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ABSTRACT
wWhat iz the status of our present knowledge

concerning the influence of malnutrition on intellectual development,
learning, and behavior in children? This paper focuses primarily on
an identification of some of the major issues and questions which are
. of concern to investigators in the field. The major concern of this
review is with undernutrition, or malnutrition produced essentially
by an insufficiency of protein and calories in the child's diet,
commonly referred to as "protein-~calorie malnutrition," which is
regarded by many as the most serious nutritional problem on a world
wide basis. Some consideration is also given to recent research on
specific nutritional deficiencies and intellectual development.
Several groups of studies are reviewed: (1) studies of
protein=calorie malnutrition severe enough to markedly curtail
physical growth, and to require hospitalization in the first several
years of life; (2) studies of children having experience of more
moderate, chronic malnutrition, judged usually on the basis of
restricted physical growth; (3) studies of current efforts to
evaluate the effects of various types of experimental intervention
aimed at preventing or remedying the adverse consequences of
malnutrition; and, (#) studies of relationships between intellectual
functioning and specific deficiencies in such nutrients as iron or
vitamins. (Author/JM)
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During the past six years or so, psycﬁ;logists have become increas-
ingly interested in the problem of nutritional influences on behavior and
psychological development, with particular réference to the question of
whether nutritional deprivation early in life impairs the development of
intellectual, social, an& motivational competencies in children. This
growing interest developed in part as a Eonsequence of the heightened
social concern with malnutrition as a major public health problem in de-
veloping countries in Latin America, Afrié%, and Asia, and more recently,
in parts of the United States as well. At the same time, as a scientific
question, the influence of nutritional deprivation on behavioral develop-
ment represents an issue of considerable importance for those investiga-
tors concerned with the broader problem of the interaction of biological,
experiential, and social influences on early development, ir both human
and infrahuman species.

A substantial body of evidence has been accumulating for some time
now, indicating that children's health, physical growth, and biological
development may be seriously and even permanently impaired by the combi-
nation of severe malnutrition, infection, and parasitic disease which are

endemic in many regions of the world where conditions of extreme poverty
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2Department of Human Development and Family Studies, College of Human
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prevail (32, 36). Public concern about malnutrition as a social problem,
botﬁ in this country and elsewhere, has been accentuated considerably by
the more recent but growing view that malnutrition early in life is not
only a serious:threat to children's health and physical development, but
may also have adverse effects on the development Qf intellectual functions,
social competence, and adaptive behavior generally. hy the mid 1960's,
as this point c¢f view was becoming quite prominent, it was based primar-
ily on the foliowing factors: growing evidence concerning reduced brain
size and number og brain cells in seriously malnourished children (40, 41);
animal studies indicating similar brain chahges in early malnutrition,
aiong with some impairment of performance in learning situations (1, 14);
clinical observations by pediatricians of psychological changes as well
as pronounced motor retardation in children with protein-calorie malnu-
trition (17); and early reports of malncurished infants and children
with markedly reduced developmental guotients or IQ's on standardized
tests (2,7,16).

During fhe period from approximately 1967 to 1969, when the White
House Conference on Nutrition was held, and public concern with hunger
and malnutrition in the United States was at a peak, there was a tendercy -
in some circles at least to move rather prematurely from research findings
indicating an association between malnutrition and impaired intellectual
functioning, to somewhat oversimplified and in some instances rather ex-
aggerated conclusions concerning a direct causal relationship between
nutritional deprivation and mental retardation (33). Since that time,

there has grcwn an increasing recognition of the fact that the relation-

ships between nutritional deprivation and psychological development in
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children are quite complicated omnes, involving a vari;ty of assgciated
social, envirommental, and biological factors, so that the problems are
methodologically difficult to investigate, and are not yet clearly under-
stood. '

What is the status of our present knowledge concerning the influence
of malnutriticon on intellectual development, learning, and behavior in
children? This paper focuses primarily on an identificatioa of some of
the major issues and questions which are of concern to investigators in
the field, and, through a selective review of representative studies, an
attempt is made to indicate some of the major conclusions suggested by

the research done thus far.
Some Definitionel Comments

The major concern of this review is with undernutrition, or malnu-

trition produced essentially by an insufficiency of protein and caiories
in the child's diet, commonly referred to as 'protein-calorie malnutri-
tion", which is regarded by many as the most serious nutritional problem
on a world wide basis (19). Some consideration will also be given, how-
ever, to recent research on specific nutritional deficiencies and intel-
lectual development.

