth are
in a similar pattern, except that in addition, hip breadth is
more highly correlated with weight and chest circumference
among females than among males. The variation by race and
sex for most of the other non-homogeneous sets of correlations
1s erratic.

The correlation between the size of each measurement at one
examination with the size of the same measurement at a later
period (Table 12) affords an estimate of the accuracy of the
prediction of size at one period from an earlier observation
and also indicates the consistency of growth.

The coefficients for each of the four race-sex groups have
been combined to give the coefficients shown here and all such
sets are homogeneous. The observations from each examination
are most highly correlated with the observations at an adja-
cent period, as follows: birth with three months, three months
with six months, six months with both three months and twelve
months, and twelve months with six months. Most measure-
ments at three, six, and twelve months show the least correla-
tion with the observations at birth, while the birth measure-
ments are generally most poorly correlated with the observa-
tions at twelve months.
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The highest correlations between the birth measurements
and those at the later periods are found for crown-sole length,
for which the birth and three-month correlation is .77 and the
birth and six-month and birth and twelve-months values are
.66 and .59, respectively. Slightly lower coefficients for these
same periods are observed for the other two length segments
and head circumference. The lowest of this set of correlations
are those for calf circumference (.40, .22, and .29). This sug-
gests that potential length and head circumference are estab-
lished to a greater extent at birth than are the other dimen-
sions and that possibly they are less affected by external influ-
ences during infancy. Consistently higher values are seen for
the correlations between the observations at three and six
months and six and twelve months. These coefficients are near
.80 or above for weight, crown-sole length, crown-rump length,
and head circumference, and the lowest of this set, those for
rump-sole length, are .65. These higher correlations, compared
with those with the birth observations, indicate that the meas-
urements at three and six months are a better index of later
size than are those made at birth.

INCREMENTS OF GROWTH BETWEEN EXAMINATIONS

The mean increments for each measurement in each interval
between examinations are presented in Table 13 and Figure 9
and the quartile values of the distributions of the increments
in Table 14 and Figure 10. In addition, the means and quar-
tile values for the periods, birth to six months and birth to
twelve months, are shown in the two tables. The means and
quartiles are based on the number of babies measured at both
the beginning and end of each interval.

Weight. The mean increase in weight during the first three
month period was slightly over 6.0 lbs. for males and about
5.2 lbs. for females. In the next three months the average
weight gain varied between 4.0 Ibs. for Negro females and 4.6
lbs. for white males. The increase in weight in this interval
tended to be larger both for males than for females and for



