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Abstract

Objectives—The purpose of this study was to compare the prevalence of conduct problems in a
well-documented sample of Barbadian adolescents malnourished as infants and a demographic
comparison group and to determine the extent to which cognitive impairment and environmental
factors account for this association.

Methods—Behavioral symptoms were assessed using a 76-item self-report scale in 56 Barbadian
youth (11-17 years of age) with histories of protein—energy malnutrition (PEM) limited to the first
year of life and 60 healthy classmates. Group comparisons were carried out by longitudinal and
cross-sectional multiple regression analyses at 3 time points in childhood and adolescence.

Results—Self-reported conduct problems were more prevalent among previously malnourished
youth (P< 0.01). Childhood IQ and home environmental circumstances partially mediated the
association with malnutrition. Teacher-reported classroom behaviors at earlier ages were
significantly correlated with youth conduct problems, confirming the continuity of conduct
problems through childhood and adolescence.

Discussion—Self-reported conduct problems are elevated in children and adolescents with
histories of early childhood malnutrition. Later vulnerability to increased conduct problems
appears to be mediated by the more proximal neurobehavioral effects of the malnutrition on
cognitive function and by adverse conditions in the early home environment.
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Introduction

Early childhood malnutrition is associated with adverse outcomes in school-aged children
and adolescents, including an increased prevalence of conduct problems and aggressive
behaviors.1=* These behaviors are of particular concern because they can forecast lifelong
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social problems, sometimes serious.>~” Because malnutrition is estimated to afflict as many
as two hundred million children worldwide,? the potentially increased prevalence of
aggressive symptoms in adolescents malnourished earlier in life is of considerable social
significance.

The etiology of conduct problems in childhood is not well understood.® The biological
impact of malnutrition on the developing brain leads to a variety of developmental changes
that may explain the increased prevalence of conduct problems.? However, conduct
problems may also result more proximally from intervening variables, such as cognitive
impairment, a well-recognized outcome of infant malnutrition.10-11 Adverse social
circumstances that generally co-exist with malnutrition can also increase the risk of
antisocial behaviors and conduct problems.8

In the present report, we examine these issues in the context of the Barbados Nutrition Study
(BNS). The BNS has followed over the course of decades the development of a group of
Barbadian children with normal birth weights who experienced a single and well-
documented episode of moderate—severe protein—energy malnutrition limited to the first
years of lifel2 and compared them to healthy classmates from the same neighborhoods.
Index children were identified at hospital admission and subsequently enrolled in a
nutritional intervention program until 12 years of age. The malnutrition episode and
subsequent physical and mental development were documented in detail. There was no
evidence of continuing malnutrition after the early episode; by the end of puberty, all
children showed complete catch-up in physical growth.13 At ages 11-17 years, the
previously malnourished group had prominent cognitive deficits, including lower 1Q,10
poorer performance on a national high school admission examination that was mediated by
attention deficits and cognitive impairment at earlier ages'* and impaired fine motor skills,1°
even after adjusting for the effects of social contextual variables. We have recently reported
an increase in affective problems and depressive symptoms in the adolescent age group.16:17

The current report describes self-reported conduct problems in these previously
malnourished Barbadian youth and the comparison group in adolescence. Because parents
may not be privy to an adolescent’s behavior outside the home, self-reports may be more
accurate than parent reports.18-20 The study addresses two primary questions: (1) Is early
malnutrition associated with a higher rate of self-reported conduct problems in adolescence?
(2) To what extent do variations in household social conditions and 1Q mediate the
association between infant malnutrition and adolescent conduct problems? We also explored
whether such conduct problems are predicted by disruptive behavior during childhood as
observed by teachers.