‘Protein-calorie malnutrition includes the conditions of nutritional
ggggéggg, or starvation, usually beginning in the earliest months of life
und continuing for an extended period, producing infants whose physical
growth and motor development are grossly impaired; and kwashisrkor, due

primarilv to an insufficiency of protein, typically occurring as a rather

acute illness toward the end of the first year or in the second year of

life, frequently after the birth of a younger =3ibling. Many combinations
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or mixtures of these two conditions.are found in practice, and they vawy
greatly in severity and duration (35).

One of the important methodoiogical problems in this area is that it
is difficult to secure accurate assessments of nutritional status in
children, particularly if one is concerned with measurement throughout
a broad range of nutritional variation, and not simply with clinically
obvious and severe malnutrition. Three types of measures are usualiy
employed: assessment .of food intake from detailed dietary information; - -
clinical or physical evaluations, {EcludiAg various anthropometric
measures, particularly height, veight, and head circumference; and
biochemical eva}uations of specific nutrients from blood and urine
éamples. The interpretation of such measures is considered qui}e diffi-
cult, particularly if one attempts to Judge the adequacy of an individ-
ual's nutritional stétus,from a single index, and many nutritionist.
feel that these assessments ire most valid when used i: combination
with one another (39).

A final definitional comment has to do with the importance of dis-
tiﬁguishing between hunger and malnutrition. The school child who fre-
quently misses Lreakfos: or lunch may perform poorly because of inatten-
tiveness and distractability associated with hunger. Howeve', these
potential influences on school performahce and learning, about which we
know very little, clearly need to be differentiated froﬁ those effects
vhich are the result of long term protein-calorie malnutrition. Many
severely malﬁourished children are characterized by apathy, withdrawal,
and loss of appetite, rather than by the increased activity and restless-

=

ness associated with hunger (11).
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,Major Questions and Research Strategies

The specific research questions which are of major concern to inves-
tigators in this field may be summarized as follows:

1. Does malnutrition adversely influence learning, behavior and
psychological development in children? How severe are these effects?
Are they reversible with nutritional rehabilitation, or through the pro-
vision of enriched experience(and stimuiation?

2. How do the effects of malnutrition vary as a function of severity,

1

age of onset, duration, and the particular type of malnutrition involved?
3. Can the influence of malnutrition as such be isolated from the
associated effects of those social, enviromental, and biological condi-
tions typically involved in the ecology of human malnutrition? Perhaps
more importantly, how do such conditions interact with malnutrition in
jointly influencing psychological development?
| 4. Can we identify the particular behaviors and psychological pro-
cesses which are most sensitive, and those which are least sensitive to

nutritional deprivation?

5. Finally, how are the behavioral effects of malnutritior mediated--
for example, through brain changes Jeading to impaized abiiity fo learn
even under conditions of appropriate motivation and responsiveness, or
through dysfunctionsl changes in arousal thresholds or responsiveness ta
the enviromment?

Given these majo; questions, let us briefly consider some of the
princigal research strategies that have been employed by'investigatofs
in attempting to deal with them. Most studies of protein-calorie malnu-

trition and psychological development have been based on samples of




6

children from poor populations in Latin America, Asia, and Africa. A .
majority of them have involved the behavioral assessment of infants and

children with a knoﬁn or presumed history of malnutrition, whose per- -
formance is compared against: som; sort of ;tandaxd, or control group.

