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ABSTRACT
 

families were assuredTwenty-six children from very poor 

an adequate diet in a protected environment until 7.4 to 33 

age. Mean length for the 10 girls(average 17.6) months of 

was near the 50th; meanreached the 10th percentile, weight 

length for the 16 boys reached the 25th percentile, weight was 

near the 75th. The norm for children from the same or similar 

their habitual poor environment is near thefamilies living in 

10th for weight, from late3rd percentile for length, the 

6 months after re­infancy through childhood. In the first 

turning to their original homes, the 26 children lost weight 

and head circumference, comingand failed to grow in length 

norm for their environment.down to the same percentiles as the 

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 

of life does not offerduring most of the first two years 

is charac­any apparent protection against the stunting whi-ch 

may represent an appropriate adaptation.teristic, and which 



It is commonly assumed that finite pei.-.iods of severe 

undernutrition in early life lead to permanent stuntinq and 

probably to impaired mental development. Our own oservations 

(1) and those of others (2) indicate that infants who were 

severely malnourished in early life may catch up in cjrowth to 

their siblings, and suggest that such episodes do not Puroduce 

deficits over and above those resulting from the chronic under­

nutrition characteristic of their home environments. .ui:ther­
more, a number of such severely malnourished infants who t: 

some point after discharge from the hospital wer-e adopteod into 

much healthier environments demonstrated rema:1ab .e catch-u 

growth, bringing them very close to their pre-sumed qenetic 

potential (3). Eighteen infants from the samie ;)ooir Families 

were placed in a protecLed environment from shortty after hirth 

until 18-27 months of ace, when they had attained a heIht 

approximating the 25th percentile of U.S. standards. Wi.Lhin a 

year of returning to their original home environments, their 

mean height was below the 3rd percentile, indistinquishable 

from that of their so-called "healthy" or previously malnourished 

siblings (1). These observations demonstrated that an adverse 

environment was quite capable of wiping out, in a short time, 

the advantages of a favorable start in life. 

When combined, the results of these studies sugjest that 

among the very poor, chronic undernutrition and freqtu-.nt in­

fections determine the rate of growth shown by most children, 

significantly masking genetically determined patterns. Within 

http:freqtu-.nt
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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 to make little
 

It is impoztant to con­difference to the body size achieved. 


sider the possibility that this "typical" growth pattern may
 

most convenient for survival in such onxironments.
be the 


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 original home environments. 

are most of the 18 previously re-
Included in the present 26 

ported (1). 'Theirgrowth until a maximum of 8 years of age 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
 

families included in this larger po"ulation. 

MTO'.I'IO] 

All 26 infants admitted to the convalescent unit were 

younger siblings of severely malnourished infants. Their 

mothers had repeatedly ailed to feed their older siblings 

successfully at the breast, and their attempts at art.ificial 

feeding in their very poor homes had resulted in severe mal­

26 in questionnutrition and high death rates. The infants 
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had already been weaned from the breast and werye FCIcI1(g an 

equal or worse fate. Most of them were still in excellent 

health, and those that were not, responded prompty: Lvo proper 

l.oeding and a clean environment.
 

In the convalescent unit all infants were given mod i -iod 

cow's milk formulas, with supplementary feedings o L solid foodls 

after 6 months of age. After one yea r of age evaporated mi lk 

replaced the formulas. Routine immuniza.i.ons were carriedi out 

at appropriate ages, allt intercur rent i.lnes ;Ss we re careflully 

monitored, and treatment was civen when Indicated. Within tLhe 

constraints of an institutional setting, a concerted effort was 

made to provide a maximum of stimul.ation and 1,,a rihn oipoor-tuini­

ties. After some unfortunato eary.exne ri once., all the infants 

were offered, for some weeks prior to d.i.scha me , die Lary i tems 

similar to those characteristic of their homes, and were tauqht 

to be as self-rel.i ant in eating and other bolily functions as
 

was compatible with their 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 one
 

at 3.4 months of age. Of the 16 boys, 6 were admi tted during 

the first monthL, the and two durh th[:11.8 duri.ng second mont.h, ri. 

third month of life. 

Three of the girls were discharged Iioiun at 1I6 mon Li s 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 
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15 months, three at 18
months, one at 14 months, three at 


months, one at 19 months, one at 22 months, one at 24 months,
 

33 months of age. The date of discharge '.:as deter­and one at 


to
mined primarily by oar judgment of each mother's ability 


offer her child a reasonable chance of healthy survival.
 

length, weight and head circumference
Measurements of 

were made monthly, on the day corresponding to the birth date, 

After discha rqc the childrenduring the stays in the unit. 

IT rst year , andwere measure:d every sLx months during the 

yearly ther:eafter, usually on the anniversary of their dis­

charge from tle unit. 

