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INTRODUCTION

Stimulated by international eoncern with dramatic population growth,
inadequate world foad production and incquitable food distribution
even within mme developed countrics, a proliferation of studices of the
clfects aof childhood malnutrition on later physical and mental develop-
ment has heen published in the past 20 years. A mumber of these studics,
in settings differing widely in culture and nutritional deficiency, report
an association hetween severe protein-calorie malnutrition and cognitive
developinent (Cabak & Najdanvice, 1965; Cravioto ct al.,, 1966; Evans ct
al.,, 1971; Manckebeig et al., 1972; and: Stoch & Smythe, 1967).

Fewer studies have focused on less severe but much more comnon
mild-tomaderate malmutrition. While only an estimated 39, of the
world's childien experience an episode ol severe malnutrition during their
st five yeirs of life, it has been estimated that more than half of all
children prowing up in developing countiies  (Béhan, 1968), as well as
vinying but significant numbers ol childien in Jow income families in
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128 Cognitive Defects in the Development of Mental Hiness

mare developed countries, are malnourished to some degree (U.S. De-
partment of Heahth, Education and Wellme, 1972). Like the studics of
severe malnutrition cited, the studies of these children have related the
cfects of mild-to-moderate malnutrition to cognitive development (Bou-
toutline-Young ct al,, 1973; Chiivez ct al., 1974; McKay ct al., 1969; Mon-
telli ct al., 1974; NMora et al., 1971; Patel, 1974).

Ilowever, the presumed link between moderate malnutrition and
mental development is challenged by the findings of numerous investiga-
tions of the role of children’s social environment on their cognitive per-
formance (c.g., Evans ct al., 1971). Morcover, duce to design considerations,
poverty and its accompanying social deprivation are invariably con-
founded with the apparent impact ol nutrition on mental development
(Chase and Martin, 1970; Chivez et al., 1974; Stein et al,, 1972; White-
man and Deutsch, 1968).

The present paper reports preliminary results ol an ongoing longi-
tudinal intervention study on the cffects of mild-tn-moderate malnutri-
tion on wmcental development during the preschool yeas. The hypothesis
of an cllect ol mild-to-modcrate malnutrition on mental development was
tested through an intervention design; dictary supplements were provided
on a voluntary basis to pregnant and lactating women and to childien
in order to test for associated changes in physical growth and mental
development. Tn addition to the food supplementation program, medical
carc was provided free of charge to all residents of the study communitices.
The present study is believed to be the best controlled ficld nutiition
intervention yet attempted. Morcover, its longitudinal design allows [or
repeated careful measurement of the child’s nutritional status and social
environment over time.

RESFARCII DFESIGN

In the Institute of Nutrition of Gentral America and Panima (INCAT)
investigation, four villages from a rural Spanish-speaking mea of Guate-
mala where malnutiition is endemic weie matched on a number of
demographic, social and economic characteristics. The experimental inter-
vention was the differential supplemenial feeding of the four villages.
Residents of two villages were randomly assigned (o reccive a high pro-
tein-calmic diink similar to a popular corn-hased beverage (atole). This
dhink, containing 163 caloties and 11 grams of pratein per cup, was made
available at a central dispensary for all residents, In the other two ¢om-
munities a 1¢efreshing cold diink  (fresco), containing no protein and 579
calonics per cup, was similmly made available. Both dirinks contain
enough vitamins and minerals to insure that none of these would be
lacking in the dict of recipients.
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Attendance to the supplementation center was voluntary and conse-
quently a wide range of supplement intake is observed, A daily 1ccod
of attendance and supplement intake is kept for each individual,

STUDY POPULATION

The study children arc from a rural Spanish speaking population in
which mild-to-moderate malnuirition and infectious discases are endemic.
At the start of the project, infant mortality was approximately 150 per
1,000 per year. Citrently, it is about 50 deaths per 1,000 per year. Median
[amily income is approximately $300 per year. Coin and bheans are the
principal staples of the home diet, 'The typical house is made of adobe
and has no sanitary lacilitics.