Some of these investigations have dealt with protein-calorie malnutrition

severe enough to require hospitalization and treatment some time in the

first two or three years of 1ife. Others have focused on children who

presumably have been exposed to more moderate, chronic malnutrition, us-

ually judged on the basis of restricted growth in stature and/or brain
circumference,

The second major research strategy, employed increasingly in recent
sears, involves an essentially longitudinal approach, with mzjor emphasis
on the effects of various types of experimental-intervention. Groups of
children in situations where chronic malnutrition is endemic are provided
with nutritional supplementation and improved medical care, and an evalu- j
ation is made of the behavioral consequences, as well as the nutritional ;
and growth effects. More recently, we ate beginning to see environmental }
stimulation included as an additional intervention.

A third approach, also longitudinal and considerably less common ‘
than those already mentioned, involves ecologically oriented, relatively
detailed studies of the growth and development of samples of children
from birth, in settings where a good many children ate clearly at risk
with regard to malnutrition. The assumption here i1s that because of
natural variation in such a population, it will be possible to study
prospectively, those conditions which lead to the development of malnu-

trition in some children and not in others in the same environment (10).

[ERJ!:‘ F3553 ] -é




Studies of Severe Malnutrition

Let's consider first studies of protein-calorie malnutrition severe
enough to markedly curtail physical growth, and to require hospitaliyation
in the first several years of life. In general, these investigations .
have found early and severe malnutrition to be associated with substan-
tially reduced levels of intellectual performance, even in the early
preschool years.,
One of the early and well-kno'm studies of this kind was carried +
out in Mexico City in the early 1960's by Cravioto and Robles (13).
Twenty infants hospitalized for severe protein-calorie malnutrition

|
\
1
|
were examined with the Gesell Infant Test every two weeks during treat- 4
ment, which lasted as long as sizx months for some children. All infants 1

|

were well below age norms on the Gesell scale shortly after admission,

with Develonumentzl Quot’ants mainly below 60. Moreover, children who j

had been admitted for treatment between 15 and 42 months of age showed
considereble improvement . in Gesell performance during rehabilitation,
whéreas thogse adultted between thrae and six months of age, whose weight
reta:dati&n seemed more severe, showed viriually no recovery of their 1
developmental deficit during the period of autritional rehabllitation.

In a similar study conducted more recently in Beirut, Yaktin and }

McLaren (42) administered the Griffiths Mental Development Scale every ,

two weeks ‘co a sample of hospitalized infants during a four-month period 1
of treatment for severe murasmus., At the time of hospitalization, when
the children were between two and one half and 16 months of age, their

average developmental quotient was approximataly 50, During treatment

ERIC F3553
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there was a steady improvement in the DQ's, which reached the low 70's
after the four months of rehabilitation. While half the children were
cared for in an ordinary five-bed pediatric ward with the usual care-
taking routines, the other half were provided with environmental and
social stimulation through a more complex material environment and
additional caretaking and play.activities. The stimulated infants showed
a slightly greater degree of improvement than the non-stimulsted group,
although this differential was not significant.

Several very recent studies of hospitalized malnourished children
have utilized carefully matched, non-malnourished control gr;ups, and
have begun to examine nutritional consequences on specific cognitive or.
learning functions, as well as on dsvelopmental test performance. Chase
and Martin (9), workiﬁg in Colorado, studied 20 childreﬁ who had been
hospitalized for protein-calorie malnutrition before the age of one year.
When these children were examined approximately three and one half years
later with the Yale Revised Developmental Examination, those wao had been
admitted and treated some time during the first four months of life had
essentially norwal developmental quotients, equivalent to the control
group mean of 99. On the other hand, the children who had)éeen hospi~
talized and treated some time between four and 12 months of age had a
significantly lower development éuotient, with a mean of 70. The latter
group, whaich presumably had besen malnourished for a longer period of
time without treatment, was also more retarded in physical growth, both
at the time of hospitalization and on follow-up three and a half years

later. It should be mentioned that the infants in this investigation,

who were hospitalized for 16 days on the average, were not as severely




malnourished as most infants incld&ed in the previously mentioned studies
from Latin America and Lebanon.