Barbados is a Caribbean country whose current population is approximately 260,000, 92%
of African descent. Barbados is currently ranked 47 on the Human Development Index.?! In
1970, the infant mortality rate was 46 per 1000 live births; today it stands at 7.8. Whereas
malnutrition was of concern when this study was initiated in the late 1960s, it is now
virtually eliminated due to the improved economy and island-wide nutrition education.22:23

Design and sampling

All children on the island with identified malnutrition were enrolled in the National
Nutrition Centre where they were followed to 12 years of age. After admission to the Centre,
children were seen every 6 weeks and their growth, health, and development were routinely
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documented. Because referral to the Centre was obligatory, ascertainment was free of
selection biases.

Children in the Barbados Nutrition Study suffered from either marasmus or kwashiorkor in
the first year of life; both conditions are part of the spectrum of protein—energy malnutrition
disorders, and each condition may also include other forms of nutrient deficiencies.12 In
1977, families of all school-aged children enrolled in the National Nutrition Centre who had
been hospitalized in their first year of life (between 1967 and 1972) with a diagnosis of
Grade 11 or 11124 marasmus, associated with a deficiency of protein and calories, were
invited to participate.2> This group (/7= 129) included nearly all children on the island who
had experienced one episode of marasmus. Three healthy children, matched by sex, age
(within 3 months), and handedness, were identified from the same neighborhoods and
classrooms as the index children; one of the three candidates (7= 129) was selected, based
on availability of birth data, pre-school height and weight, and immunization data. Other
inclusion criteria for participants were normal birth weight, absence of pre- or post-natal
complication, and no known encephalopathic events in childhood. Both groups were
followed longitudinally.

Fig. 1 shows the study design. The malnutrition episode was well documented at baseline in
the first year of life at TO (1967-1972), and physical, mental, and behavioral development
was followed up at T1 (1977, 5-11 years), T2 (1982, 9-15 years) and T3 (1984, 11-17
years).

At T3, 54 children who had been hospitalized in the first year of life (also between 1967 and
1972) with kwashiorkor,2® a disorder previously thought to result from protein deficiency,
were also recruited into the larger study. At that time, 62 index and 61 control children were
selected to participate so as to achieve the best matches to the kwashiorkor group, based on
age, sex, and handedness. The current study is based on the marasmus and comparison
children who were tested at T3, for whom data at all 3 time points are available; individuals
who had kwashiorkor are not included, nor are children who were not selected for the T3
measurement. Because seven participants (six marasmus and one comparison) did not
complete the behavior questionnaire, the final MVincluded 56 adolescents from the marasmus
group and 60 from the comparison group. The demographic characteristics have been
reported elsewhere.16

Informed consent was provided by all families under Protocol E1962, approved by the
Boston University Medical Center Institutional Review Board and the Ethics Committee,
Ministry of Health, Barbados. Current oversight is provided by the Judge Baker Children’s
Center Human Research Review Committee (Assurance No. FWA 00001811). This study
was conducted according to the guidelines laid down in the Declaration of Helsinki. Written
and/or verbal informed consent was obtained from all participants. When verbal consent was
obtained, it was witnessed and formally recorded.

Wechsler Intelligence Scale for Children28 (T1)—This standard IQ test was
administered with minor alteration of items to include familiar local exemplars.

Teacher Behavior Questionnaire (T1)—This 30-item questionnaire, which has been
used by us in earlier studies of the Barbados cohort,2” was completed by teachers who were
blind to the nutritional history of the child. Four items (scores ranging from 1 to 4 or 1 to 6)
with high face validity were identified as indicators of conduct problems for purposes of
exploratory analysis.

Nutr Neurosci. Author manuscript; available in PMC 2013 September 24.
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Household Standard of Living (T1)—The socioeconomic context was measured using
the 50-item Barbados Ecology Questionnaire (BEQ), which was based on a scale used in
Jamaica28 and modified for use in Barbados.2?-30 The questionnaire assessed psychosocial,
socioeconomic and home environmental conditions that were most relevant to the social
context at the time and was administered at each time point to primary caretakers and
validated by home visits. Factor analysis was based on the three measurement points
combined to permit longitudinal comparison. This analysis identified a first principal
component that appeared to represent the household standard of living (HSOL).3! Scores
had a zero mean and unit variance.