354 The Milbank Memorial Fund Quarterly
MEean Gaiv STaNDARD DEVIATION NumBer
PEerion White | White | Negro| Negro | White | White | Negro | Negro | White | White | Negro | Neg
Male {Female | Male | Female | Male | Female | Male |Female | Male | Female | Male |Fem
wEeIGHT (Ibs.)
Birth to 3 Months 6.01 | 519 |6.11 | 5.24 [ 1.24 | 1.10 |1.22 | 1.41 | 264 | 248 151 | 1%
3 Months to 6 Months | 4.61 | 4.24 | 4.24 | 4.01 | 1.10 | 1.14 | 1.28 | 1.10 | 212 | 204 134 | 11
6 Months to 12 Months | 5.31 | 5.12 | 5.34 | 5.11 [ 1.50 | 1.37 | 1.44 | 1.28 | 132 | 120 9 &
Birth to 6 Months 10.56 | 9.37 |10.34 | 9.23 {1.75 | 1.73 | 2.01 | 1.98 | 238 | 212 141} 1x
Birth to 12 Months 15.96 | 14.47 |15.36 | 14.25 | 2.46 | 2.49 | 2.67 | 2.64 | 134 | 122 92| &
CHEST CIRCUMFERENCE (cms.)
Birth to 3 Months 8.74 | 7.71 | 8.71 | 7.74 | 1.74 | 1.70 | 1.96 | 1.87 | 241 | 208 131 | 113
3 Months to 6 Months | 3.76 | 3.68 | 3.52 | 3.49 | 1.32 | 1.20 | 1.33 | 1.25| 207 | 202 131 | 11
6 Months to 12 Months | 3.83 | 3.62 | 3.42 | 3.30 | 1.56 | 1.44 | 1.37 | 1.36 | 126 | 119 87| 81
Birth to 6 Months 12,37 | 11.42 {12.18 | 11.15 | 1.75 | 1.88 | 2.25 { 2.13 | 215 | 174 122 | 103
Birth to 12 Months 16.49 | 15.05 |15.51 | 14.43 | 2.08 | 2.15 | 2.18 | 2.47 | 121 | 100 80| 7
CROWN-SOLE LENGTH (cms.)
Birth to 3 Months 10.80 | 10.30 |11.08 | 10.73 | 1.31 | 1.43 | 1.55 | 1.56 | 243 | 207 132 [ 114
3 Months to 6 Months | 6.89 | 6.42 | 6.89 | 6.28 | 1.34 | 1.32 | 1.29 | 1.34| 209 | 203 132 ] 1M
6 Months to 12 Months | 9.03 | 8.89 | 9.12 | 9.59 | 1.47 | 1.50}1.67 | 1.36 | 127 | 122 87| 81
Birth to 6 Months 17.61 | 16.67 |17.91 | 16.84 | 1.69 | 1.74 | 2.19 | 1.94 | 217 | 173 124 | 106
Birth to 12 Months 26.52 | 25.36 [26.66 | 26.16 | 1.92 | 2.26 | 2.52 | 2.44 | 124 | 103 81 73
CROWN-RUMP LENGTH (cms.)
Birth to 3 Months 7.22| 6.82 |7.17| 6.87 | 1.13| 1.09 | .97 | 1.11 | 205 | 172 111 9
3 Months to 6 Months | 4,21 | 3.95 | 4.09 | 3.63 .96 | 1.02 [ 1.03 | 1.06 | 1838 | 164 112 | 9%
6 Months to 12 Months | 4.26 | 4.08 | 3.89 | 4.28 | 1.00| 1.18 {1.25| 1.19 | 116 | 100 72| 68
Birth to 6 Months 11.24 | 10.77 |11.26 | 10.38 | 1.36 | 1.33 | 1.45 ] 1.55| 190 | 146 104 91
Birth to 12 Months 15.57 | 14.79 |15.04 | 14.52 | 1.45| 1.75|1.60 | 1.82 | 105 84 65| 6l
RUMP-SOLE LENGTH (cms.)
Birth to 3 Months 3.69 | 3.52[3.96| 3.82|1.03 91| 1.00 91| 205 | 172 111 %
3 Months to 6 Months | 2.76 | 2.62 | 2.95 | 2.59 |1.02| 1.07 | 1.13 | 1.11 | 188 | 164 112 9%
6 Months to 12 Months | 4.71 | 4.76 | 4.97 | 5.49 | 1.25| 1.34 | 1.18 | 1.14| 116 | 100 72| 68
Birth to 6 Months 6.44 | 6.03 |6.79 | 6.40 | 1.17 | 1.12 | 1.48] 1.31 | 190 | 146 104 9
Birth to 12 Months 10.98 | 10.58 |11.72 | 11.73 | 1.34 | 1.24 | 1.49| 1.33| 105 84 65 61
HIP BREADTH (cms.)
Birth to 3 Months 2611 2.33(12.49| 2,24 |1.07] 1.03|1.01| 1.08] 19 | 167 106 | 9
3 Months to 6 Months | 1,18 | 1.15 | 1.12 | 1.04 | .41 41| .46 .46 | 180 | 157 10| 9%
6 Months to 12 Months | 1.18 | 1.23 | 1.05 | 1.25 .43 48| .4 41 113 97 70| 6
Birth to 6 Months 3.71 | 3.49 {3.55] 3.25 .63 .66 | .66 731 172 ) 136 98 8
Birth to 12 Months 4.94 | 473 |4.499| 4.26 | .70 .78 | .63 .74 98 80 61 5¢
HEAD CIRCUMFERENCE (cms.)
Birth to 3 Months 6.20 | 5.83|6.48| 6.28| .97 951 1.04| 1.06 | 240 | 208 1314 11
3 Months to 6 Months | 3.13 | 2.92 | 3.25 | 3.09| .63 62| .64 .69 | 209 { 203 132} 1Nl
[3 Months to 12 Months | 3.23 | 3.14 | 3.07 | 3.29| .79 4 .72 1,00 127 | 122 88 8l
Bfrth to 6 Months 9.30 | 8.5919.81| 9.40|1.08( 1.12}1.17| 1.25| 215| 174 123 | 10¢
Birth to 12 Months 12.54 | 11.74 {12.85 | 12.47 | 1.30 1.19 | 1.27 1.60 122 103 81 7.
CALF CIRCUMFERENCE (cms.)
Birth to 3 Months 5.08] 4.08/500| +.45]1.08| 1.14]1.26] 1.3¢] 51 41 521 4
3 Months to 6 Months | 2.37 | 2.59 | 2.37 | 2.18 | 1.01 .85 1.04 .84 58 48 55 4
6 Months to 12 Months | 1.75 | 2.11 | 1.86 | 2.04 | .88 1.24| .80 .99 42 30 30 3
Bfrth to 6 Months 7.35) 6.49 | 7.37| 6.65|1.53| 1.29]1.42{ 1.8 59 39 51 4
Birth to 12 Months 8.90 | 8.56|9.17| 8.19|1.36 | 1.92|1.37| 1.46 25 17 24 X

Table 13. Mean gain in each measurement between examinations, by race and sex.
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In the final six month

PERIOD
Fig. 9. Mean gain in each measurement between examinations, by
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white babies than for Negro infants.

period the means were 5.3 Ibs. for males and 5.1 lbs for females.