Beginning in Fenuary 1969, data were collected on all children in the
four villages under seven years of age, and until February 1973, all
childien boin in the villages were added to the sample. Since February
1973, data collection has continued on the sample but no newboins have
heen added. A total of about 1550 childien up to seven years ol age have
been tested since the study’s inception. The fully longitudinal sample
consists of 671 children who were born in the four villages ltom Jannary,
1969 thyough Februavy 1973, "The size of any particular group for analytic
purposes depends on the sample chosen, the {ocus of the analysis, and the
date of summarization.

VARIARLES CONSIDERED

The project has collected an extensive body of data on childien's health
status and medical treatment, nutritional supplementation, home food
consumption, physical growth, mental development and a lmge number
of social and envitonmental variables. The intervention or independent
variable in analyses to date has been expressed in terms of supplementary
calories ingested by the mother during pregnancy and Iactation and by
the child from bitth up to the point of mental testing. Although the
original design was intended as a rest of the influcnee of protein intake
on development, supplement intake has been expressed in terns of
calories because the home diet appeas to be more limited in calories than
in proteins. Nutritional supplementation has been found 1o not signifi-
cantly 1eplace home dictary intake, but resulis in a net inaement of
nunients  (Lechtig et al, 1975) and has coirelated consistently with
physical growth (DDIT/AINCAP, 1975).

The principal ontcome variables discussed heie are binthweight, phys-
ical mowth, and mental developaient. Data on bitthweight and physical
growth were collected at bivth and ar quarterly intervals thaealter using
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standard anthropometric procedures. From three to seven years of age,
all children in the study were tested on an extensive battery of psycho-
logical tests known as the INCAP Preschool Battery. “Ihe tests reflect an
cclectic theoretical perspective on mental development (drawing from the
learning theory, intelligence: testing, and Piagetian movements in con-
tempotary psychology) and were adapted to the aescarch setting by a
team of North American and Latin psychologists (Klein et al,, 1969).

Because of the quasi-experimental nature ol the design, other variables
which might account for a nutrition-mental development association were
also measured. With respect (o the social environment and cconomic
status of cach study family, a stable index of family wealth and a mceaswe
ol the extent of explicit teaching of preschoolers in the home has been
obtained four times since 1967. In 1975, mother’s education, modernity
and vocabulary, the degree of father’s involvement with his children, and
the presence of toys, books and other potentially stimulating material
objects in each family’s home were also measwied. Additional potentially
confounding variables (i.e., children’s morbidity, parental cooperation,
and attendance at the supplementation center per se) were also measurced
and will be discussed in the context of the results,

RESULTS

This scction must he prefaced with the explanation that data collection
has just been completed and thus the data which will be presented in this
paper are in some cases incomplete. Even given the preliminary natue
of our analyses, those results which are available are hoth interprerable
and provocative, After reviewing the findings 1elated (o physical growth
and psychological test performance we will discuss some implications of
the results of the investigation.

Determinants of Physical Growth Retardation

Supplement Ingestion and Birthweight, Tigure 1 shows the pereentage
nf low bhirthweight babies (52 2.5 kg) by two categotics of mateinal sup-
plonent ingestion. The low group 1s comprised of women whose total
supplement ingestion during pregnancy was less than 20,000 calorics,
while the high group consists of mothers whaose supplement ingestion was
greater than 20,000 calories. 'The percentage of low hivthweight bhabies
is consistently lower in the better supplemented group in both the hiesco
and the wtole villages. In Lact, the risk of delivering low binthweight
habics among highly supplemented mothers is roughly half thae in the
low group. Stuce home ciloric intake was similar in both gmoups, the
supplemental calories 1epresent additional calories (o the maternal diet.
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Figvar 1

Relationship Between Supplemented Caloies During Pregnaney and
Proportion of Low Rirthweight
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In the high caloie supplementation group, this addition amounted to
approximately 35,000 calories during the course of pregnancy, or about
125 calovies /day extra.

This association between calotic supplementation and birthweight is
not explained by other important maternal variables such as size, hnme
dict, mm bidity, obstetrical characteristics or sociocconomic status, More
importantly, this association was not produced by undetected confound-
ing factors related to the mother (such as a tendency for some women
o have higger habics) since it was also observed across two consccutive
births for the smme mother. That is, if a woman consumes more supple-
mental caloties during one pregnancy than during anather, there is a
tendency lor the baby of that pregnancy to he heavier at birth. Thus
based on the pattein of findings, we have concluded that calotie supple-
mentation dming pregnancy is causally associated with the decrease in
small babics in this population (Lechtig et al., 1975).