Because (urations of stay in the conva.escent unit were 

not equal for all the children, only the ages of 0.5 to 18 months, 

during whi.ch most of them were represented, were chosen for re­

gression analysis, findividually and by se::. A computer program 

was used to det-,mine the polynomial eqiuations that best fit 

the data for length, weight, and head circumference, each para­

moter regressed against age (5). The 95? confidenco limits 

were calculated by a "General Reqression Prnocram" written by 

D. R. Bolling, Department of Medicine, Johns Hopkins University
 

School of Medicine.
 

Afteir discharge, the anth ropomotu-ic (atra we-c giroupd by aqC. 

and sex, with means and standa rd deviation:; caculate(d for 1.2­

month periods with mid-points at 24, 36, 48, 60, 72, 84 and 

96 months of age. Ic must be noted that, because they remained 

in the unit beyond the age of 18 months, some of the boys and
 

girls are included in the post-discharge mean measurements at
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24 months (18 to 30 months) when in realiLv the: were sti.l] in 

the unit. One boy is ,similarly included in the mean for t;i 

months. This was done to simpl i. r)sOent:ation. 

HE.SUIM',; 

each 'The regression equations for sox whicli h be;t fit­

weight, length and hIead circumfe r .,nce on chlronolo()ical a , m)L 

to age 18 months were cubic in naLure, i.e. third d'pr"nt plo]­

nomials (Table I). in fHqure, 1 and 2, -or n irl:s and ,ov, 

respecti vely, these eUacions for ].nqtb &Mlit) and MA..',iHit: 

arc represented graphica].lly, wi.tL their ,;' con i unce lim n;, 

against a background K. the mion ioasu-,nont:; (1:2 S.ii. ) "it L,, 

large qr-o0u) of typical ,sibIlLois onf maln n ri.b ,I, infant , 

already,published (4). Beqi.:nn ,t 24 rwnth.; f aiw, we have 

plotted the means ±2 S.;.). of ne suj ,:ct:; "C the n re;ent: s t!udIv 

when at least 10 '.':re rcuresent uL , and the moan:; plus; in i,,ilual 

data when less than 10 wore reure:oentnd. "i rurn' 3 does Lhe 

same for the head ci.r:cumference t bothM .,:.:';. 

When lhe gjrc.ivowth of the ].0 _ma!eintfan :;q , inq t.hi r s;tav 

in the uniLt was plotte,d a aiks., tne coniP'on[l u:;,-d t enditelSI.PLes 

standard (6) , length follo.;ed i.A-; 1lt:h ercontiilo, and .. i ht 

the 25th percentile until 1.4 tb:;, a'hi , It 5001mon al.m:st 1 th 

at 18 months. in U:P la rqur populat .i "n y.I ',Vl in IL sn 

l.cjngth fl~l from tli, L.O t pra i " at (, mo, h ' I() ju:;t he low, nl) 


the 3rd at 18 months, altouh weigt r-,mai. nod clO ; to the 

10th percentile (4). The dif,ference heUween the two qron,,; 

after 6 months of age is apparent in f i.qure 1., where they ar: 
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plotted together. When the individual qrowth patterns for each
 

of the 10 female infants in the present study were examined, it
 

was arparent that the percentiles achi.eved by 6 months of age
 

were maintained only until the time of discharge, whether this
 

occuIrred before or after 18 months of age. At the time of the 

"24 month" measurement, when most of those represented had been
 

home fo r 6 months, there ha( been an insignificant gain in 

mean .ody 1en(Ith an( a loss of a1.most 300 gm in mean body weight 

(f.igure 1). As a Ino.2ultL, their mean measu 2riments wer-e no%,;
 

almost i de-ntical to those of girls who had spent the first 24 

months cl ife very Prom that.of in poor envidronments, time until 

96 months (8 year:s ) of age the mrasu remon t,: of the two q rouns 

remained indisti,ng(ui.: 11abl.1( H(ead i.cumfo r nce (grw'.':th (fiure 

3) c l .()W.d aI )attorn verIy similar to that: of hod, ]enqth 

(hei.glt), but wiLh less differece at 12 and 1S months of age. 

When compa red 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 l months.
 

When the growth of the 16 male in ants was plotted acnainst 

the United States standard, lenqth was very nea r the 25th nor­

centile at 18 months, weight just over the 75th percentile. 

F'or the larger group of typical males, ]1lengthLi had fa]len to 

just above the 3rd percentile, weight to apri oximately 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 
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"24 month" measurement there had been no further linear q rowth 

and a mean weight loss of 1.1 kq, so that length was lust below 

the 3rd U.S. percentile and weight at the 10th percentile. 