The Milbank Memorial Fund Quarterly

356

L49°S1 | 65°%1 EVEL ] 80°9T | 96°%1 | O8°'€L | £L0°9T | 8 %1 | 9v'£1| Ss'ot | 9s'st| ss'%1 SYITOIN T 03 yiig

€711 £F°01 £9°6 82°Z1 | €I'TI| 9z°0T | 99711 | 99°01 | £8°6 £1°2r | or'Ir | oc-or SYIUOIN 9 03 iy

6T°S 80°% 9e¢ 0L'¥ £8°¢ ¥0°'¢ 68°¥ 'y £e'e £6'% iy 1s°'¢ SYIUOIN Z[ 03 SYIUOIN 9

b 0'¢ 66°C 6L'F 96°¢ £e'¢ 89°% 86°¢ 9'e (4084 61°% 6%°¢ SYIUON 9 03 BYIUOIN ¢

69°L 89 09 Ll YL 6%'9 09°L L9 60°9 6L L %9 SYIUOIA ¢ O3 Y3 ig
('swId) HLONIT dMAU-NMOUD

1974t | 9T'9T | S¥'¥¢ | TI'8T| 0S'9z | 86'%C | 689z | 81'Sz| sizez| #8242 | 09'9z| 91°s2 SYIUON T 03 ity

88°L1 | S6'9T | ¥STST | BT6T | 9L°LV | SE9T | 84T | 4S°9T | SP'ST| 89°8I ¥SOLU| w91 SYIUON 9 02 g

95°01 { 99°6 £L°8 91'01 | £0°6 864 £8°6 688 6L°L 1001 { oI'6 £0°8 SYIUON T 01 sYIUON 9

80°4 9¢'9 §28) 1874 6L°9 £6°'S YY) S¢'9 6¥'S SL°L 16'9 98°s SYIVOIAL 9 03 STRUO ¢

€L TIL | 69°0T | 6L°6 8411 | TI'TT | 1201 | ST'IE| 8T'OT | S£°6 EL°T1 | 18°01 | S6°6 SYIUOIN ¢ 03 g
('8W) HLONAT ATOS-NMOUD

I6°ST [ OS'F1 | 00°€T | 00°AT | T9'ST| €4°€1| 0S'9L | OI'ST| 0S'¢I 16°L1 | €S°9T | 60°ST SYIUO T 03 ity

SLCL| 6I'IT | S9°6 $8°¢1 £6°TT [ 84°0T | 99721 | OS'IT| 9001 | 99°¢1| Syz1| 8011 SYIUOIN 9 03 g

12y e ££°¢ 8¢’y we &'e 9y 9 15°¢ 86'% £Le 85°'C SYIUOIN T O sIUOIN 9

¥y e §§°¢ (124 e §§°t Sy 89°¢ [4: 4 9°% oL'¢ 8L'C SYITOI 9 O3 SYIUON ¢

66°8 €9°L 1F'9 L0701 | £9°8 LE7L §6°8 €Ll 8%°9 £6°6 69°8 Wi SYIUO ¢ 01 \png
('SWD) AONAYIINNIYID LSTHO

€791 | 88°€1 | 00°ZT | 69°9T | 8I'ST | 09°€T | 9291 | ¢6'¢l | £9°21 | 8521 | 80°91 | 6031 SYIUOIA Z] 03 (paig

L9°01 | ¥1°6 49°L €511 | OF°0I | 90°6 0L | €276 81°8 (728 4 3 I 3 200) B YA ] SYIUON 9 03 Qg

16°S 00°¢ 9Tt 0¢°9 9T’s SE¥ 68°S 8% XA 4 L9 8z'§ 6% SYIVOIN 7] 03 sqIUCIN 9

&Ly 68°¢ LAY 88'% SU'y Se'¢ (4384 i458 4 e I¥°s SS°Y 8L°¢ SIVOI 9 O3 SYIUOI] ¢

w9 61°S ay 16'9 ST'9 9T’s 06°S LS 528 4 189 §6°S 0T's SYIUOI ¢ 03 quig

('sq[) LHOIAM
smrend | spen) | amiend) s[Ren | spzend sqaEny | smrend spnIEnD
P3N URIPIN UBIPIA UBIpIAl
pig sy PIg i ! Pig R} PIg il ! aoruzg
AIVAE] O¥9aN IV OUDAN ATVRE | ILIHM ATV ALIEM

‘X938 pue 30l %Q .wﬂomuﬁcmaﬂuﬂv UM JUIUIINSBIW Yyoes ut ﬁmﬁm Jo sanjea D—muuNSO ‘¥1 9Iqe],



357

|4

Newborn Studies

L1°6 68°L A £¢°01 0z'6 00°8 SL°6 £€1°8 sT°L 96°6 £€6°8 ¥0°8
£1°8 859 [195Y 58 Lyl 6T°9 €574 §§°9 §9°§ S£°8 8¢°L 6T°9
16°2 $8°1 o't 8¢°C 18°1 6L°1 18°C 81 (448! ¥e'T [/} j208 ¢
SL'T £T°T 1 0°¢ 0z't 89°1 A% 89°C 00°C 80°¢ | § 2 19°1
(1,28 | £ 4 15°¢ 98°S 98°'¥% 1A 4 06°'¥% 06°¢ 15°¢ 8L°'S 30°S ey
*(sWd) AONAYAIRNOAID ATVO
8¢°¢1 [32KA¢ [1; 288 SL°EL 6°T1 08°11 STt L9°11 66°01 el FAaAl 8S°11
81°01 €6 8%°'8 79°01 8L°6 66°8 0£'6 §§°8 06°L 66°6 1£°6 0s°8
18°¢ 67°¢ 99°C £9°¢ (1% £5°C ¥9°¢ 91'¢ 95°C e yi'e 19°C
9°¢ 91°¢ $S°T £L°¢ 1e°¢ LL'T 9%°¢ 68°C 0v'C ¥9°¢ 91°¢ 85°C
789 61°9 5°s 80°L 9%°9 8L°S Ly SL°S 81°S 8.9 6179 0s'S
(*swd) AONTATIMAOUID AVAH
¥y 148 4 1L°¢ 66'% (V284 0% SI°S 19'% 1'% 15°§ 68°% ey
1L°¢ 9T°¢ 18°2 ¥6°¢ 8¥°¢ 60°¢ 6°¢ (0283 ¢ (A9 4 e 8T°¢
6v°1 1T°1 06° (4 ! 16" 1L 9§81 €Tl 68° Wl 811 L8°
1£°1 16" 0L’ Wl or'r 9.* wl 91’1 $8° 1 811 98"
89°C L't £8°1 ¥8°C Lyt [49x4 ¥L°T LE°T S0°¢C £6°C 09°C £2'T
(‘swd) HIAVA¥E dIH