While the aforementioned study involved a careful matching of mal-
nourished and control subjects on social, famiiy, and environmental
factors, the authors point out the great difficulty of separating under-
nutrition from the influence of these associated environmental factors.
This caution is based on the fact that despite the careful matching, there
was a higher incidence of social problems and stress in the homes of the
malnourished children, whose mothers also had significantly lower scores
on an index 6f home stimulation,

A carefully controlied study still underway in Chile, conducted by
Kardonsky, et al (20) also provides evidence of reduced intellectual
functioning in preschool children hospitalized for severe malnutrition
in the first year of life. At about three to four years of age, these
children had a mean IQ of 73, although when reexamined two years later,
there wvas a considerable improvement in their intellectual functioning.
Moreover, chilidren vhose malnutrition occuried earlier, as judged by
weight deficit, and whose recovery was morc rapid, tended to have less
marked IQ deficits, a finding consistent with those of Chase and Martin.
In a series of other tests of speéific psychological functions, the
Santiago group are finding that malnourished children show increased
excitability and reduced exploratory behaviur, results consistent with
recent behavioral studies with pigs, rats, and rhesus monkeys (25).

Another investigation of specific cognitive functioning in severely
malnourished children was done by Brockman and Ricciuti (6), working

with children from 12 to 43 months of age who had been hospitalized for
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severe marasmus in Lima, Peru sometime between two and a half and 42

months of age. Using simple sorting tasks to assess categorizing be-
havior, it was found that the malnourished children performed substan-~
tially and significantly less well than a control grou) selected from
the same population on the basis of their greater heisht. loreover,
children vith a longer period of nutritional treatment, with greater
gains in body length and head circumference diring treatment, and with
high medical ratings of nutritional recovery, tendedito'perform better
on the cognitive tasks.

Several studies in Mexico (12), India {8) and Jamaica (18) pro-
vide evidence that even school-age children hospitalized for severe
malnutrition during the first two to three years of life perform less
well than carefully matched control children without such a history.

For the most part, however, the investigators tﬁemselves caution that
while early malnutrition may weil be implicated as zn irportant deter-
minant of the differences reported, the same envircumental and social
factors which contributed to the development of malnutrition in some
children and not in others in the same environment, may slso contribute
directly to the observed reduction in intellectual parformance.

Generally speaking, then, there is reasonably good evidence that
severe protein-calorie mainutrition in the first year of life may have
adverse effects on intellectual development .in Ehildren. The more severe
the nutritional deprivation, and the longer it continues without rehabili-
tation, the greater the likelihood of substantial intellectual impairment,
in some instances persisting into the early school yeacs. On the other

hend, if nutritional treatment and rehabilitation occur early in the first
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year, the chances of recovery of normal or near normal intellectual func-
tioning appear very good. Although the data are not entirely clear, it
appears as though severe malnutrition beginning in the second or third
years of life, produces effects which are less marked and more amenable
to rehabilitation, In both instances however, it is not yet enticely
clear whether postnatal malnutrition as such is the primary determinant
of impaired intellectual functioning, or how it may interact with socioe-

environmental influences in producing such effects,
Moderate Malnutriticn

There have been a number of studies of children having experienced
more moderate, ctronic malnutrition, judged usually on the basis of re~
stricted physical growth, pa:ticularly in height, veight or head circom-
ference, While these children often manifest reduced levels of intellace
tual functioning, one canﬂot attribute these effects directly and solely
to malnutrition., The problem 1s that differences in stature, which may

well reflect differences in nutritional history, are aiso associated

with alvariety of other Zpcilal characteristics of the environment, or

biological characteristic; of the individual, which are themselves cap~

able of influencing intellectual development (15,30,31)., i
A frequentiy quoted study by Stoch and Smythe in South Africa proe

