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Abstract

Early malnutritional status has been associated with reduced cognitive ability in childhood. However, there are
almost no studies on the effect of malnutrition on positive social behavior, and no tests of possible mediating mech-
anisms. This study tests the hypothesis that poor nutritional status is associated with impaired social functioning in
childhood, and that neurocognitive ability mediates this relationship.We assessed 1553 male and female 3-year-olds
from a birth cohort on measures of malnutrition, social behavior and verbal and spatial neurocognitive functions.
Children with indicators of malnutrition showed impaired social behavior (p< .0001) as compared with children
in the control group with adequate nutritional status. These associations even persisted after controlling for social
adversity and parental education. Findings were not moderated by gender or ethnicity, and there was no interaction
effect with parental education. A dose–response relationship was observed between degree of malnutrition and de-
gree of social behavior, with increased malnutrition associated with more impaired social behavior. Neurocognitive
ability was found tomediate the nutrition–social behavior relationship. Themediation effect of neurocognitive func-
tioning suggests that poor nutrition negatively impacts brain areas that play important roles in developing positive
social behavior. Findings suggest that reducing poor nutrition, alternatively promoting good nutrition, may help pro-
mote positive social behavior in early childhood during a critical period for social and neurocognitive development,
with implications for improving positive health in adulthood.
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Introduction

An increasing body of evidence indicates that poor
nutritional status during early childhood has a negative
impact on cognitive development (Lozoff 2000;
Grantham-McGregor & Ani 2001; Liu et al. 2003; Laus
et al. 2011; Galler et al. 2012; Bogale et al. 2013; Waber
et al. 2014) externalizing behavior (Liu et al. 2004;
Galler et al. 2011; Liu &Raine 2011) even after control-
ling for social adversity. Nutritional supplementation,
on the other hand, has been shown to reduce behav-
ioral problems in early childhood (Berglund et al.
2013) as well as in adolescence (Raine et al. 2015). A
major gap that remains in the literature, however, con-
cerns whether or not nutritional status is associated

with positive social behaviors, and if so, what mecha-
nisms may account for such a relationship.

Research on the effects of poor nutrition on
playful and non-playful social behavior in animals
provides hypotheses on such effects in humans. In
this context, playful social behavior is an indicator
of better social functioning. Early experimental
research on rats suggested that poor nutrition
increases some non-playful social behaviors
(Whatson & Smart 1978). Later studies indicate
that prenatal and postnatal malnutrition in rats de-
crease both playful and non-playful social
encounters (Whatson & Smart 1978; Almeida
et al. 1996; Almeida & De Araujo 2001; Camargo
& de Sousa Almeida 2005; Belluscio et al. 2014).
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However, later nutritional rehabilitation has been
found to reverse the changes in non-playful social
behavior as well as increase playful social behavior
(Almeida & De Araujo 2001; Soares et al. 2013;
Soares et al. 2015). Studies on primates have
shown that protein malnutrition increases aggres-
sion and reduces active social play behavior while
rehabilitation of the nutritional deprivation in-
creased duration of active social play behavior
(Zimmermann et al. 1975). Overall, these studies
suggest that malnutrition reduces social behavior
in animals, although given the mixed findings in
rats, definitive conclusions cannot be drawn.

Regarding humans, there are few studies on the
effects of malnutrition on positive social behavior
(Sigman et al. 1989; Espinosa et al. 1992; Lozoff
et al. 1998; Black et al. 2004; Lozoff et al. 2007;
Aburto et al. 2010; Engle & Fernández 2010). In
a study of 110 Kenyan toddlers, reduced food in-
take was related to children’s active social play
and extent of verbalizations (Sigman et al. 1989),
with better nutritional status associated with posi-
tive playground social behavior and activity levels
(Espinosa et al. 1992). Furthermore, Lozoff et al.
(Lozoff et al. 1998; Lozoff et al. 2007; Lozoff
et al. 2014) have reported relationships between
iron deficiency (one of the measures indicating
malnutrition in our current study) and early child-
hood behavior, including displaying less pleasure
and delight, and less playfulness in infants, as well
as slowness to display positive affect and less social
eye gazes toward their mothers in preschoolers.
More recently, similar findings have been found