So far, we have pesented data to argue that factors such as socio-
cconomic statits do not confound the birthweight findings reporied. This,
however, does not mean that sociocconomic status is unimportant (Klein,
ct al, 1973). Figure 2 shows that in our study population family socio-
cconomiic status (SES), as well as maternal height, is associated with birth-
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FIGURE 2

Influcnce of Mateinal Height and Caloric Supplementation Dming Tiegnaney
On the Relationship Between Socioeconomic Score and the Proportion
of Infants with Low Biithweight
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weight, In fact, the impact ol this variation in poverty within these four
rural villages is as great as the impact of the nutritional intervention.

Supplement Ingestion and Growth. For thesc analyses we define re-
tardation in growth, whether in weight, height or head circumflerence, as
being below the 30th percentile of the study population distribution.
These limits are below the 10th percentile of the disttibution of a well-
nowished reference sample from Denver, Colorado (Flansman, 1970).
Since we do nat belicve these populations diller in genctic potential
The maoderately supplemented group consisted of children who did not
(Habicht e1 al., 1974; DDII/ZINCAP, 1975), we regaid these deficits as
true retardation,

Figme 3 shows the proportion of children with retmdition in weight,
height, and head circumlerence at 36 months of age for the pomly,
maderately and well supplemented giroups. The poorly and well supple-
mented groups consisted of those children who ingested, cither directly or
thinugh their mothets, less than 5,000 or more than 10,000 supple-
mented caloties per quanter, respectively, during at least 11 quaiters.
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Ficurr 3

Relationship Retween Categories of Calmic Supplementation Since Conception
and I'crcentage of Children with Growth Retaidation® in Weight,
Height and Icad Circumference at 36 Months of Age
(N =581, Fresco and Atole combinced)
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fall in cither the low or the high gioups, There is a strong 1elationship
between level of supplementation and physical growth retindation,

It is alvo clear, however, that in the hesco villages there is a higher tate
ol growth retardation in the moderately supplemented group than thete
is in the atole villages. Although consumption of caloties is generally
lower in the fresco communilties because of the make-up ol the supple-
ment beverage, this does raise the question of the separate cffects of
protein and calories in the child’s consumption, This issue is cuirently
heing exploved. However, it should be stressed that within each of the
[onr villiges there was a consistent and statistically significant difference
by level of calotic supplementation in the propoition of childien show-
ing growth actindation, This proportion is consistently greater in the
pooly supplemented group than in the maderately or well supplemented
groups. In the tatal sample, the risk of growth 1ctandation is almnosi thiee

times gicater in the poorly supplemented (than in the well supplemented
group.

Determinants of Usychological Test 'erformance

Supplement Ingestion and Psychological Test Performance. The prin-
cipal hypothesis of the Jongitudinal study is that mild-to-modeirate mal-
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nutrition, a condition aflecting the majority of children growing up today
in developing countrics; affects the mental development of these children.
icliminary data strongly suggest the hypothesized 1clationship does
indeed exist. Tables 1, 2, and 3, present mean psychological test scores
at ages three, four and five years for children {alling into three supple-
mentation categorics, plus analysis of variance test IF values. It should be
noted that hoth a composite score, constructed by standardizing and then
summing test scores, as well as several individual test scores show sig-

TABLE 1

Means, Pooled Standatd Deviations and Analysis of Variance F
Values of Psychological Test Scores at 36 Months for Children
Falling into Various Cumulative Supplementation Catcgories!