vides a good example of these interpretive difficulties (37)., A small

reduced height, weight and head circumference, were followel over an 11

|
group of children between one and three years of age, who showed markedly 1
|
1
year period with periodic assessments of physical and intellectual develop~ ]

|

F3553 , “




ment, These underﬁourished children scorea consistently lower than a
tal;er control group by 15 to 20 IQ points on various intelligence scales,
and their educational placement was considerafly behind average. However,
since the control children came from more stable homes with markedly
better living conditions, and were attending an all day nursery school
wben the stugy began, it is impossibie to determine to what extent the
observed performance differences were attributable to malnutrition.
Several studies of tall and short school age children in Latin
America raise similar interpretive problems., For example, in & Guatemalan
village study of six-to~1l year old children (11), tall children tended to
make fewer errors in identifying geometric forms on the basis of integ-
rat.ing visual, hapti;, and kinesthetic information, particularly in the
younger age groups. Although tall and short groups were generally equiva-
lent in a number of socio-envirormental background factors, maternal
education was wmarkedly higher in the case of the tall children, who may
thus have had more opportunities for learning., In a more recent study
of one to five year Jld children in Chile (27), a substantial correlation
(r=.71) was found between mother's IQ and the children's growth in height,
Thus, while mother's intellectual competence may well influence the
adequacy of nutritional care she provides her children, it may at the
same éime account at least in part for observed differences in the
children’s intellectual functioning, through genetic influences, and/or
through the social and learning enviromments available to the children,
Several recent investigations of moderate malnutrition in preschool
children are of particular interest because they provide additional ex=

amples of the growing trend toward the assessment and analysis of specific

F3553
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perceptual~cognitive, learning, and motivational functions which might be
influenced by nutritional deprivation. One of the best illustrations of
this approach may be found in some preliminary studies by Klein et al

in Guatelmala (21), contrasting the performance of five~year=old children
previously treated for malnutrition a£ a rehabilitgtion clinic, with the
performance of taller comtrol chiléren from generally similar socialnbackn
grounds, The malnourished children performed more poorly than controls on
two tests of short term memory and two perceptual discrimination tasks,
all of whaich placed a high premium on sustalned attention, On the other
hand, thie groups did not differ on 11 other tests, including meaéures of
simple recall, vocabulary, visual-haptic matching, simple discrimination
learning, and exploratory behavior. A careful analysis of théir results
suggested to Klein and his colleagues that the performance differences
observed in these children reflect primarily differences in attention and
task rconcentration, rather than differences in perceptual~cognitive or
memory capacity as sﬁch. This general view is compatible with other re=
cent observations of malnourished preschool children in Colombia (23),

and also with recent animal work (25),

With respect to the influence of moderate protein-calorie malnu-
trition, then, research thus far suggests that effects on psychological
development are much less pronounced and consistent than is the case for
severe and early malnutrition, Moreover, the particular contribution of
nutritional factors, relative to the role played by concomitant social
and environmental influences, is not at all clear. At the came time
there is growing evidence indicating that the major influence of malnu~

trition may be upon attentional, arousal, or motivational responses in

F3553
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children, rather than upon basic cognitive or learning competencies,
Intervention Studies

0f increasing importance, from the point of view of both research
and remediation, are the current efforts to evaluate the effects of
various types of experimental intervention aimed at preventing or
remedying the adverse consequences of malnutrition. For example,
several rather elaborate studies of the long term effects of nutritional
supplementation and improved health care on both the physical and
psychological development of children at risk of malnutrition are
presently underway in both Guatemala (22) and Colombia (23).