in Chinese children where iron deficiency anemia
was associated with less positive affect and more
passive behavior (Chang et al. 2011). Furthermore, iron
and zinc supplementation was reported to promote
exploratory behavior in a group of 221 Bangladeshi
infants (Black et al. 2004). In a separate study,
multiple-micronutrient supplementation benefitted
physical activity and exploratory behavior in a sam-
ple of 109 Mexican infants (Aburto et al. 2010).
More recently, Lozoff et al. (2014) found that iron
supplementation in infancy promoted more adaptive
behavior. These initial findings suggest that poor nu-
trition may impair playful and interactive behavior,
which is closely intertwined with positive social func-
tioning in childhood. Nevertheless, these studies are
limited in small sample size and lack dose–response
analyses. Despite these past studies, few have
reported on the link between nutrition status and a
broad range of social behavior in early childhood.
Furthermore, little is known on the mediating
effect of malnutrition and social behavior on
neurocognitive function.

In the current study, we utilized laboratory and clini-
cal indicators of malnutrition to go beyond food intake
to assess whether the nutrition–social behavior rela-
tionship applies to early childhood in a large sample
of 1553 3-year-old children. The authors hypothesized
that (1) malnutrition would be associated with a reduc-
tion in positive social functioning; (2) a dose–response
relationship would be observed; (3) effects would
be independent of social adversity; and (4) IQ
would mediate the malnutrition–social behavior
relationship.

Key messages

• Previous research with animal models shows that poor nutritional status has adverse effects on playful and non-playful
social behavior in rats.

• However, in humans, limited studies show that food intake is related to playground behavior in children, and iron de-
ficiency anemia is associated with poor social emotional development.

• This sample of preschool children found that those with poor nutritional status at age three years show significantly
lower levels of positive social functioning compared with controls.

• Our findings suggest a possible mechanism whereby poor nutrition leads to impaired social behavior.
• The study suggests that having a good nutritional status may promote positive social behavior in children.
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Methods

Participants

Participants were drawn from a birth cohort of 1795
children from the island of Mauritius lying off the coast
of Africa (Raine et al. 2010). Based on vaccination re-
cords, all children born in 1969–1970 in twomain towns,
which were chosen in order to be representative of the
ethnic distribution of the whole island, were recruited
into the study at aged 3 years between September
1972 and August 1973. Detailed descriptions of the
study setting and demographics, sampling procedures,
characteristics of this cohort, parental consent, human
subject consent and approvals are described elsewhere
(Raine et al. 2010). The sample consisted of males
(51.4%) and females (48.6%). Ethnic distribution was
as follows: Indian 68.7%, Creoles (African origin)
25.7% and others (Chinese, English and French)
5.6%. Census data for the island as a whole indicated
66% Indian, 29% Creole and 5% other, indicating that
the study largely achieved its goal of sampling a popula-
tion representative in gender and ethnicity.

Following previous work on this population, data
analyses were restricted to Indians and Creoles (Raine
et al. 2002a). Verbal informed consent was obtained
from themothers of the participants in accordance with
the principles outlined in the Declaration of Helsinki
(WMA 2012) that prevailed in 1972 when the research
was initiated. Institutional Review Board approval for
later research phases and retrospective data analyses
was obtained from the University of Pennsylvania.
Complete data on both malnutrition and social behav-
ior variables were available for 1535 subjects, the final
sample used in this study.

Indicators of childhood malnutrition at age 3years

Four early indicators of malnutrition were assessed in a
clinical examination of 1559 of the children at the age of
3 years: (1) angular stomatitis, an indicator of vitamin
B2 and niacin deficiency, with a base rate of 7.0%; (2)
hair dyspigmentation, an indicator of protein malnutri-
tion, with a base rate of 6.8%; (3) sparse/thin hair, an in-
dicator of protein malnutrition, with a base rate of
5.8%; and (4) anemia, measured by blood hemoglobin
levels, which had a base rate of 17%.

Subjects were defined as suffering from nutritional
deficits if at least one of the four indicators was present
(22.6%). The control group consisted of participants
with no indicator present, and was viewed as relatively
better nourished (77.4%). To assess for a dose–
response relationship between malnutrition and social
behavior, subjects with available behavior data were
categorized into one of four groups: no malnutrition
(N=1189), one indicator (N=261), two indicators
(N=68) and three indicators (N=17).

