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ABSTRACT

Twenty-six children from very poor families were assured
an adequate diet in a protected environment until 7.4 to 33
(average 17.6) months of age. Mean length for the 10 girls
reached the 10th percentile, weight was near the 50th; mean
length for the 16 bhoys reached the 25th percentile, weight was
nocar the 75th. The norm for children from the same or similar
families living in their habitual poor environment is near the
3rd percentile for length, the 10th for weight, from late
infancy through childhood. In the first 6 months after re-
turning to their original homes, the 26 children lost weight
and failed to grow in length and head circumference, coming
down to the same percentiles as the norm for their environment.
Their growth then followed this norm until 4 to 8 years of age.
In all groups, head circumference growth paralleled linear
growth. In very poor environments, nearly maximal growth
during most of the first two years of life docs not offer
any apparent protection against the stunting which is charac-

teristic, and which may represent an appropriate adaptation.



It is commonly aésumcd that finitce periods of severe
undernutrition in early life lead to permanent stunting and
probably to impaired mental development. Our own obsorvations
(1) and those of others (2) indicate that infants who wore
severely malnourished in early life may catch up in growth to
their siblings, and suggest that such episodes do not vroduce
deficits over and above those resulting from the chronic undor-
nutrition characteristic of their home cnvironments. Furthor-
more, a number of such severely malnourished infants who at
some point after discharge from the hospital wore adopted into
much healthier environments demonstrated remarvkable catch-up
growth, bringing them very close to their wvresumed genetic
potential (3). Iighteen infants from the same poor lamilios
were placed in a protected environment from shortly after birth
until 18-27 months of age, when they had attained a height
approximating the 25th percentile of U.S. standards. Within a
year of returning to their original home environments, their
mean height was below the 3rd percentile, indistinguishable
from that of their so-called "hcalthy" or previously malnourished
siblings (1). These obscrvations demonstrated that an adverse
environment was quite capable of wiping out, in a short time,
the advantages of a favorable start in life.

When combinced, the results of these studies suggest that
among the very poor, chronic undernutrition and freqguent in-
fections determine the rate of growth shown hy most children,

significantly masking genetically determincd patterns. Within
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a family, whether a child has had an optimum start in life,
has been severely malnourished as an infant, or has grown
always at the relatively slow pace characteristic of that
family and its total environment, would seem Lo make little
difference to the body size achieved. It is impoctant to con-
sider the possibility that this "typical" growth pattern may
be the most convenient for survival in such environments.

This report describes in some detail the growth of 26
children who were admitted to a convalescent unit before 3.4
months of age and remained there until 7.4 to 33 months of age,
when they were returned to their criginal home cnvironments.
Included in the present 26 are most of the 18 previously re-
ported (1). Their growth until a maximum of 8 years of ade is
compared to that of a large group of siblings of severely mal-
nourished infants (4). All of the children in this large group
had always lived at home and none had ever been treated or

hospitalized for malnutrition. The 26 children all came from

familics included in this larger powvulation.

@LUODS

ALl 26 infants admitted to the convalescent unit were
younger siblings of scevercly malnourished infants. Their
mothers had repeatedly failed to feed their older siblings
success fully at the breast, and their attempls at artificial
feeding in their very poor homes had resulted in severe mal-

nutrition and high death rates. The 26 infants in question



had alrcady been weaned from the breast and woere facing an
equal or worse fate. HMost of them were still in excellont
health, and those that were not, responded promptly Lo vropoer
teeding and a clean environment.

In the convalescent unit all infants were given nodified
cow's milk formulas, with supplementary fecdings of solid foods
after 6 months of age. After once year of age cevapoerated milk
replaced the formulas. Routine immunizations werve carriced out
at appropriate ages, all intercurrent illnesses woere carctully
monitored, and treatment was given when indicated., Within the
constraints of an .nstitutional sctting, a concerted effort was
made to provide a maximum of stimulation and learning opportuni-
ties. After some unfortunate carly cxpericnces, all the infants
were offered, for some weceks prior to discharge, dictary itoems
similar to thosc characteristic of their homes, and were taudght
to be as self-reliant in eating and other bodily functions as
was compatible with thelr ages.

Of the 10 girls included in this report, 5 were admitted to
the convalescent unit during the first two weeks of life, one
during the second month, three during the third month, and onc
at 3.4 months of age. Of the 16 boys, 6 were admitted during
the first month, 8 during the sccond month, and two during the
third month of life.

Three of the girls were discharged home at L6 months of age
4 at 18 months, one at 19 months, one at 27 months, and one at
28 months of age. One of the boys was discharged home at 7.4

months of age, one at 10 months, two at 11 months, one at 13



months, onc at 14 months, three at 15 months, three at 18
months, one at 19 months, onc at 22 months, one at 24 months,
and onc at 33 months of age. The date of discharge was deter-
mined primarily by ouar judgment of cach mother's abilitv to
offer her child a recasonable chance of healthy survival,

Mecasurements of length, weight and head circumference
were made monthly, on Lhe dav corresponding te the hirth date,
during the stays in the unit. After discharge the children
woere measured cvery six months during the first vear, and
vearly thercafter, usually on the anniversary of their dis-
harge from the unit.