TLTT | BLOIT | 6L°0T | 69°TI| 8L°TT | T6'OT | OS'IT | Z9°01 | 69°6 L8°11 | SO'TI | SO'OT
() w9 1s°S 9L°L 6L°9 00°9 8.°9 80°9 £€T°S 91’4 s€'9 LS°S
w9 SE°S 19'% 6L°S 30°S 1488 4 89°¢ 9L’V SL°¢ 09°S Ly 16°¢
Ly'e 9T L1 e 8T or'e 9¢°¢ 95°C £8°'1 9’'e 89°C L0°C
VA28 4 L€ 61°¢ 9% 06°¢ 8T°¢ 6L'¥% 6v°¢ 08°C %% §9°¢ £0°¢

("swd) HIONIT ATOS-ARAY

SQUO 71 03 g
$auol 9 03 g
SIUO 71 O3 STRUOI 9
SYIUOIA] 9 03 SYIUCIN] ¢
SIUORN] § O3 YIIg

SYIUOJNL 7T 03 I
SYIUOA[ 9 O3 YIIg
SIUOIA Z] 03 SRUON 9
SYIVOIA] 9 O3 SYIUOIN €
SYIVOJ § OF Yag

sqIuopy Z1 03 quIg
SYITOJN 9 O3 g
SYIUOIN ZT 03 SYRUON 9
SYIUOA] 9 O3 SYIUOIA] €
SYIUOTA] £ 03 YIg

SYIUOIN Z[ 03 y3iig
SYIUOIA[ § 01 YIIg
SYIVOIN] ] O3 SYIUOIA] 9
SYIUOJA] 9 O3 SYIVOIN £
SYIUORA[ £ 03 Jiig



358 The Milbank Memorial Fund Quarterly

Las. WEIGHT CHEST CIRCUMFERENCE |Cms.
= WHITE MALE H 1o
= = = WHITE FEMALE 147
el e NEGRO MALE L] L8
— - == NEGRO FEMALE 1‘1
r
6 }11’-1 TT' 3RD QUARTILE -6
141 . 14} Meoian
ol o | {HI 141 15T QUARTILE r:I }?i "
L e+ [3£1
i L)
24 2
& ;
CMS-| cROWN-SOLE LENGTH CROWN-RUMP LENGTH
12
12 EI
L 4
H
10 {*"j, .‘."] 10
H }. i-
+]
1§
8 . L rr -8
jtir i
* -
6 tis | Lo
g}
{r; Fr! o
“I Iij 1:1
24 L2
c\d" ‘b°
RUMP-SOLE LENGTH HIP BREADTH
6] il -6
. ki
ad [ril . It L
P
Hiy 3T
24 1‘1 {‘tt -2
Bsy;  Hit
° ] o
&1 HEAD CIRCUMFERENCE CALF CIRCUMFERENCE |8
ir
61 {I:I T -6
1 I
{}?'
il o
M pioofug rl
2 vl i e gt L.
a1 kb
BIRTH TO 3 T06 67012 BIRTHTO ST06 6TOR
3MONTHS MONTHS MONTHS JIMONTHS MONTNHS MONTHS
PERIOD

. Fig. 10. Quartile values of gain in each measurement between examina-
tions, by race and sex.

Chest Circumference. The average growth in chest circum-
ference from birth to three months of age was greater for males
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than for females. The means for both groups of male infants
were about 8.7 cms. and those for the female babies about 1
cm. less. The difference by sex in the quartile values was such
that the third quartiles for females barely exceeded the median
values for males. In the next two intervals differences in the
means by race and sex were small, but the mean values for
males were slightly greater than those for females and those for
white infants greater than those for Negroes. Between three
and six months the mean increase varied between 3.49 cms.
and 3.76 cms. and during the final six month period between
3.30 cms. and 3.83 cms.

Crown-Sole Length. The largest average gain in crown-sole
length between birth and three months of age was found for
Negro males (11.08 cms.) with that for the white male babies
being slightly smaller (10.80 cms.). Among females the mean
for Negroes (10.73 cms.) also exceeded that for white babies
(10.30 cms.) during this period. Between three and six months
of age the mean increase in crown-sole length was 6.9 cms. for
both male groups and 0.5 to 0.6 cms. smaller for the two female
groups. This difference by sex was also reflected in the quartile
values. During the final period the mean for Negro females
was 9.59 cms. while the values for the other three groups fell
between 8.89 cms. and 9.12 cms.