These nutritional markers were consistent with those
used in previously published studies of this cohort in
which further details on assessment are also provided
(Liu et al. 2003; Raine et al. 2003; Liu et al. 2004; Liu
et al. 2009; Raine et al. 2010). Assessments were con-
ducted using a structured protocol by local pediatri-
cians, physicians and nutritionists who had received
their medical training in the UK, USSR and India. All
assessments were conducted at the research unit of
the Joint Child Health Project in Quatre Bornes.

Positive social behavior measures

Positive social behavior consisted of four components
measured at age 3years: (1) exploratory behavior
assessed as the children’s interaction with toys in the
presence of themother in a controlled laboratory setting
and rated on a four-point scale (1 = passive, clings
to mother, withdrawn; 2 = shows interest, examines
toys but stays close to mother; 3 = leaves mother,
mild independent exploration, comes and goes to
mother; 4=active independent exploration); (2) extent
of verbalization to the research assistant during cognitive
testing, rated on a 4-point scale by the rater (1=very
reluctant to speak; 4=many spontaneous comments);
(3) friendliness with the rater during cognitive testing,
rated on a 4-point scale by the rater (1=very reluctant
or fearful; 4= immediately friendly); and (4) active social
play with other children during free play in a sandbox,
rated by a rater on a 5-point scale (1= solitary; through
3=associates with others; 5= cooperative relationship
with role reciprocity). Full details ofmeasurement, proce-
dure, factor structure, reliability and validity in this
sample are given in Raine et al. (1998). Factor scores for
the single factor solution were calculated for the four rat-
ings. Cronbach’s α reliability for the total scale was 0.88.
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Neurocognitive functioning

Neurocognitive functioning was assessed from six sub-
tests of the Boehm Test of Basic Concepts-Preschool
Version (Boehm 1986), which measures basic verbal
and visual–spatial concepts that are fundamental for
early school achievement. Estimates of verbal and spa-
tial IQ were derived from this test battery (Liu et al.
2003). Full details of size, measurement, factor struc-
ture, reliability and validity in this sample are given else-
where (Boehm 1986; Liu et al. 2003; Raine et al. 2010).

Psychosocial adversity

Following our prior work, the measure of psychosocial
adversity at age 3years included nine variables collected
by social workers who visited the homes of the children
(Liu et al. 2003; Raine et al. 2010). Furthermore, a total
index of psychosocial adversity (Raine et al. 1998) was
created by adding one point for each of these nine vari-
ables (i.e. father uneducated, mother uneducated, father
semiskilled or in unskilled occupation, single parent sta-
tus, separation from parents, large family size, poor
health of mother, teenaged mother and overcrowded
home). The index was created along the lines similar to
those described by Rutter (1997) and Moffitt (1990).

Statistical analyses

We first conducted multivariate analysis of variance
(MANOVA) to test for the effects of malnutrition on so-
cial behavior using statistical software (SPSS; SPSS Inc.,
Chicago, Ill) and controlled for potential confounds
which may mediate the effects of malnutrition on social
behavior, including cognitive ability at age 3, father’s ed-
ucation level, mother’s education level, the nine psycho-
social adversity variables, total social adversity score,
ethnicity and gender. Analysis of variance (ANOVA)
was used to ascertain which specific indicator of malnu-
trition was linked to social behavior and to test for a
dose–response relationship between number of malnu-
trition indicators and social behavior. Both linear and
quadratic relationships were tested. Also, MANOVA
was used to test for the mediating effect of verbal and
spatial neurocognitive ability. Two-tailed tests of signifi-
cance were used throughout. Furthermore, we used a
generalized linear model (GLM) strategy to confirm

the above MANOVA/ANOVA statistical approach.
We usedGLM to test the effect of malnutrition on social
behavior, while controlling for the aforementioned
confounders, as well as the significance of the interaction
between malnutrition and parental education on social
behavior. We further used GLM to ascertain which
specific indicator of malnutrition was linked to overall
social behavior (Z score), while controlling for the total
adversity and parental education level.