Child Behavior Questionnaire (T3)—This 76-item self-report questionnaire was
administered at T3 and developed specifically for Barbados to describe behavioral
dimensions but not to diagnose specific psychiatric disorders.32 It was administered by a
Barbadian child psychologist who was blind to the child’s nutritional history. Most items
were rated on a 4-point scale from Never to Always. The items were reduced by exploratory
principal components factor—extraction, described in detail elsewhere.33 Table 1 lists the 13
items that contributed most strongly (factor loading =0.40) to the first unrotated principal
component, which appears to represent conduct problems. It accounted for 9% of total
variance, with an eigen-value of 6.37, and acceptable reliability (Cronbach alpha = 0.71).
This Conduct Scale was standardized to have zero mean and unit variance.

Statistical methods

Results

All analyses were conducted using SAS, version 9.2.33 The Pearson correlations were
computed between the malnutrition variable and the other variables (1Q and HSOL) in the
model. A series of multiple regression analyses were then implemented to evaluate the
potential mediating effects of the cognitive variables in the relationship of malnutrition to
adolescent conduct problems. The first set of analyses evaluated malnutrition status as a
predictor of conduct problems (T3). Next, malnutrition status as a predictor of conduct
problems was evaluated, adjusting for household environment or 1Q, the primary
hypothesized mediators, both at T1. The final set evaluated malnutrition as a predictor of
conduct problems, adjusting for both household environment and 1Q simultaneously.
Preliminary analyses indicated that age and sex were not predictors in these models, and so
they were dropped. The mediation effects were evaluated by determining the extent to which
the direct effect (of malnutrition) was diminished when the hypothesized mediating
variables were added to the model. The Pearson correlations were used to compute the
association between classroom behaviors (teacher-reported) at ages 5-11 and adolescent
self-reported conduct problems.

The individuals who participated at all three times did not differ from those who participated
at T1 and/or T2 only in their age, sex, or HSOL, arguing against selection bias. As shown in
Table 2, previously malnourished youth (with histories of marasmus) self-reported
significantly more conduct problems than did the comparison youth. (Similar findings were
present for the youth with histories of kwashiorkor, but these data are not presented.)
Although the mean age and sex of the previously malnourished participants and comparison
youth were similar, there were nonetheless significant group differences with respect to
childhood 1Q and HSOL at 5-11 years of age of living, consistent with earlier reports from
this series.11:29 These differences led us to consider possible mediating roles for 1Q and the
HSOL.
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IQ and standard of living as mediators of relationship between adolescent conduct

problems

These analyses were undertaken to determine whether HSOL2? or cognitive impairment
arising from malnutritionl! mediate the increased prevalence of conduct problems in
previously malnourished adolescents. The history of infant malnutrition was correlated with
HSOL at T1 (»=-0.37, £<0.001), 1Q at T1 (r=-0.45, £<0.001), and conduct problems in
adolescence at T3 (r=0.27, P< 0.01). Moreover, both the HSOL (r=-0.27, P<0.01) and
1Q (r=-0.29, P< 0.01) were correlated with adolescent conduct problems. This pattern of
correlations meets the preliminary criteria for mediation.

Table 3 shows the relevant regression models. As may be seen in the first row of the table,
in unadjusted analyses, malnutrition was a significant predictor of adolescent conduct (P <
0.01), with differences between the two groups of approximately 0.54 standard deviation
units on the conduct scale (The coefficient for malnutrition in Table 3 is standardized and
must be multiplied by approximately 2 to signify the effect of malnutrition). With both
childhood 1Q and HSOL entered into the model, the malnutrition effect was attenuated
(approximately 0.26) and no longer significant; specifically, the magnitude of the effect of
malnutrition decreased by approximately 50% (see the last row of the table). Additional
analyses reported in Table 3 indicate that the attenuation is due to the combined effects of
both factors (see second and third rows of table).