Bocause durations of stav in the convalescent unit were
not cqual for all the children, only the ages of 0.5 to 18 months,
during which most of them were represented, were chosen for re-
gression analysis, individually and by sex. A computer prodgram
was uscd to determine the polvnomial cauations that best fit
the data for length, weight, and head circumference, cach para-
meter regressed against age (5. The 957% confidence limits
were calculated by a "General Regression Program” written by
D. R. Bolling, Department of Medicine, Johns Hopkins University
School of Medicine.

After discharge, the anthropometric data were grouped by age
and sex, with means and standard deviations caleulnted for 12-
month periods with mid-points at 24, 36, 48, 60, 72, 84 and
96 months of age. Ic¢ must be noted that, becausce they remained
in the unit beyond the age of 18 months, some of the boys and

girls are included in the post-discharge mean measurcments at



24 months (18 to 30 months) when in reality thevy wero still in
the unit. One bhoy is similarly included in the mean for 3o

months. This was done to simplify presentation.,

RESULTH

The regression cuuations for cach soex which best (it
weight, length and head circumference on chronological age ub
to age 18 months were cublc in nature, i.ce. thirvd degroc pole-
nomials (Table 1). In ftgures 1 and 2, for agirls and bowvs
resvectively, thesce cauations for length (heiaht) and weight
are revpresented graphically, with their 950 contidence timits,
against a background of the mean reasurcmonts (02 5.D0) of the
large groun of tvwical siblinus of malnouriched intants,
alrecady published (4). Beginning ot 24 months of age, we have
plotted the means 2 $.b. of Lhe subijects of the present study
when at least 10 were represented, and the means plus individual
data when less than 10 were revrosented.  Pigure 3 does the
same for the head circumfcrence of bhoth somcs,

When the growth of the 10 femala infants caring their stav
in the unit was plotted againso the commonly usoad Hnitod Stotes
standard (6), length followed its 10th percentile, and weight
the 25th percentile until 14 months, almost peachiing the H01Y
at 18 months. In the larger population of tyoical intantys,
length fell from the LOth percentile at 6 monthes to just below
the 3rd at 18 months, although weight remained closoe to the
10th percentile (4). ‘The difference belween the two arouns

after 6 months of age 1s apparent in figure 1, where they are



plotted togcther. When the individual growth patterns for each
of the 10 female infants in the nresent study were examined, it
was apparent that the percentiles achieved by 6 months of age
were maintalned only until the time of discharge, whether this
occurred before or after 18 months of age. At the time of the
“24 month" mecasurcment, when most of those represented had been
home for 6 months, there had been an insignificant gain in

mecan body lenath and a loss of almost 300 gm in mean body weight
(figuro 1). As a result, their mean measwrenents were now
almost identical to those of girls who had spent the first 24
months of life in very poor environments. From that time until
96 months (8 vears) of age the moasurements of the two grouns
remained indistinguishable. Head clircumfereonce growth (fioure
3) tollowed a pattern very similar to that o!f bodv lenath
(height), but with less differenca at 12 and 18 months of age.
When compared to the United States standard, the head circum-
ference of these 10 female infants had been near the 3rd percen-
tile at 12 months, the 10th at 18 months.

When the growth of the 16 male infants was nlotted aaainst
the United States standard, lenath was very ncar the 25th ver-
centile at 18 months, weight just over the 75th percoentile.

FFor the larger group of typilcal males, lenath had fallen to
just above the 3rd vercentile, weight to approximately the 10th
at 18 months. Figure 2 illustrates the widening difference
between the two groups after 6 months of age, when as in the

case of the girls, they were quite similar. By the time of the



"24 month" measurement there had been no further linecar growth
and a mean weight loss of 1.1 kg, so that lenath was just below
the 3rd U.S. percentile and weight at the 10th percentile.

From that point until 96 months of age, mean Jengths and weights
were almost identical to those of boys who had always lived at
home. Head circumference (figure 3) followed a course almost

identical to that for body length.

DISCUSSTON

In a group of 26 children (10 girls and 16 boys) from ex-
tremely poor families, we have demonstrated that a protected
environment and a gencrous dict will result in grovth patterns,
from 6 to 18 months of age, which are far sunerior to those of
their own siblings or those of a laruer vooulation, seceminaly
healthy, but living continuously in voor howes. 'These last
grew as well as the study group until 6 months of aqge, when
there began a considerable slowing in the rate of lincar qgrowth,
weight gain, and head growth. Whether growth was maximal, as
presumed in the 26 children, or ceonsideorably slowed by the ad-
verse cenvironment, as in the laracr group, the children were
not underweight for length (or heiqht) by United States stan-
dards. Whether this mild "obesity" is a racial characteristic,
as scems to be the case for Eskimos (7), or a tendency of somn
poor children, cven ol Buropoean origin (8), 19 not clarificd
by these studies.