Results

Sample characteristics

Complete data on both malnutrition and social behavior
variables were available for 1535 subjects, somewhat less
than the original sample of 1795. Those with andwithout
complete data were compared on key demographic var-
iables that were available on all subjects at age 3. Groups
did not differ on gender (χ2 =0.98, df=1, p> .33), ethnic-
ity (χ2 =2.11, df=1, p> 0.15) or total psychosocial adver-
sity score (t=0.27, p= .79). Thus, the sub-sample was
deemed to be representative of the larger sample on
these measures at age 3.

Effect of malnutrition on social behavior

Means and standard deviations (SDs), together with re-
sults of specific t-test comparisons for age 3 social behav-
iors for the malnourished and the control groups, are
shown in Table 1 (see also Fig. 1). A MANOVA on
the four dependent variables of social behavior indicated
a main group effect (F=35, 75, df=4, 1553, p< .001), in-
dicating reduced scores of social behavior at age three in
themalnourished group.Results ofANOVAs for individ-
ual social behavior components show that all social be-
haviors were impacted by poor nutrition (see Table 1).
Furthermore, adjusted GLM results indicated similar
outcomes, except that theP-value for exploratory behav-
ior changed from 0.013 to 0.062 (see Table 2).

Neurocognitive ability as a mediator of the
malnutrition–social behavior relationship

IQ was identified as a potential mediator, i.e.
variable accounting for a significant portion of the
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relationship between the predictor (malnutrition,
correlation coefficient =�.107) and the outcome
variable (social behavior, correlation coeffi-
cient = .357). After entering verbal and spatial
neurocognitive ability into the MANOVA, the main
effect of malnutrition on social behavior was
abolished, F (12, 3441), df= 1.01, p= .429), indicating

that neurocognitive ability mediates the link
between malnutrition and social behavior.

Potential confounds and effects of moderators

Malnourished children were more likely to suffer over-
all psychosocial adversity (t=4.13, p< .001), to have a

Table 1. Components of social behavior and results of t test comparisons in the malnourished and control groups

Measure Malnourished group Control group t Test df P value

Social behavior -.24 (0.65) .0054 (.68) 5.98 1534 <.001
(n = 347) (n = 1189)

Exploratory behavior 2.11 (1.37) 2.32 (1.43) 2.483 1553 .013
(n = 352) (n = 1203)

Extent of verbalization 2.30 (1.42) 2.55 (1.33) 3.178 1553 .002
(n = 325) (n = 352)

Friendliness 2.41 (1.44) 2.75 (1.36) 4.025 1553 <.001
(n = 352) (n = 1203)

Active social play 7.79 (3.58) 9.01 (3.85) 5.259 1510 <.001
(n = 346) (n = 1166)

Fig. 1. Four components of social behavior for malnourished and controlled group of children at three years of age. 11
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less-educated mother (t=3.29; p< .001), a less-
educated father (t=3.21; p< .001) and to have lower
scores on IQ than controls at age 3 (t=3.69; p< .001).
In addition, Creoles were more likely to be slightly
more malnourished (27%) than Indians (20.6%)
(χ2 = 6.97; p< .011). Consequently, it is possible that
psychosocial adversity, parents’ education level, the
child’s cognitive ability and ethnicity could account for
the main effects of malnutrition on social behavior.

This possibility was tested by entering these variables
as covariates. There was no interaction between malnu-
trition grouping and any of the potential moderators.
MANOVAs conducted on gender (F=0.108, df=4,
1505, p= .980) and ethnicity (F= .385, df=4, 1446,
p= .82) were non-significant, indicating that these mea-
sures did not enhance or decrease the effects ofmalnutri-
tion on social behavior. Furthermore, after controlling
for psychosocial adversity, the main effect of malnutri-
tion remained significant (F=6.75, df=4, 1506,
p< 0.0001), indicating that even after accounting for
these cofounding variables, the main effect of malnutri-
tion remains. Further GLM results showed that there
was no significant interaction between malnutrition and
parental education on social behavior.