Supplemental Calegnrics

Trata 1 2 3 SD F
Composite Score —0.41 (452) 0.60 (119) 0.78 (147) 3.64 g.09%¢
Lmbedded Figures 978 (440) 994 (119) 1012 (144) 3.52 0.60
Digit Memory 10.19 (367) 1242 (107) 11.96 (120) /.21 41.2R¢ ¢
Sentence Memaory 12.67 (385) 15.03 (108) 1587 (131) 12 R85 .78
Vacabulay Naming G.66 (426) R.28 (114) R.O1 (I41) 1.18 1052t e
Voacabulary 19.90 (426) 20.98 (114) 20.66 (143) 572 2.1

Recognition
Verbal Inferences 1.38 (1) 187 (h3)  2.06 (h0) 1.27 7.6%°°
Memmy for 194 (199) 195 (R%) 219 (114) 1.39 1.32

Objects
Reversal 2179 (393) 25.70 (115) 2118 (137) 20.61 0.38

Disriimination
Lemining

Knox Gubes 0.62 (RR) 041 (i6)  0.69 (62) 1.30 0.6%

Draw-A-Line 1022 (112) 957 (113)  RID (147) 141 5.00°°
Slowly

Persistence on an 501 (361) 7.03 (116) 651 (11R) 5.21 2.1%
Impassihle
Purzle

1 Caloric Supplementation/Quaiter:
Categary 1 (<2 5,000 Cals.)
Category 2 (5.000-9,999 Cals))
Categany 3 (== 10,000 Cals.)

*p OB
*e .01
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TABLE 2

Means, Pooled Standard Deviations and Analysis of Variance F
Values of Psychological Test Scotes at 18 Months for Childien
Falling into Various Cumulative Supplementation Categorics!?

Supplemental Categorics

Test 1 2 3 SD F
Composite Scorc —0.41 (473) 059 (132) 0.98 (120) 3.87 8.21°¢
Embedded 271 (d5)) 274 (329) 324 (119) 1.80 4.31°%°

Figurcs
Digit Mcmory 21.56 (418) 22.18 (128) 21.65 (11h) 11.90 0.1
Sentence Memory 3194 (412) 3391 (12R) 37.33 (113) 20.0¢ 3.37°
Vocabulary 12.11 (461) 13.95 (130) 14.49 (118) 5.13 14.36**

Naming
Vocabulary 25.70 (161) 27.79 (130) 27.39 (i18) 5.34 1065

Rcecognilion
Verhal 2.92 (36t) 3.19 (110) 3.22 (%) 1.49 2.41

Infciences
Mcmory for 363 (221) 3.80 (91) 3.6 (105) 1.68 0.32

Objects
Reversal 35.52 (458) 39.00 (131) 40.80 (11R) 19.62 4.21%°

Discrimination

Learning
Knox Cubes 1.36 (I63) 1.75 (83) 122 (82) 2.02 1.57
Draw-A-Line 6.88 (119) 636 (129) 4.63 (120) .07 11.18%*

Slowly
Persistence on an 8.88 (127) 9.8 (127) 10.01 ()20) 6.46 1.80

Impossible

Puzzle

1 Caloric Supplementation/Quanter:
Categary 1 (< 5,000 Cals.)
Category 2 (5,000 9,990 Cals)
Category 3 (== 10,000 Cals.)

*Hh <05
e p 0L

nificant cflects of nutritional supplementation at each age, The tests
which show nuuitional eflects cover a wide yange of skills, induding
verhal 1easoning, learning and memory, and visual analysis, with the
muagnitude of the ellect heing generally from one thivd 10 one halt of a
standard deviation, However, as a careful examination of T'ables 1, 2, and
3 indicates, we are pot able to pinpnint specific abilities which are con-
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'TABLE 3

Cognitive Defects in the Development of Mental Illness

Means, Pooled Standard Deviations and Analysis of Variance F
Valucs of Psychological 'T'est Scores at G0 Months for Childien
Falling into Various Cumulative Supplementation Categories?

Teets

Compnsite Score

Fmbedded
Figutes

Digit Memoty
Sentence Memorty

Vocabulary
Naming

Vocabulary
Recognition

Verhal
Inferences

Memay for
Objects

Reversal
Discrimination
Leawning

Knox Cuhes

Cimservalion of
Material

Conservation
ufl Awea

Consersation of
Cont. Quality

Incomplete
Fignres

Flimination
Rinek |1 I(‘ﬂigll

Tncidental
I rmining

Tntentional
eaining
Haptic-Visual
Matching

Face-Tlaneds

Matching
Familiar
LFigures

—0.70
4.12

35.82
51.27

17.08

30.08

4.07

344
0.29

0.35

0.20

L0
J0.hR

1.3

Supplemiental Categnrirs

(152)
(450)