Crown-Rump Length. The mean increase in this measure-
ment between the birth and three months examinations was
near 7.2 cms. for males and 6.85 cms. for females. During the
next interval the means for the male groups were between 4.21
cms. and 4.09 cms. while the mean was 3.95 cms. for white fe-
males and 3.63 cms. for Negro females. From six to twelve
months the largest average growth in crown-rump length was
found for white males (4.26 cms.) and Negro females (4.28
cms.) and the smallest for Negro males (3.89 cms.).

Rump-Sole Length. In the initial period the mean increase
in rump-sole length was greater among both groups of Negro
infants than among the white population. The mean for Ne-
gro males was 3.96 cms. and for Negro females 3.82 cms. while
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the corresponding values for white infants were 3.69 cms. and
3.52 cms. During the following period the largest average gain
was among Negro males (2.95 cms.) and the smallest among
Negro females (2.59 cms.). Between six and twelve months
of age the largest mean increase was that for Negro female
(5.49 cms.) with the means for the other race-sex groups rang-
ing between 4.71 cms. for white males to 4.97 cms. for Negro
males.

Hip Breadth. Although the differences among the means
for growth in this dimension during the initial three month
period were small there was a discernible pattern of larger in-
creases among males and among white infants. This may also
be seen in the quartile values. The mean for white males was
2.61 cms. and for Negro males 2.49 cms. and for females the
corresponding values were 2.38 cms. and 2.24 cms. In the next
interval there was almost no difference among the four values,
all falling between 1.04 cms. and 1.18 cms. In the last interval
the range of the means was from 1.05 cms. to 1.23 cms., but
with some suggestion in the means and quartile values of
slightly greater growth in this measurement among females
than among males during this time.

Head Circumference. The average increase in this measure-
ment during the first period was larger for Negroes and for
males. The values for Negro males and females respectively,
were 6.48 cms. and 6.28 cms., while for white babies the corres-
ponding means were 6.20 cms. and 5.83 cms. In the next inter-
val the same pattern may be observed, but the differences were
smaller. The means ranged from 2.92 cms. for white females
to 3.25 cms. for Negro males. In the last period all four means
were between 3.07 cms. and 3.29 cms.

Calf Circumference. From birth to three months of age the
mean gain in calf circumference was about 5.00 cms. for both
groups of male infants while the mean for white females was
about 1.0 cms. smaller and that for Negro females about 0.6
cms. less. During the three to six month interval the largest
mean was observed for white females (2.59 cms.) and the
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smallest for Negro females (2.18 cms.). From six to twelve
months of age the mean gains were larger for females (2.11
cms. and 2.04 cms.) than for males (1.75 cms. and 1.89 cms.).

During the first three months after birth the male infants
tended to have a greater absolute growth in all measurement
than did females of the same race, but this difference was most
marked for weight, chest circumference, and calf circumfer-
ence. Racial differences in growth may be noted in crown-sole
length, rump-sole length, and head circumference, for which
the gain in Negro babies tended to be greater than that for
white infants of the same sex, and in hip breadth for which the
gain for white infants seemed to be larger.

In the next two periods the differences by race and sex were
less consistent. Within each racial group in the interval from
three to six months the average growth among males appears
to be greater than that among females for weight, crown-sole
and crown-rump length, and possibly head circumference. The
differences by race during this period were small and generally
irregular, although the average weight gain in white infants
was larger than that for Negroes of the same sex.

In the six to twelve month interval the mean increase in
weight and chest circumference was slightly larger in male than
in female infants of the same race, while the mean gain in calf
circumference was larger among females. During this time
white infants had a greater average growth in chest circum-
ference than did Negro babies and a smaller mean growth in
rump-sole length.