Dose–response relationship

To assess for a dose–response relationship between
number of indicators of malnutrition and the degree
of reduced social behavior, a MANOVA (with four

groups: 0, 1, 2 and 3 and more malnutrition indicators)
was conducted on social behavior. This relationship
is depicted in Fig. 2. Results show a significant
main effect of number of indicators on social
behavior, F (12,4518), df= 3.33, p< .0001, with
increasing degree of malnutrition associated with
decreasing social behavior. There were both linear
(R2 = 0.024) and quadratic (R2 = 0.025) relationships
between malnutrition indicators and social behav-
ior (Ps< 0.001).

Effect of individual indicators of malnutrition on
social behavior

Results of MANOVAs and univariate ANOVAs con-
ducted on each of the four malnutrition indicators for
age 3 social behavior measures are shown in Table 3.
All four malnutrition indicators were generally associ-
ated with reduced functioning on all four social behav-
ior components, although findings were less robust for
the sparse, thin hair indicator (see Table 3). Moreover,
the GLM results showed that all indicators of malnutri-
tion were associated with total social behavior scores
after controlling for social adversity and parental edu-
cation, with anemia (β =�0.11, p< 0.00), angular sto-
matitis (β =�0.07, p< 0.003), kwashiorkor (β =�0.07,
p< 0.005) and sparse/thin hair (β =�0.05, p< 0.030).
However, anemia was more consistently associated with
sub-scores of social behavior, suggesting that anemia
was the most important indicator of malnutrition affect-
ing social behavior. Summary of the generalized linear
regression models for malnutrition indicators and
social behavior components are presented in Table 4.

Discussion

This study documents that children with physical
indicators of malnutrition at the age of three years
showed significantly lower levels of positive social
functioning compared with controls. Importantly,
the malnutrition–social behavior relationship was
mediated by neurocognitive ability, suggesting that mal-
nutrition predisposes children to poorer neurocognitive
functioning, which in turn predisposes them to reduced
positive social behavior. Neurocognitive measures were

Table 2. Adjusted* generalized linear regression coefficients of malnu-
trition on social behavior

Responses

Predictors: malnutrition vs. controls

B P value 95% CI

Social behavior† -.22 <0.001 (�.30, -.14)
Exploratory behavior -.16 0.062 (-.33, .01)
Extent of verbalization -.21 0.010 (�.37, -.052)
Friendliness -.30 <0.001 (�.47, -.14)
Active social play -1.01 <0.001 (�1.47, -.56)

*The generalized linear model adjusted for age, sex, ethnicity and the
nine psychosocial adversity variables, including parental education
level.
†The total behavior used z scores, whereas the four components of
social behavior used the total score.
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found to account for 55.6% of the malnutrition–social
behavior relationship. A dose–response relationship
between degree of malnutrition and degree of reduced
social behavior problems was also documented,

although the quadratic relationship was noticed when
three malnutrition indicators were present, which might
be because of the group’s small sample size (N=17). All
above relationships were not an artifact of psychosocial

Table 3. Malnutrition indicators in relation to social behavior components

Measure

Anemia Angular stomatitis Kwashiorkor Sparse, thin hair

F
test df

P
value

F
test df

P
value F test df

P
value

F
test df

P
value

Social behavior
Overall ANOVA 26.03 (1,1551) .001 12.1 (1,1722) .001 10.75 (1,1724) .001 6.22 (1,1723) .013
Univariate
Exploratory
behavior

3.80 (1,1527) .073 6.83 (1,1695) .009 4.32 (1,1697) .038 .732 (1,1696) .392

Extent of
verbalization

15.37 (1,1527) .001 5.55 (1,1695) .019 5.074 (1,1697) .024 4.99 (1,1696) .026

Friendliness 22.64 (1,1527) .001 4.29 (1,1695) .039 10.43 (1,1697) .001 4.28 (1,1696) .039
Active social play 25.13 (1,1527) .001 9.47 (1,1695) .002 3.83 (1,1697) .051 3.027 (1,1696) .082

Univariate analysis of variance was conducted on overall social behavior to assess the effect of individual malnutrition indicators.Multivariate analysis
of variance was conducted to assess the effect of malnutrition indicators on individual social behavior components.

Fig. 2. Dose–response relationships between number of malnutrition indicators present and social behavior at three years of age.11
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adversity andwere not influenced by parental education.
Analyses are consistent with the notion thatmalnutrition
first impairs neurocognition and brain functioning, which
in turn hampers the development of positive social func-
tioning skills in children. To the authors’ knowledge,
these findings are the first to indicate a possible mecha-
nism in humans whereby poor nutrition translates itself
into impaired social behavior.