(111)
(112)
(419)

(119)
(422

(197)
(438)
(202)
(197)
(193)
(202)
(203)

(199
(2n2)

(11R)
(118)
(351)

(200)
(113)

2

0.87
110

Cx 49
—_— X
ix bo
[=1 I

Eaid
o0
-]
(-]

31.13

5.89

1.74
0.31

0.10

0.21

-t
)
L9

5.21
12 814
1.77

(135)
(135)

(135)
(131)
(135)

(133)
(128)
(RR)
(13%)
(8R)
(RG)
(B5)
(86)
(R6)

(RR)
(RR)
(13%)

(13%)
(126)

(*7)
(131)

3

1.090
1.81

3100
52.17

1840

31.35

4.23

5.81

29.68

X1z

2.86

(101)
(103)

(103)

(101)
(101)

(101)
)]
(88)

(103)

1 (89)
» (86)

(R7)
(87)
(’1)
(87)
(RR)
(103)
(103)

(103)

(R7)
(10%)

SD
7.61

2.21

13.10
21.16
5.06

4.30

1.8%

1.85

3.53
0.60

0.67

2.61

2.16
an. 16
1.27

1.in

2.87

1.3
1.35

F
GOh®
4.72°*

0.75
0.08
7.53*°

5.40¢¢

1.98

1.60

3.37%

7“[“7 L ]

n.{n

0.16

0.17

1.15

0.0
h.ogse

0.36%*

1n.96° ¢

2.0t

0.00
0.51
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TABLE 3 (coniinued)

Mcmory for 11.66 (444) 13.04 (131) 14.76 (102) 11.87 3.37¢
Designs

Animal House 118.64¢ (19G) 114.76 (88) 120.16 (87) 54.08 0.15

Draw-A-Line 442 (430) 3.39 (131) 3.18 (l104) 3.13 10.27°*
Slowly

Persistence on an 12.01 (365) 13.68 (130) 13.74 (102) 6.20 b.36**
Impossible
Puzzle

1 Caloric Supplementation/Quarter:
Catcgory I (< 5,000 Cals.)
Category 2 (5,000-9,999 Cals.)
Catcgory 3 (== 10,000 Cals.)

*p< .05
O.P<.Ol

sistently affected by early malnutrition. Not all of the tests which appear
to measure similar cognitive skills (c.g., memory for digits, memory for
sentences, memory for objects, memory for designs, etc.) show identical
relationships to malnutrition, Furthermore, given that a cognitive test
which mecasures children well at one age docs not nccessarily do so at
other ages, we must now a) investigate more closely each specific test and
attempt to precisely define what abilities each test measures, and b)
scarch for ways of identifying the effects of malnutrition on these various
cognitive abilities.

We have also attempted to determine il crucial periods exist in which
nutritional supplementation has a particularly strong impact upon sub-
sequent cognitive performance. To examine this question, we have
employed regression analyses in which supplementation during various
cpochs was regressed on psychological test performances at ages three and
four. These analyses were uninterpretable at five years of age due to in-
sullicient numbers of children who had been well supplemented very carly
in lile. These analyscs suggest that the period from birth to 36 months is
the most important in determining later test performance,

Social and Economic Factors and Psycholagical Test Pcrformance. We
have investigated the possibility that non-nutritional variables may be
confounded with and responsible for the associations between food
supplementation and mental development. For example, it is possible
that, in a quasi-expcrimental study like ours in which the treatment
(supplement ingestion) was entirely voluntary, bright cooperative {am-
ilics would drink more supplement and perform well on tests of mental
development without ingestion and good performance being causally
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related. Or it might be that the stimulating eflect of attending the sup-
plementation centers per se, rather than supplement ingestion, made
children more intelligent; or that poorly supplemented children were
also sicker and being sicker made them perform less well, However, cach
of these plausible alternative explanations has been statistically tested
and rejected.