Within less than one year of returning to their original

home environments, these 26 children were not different in



height, weight, or head circumference from the norm for the
population from which they came. During this initial period
at home they lost weight and failea to grow in length or head
circumference. Thercafter they resumed growth at the same
rates as the larger population, remaining indistinguishable
from it for as long as they have thus far been observed, 4 to
8 ycars of agc.

Although one might speculate about various environmental
factors adverscly affecting growth, it is almost certain that
they all act by altering food intake and utilization. Prelimi-
nary analysis of data collected from 7-day individual dietary
weighings in many of these families by Miss Hilary M. Creed
suggests that the important factors limiting total food intake
arc meal frequency and the intakes of fat and of animal protein.
Body size in these families is to a great extent a function of
the environment, particularly as it relates to food. A larger
child, with greater calorie and protein requirements, would
first be "brought down to size" before growth could procecd.

It is generally accepted that head circumierence predicts
brain weight and cellularity (9) and, because of the much more
rapid ecarly growth of the brain relative to the whole body that
malnutrition in ecarly life will sclectively affect brain growth
(10) . "The logical corollary of this last assumption would bhe
that adeguate nutrition during the first two yecars of life
should assure nearly optimal brain growth. All our studies to
date suggest that brain growth, as estimatced from head circum-

ference, vlosecly follows linear growth, slows or stops when



this does, and accelerates when it does, regardless of age (3).
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Table I

length, and head circumference

Best fit linear rearsssion equaticns between body weight,
f ace, for 16 bovs and 10 girls.

i
on chronologic age, between 2 weeks and 18 months of

Linear Regression "p" of cubic

Sex Ecuations Cormoonent
Bod Weight (ky) bovs Y=2.49+l.lth—0.0624x§+0.00l7t§ <0.005
girls ¥=2.41+0.984x-0.06537x%+0.0014x"> “0.01
Lerngth (cm) bovs Y=48.9+3.908x-0.232:2+0.0063x3 <0.001
girls Y=47.3+2.633%x-0.203x"+0.0052x" <0.001
- . - “ . - ol ') . (o) 3
Head Circumiersnce (cn) bovs Y=3e./+l.862x-0.ll:x“—0.00Zcx% “0.001
girls Y=32.8+1.930x-0.120x"+0.9029x" <0.001



Figure

Figure

Figure

LEGENDS IF'OR FIGURES

1 - Growth in length and weight of 10 girls in a pro-
tected environment until 18 months of age (regression
equation and 95% confidence limits in solid lines) and
in very poor honmes therceafter (mean *2 S.D. in solid
lines from 24 to 72 months, mean in broken line and

individual values to 96 months), compared to usual

+

growth in same poor cnvironment (mean +2 S.D. in dotted

lines).

2 = Growth in length and weight of 16 boys in a pro-
tected environment until 18 months of age (regression
equation and 95% confidence limits in solid lines) and
in very poor aomes thereafter (mean *2 S.D. in solid
lines from 24 to 4% months, mean in broken line and
individual values to 96 months), compared to usual
growth in same poor environment (mean +2 S.D. in dotted

lines).

3 = Growth in head circumference of 10 girls and 16 boys
in a protected cnvironment until 18 months of age (re-
gression cquation and 95% confidence limits in solid
lines) and in very poor homes thereafter (mean +2 S.D.
in solid lines from 24 to 72 months for girls, to 48
months for boys, mean in broken line and individual

values to 96 months), compared to usual growth in same

poor environment (mean 2 S.D. in dotted lines).



Figure 1

Growth in length and weight of 10 girls in a protected envivon-
ment until 18 months of age (regression equation and 95% confidence
limits in solid lines) and in very wvooyr homes thercafter (mean +2
S.D. in solid lines from 24 to 72 months, mcan in broken Line and
individual values to 96 months), compared to usual growth in same

poor environment (mean #2 S.D. in dotted lines).
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Figure 2

Growth in length and weight of 16 boys in a protected environ-
ment until 18 months of age (regression cquation and 95% confidence
limits in solid lines) and in very poor homes thereafter (mean #2
S.D. in solid lines from 24 to 48 months, mean in broken line and

individual values to 96 months), compared to usual growth in same

poor cnvironment (mean *#2 S.D. in dotted lines).
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Figurce 3

Growth in head circumfercence of 10 girls and 16 bhoys in
a protected environment until 18 months of age (rogression
equation and 95% confidence limits in solid lines) and in
vary poor homes thercafter (mean #2 S.D. in solid Lines trom
24 to 72 months for girls, to 48 months for bovs, mean in
broken line and individual values to 96 months), compared to

usual growth in same poor envirvonment (mecan +2 S.D. in dotted

lines).
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