Growth in these measurements during the intervals birth
to six months and birth to twelve months was in much the
same pattern with respect to age and sex differences as was
growth during the birth to three month period. The average
increase in each measurement for both groups of male infants
during these two periods was almost always greater than the
mean for either of the female groups. Exceptions to this were
rump-sole length for the twelve month period for which the
mean for Negro females exceeded that for white males and
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Mean Per Cent Gain Staxparp DEeviaTion Numser
Periop .
White | White | Negro | Negro | White | White | Negro | Negro | White| White | Negro| Negro
Male | Female | Male | Female | Male | Female | Male | Fernale | Male | Female | Male | Femal
WEIGHT
Birth to 3 Months 80.4| 72.083.7| 74.4(19.9| 18.9|22.4| 22.3| 265 | 247 151 | 130
3 Months to 6 Months | 33.6 | 33.8 | 31.3| 32.4| 8.3 8.5| 8.9 8.8 | 212 | 204 134 | 116
6 Months to 12 Months | 29.5 | 30.1 | 30.4 | 31.1 | 8.9 8.3 | 8.4 7.21 133 | 120 9] 8
CHEST CIRCUMFERENCE
Birth to 3 Months 27.3 | 24.1 274 24.5] 6.2 6.01 7.2 6.8 | 241 | 207 131} 113
3 Months to 6 Months 9.1 9.1] 8.6 8.8 3.4 3.1 3.4 3.1 207 | 202 131} 11
6 Months to 12 Months | 8.6 8.3} 7.5 7.81 3.6 3.5] 3.0 3.2 | 126 119 87| 81
CROWN-SOLE LENGTH
Birth to 3 Months 21.6 | 20.722.2) 21.7| 3.0 3.2 3.9 3.6 1 244 | 206 132 | 114
3 Months to 6 Months | 11.2 | 10.7 | 11.3 | 10.3 | 2.3 2.31 2.2 2.4 209 | 203 132 | 114
6 Months to 12 Months | 13.3 | 13.3 | 13.3 | 14.5| 2.2 2.4 2.5 2.2 127} 122 87| 81
HIP BREADTH
Birth to 3 Months 32.1§ 30.0|31.5| 28.7| 8.1 7.8] 8.0 7.6 191 167 106 | %
3 Months to 6 Months | 10.6 | 10.7 | 10.4 | 10.0 | 3.9 3.9 4.2 4.4 180} 157 10| 9
6 Months to 12 Months | 9.7 | 10.6 | 9.3 11.0| 3.5 3.9 4.1 4.3 113 97 700 67
CALF CIRCUMFERENCE

Birth to 3 Months 45.0| 35.9|45.3| 39.9110.8| 11.2 |13.0| 13.9 51 41 52y M
3 Months to 6 Months | 14.5 | 16.3 | 14.7 | 13.7 | 6.6 56| 7.0 5.5 58 48 551 48
6 Months to 12 Months | 9.6 | 11.9|10.2 | 11.5] 5.5 7.2 | 4.7 5.9 42 30 301 3

Table 15. Mean per cent gain between examinations for selected measurements, by race

and sex.

equaled that for Negro males and hip breadth during the same
interval for which the mean for white females equaled that for
Negro males. During these two periods the average gain was
greater for white than for Negro babies of the same sex for
chest circumference and hip breadth, and, over the twelve
month interval, for crown-rump length. The means for Negro
infants were the larger for rump-sole length and head circum-
ference.

The mean percentage increase for five of the measurements
during the intervals birth to three, three to six, and six to
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twelve months is given in Table 15 and Figure 11. (The means
for the birth to three month period are also in Table 9.) In
the period from birth to three months of age, the mean per cent
increase in weight was over 80 per cent for male babies and
almost 75 per cent for females. The mean was slightly larger
for Negroes than for white infants of the same sex. In the fol-
lowing period the average gains were much smaller falling be-
tween 31 and 34 per cent, with the values for both groups of
white infants being a little larger than those for Negroes. The
means were somewhat lower during the final six month inter-
val, ranging from 29.5 per cent for white males to 31.1 per
cent for Negro females.

The mean per cent gain in chest circumference between
birth and three months was 27 per cent for males and 24 per
cent for females. During the next interval, the average increase
was near 9 per cent for all groups, and in the final period the
means were slightly above 8 per cent for white babies and just
below this figure for Negroes.

The means for crown-sole length in the first period range
from 20.7 per cent for white females to 22.2 per cent for Ne-
gro males. From three to six months the mean per cent gain is
just above 11 per cent for males and slightly below this level
for females. The mean values in the last period for Negro fe-
males is 14.5 per cent, and 13.3 per cent for the other three
groups.

The average increase in hip breadth between the birth and
three month examinations was 32.1 and 31.5 per cent for
white and Negro males, respectively, and the corresponding
values for females were 30.0 and 28.7 per cent. All four means
for the three to six month interval fell between 10.0 and 10.7
per cent. Between the last two examinations, the average per
cent gain was greater for females, 10.6 and 11.0 per cent for
white and Negro infants, than for males (9.7 and 9.3 per cent).

During the first interval the mean gain in calf circumference
was 45 per cent for males and 36 per cent for white females
and 40 per cent for Negro females. In the three to six month
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period, the largest mean increase was observed for white fe-
males (16.3 per cent) and the smallest for Negro females (13.7
per cent), while the values for the two male groups were
around 14.6 per cent. From six to twelve months, the means
for females (11.9 and 11.5 per cent) exceeded those for males
(9.6 and 10.2 per cent).

Greater relative growth was observed for males in all five
measurements during the first interval and in weight and
crown-sole length during the second. During the six to twelve
month period, the mean per cent gains were greater for females
in weight, hip breadth, and calf circumference. Higher means
were observed for Negroes in weight and crown-sole length be-
tween birth and three months of age and in weight during the
six to twelve month period. White infants had the larger rela-
tive growth in hip breadth during the first two intervals and
in weight during the second three month period.

The coefficients of correlation between the increments of the
different measurements during each time period are given in
Table 16. As before, each coefficient is the weighted average of
the coefficients for the four race-sex groups. Sixteen of the
130 sets of correlations were found to be non-homogeneous,
and their coefficients are shown in italics in Table 16 with the
correlations for each race-sex group given in Table 17.