Some preliminary findings of considerable interest have been reported
by the McKays in Colombia (26), concerned with the effects ;f both nutri-
tional remediation and cognitive enrichment. Pre-school age children
identified as having been moderately malnourished were provided with
nutritional supplementation and added health care. One group had in
addition & five month pre-school experience involving a program of cogni-
tive stimulation aé well as training in number and letter recognition
skills. The pre-school program of cognitiva stimulation increased the
intellectual performance of the malnourished children to about the same
level as that achieved by non-stimulated, taller controls from the same
environment, but considerably below the level achieved by controls who
had also been cognitively stimulated. Nutritional and health care alone,
without stimulation, produced no greater improvement in performancé over
the five month period than that shown by several normal and malnourishea

groups receiving no treatment of either kind. As one might expect, the
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greatest gains(ggme from training on specific number and letter naming
skills by both normal and malnourished children, who had virtually identi-
cal scores before and after training. Although this research has some
methodological complications which make interpretation difficult, the
results so far suggest that intellectual consequernces of moderate malnu~-
trition may be amenable to substantial remediation through nutritional
supplementation and appropriate educational experiences, which may have

a greater corrective impact than nutritional improvement and health care
alone. Compatiblé with this view are the results of receat animal work
suggesting that behavioral effects of early malnutrition can be greatly

minimized or eliminated by additional stimulation early in life (24).
Specific Deficiencies

In the past few years, with the increase in broad scale suxveys of
nutritional deficiencies in disadvantaged populations in this country
(39), a number of investigators have examined relationships between
intellectual functioning and specific deficiencies in such nutrients as
iron or vitanins. In some instances, the intellectual consequences of
nutritional treatment of these deficiencies has alsc been investigated.
In a recent survey of nutritional deficiencies in disadvantaged preschool
children in Nashville, Tennessee,ISandstead et al (34) found no relation-
ships between Stanford-Binet IQ and a variety of biochemical indices of
nutritional status. It should be mentioned, however, that these were
children with mild degrees of malnutrition (only five percent had hemo-
globin values below 10.5 gm/100 ml.).

In & recent study by Beller and Howell (3), a variety of intellec~-

F3553
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tual and perceptual tests were given to nearly 100 four- to six-year-oid
children with mild to moderate iron deficiency anemia, who were enrolled
in Philadelphia day care centers. No IQ differences were found between
the anemic children and non-anemic controls from the same day care groups,
a finding consistent with those of the Nashville study just mentioned,
Moreover, relatively few differences were found between the two ‘groups
in the extensive battery of perc;ptual measures employed. Interestingly
enough, these differences were in the areas of attention and task con-
centration, the same functions which appeared vulnerable to moderate
nutritional deprivation in some of the previouslésmentioned studies.
After two months of iron treatment administered to half the anemic

children, there were essentially no clear changes in intellectual or

perceptive functioning which could be attribuéed to the nutritional

remediation., It should be nnted, however, that the iron treatment also

failed to produce a significant increase in hemoglobin level for the
treatment as compared to the non-treatment anemic children.

In contrast to the two studies just mentioned, Sulzer et al (38) found
that more severe iron deficien:sv anemia, when associated with growth re-
tardation ;uggestive of longer term undernutrition, was related to reduced
performance on several tests of intellectual functioning, inciuding
associative reaction time. No relationships were found with object sort-
ing, short term memory, and syntactic memory, however.

On the basis of research done thus far, it does not appear that
moderate deficiencies in specific nutrients such as iron or vitamin B 1

have very substantial or lasting effects on psychological functioning in

children, in the absence of more pervasive malnutrition; nor will nutri-
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tional supplementation with such specific nutrients alone produce appreci-
able changes in levels of performance. Whether more severe and prolonged »
dietary deficiencies in these nutrients might affect children's learning
and intellectual development is not yet clear, and further tesearéﬁ on
the problem is certainly warranted.