Perhaps the most plausible alternative explanation of our finding of an
association between food supplementation and mental development is
family socioeconomic status (SES). It is gcnerally known that family
characteristics are consistently associated with mental test performance
(c.g., Whitemen and Deutsch, 1968; Hess, 1970) and this was also true in
these villages. Family SES level also generally covaries with children's
home dict in untreated populations. For these reasons, family SES must
be carcfully measured and controlled for in studies of malnutrition and
mental development (Klein et al,, 1976).

In the present study, family SES level is unrelated to supplement
ingestion. Furthermore, we know the associations between supplementa-
tion and mental test performance are not merely due to SES differences
between good and poor test performers. Regression analyses in which
successive ofllspring of the same mother are compared have been per-
formed, These analyses, by making withinfamily comparisons, hold
constant family variables including SES level. They indicate mental test
performance diflerences as a function of differences in supplementation
within familics as large as the between family cflects cited earlier. These
findings parallel those related to supplementation and birthweight,

Family SES level does appear to interact with supplementation in
alfecting mental development. Although effects of supplement ingestion
exist within both the upper and lower halves of the family SES distribu-
tion, these effects are somewhat different for children of low and high
SES families. This is illustrated in Table 4, which contains contingency
tables showing the percentages ol children falling into the upper and
lower 209, of the composite score distribution at three, four, and five
ycars as a function of supplementation category membership from 0-36
months and SES level.

It will be noted that low SES children who received very little supple-
mentation were at greater risk of poor test perflormance than higher SES
children receiving similarly low levels of supplement. Children from high
SES families were, though barely supplemented, as likely or more likely
to be at the top as opposed to the bottom ol the distribution, Thus, it
appears that poor nutrition from 0-36 months is more damaging to chil-
dren from lower SES families than to those from more advantaged
families.
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TABLE 4

Numbers of Children in Lowest Supplementation Category Falling
into the Lowest Percentile of Composite Score Performance
or Not, by SES Level

3 Years:
Lowest Higher
Percentile Percentile
Low SES 61 160
Relative Risk — 1,41*
47 200
4 Years:
Lowest Higher
Percentile Percentile
Low SES B2 169
Relative Risk =— 2.10°**
413 233
5 Years:
Lowest Highcr
Perccentile Percentile
Low SES 69 183
Relative Risk — 1.63*°*
47 211
*H <05
e p L0l

As we have noted, family SES variations not only interacted with
nutritional status to affect mental development, but also appear to have
excerted an cffect directly upon mental development, Tables 5 and 6
present regression analyses which reveal the contribution of various social-
environmental, nutritional and anthropometric domains to mental test
performance. Variables were entered into each regression equation in a
stagewisc fashion. In these analysis SES is defined as a composite of two
family economic indicators—1) house quality (an index of type of house
construction and number of rooms, which has been found to be a stable
index of family wealth) and 2) the quality of parent’s clothing, which is
an index of more liquid wealth. Home characteristics consist of a number
of family measures constructed to index aspects of intellectual stimulation
available in the home. These are: Mother Composite, which combines the
mother’s vocabulary test score, literacy test score, years of school passed,
and modernity into a single index of intellectual characteristics; Sibling
Schooling, which indexes average years passed by all older siblings living



TABLE 5

Regression Analyses—Females Three and Four Years of Age

R?* Home
Test Age N R*SES Characteristics A R?* Treat A R? Anthrop. R? Total

Embedded Tigures 3 177 000 027 028 051 106

4 189 002 0l6 006 022 045
Digit Memory 3 151 .001 .047 .078* 043 .168*

4 186 007 036 012 042 090
Sentence Memory 3 157 .003 067 022 033 122

4 184 .002 022 011 .055* .089
Vocabulary 3 171 017 .054 018 047 118

4 191 .039* 078°* .048* .108*** ks S
Verbal Inferences 3 69 007 079 q12 .037 246

4 154 .003 027 011 048 .086
Line Velocity 3 170 019 067 d61%e* .034 262%%*

4 188 046" 045 .050* .058* Jd53¢%¢
Memory for Objects 3 100 004 O44 023 146%¢ 203

4 118 027 056 O 093 193
Cognitive Composite 3 178 .005 042 .026 .108% ¢ 176°%¢

4 194 .031* 042 015 12094 e 186%*

*p < .05
e p < .01
L X % J P < .001
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Test
Embedded Figures

