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Introduction

The existence of acute and chronic malnutrition in populations across the world is of concern both
because of the immediate effects on morbidity and mortality and because of the possible long-
term implications. These effects could be especially pronounced after exposure to malnutrition
during fetal growth or in early infancy, because of potentially irreversible structural and
biochemical changes to the growing brain. Nutritional deprivation during these critical periods
might thereby have long-term effects on psychosocial development and behaviour.

Problems

For obvious reasons, the effects of impaired nutrition cannot be established in experimental
studies that offer investigator control of the degree of nutrition. Estimates are therefore usually
based on observations of malnourished infants and well-nourished controls. As the social,
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economic, and family conditions associated with malnutrition are also related to impaired
development, it is difficult to separate the effects of nutrition from the effects of the concomitant
conditions. Such a separation of attributes may only be feasible under special circumstances.
Statistical control provides a partial solution to the confounding problem by examining various
attributes of social background, but these are often incompletely measured and residual
confounding cannot be excluded. Comparison with sibling controls offers tighter control of the
confounding effects of family background, however few studies have available siblings. These and
other issues have been well reviewed by Pollitt and Thomson,1 Rush,2 and Grantham-McGregor.3

Researchers can evaluate with greater accuracy the effects of nutrition supplementation efforts
initiated in infancy.

Research Context

The role of early nutrition in human development has been clarified using observational, quasi-
experimental, and intervention studies.

Observational studies of early postnatal malnutrition often show developmental delays in infants
hospitalized with protein energy malnutrition (marasmus and kwashiorkor) and severe growth
retardation in infants between 0 and 2 years, followed until ages 8 to 10. Intellectual performance
has been compared to controls selected from non-hospital settings (creche, school) or to healthy
siblings. Some typical studies were carried out in the South Africa4,5 and Jamaica (mid-to-late
1950s),6,7 Barbados (late 1960s),8-10 and the Philippines11 and Peru (late 1980s).12 The magnitude of
these studies varied between 40 and 250 subjects. In some studies, malnourished infants showed
a 10- to 15-point deficit in intelligence scores around ages 8 to 10 compared to controls,5,12 but
they also came from markedly underprivileged backgrounds and living conditions5 or had parents
who were less educated12 compared to controls. These attributes complicate the interpretation of
the results. In studies with better controls for social background at the time of illness or in studies
with sibling controls, recorded differences were smaller or non-existent.4,6,7

In an early observational study of the combined effects of prenatal and postnatal nutrition across
a wide range of nutritional intakes among the women, children, and infants enrolled in the WIC
(Women Infants Children) supplemental food program in the United States, supplemented children
showed better intellectual performance at age 6 compared to non-supplemented older siblings.13

These findings could not be confirmed in a subsequent national WIC evaluation of program
participation of over 2,300 children aged 4 to 5 on outcomes of simple tests of behaviour,
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vocabulary, and memory since the control families tended to be more privileged, and the WIC
recipients only did better on selected cognitive development tests after an adjustment for socio-
demographic indicators. It was therefore not possible to definitively establish that WIC
supplementation was related per se to child cognition and behaviour.14

During the Dutch Hunger (the winter of 1944–1945), urban populations in the Western
Netherlands were exposed to acute starvation because of wartime occupation conditions. These
conditions represented a quasi-experiment in that the famine was imposed by an occupying army
upon a civilian population solely defined by time and place. Comparing exposed and non-exposed
infants, there was no relation between prenatal or early postnatal famine exposure and
subsequent intellectual performance in over 300,000 military recruits aged 18.15

Elsewhere, the impact of nutritional interventions during pregnancy and early childhood on mental
behaviour and function through the 7th year of life were assessed in over 1,000 children between
1969 and 1977 in four rural villages in Guatemala.16,17 In the first two villages, ad libitum feeding of
a high-protein maize (atole) was provided and in the other two, a protein-free sweet fruit (fresco)
drink was provided. Both supplements contained vitamins and minerals, but the fruit drink
contained only one-third of the calories in the atole. Although protein supplementation was linked
to improved child development in some reports of this study, the effects of supplementation were
inconsistent in other reports.2 Other problems in interpreting the study results arise because the
women who took the supplements for themselves and their infants lived under better social
conditions than those who did not. The duration of pregnancy could also confound the observed
associations as gestation time limited the quantity of calories a mother could add to her regular
diet.2

The association between prenatal nutrition and postnatal development was further explored in a
randomized two-level trial of calorie and protein supplementation given to pregnant women in a
poor black New York City population. Little if any association was seen between prenatal
supplementation and measures of development at age 1.18 In a smaller cognitive intervention
study of children hospitalized for protein energy malnutrition in Jamaica, outcomes were
compared between the 18 children who received extra daily play visits in the hospital and after
discharge, and the 21 children who did not receive play visits. Near normal performance on a
mental development scale was seen in starved children if cognitive stimulation was given in
addition to nutritional rehabilitation. This effect was sustained for at least one year after
discharge.19
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Key Research Questions

The problems of confounding by self-selection and by unmeasured socio-economic attributes in
investigations of prenatal or early postnatal nutrition and psychosocial performance in childhood
are now well recognized. There is also an understanding that the role of nutrition per se is likely to
be limited. These insights have stimulated more comprehensive approaches that view interactions
between nutrition and the social environment as important determinants in a psychosocial
development. This rationale is the basis for an evaluation of the benefits of behavioural
interventions at an early age. In special study populations with a limited risk of confounding, the
follow-up for psychosocial changes over the life course continues.

Recent Research Results

In Jamaica, interventions with nutrition rehabilitation and cognitive stimulation among 129 growth-
retarded infants aged 9 to 24 months showed continued benefits after two years of follow-up. Four
study groups were compared: controls, supplemented infants, stimulated infants, and infants with
both supplementation and stimulation. A group of matched non-shunted controls was also
available for comparison. Benefits from supplementation alone were no longer apparent at 11
years of age, although the benefits from stimulation remained.20 In the Netherlands, the prenatal
famine exposure in utero of 18-year old military recruits was associated with an increased risk of
anti-social personality disorder (ASPD).21 Admissions to psychiatric hospitals in the Netherlands of
men and women born in 1944–1945 suggest an increased risk of schizophrenia and of affective
psychosis after prenatal famine exposure in mid-pregnancy.22,23 An overview of these follow-up
studies is given elsewhere.24 Analyses from the British 1946 national birth cohort and the United
States Collaborative Perinatal Project show an association between birthweight and school age IQ,
even within the normal range of birthweight.25,26 It is not clear whether these outcomes are driven
by differences in prenatal nutrition that affect infant size at birth or whether there are other
explanations.

Conclusions

Many studies to date have shown associations between prenatal and early postnatal malnutrition
and growth retardation on the one hand and delayed cognitive and psychosocial development on
the other. It is also clear that most of these differences in outcome cannot be attributed
exclusively to the effects of poor nutrition or growth. Observational studies in particular are likely
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to be confounded by self-selection and by unmeasured socio-economic attributes of early
nutrition. These problems were already well recognized several decades ago1,15,18 and can only be
avoided through improved research designs that use sibling comparisons or include interventions
beyond the control of the study subjects. Recent follow-up studies of infants born during the Dutch
famine suggest that prenatal nutrition may play a role in the origin of some cases of schizophrenia
or other neuropsychiatric outcomes.

Implications for Services and Policy Perspectives

Optimal psychosocial development requires adequate nutrition and social and emotional
stimulation. In nearly all circumstances, these elements are intimately intertwined and not easily
separated. Therefore, nutritional supplementation alone is no easy fix.
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