Classroom behaviors at 5-11 years predict youth conduct problems

Table 4 shows teacher ratings at 5-11 years of age for the two malnutrition groups on
relevant questionnaire items, as well as correlations of those ratings with adolescent self
ratings. All four items showed a higher level prevalence of aberrant behavior in the
previously malnourished children as compared with the comparison group. Teacher reports
of problem behavior significantly predicted self-reports of conduct problems six years later
at 11-17 years of age, confirming the continuity of disruptive behaviors over time and
providing validation for the self-reports.

Discussion

The present study confirms that malnutrition in the first year of life is associated with an
increased prevalence of conduct problems in adolescence, as indicated by the self-report
from the adolescents themselves. These same behaviors were also associated with the HSOL
and childhood 1Q measured at 5-11 years of age, and these partially mediated the
malnutrition effects.

An elevation in conduct problems has been observed consistently in these youth, even after
adjusting for the potential contribution of their home environments. When they were of
school age (5-11 years), their teachers reported more conduct problems than in the
previously malnourished group.2® Their early classroom behavior was significantly
associated with the increased prevalence of self-reported conduct problems at 11-17 years
(Table 4). Increased disruptive behavior and conduct problems were also reported by
teachers and parents at 9—15 years of age.3234 It is well-recognized, however, that the youth
self-reports can differ substantially from the adult observer reports, especially in
adolescence.18-20 Many of the reported behaviors presumably occur with peers, when the
adolescents are not in the presence of adults. However, the current self-report ratings suggest
that conduct problems persisted into adolescence in these Barbadian youth and are
consistent with the earlier observations by their teachers and parents.

Our findings extend the earlier studies of the effects of childhood malnutrition.1:24 The
Mauritius study documented parent reports of aggressive behavior in the malnourished
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children at age 11 and parent and teacher reports of conduct disorder at age 17.1 An
enrichment program administered between 3 and 5 years reduced the prevalence of conduct
disorder at 17 years of age in malnourished children relative to controls.3®> While
malnutrition was documented at 3 years of age, the Mauritius children most likely suffered
from chronic malnutrition, which could have contributed to these findings. In contrast, the
Jamaica study reported increased aggression (oppositional behavior) tendencies from parent
reports in the stunted group,24 regardless of an intervention at 2 years of age. There was no
increase in antisocial behavior at 17 years of age by self-report. At adolescent ages, the
treated and untreated stunted groups were smaller than their non-stunted controls, further
suggesting that this cohort also suffered from chronic undernutrition.

The participants in the Barbados Nutrition Study, in contrast to both of these earlier studies,
had normal birth weights, and malnutrition was confined to the first year of life. Enrolled in
the Barbados Nutrition Centre program till 12 years of age, the Barbadian youth recovered
fully from malnutrition and reached their full growth potential by the end of puberty.13 The
Barbados sample, thus, confirms that conduct problems associated with early childhood
malnutrition can persist despite good health and recovery of physical growth by puberty.
However, the persistence of conduct problems in these youth raises concerns about their
long-term outcomes that are currently being evaluated in the 40-year follow-up of this
sample. For example, survivors of the Dutch famine who were exposed to intrauterine
malnutrition had elevated antisocial behavior in adulthood.3®

Mechanisms by which early malnutrition leads to later aggressive behavior remain
speculative.8 Siever3’ has implicated failure of the ‘top-down’ prefrontal control systems
and hyper-reactivity of the amygdala and other limbic regions, both impacted by early
childhood malnutrition.® Cappadocia et a/38 further noted the importance of the
environment, which may also influence aggressive behavior in children. Other perinatal risk
factors have also been shown to increase the prevalence of antisocial behavior in
adolescents.3 A developmental pathway leading from the early biological insult to increased
neurological damage, impaired academic performance and an increase in the prevalence of
antisocial behaviors, may explain this outcome. Animal models of early malnutrition have
similarly confirmed the perturbation of neurobiological systems linked to aggression,
including alterations in the seroteonergic afferent system®3940 and altered stress response.*
However, the extent to which these biological changes bear a causal relationship to
aggression, or can be validly translated to the human setting remains to be established.