Past research has reported on the relationship be-
tween nutrition and behavior, particularly externalizing
behaviors (Liu & Raine 2011). In this same sample, we
previously found that malnutrition at age 3 years was
associatedwith externalizing behavior across childhood
(Liu et al. 2004). More recently, Galler et al. (2011) re-
ported that early childhood malnutrition was linked to
problems in executive functioning in later childhood
and adolescence, as well as increased levels of aggres-
sion (Galler et al. 2013). Furthermore, iron deficiency
in children has been linked to adverse social–emotional
behavioral outcomes (Lozoff et al. 2007; Lozoff et al.
2008; Corapci et al. 2010; Chang et al. 2011; Lozoff
et al. 2014; Bakoyiannis et al. 2015). Conversely, nutri-
tional supplements of omega-3 fatty acids reduced be-
havioral problems among children aged 8 to 16 years
old (Raine et al. 2015). Nevertheless, to our knowledge,
the findings in our current study are among the first
studies in humans to document malnutrition–social be-
havior relationships and are the first to indicate a possi-
ble mechanism whereby poor nutrition translates itself
to impaired social behavior. These findings in turn have
potential implications for public health efforts to pro-
mote better nutrition in the early years in order to pro-
mote positive social behavior and potentially enhance
later health outcomes (Taylor et al. 1985). Importantly,
increasing evidence demonstrates that physical activity
and exercise might provide benefits to overall mental
health (Stanton et al. 2014), including improving self-
image and reducing the symptoms of anxiety (Taylor
et al. 1985), which can ultimately reduce the develop-
mental child psychopathology.

Nutrition, brain and social behavior

How nutritional deficits contribute to reduced social
behavior is not well understood, and this issue repre-
sents a significant gap in the literature. We hypothesizeT
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that poor nutrition negatively affects brain functioning
which in turn impairs the development of positive social
behavior. Malnutrition has been increasingly recog-
nized as a factor that may play a role in altering brain
function via three independent mechanisms: retarding
brain cell growth/development (reducing the number
of neurons), altering brain neurochemistry (neuro-
transmitters) and increasing the effects of neurotoxicity
(e.g. lead toxicity) (Liu & Raine 2006; Laus et al. 2011).
The finding that neurocognitive functioning accounted
for 55.6% of the nutrition–social behavior relationship
supports the partial mediation hypothesis that poor nu-
trition results in poorer brain functioning (as indicated
by reduced neurocognitive functioning), which in turn
impairs positive social behavior.

A key question concerns the functional neuroana-
tomical underpinnings of the nutrition – social behavior
relationship –which specific brain areas are implicated?
The burgeoning new field of social neuroscience is
documenting the role of the ‘social brain’ in orchestrat-
ing social behavior in humans (Adolphs 2003; Kennedy
& Adolphs 2012). Brain areas linked with positive so-
cial behavioral characteristics include the inferior pari-
etal lobule (Rapp et al. 2008), the anterior cingulate
gyrus (Haas et al. 2006), the prefrontal cortex (Wright
et al. 2006) and the temporal–parietal junction (Decety
& Lamm 2007). Recent experimental animal research
has revealed cellular activation in limbic brain systems
during active social play behavior (van Kerkhof et al.
2014). These brain regions have in turn been found to
be particularly affected by a reduction in food intake.
For example, patients with anorexia nervosa have been
shown to have reduced graymatter volumes specifically
in frontal and parietal brain regions, deficits which are
remediated by weight normalization (Swayze et al.
2003). Consequently, through its negative effects on
prefrontal and parietal brain networks critical to social
behavior, poor nutrition in children could reduce posi-
tive social behaviors (Alamy & Bengelloun 2012;
Plaven-Sigray et al. 2014).We caution however that this
is a provisional hypothesis that requires further sub-
stantiation and testing in future research that integrates
functional brain imaging, nutrition and social behavior.

The current findings also raise questions concerning
the issue of causality, and whether the negative effect
of poor nutrition on social behavior can be reversed.