Digit Memory

Sentence Memory

Vocabulary

Verbal Inferences

Line Velocity

Memory for Objects

Cognitive Composite

*p < .03
L X p < _Ol
*ss 5 <001

TABLE 6

Regression Analyses—>Males Three and Four Years of Age

Age

Ll e O W L2 B 0o - 03 W0 [ )

N
206
208

180
198

186
196

200
204

88
165

197
204

120
130

210
219

R*SES
012
012

.019
021

.008
012

035*
.063**

.008
005

.016
014

017
054°*
027+
057+

R? Home
Characteristics
.08B3*

.039

.035
109+

050
.095**

049
.109**

100
036

039
.027
.106
.166°

.004*
Jd440*

A R* Treat

039
017

L2
.009

.036
033

046

052+

J55%*
094**

052*
.036

104
006

066**
.078%*

A R® Anthrop.
041
027
015
012

032
026

045°¢
034

016
D29

.035
.049°

.096%*
039

056**
.033

R® Total
.163¢*

.083

073
130*

118
ATE

.140*
9500

271
159¢

126
112

.306¢%**
210*

_217...

255%%¢
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at home; and Books and Obijects, which is an index of the number of
books, magazines, and visually stimulating objects such as drawings,
photographs, and pictorical calendars present in the home.

Anthropometry may be considered a proxy for those nutritional and
environmental characteristics which were unknown and unmeasured; in
this case for example it may reflect the unmeasured cffect of home cn-
vironment and home dict. In about one-third of the regressions, the
amount of variance explained by the trcatment is statistically significant
even when family SES and home characteristics have been taken into
account. It is apparent from these analyses that not only nutrition, but
also amily cconomic level and resources of intellectual stimulation in
the home influence mental development in the study communities. The
additional impact of the anthropometry, as a proxy for unmeasured
variables, is noteworthy and suggests the need for a reanalysis of current
models and a review of measurcment strategies.

Work is procceding on the development of more measures descriptive
of the home environments of the children in our study, from data col-
lected under the auspices of another investigation. Multivariate analyses
of the complicated and important interrelationships among nutritional

status and these environmental influences on mental development are
planned.

DISCUSSION

Results to date of the INCAP study suggest that there is an eflect of
malnutrition on mental development, that the period when nutrition is
of greatest importance is the first three years of life, that the cffect of
poor sociocconomic environment cxacerbates the eflects ol early malnutri-
tion and that SES and other environment characteristics contribute in-
dependently to the mental development of children, These data suggest
more strongly than previous studies that the eflccts of malnutrition on
mental development are causal, Parenthetically, it should be noted that
rescarch not discussed in the present paper has helped us to define the
mecaning and validity of the concept of mental development in the study
communitics, We know for example that children who performed well
on our tests at age three, four, and five subsequently entered school
earlier than peers who did not perform well, stayed in school longer, and
received higher grades from their teachers. These children are also per-
ceived by village adults as more “listo” than peers. “Listo” translates to
English as smart, and connotes a child with verbal skill, a good memory,
and a high level of physical activity.

The issue of calorics requires further comment. The fact that the effect
obscerved on birthweight where isocaloric comparisons are possible was
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similar for calories with or without protcins indicates a caloric rather
than a protein effect. This finding is consistent with analyses of home
dictary intake data showing dictary deficiencies in calories but not in
protein, Thus, we believe it feasible to improve the total diet of mothers.
and children by adding more calories in the form of supplement. In other
populations with different patterns of dictary intake the situation could
be quite different. The best supplement for one population need not be
the best and indecd may even be harm(ul [or another.

Furthermore, we wish to emphasize that the technique of food supple-
ment as employed in this investigation is primarily a research tool and
that programs of this type are inappropriate for large populations over
long periods of time. Analyses reviewed in this paper would suggest that
to maximize the impact on mental development one would develop
both nutritional and social interventions, However, in developing
countries, the ultimate solution to problems of malnutrition and its
accompanying development retardation would be the elimination of
poverty. In the meantime, public health programs with strong nutritional
components can do much to reduce growth retardation, infant mortality
and reduce the risk of less than optimal mental development.
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