This study had several limitations. First, because the study at T3 included only children with
histories of kwashiorkor and demographically-matched children from the marasmus and
healthy comparison groups, about half of the original children from the latter groups were
not tested at this time point. Comparison of those individuals who participated at T3 with
those who did not, however, revealed no differences on key demographic variables, arguing
against selection bias.

Second, the data reported here were collected in the 1970s and early 1980s, when the well-
developed behavioral screening tools for children and adolescents in common use today
were not available or had not been sufficiently tested in developing countries. Thus, the
continuity of disruptive behavior over time in this sample, based on teacher, parent, and self-
reports, that used an instrument essentially developed for this study, is reassuring and
validates the self-report instrument. Because the Barbados Nutrition Study is currently
collecting comprehensive data on these adolescents in mid-life, these findings, even though
based on archival data with psychometric limitations, remain significant. They provide a
platform for evaluating the lifetime implications of an early episode of malnutrition and its
sequelae for adult outcomes.

Nutr Neurosci. Author manuscript; available in PMC 2013 September 24.
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In sum, the current study reinforces prior findings that an early episode of moderate—severe
malnutrition, even when limited to the first year of life, can increase risk for conduct
problems in adolescence. Given the continuing risk for infant malnutrition in many parts of
the world, these findings have important public health implications for the mental health of
children and adolescents. Moreover, since conduct problems in adolescence can forecast
antisocial behavior in adulthood,>7 the long-term social burden of early malnutrition may
be considerable.3! The adult follow-up component of the Barbados Nutrition Study will
hopefully provide evidence pertaining to this latter concern.
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Figure 1.

Research design: Barbados Nutrition Study. Seven participants (six marasmus and one
healthy comparison) did not complete the BCBS-SR, resulting in a total of 116 participants
in the longitudinal study of T1, T2 and T3 children (marasmus and comparison groups

only).
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Items from the first unrotated factor (and factor loadings) derived from a principal component analysis of the
self-reported behavior scale

0.61
0.60
0.59
0.55
0.52
0.48
0.47
0.44
0.43
-041
-0.42
-0.43
-0.43

Do you ever cheat at games with other children?

Do you ever tell lies?

Do you talk back to people?

Avre you ever mean or cruel to other children?

Do you ever boss other children around?

Have you ever had a nail-biting problem?

Do you misbhehave after being warned?

Do you ever boast or brag?

How often do you fight with other children (outside the family)?
Have you been well-behaved since early childhood?
Avre you obedient and do what you are told?

How cooperative are you with your parents?

How well do you get along with others?

Note: Although only items with factor loadings >0.40 are reported, factor analyses were calculated using all items in the questionnaire.
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Descriptive statistics (means, standard deviations) showing differences between previously malnourished and
comparison youth (V= 116)

Malnourished Comparison
(n =56) (n =60) P

Age in years, Mean + SD
Males, N (%)

1Q: T1

Standard of living: T1
Conduct problems: T3

15014149  1504+158 NS
31(55.36%)  35(58.33%) NS
9254+13.86  104.92+1054 <0.001
-090+0.89  -025+077  <0.001
029+1.18 -027+084 <001
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Table 4

Teacher-reported classroom behavior at 5-11 years (means, standard deviation) and their correlation (/) with
self-reported conduct problems at 11-17 years (V= 116)

Teacher-reported behaviors Index  Comparison  F value R
Does he/she have any behavior or conduct problems?7 1.3(0.5) 1.5(0.5) 465" 031"
How well does child pay attention to you in class?¥ 4.2(0.9) 3.6(1.0) 113" -027™
How obedient is he/she? Does the child do what he is told?? ~ 4-8(1.0)  4.3(1.0) 592 -0.23"
How cooperative is he/she with you?¢ 4.7(0.8) 4.2(1.0) 11.68™  -0.32™
*
P<0.05;
Hok
£<0.01;
AAA
P<.001.

ingher score connotes fewer problems.

1.
Higher scores connote more problems.
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