One experimental intervention study has shown that
vitamin E supplementation results in increased
verbalizations and social play behavior in toddlers in
Indonesia (Pollitt et al. 2000). Supplemental iron in in-
fancy has been shown to increase adaptive behavior
at 10 years of age (Lozoff et al. 2014). Recent experi-
mental animal studies have also shown that mouse so-
ciability and brain serotonin turnover are reduced by
acute tryptophan depletion and can be enhanced by
supplementation (Zhang et al. 2015). Taken together
with the current findings of reduced verbalizations,
friendliness and active social play behavior in malnour-
ished children, these findings suggest that poor nutri-
tion may predispose to reduced positive social
interaction in children. In terms of indicators of malnu-
trition, anemia was found to have the most important
influence on social behavior, because it wasmore signif-
icantly associated across the four components of social
behavior. A future longitudinal study which includes
nutritional supplementation such as iron could help fur-
ther tease out the causal ordering of the associations
observed in this study.

Implications

The potential importance and implications of the cur-
rent findings can be viewed on a number of levels.
While an increasing body of evidence indicates that
malnutrition negatively impacts cognitive development
(Alamy & Bengelloun 2012), positive social behavior
has been relatively ignored. Positive social interactions
have been linked with later physical and mental health
(Uvnas-Moberg 1998; Brülde 2007; Segrin & Taylor
2007; Umberson 2010; Thoits 2011). Empirical evi-
dence supports the notion that positive social function-
ing is related to better psychological well-being (Segrin
& Taylor 2007), quality of life (Bowling et al. 2003;
Brülde 2007; Levasseur et al. 2009) and longevity
(Anme et al. 2007). Cross-sectional studies have shown
an association between positive social behavior and
better health-related quality of life (Guyatt et al.
1993), while longitudinal studies have shown that early
positive social behavior is positively related to reduced
adolescent deviance (Ary et al. 1999), better quality of
life and less chronic disorders in adulthood (Dawson
et al. 1994; Ary et al. 1999), as well as slowed decline
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of mental status in the elderly (Lowenthal 1964). Posi-
tive social interactions have also been linked with
health-promoting effects and reduced stress (Uvnas-
Moberg 1998). Because reduced stress can combat hy-
pertension and heart disease (Turner et al. 1995; Spence
et al. 1999), early positive social behavior may protect
against the development of chronic adult physical ill-
ness. Stress load has also been linked to increased psy-
chopathology, and studies have implicated stress as a
risk factor in increased depressive symptoms and sub-
stance abuse (Weber et al. 2008; Brietzke et al. 2012;
Lewandowski et al. 2014); this association suggests that
reduced stress may have the added benefit of leading to
reduced psychopathology.

With respect to neurocognitive functioning, positive
social behavior in early childhood has been associated
with increased cognitive competency, scholastic ability
and neurocognitive test performance in later childhood
(Raine et al. 2002a; Bornstein et al. 2010). These effects
are not trivial in that effect sizes (Cohen’s d) of previous
studies range from .52 to .87 (Raine et al. 2002a). It has
been hypothesized that young children who physically
explore their environment, engage socially with other
children and verbally interact with adults create for
themselves an enriched, stimulating, varied and chal-
lenging environment. This environmental enrichment
in turn is hypothesized to result in enhanced brain func-
tioning, resulting in better neurocognitive ability and
better school performance (Raine et al. 2002a; Pang &
Hannan 2013). In particular, children who scored high
on the exploratory behavior component in this study
would be expected to engage in more physical activity.
Physical exercise in turn is known to promote
neurogenesis in the dentate gyrus of the hippocampus
(van Praag et al. 1999; Kim et al. 2010; Erickson et al.
2011), a brain area of importance in both attention and
memory. In humans, there is increasing evidence that ex-
ercise can be beneficial to cognitive functioning (Best
2010; Smith et al. 2010; Biddle & Asare 2011; Donnelly
& Lambourne 2011). Recent studies suggest that the
beneficial effects of physical activity/fitness during child-
hood and adolescence carry over into adulthood,
resulting in an improved health status as indicated by
cardiovascular health, musculoskeletal function and
body composition (Boreham & Riddoch 2001;
Malina 2001; Janssen & Leblanc 2010; Gunter

et al. 2012). Physical activity has also been linked
to improvements in mental health (Stathopoulou
et al. 2006; Stanton et al. 2014), such as the allevi-
ation of depression (Deslandes et al. 2009) and
anxiety symptoms (De Moor et al. 2006) and in-
creased quality of life (Anokye et al. 2012). More-
over, research has also shown that psychosocial
stimulation (play sessions) during early childhood
is linked to reduced involvements in fights and se-
rious violent behavior later in life (Walker et al.
2011; Tremblay 2012).