From that point until 96 months of age, mean ]anI)his aiid woiahI ts 

were almost identical to those of boys who had .lw,,,; ]i'od at 

home. Head circumference (figure 3) followed a course almost 

identical to that for body length. 

f[sCUSS IOJ 

In a group off 26 children (10 girls and 16 boys) from ex­

tremely poor families, we have demonstrated that a protected 

environment and a generous diet will resu].t in qrowth pattorns, 

from 6 to 18 months of age, which are fa r suno rior to thosn of 

their own siblincgs or those oM a ]aryo r pouuln t on, .see0mi1nol]v 

healthy, but living continuously in poor homs. These last 

grew as well as the study group until. 6 mon ths of age, when 

there began a cnnsiderable slowinq in the rat, of l.inear (Jrowth, 

weight gain, and head growth. Whether growth was maximal, as 

presumed in the 26 clildren, or cons iderhl iy s lo.edl by the ad­

verse environment, as in the l.argeir group , the children were 

not underweight for length (or height) by United States s tan­

dards. Whether this mild "obesity" is a :acial charact(erI ;ti.c, 

to be the case for Eskimos (7), or a tendency of goe
as seems 


poor chi l dren, even o f hu ropowiin ,,riqUin ( 8), in noL c ifi,,,l 

by these studies.
 

Within less than one year of returning to their original
 

home environments, these 26 children were not different in
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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. Thereafter they resumed growth at the same 

rates as the larger population, remaininq indistinguishable 

from it for as long as they have thus far been observed, 4 to 

8 years of age.
 

Although one might speculate about various environmental 

factors adversely a ffecting 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 

weighilugs in many of the.Se families by M -is-ilarvM. Creed 

suggests that the important factors limiting total food intake 

are meal frequency and the intakes of fat and of animal protein. 

Body size in these families is to a gTreat extent a function of 

the environment, particularly as it relates to food. A lacrer 
child, with greater calorie and protein reguirements, would 

first be "brought down to size" Iefore growth could p roceed. 

It is generally accepted that head cir.cumierence predicts 

brain weight and cellularitv (9) and, because of the much more 

rapid early growth of the brain relative to the whole body that 

malnutrition in early life will selectively afIfect brain g-owth 

(10) . The logical corollar. of- this last as,:um t ion would he 

that adequate nutrition during the first two vears of life 

should assure nearly optimal brain crowth. All our studies to 

date suggest that brain growth, as estimated from head circum­

ference, closely follows linear growth, slows or stops when 



-9­

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

Best fit linear rearession equations between body weiant, lenqth, and head circumference 
on chronologic age, between 2 weeks and 18 months of ace, for 16 boys and 10 girls. 

Linear Regression "P" of cubic 
Sex Eruations CoDonent 

7Body Weight (kg) boys Y=2.49+l.l12::-0.0624x 2 +0. <0.005 
airls Y=2. 41+0. 984x-0. 0537:-20. 004 0.01 

Length (cm) boys Y=48.9+3.908x-0.23--<0.006 3X <0.001 
girls Y=47.3+3.633::-0.203:.:-+0.0052x <0.00! 

Head Circ....ernc (cm) boys Y=34.7+1.862x-0. 5:'0.0028:. <0.001
 
cirls Y=32.8+1.930x-0. 12 Ox+0 . 0029:- <0.001
 



LEGENDS FOR FIGUIU:S 

Figure 	1 - Growth in length and weight of 10 girls in a pro­

tected environment until 18 months of age (regression
 

equation and 952 confidence limits in solid lines) and
 

in very poor homes thereafter (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 environment (mean 2 S.D. in dotted
 

lines).
 

Figure 	2 - Growth in length and weight of 16 boys in a pro­

tected environment until 18 months of age (regression
 

equation and 952 confidence limits in solid lines) and
 

in very poor "omes thereafter (mean ±2 S.D. in solid
 

lines from 24 to 40 months, mean in hroken line and
 

individual values to 96 months), compared to usual
 

growth in same poor environment (mean -2 S.I). in dotted
 

lines).
 

Figure 	3 - Growth in head circumference of 10 girls and 16 boys 

in a protected environment until 18 months of age (re­

gression equation and 952 confidence limits in solid 

lines) and in very poor homes thereaFter (mean ±2 S.). 

in solid lines from 24 to 72 months for qirls, 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 qirls in a protected envivon­

ment until 18 months of age (regression equation and 95. contidence 

limits in solid lines) and in very poor homes thereaf teo (mon ):2 

S.D. in solid lines from 24 to 72 months, mean in hroken line and
 

individual values to 96 months), compared to usual growtlh in :;ame
 

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 equation and 952 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 qrowth in same 

poor environment (mean ±2 S.D. in dotted lines). 
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1'iqclure 3 

Growth in head circumference of 10 r.-l-; thoys ing and 16 

a protected environment until 18 montLs of' aqu (roo'iw-;:; on 

equation and 95% confidence limits in solid lines) and in 

voy. poor homes thereafter (mean ±2 S.). in sol.i.d .l. t om
i 

24 to 72 months for girls, to 48 months for boys, mean in 

broken line and individual values to 96 months), comnared to 

usual growth in same poor envi ronment (mean 2 S.1). in dotted 

lines).
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