During the interval from birth to three months, the highest
correlations between increments in the measurements were
observed for weight and calf circumference (.72) and weight
and chest circumference (.60). The lowest coefficients were
between gain in rump-sole length and gain in each of the other
measurements, for which the range of value was between .04
and - .74. Most of the other correlations were between .30 and
50.

In the following period, from the three month to the six
month examination, the highest correlation between the incre-
ments was again between those for weight and calf circumfer-
ence (.71), while none of the other coefficients exceeded .47.
The correlations involving the growth of rump-sole length
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were all between .07 and —.07. The other coefficients were
mostly between .20 and .40. In general, the correlation coefh-
cients between the increments of growth during this period
were either equal to or less than the corresponding values for
the preceding three month period.

The association between gain in the measurements during
the six to twelve month interval was, in most instances, lower
than that during the previous three months. The highest cor-
relations were found between increase in weight and calf cir-
cumference (.55), weight and chest circumference (.46) and
weight and hip breadth (.41). The lowest correlations were,

Table 17. Non-homogeneous correlations by race and sex between increments during each

period.
CorrELATION COEFFICIENT NumMBER
MeasUREMENTS Prriop White | White |Negro | Negro |White | White | Negro | Negro
Male |Female | Male |Female | Male |Female | Male |Female
Weight and Chest Circumference Birth-3 Months .52 .64 .58 .71 239 205 130 112
Weight and Hip Breadth Birth-3 Months .36 .42 391 .68 188 | 164 105 93
Chest Circumference and Crown-

Rump Length Birth-3 Months 451 .36 571 .61 204 | 172 111 99
Chest Circumference and Hip

Breadth Birth-3 Months .39 .40 .46 .65 190 | 167 106 94
Chest Circumference and Calf

Circumference Birth-3 Months .28 1 .58 .31 .70 51 41 52 49
Crown-Sole Length and Head

Circumference Birth-3 Months .23 .37 .06 | .20 239 | 207 1311 113
Crown-Rump Length and Rump-

Sole Length Birth-3 Months |—.30 | .03 |-.21 .00 205 | 172 111 99
Calf Circumference and Hip Breadth| Birth-3 Months .27 .67 44 .69 46 40 50 46
Chest Circumference and Calf

Circumference 3-6 Months .16 .32 .60 .14 56 47 54 47
Rump-Sole Length and Crown-

Rump Length 3—6 Months —.01 [—.14 |—.27| .18 188 | 164 112 95
Rump-Sole Length and Head

Circumference 3-6 Months .23 |—.05 .02 |—-.01 188 164 112 95
Chest Circumference and Calf

Circumference 6-12 Months .13 .58 19 1—-.14 42 29 30 31
Weight and Calf Circumference Birth~6 Months .62 .83 .70 .84 57 39 51 47
Crown-Rump Length and Hip

Breadth Birth-6 Months 31 .40 571 .52 171 | 134 97 86
Weight and Calf Circumference Birth~12 Months .66 .94 .78 .87 25 17 24 26
Crown-Rump Length and Hip

Breadth Birth-12 Months 31 .57 551 .67 96 78 61 58
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again, those between the gain in each measurement and gain
in rump-sole length, all of which, with one exception were near
zero. The exception was the correlation between growth in
rump-sole and crown-rump length for which the coefficient
was —.26. Almost all the other coefficients were between .10
and .30.

The correlations for the period, birth to six months, tended
to be slightly higher than those for the birth to three month
interval. The largest values were those for gain in weight and
calf circumference (.75) weight and chest circumference (.63)
and hip breadth and calf circumference (.64). The correla-
tions with gain in rump-sole length were low (.11 to -.07).
All the other coefficients were above .40 with the exception
of those involving head circumference which were between
.30 and .40.

The coefficients of correlation between growth in each meas-
urement over the entire first year of life were slightly larger
than the corresponding values during the other two periods
starting at birth. Six coefficients were over .60, those of the
increments in weight and calf circumference, chest circumfer-
ence, crown-rump length, and hip breadth, and the increments
in calf circumference and both chest circumference and hip
breadth. Except for the correlations involving rump-sole
length, the other coefficients were above .30.

The correlations between the increments which were not
homogeneous by race and sex are shown in Table 17. Half of
these sets of coefficients are for the interval birth to three
months. In six of these sets the correlations for females were
higher than those for males and, hence, the combined coeffi-
cient was an underestimate for the former group and an over-
estimate for the latter. These sets are: in the birth to three
month period, weight and chest circumference, chest and calf
circumference, crown-sole length and head circumference, and
calf circumference and hip breadth; and in the birth to six and
twelve month intervals, weight and calf circumference. The
correlations for males were greater than those for females for
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crown-rump and rump-sole length during the initial period,
and those for Negroes exceeded those for the white groups for
chest circumference and crown-rump length in the first inter-
val and crown-rump length and hip breadth in the birth to six
month period. The other sets of correlations were in no con-
sistent pattern with respect to differences by race and sex.

Although the coefficients of correlation between the incre-
ments in each period were generally significantly different
from zero, it seems evident that the association between the
growth of most of these body dimensions is not strong. As
might be expected, the measurement whose increase was most
closely correlated with increase in the other measurements
was weight. When the highest correlation of the increments
of a measurement was not with weight gain, it was usually
with the gain in calf circumference, which, in turn, was more
highly correlated with weight gain than were increases in any
other dimension.