In the interest of brevity, no attempt has been made to deal with
the important topic of maternal and fetal nutrition. Suffice it to say

that severe maternal malnutrition during pregnancy, and substantial

deficiencies in the mother's previous unutritional and growth history,

represent important contributing influences involved in the production
of low birth weight, high risk infants whose subsequent psychologicali
and behavioral development may be significantly impaired (4,28). It
1is ektremely difficuit, of course to isolate the influence of maternal
nutritional deprivation as such from the many other complications and
abnormalities of pregnancy, lsbor, agd birth which may have substantial =
adverse effects on the child's development, Nevertheless, severe de-
ficiencies in the mother's nutrition, growth, and health care during her
previous life span as well as during pregnancy, increase substantially
the risk of behavioral and mental subnormality in the infant and child

(5,29).

L.

Summary and Conclusions

Let me now try to summarize briefly the major pointo of this review,
in the context of the main questions which were posed at the outset.
Impairment of intellectual and psychological development in children as

a consequence of protein-calorie malnutrition appears most likely to o
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occur and to be rather severe and long lasting, to the extent that nutri-
tional deprivation begins in the first year, is very severe, and continues
for an exte;dad period of time without nutritional remediation. Extreme
conditions of this sort are associated with borderline or more severe

~ mental sub-normality, sometimes persisting into the pre~school and early
school years. On the other hand, severe early malnutrition which is
subject to adequate nutritional remediation within the first five or
six months of life, appears relatively unlikely to reduce intellectual
functioning below normal or near normal levels. In contrast with nutri-
tional marasmus, which typically begins in the first year, the condition
of kwashiorkor, with typical onset in the second year or later, seems to
produce beﬁavioral effects which are considerably less severe and more
amenable to remediation. Psychological consequences of the mild to mod-
erate malnutrition found in many socially disadvantaged populations are

quite unclear, and appear to be rather slight and relatively reversible.

Effects of moderate deficiencies in specific nutrients like iron or

vitamins upon intellectual functioning seem even more questionable,

=
=

While severe malnutrition seems clearly implicated as one determinant
of impaired intellectual development, it has been extremely difficult to
isolate this influence from that of various social, educatisral, family,
and child reari&gsconditions typically associated with malnutrition, and
capable of exerting major influences on psychological development in their
own right. It seems reasonable to infer that when malnutricion is severe,
early, and enduring without treatment, it plays & substantial if not major
role in shaping the course of subsequent psychological development, relative

to the other conditions mentioned. On the other hand, it appears very
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likely that mild or moderate malnutrition plays a relatively minor part in
determining children's intellectual development, in comparison with the
substantial influence of various social, environmental, and genetic.
factors,

It is not yet entirely clear what specific behavioral functions and
psychological characteristics are most vulnerable to nutritional depriwva-
tion, and how such effects are mediated, although current research with
both animals and humans is addressed increasingly to precisely these
questions. Evidence from these studies suggests that malnutrition may
exert its major influence on behavior through dysfunctional changes in
attention, responsiveness, motivaticn, and emotionality, rather than
through a more direct impairment of basic learning and cognitive competen-
cies. It is also well recognized that some behaviorsl effects of severe
malnutrition may be very indirect, brought about by changes in the way

parents or other caregivers respond to and interact with the severely

]
malnourished child,

The comments just made have clear implications with regard to the
broad duestion of reversibility and remediation. Most of the evidence
suggesting long term intellectual impairment in the case of severe mal-
nutrition is based on studies in which remediation was directed primarily
at the nutritional and health needs of the children, and not at the social
environment which contributed to the development of malnutrition and lower
levels of intellectual functioning ‘n the first place. It is in this
environment that the severely malnourished children's 1Q's fail to show

substantial improvement, although some gains do occur. Programs of

remediation which provide an enrichment of the child's social and learning
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environment in day care, school, home, and community settings, along with_

continuing nutritional and health care, may well reveal that the psychol-
'ogical and behavioral effects of even rather severe malnutrition may be
amenable to substantial long term remediation and prevention. Programs
of this sort are obviously of the highest priority from the point of
view of human welfare and social action; they also represent the most
fruitful research approach to the question of long term behavioral con~

sequences of protein-calorie malnutrition,

[ERJﬂ:‘ F3553
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