Low IQ represents the best-replicated cognitive
risk factor for externalizing behavior problems.
Furthermore, longitudinal studies have shown that
early neurocognitive deficits precede the onset of
antisocial behavior (Cottle et al. 2001; Raine et al.
2002b; DeLisi & Vaughn 2011; Liu 2011). For ex-
ample, low spatial IQ at age 3 (as well as and
low verbal and spatial IQ at age 11) predicted
life-course persistent antisocial behavior in commu-
nity children, with similar findings observed by
others (Raine et al. 2002b). Neuropsychological
deficits have been found to characterize child and
adult violent and antisocial behavior (Cottle et al.
2001; Raine et al. 2002b). Similarly, poor school
achievements and failure to complete school have
also been shown to be positively related to juvenile
delinquency (Farrington 1989; Henry et al. 2012;
Jakobsen et al. 2012).

Taken together, there is reason to believe that
positive social behavior early in life can positively
impact later health, school performance and IQ. As
such, the current findings suggest that the effect of
poor nutrition on the child’s positive social behavior
has much broader implications for the child’s later
well-being than previously suspected. This in turn
suggests that early adequate nutrition, by impacting
positive social behavior, has implications for well-
being that extend beyond physical health.

Limitations and conclusions

Several limitations need to be acknowledged. First,
findings are restricted to childhood, and we did not
assess the long-term effects of malnutrition on
social–behavioral outcomes. Second, while the
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assessments used included a biochemical measure
of hemoglobin that can be deemed a strength of
the study, we may not have detected more subtle
nutritional deficiencies in children lacking objective
malnutrition indicators. Furthermore, anemia is
considered relatively severe as defined by our he-
moglobin levels, and blood loss can be potentially
caused by malaria and infestation as opposed to
poor nutrition. Third, although children’s nutri-
tional status and social behavior were blindly eval-
uated, the social behavior raters might not have
been completely blind to children’s nutritional sta-
tus based on children’s physical appearance, al-
though they were blind to the hypothesis under
study. Finally, findings from Mauritius need to be
replicated and extended in Western cultures.

Set against these limitations are several strengths that
support the robustness of our findings. First, nutrition
status included both a biochemical assessment
(hemoglobin) and clinical evaluation by pediatricians.
Second, social behavior was measured by four different
components to cover a broad construct of social func-
tioning in a controlled laboratory setting and had been
previously psychometrically established using confirma-
tory factor analysis (Raine et al. 2010). Third, the fact
that gender and ethnicity did notmoderate themultivar-
iate findings indicates that the nutrition–social behavior
relationship is not specific to one gender or ethnic
grouping. Fourth, while a significant linear dose–
response relationship confirms and extends the finding
of the relationship between malnutrition and social
behavior, a quadratic effect was also observed indicating
that three indicators of malnutrition did not impair
social behavior any further. This latter effect should be
treated with caution because of small sample size of
the group with three indicators (N=17). Fifth, findings
are based on a large community sample of over 1500
participants. For these reasons, we believe that our find-
ings reflect a reliable relationship between adequate
nutrition status and positive social behavior.

In conclusion, this study extends and amplifies
findings from the only other study conducted on
children, and to our knowledge is the first to
attempt to understand the mechanism of action
by which poor nutrition translates into reduced
positive social behaviors. Findings in turn provide

an initial model upon which future studies may
build. Because positive social behaviors subse-
quently influence mental health, which has a lifelong
impact on individuals, research in this area is partic-
ularly important. We suggest that our findings pro-
vide an initial ‘proof of principle’ that the effects of
malnutrition on behavior are mediated through cog-
nitive impairment. Nevertheless, future studies need
to ascertain whether this model is supported at more
marginal levels of nutritional impairments.
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