The low or non-existent association between increase in
rump-sole length and increases in the other measurements is
puzzling. If it is a correct expression of the relationships it im-
plies that the growth in length of the legs during infancy is al-
most completely independent of the growth in any of the other
body measurements considered here. On the other hand, the
fact that rump-sole length is the only measurement not ob-
served directly but is obtained by subtraction of crown-rump
length from crown-sole length suggests the possibility that er-
rors of some magnitude may have been introduced by this
procedure.

The coefficients of correlation between the increments in
each measurement in one period with the increments of the
same measurement in the following period are given in Table
18. The four sets of correlations by race and sex which were
found to be non-homogeneous are shown in Table 19. All co-
efficients were negative except those for weight and one coefh-
cient for head circumference. While none were higher than
-39, all were significantly different from zero, with the excep-
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tion of the four which were less than +.10. The negative
values, while low, are suggestive of a tendency for large or
small increases in a body measurement during one period to be
followed by relatively small or large increases, respectively, in
the next period. The higher correlations for rump-sole gain
indicate that this tendency is most marked for this measure-
ment. On the other hand, large or small weight gains in one
period are associated, to some degree, with similar increases
in the other periods.

The correlations for each race-sex group in Table 19 for the
non-homogenous sets of correlations show that for white
babies the correlation of increments between the first two
three-month periods were definitely negative for chest circum-
ference, rump-sole length, and calf circumference, and posi-

Table 18. Coeflicients of correlation between increments of each measurement.

Birta To THREE THREE TO S1x BirTE TO SI1x
MonNTHS AND MonNTHS AND MonNTHS AND
MEASUREMENT THREE To SIX Six To TweLve | Six To TWELVE
MonTHs MonTES MonTas
CORRELATION COEFFICIENT
Weight .23 .24 .20
Chest Circumference — .16 —.14 —.18
Crown-Sole Length —.13 —-.23 —.13
Crown-Rump Length —.10 —.23 —.20
Rump-Sole Length ~.22 —.38 -.39
Hip Breadth —.03 —-.15 —-.19
Head Circumference .06 —.11 -.11
Calf Circumference —.06 —.01 — .83
NUMBER
Weight 666 420 427
Chest Circumference 572 408 364
Crown-Sole Length 579 412 372
Crown-Rump Length 490 36 306
Rump-Sole Length 490 336 306
Hip Breadth 455 321 284
Head Circumference 575 413 369
Calf Circumference 163 109 88

Note: Coefficients in italics are based on coefficients by race and sex which are not homogeneous.
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CorRRELATION COEFFICIENT NUMBER

M
FASUREMENT White | White |Negro | Negro |White | White |Negro | Negro

Male |Female | Male |Female | Male |Female | Male |Female

Chest Circumference |—.32 | —.17 |—.01 .02 | 190 167 116 99
Rump-Sole Length  |—.33 | —.31 {—.02 | —.07 | 167 138 97 88
Head Circumference 11 21 (—.06 | —.17 | 190 167 | 117 101
Calf Circumference |[—.10 [ —.25 |—.27 321 40 32 47 44

Table 19. Non-homogeneous correlations by race and sex between increments
in the birth to three months and three to six month periods.

tive for head circumference. Among Negro infants, these co-
efficients were either near zero or, in the case of calf circumfer-
ence, differed between the two sex groups.

SUMMARY

Data on the measurements of weight, chest circumference,
crown-sole length, crown-rump length, rump-sole length, hip
breadth, head circumference, and calf circumference at birth
and three, six, and twelve months of age are presented for
1,391 white and Negro infants.

The mean values of these measurements are almost always
larger for males than for females at each age. The means for
the white babies are usually larger than those for Negroes of
the same sex for weight, chest circumference, crown-rump
length, hip breadth, and calf circumference, and are smaller
for rump-sole length and head circumference.

The mean per cent increase from birth to each subsequent
age 1s given for five of the measurements. The largest relative
increases were found for weight, followed by calf circumfer-
ence, hip breadth, crown-sole length, and chest circumference.

Correlation coefficients between the measurements at each
age indicate that the size of each body dimension is more
highly correlated with weight than with any of the other di-
mensions. The lowest correlations were those between rump-
sole length and the other measurements.

The correlations between the same measurement at the dif-
ferent ages are shown. The highest correlations are those be-
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tween the observations at three and six months and six and
twelve months. The largest correlations between the birth
observations and subsequent measurements are found for
length and head circumference.

The mean and quartile value of the increments in each
measurement between each examination are given. From
birth to the later ages, the average increments were usually
greater for males than for females. The difference by race and
sex during the other intervals were less consistent.

Comparison of mean per cent gain in each interval for five
of the measurements indicated greater growth for males during
the first three months of life. From six to twelve months, the
mean per cent increase in weight, hip breadth, and calf circum-
ference was larger for females than for males.

The correlation coefficients between the increments in each
interval are presented. Weight gain is most highly correlated
with the increments of the other measurements while the asso-
ciation of growth in rump-sole length with the other increments
is usually near zero.

Correlations of the increments of a measurement in one
period with those of the same measurement in another period
are, with the exception of those for weight gain, usually nega-
tive.
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