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Objective: Poor prenatal nutrition has
been associated with schizophrenia spec-
trum disorders in the Netherlands and
China, and it has been suggested that
perinatal and postnatal nutritional factors
lead to the development of schizophrenia
and the exhibition of schizotypal traits
later in life. There appears to be no prior
research on the existence of possible fac-
tors that may mediate the relationship
between malnutrition and schizophrenia
spectrum disorders or whether this asso-
ciation is a direct one. The authors tested
the hypothesis that low 1Q mediates the
relationship between early childhood
malnutrition and adult schizotypal per-
sonality.

Method: Participants were drawn from a
birth cohort of 1,795 boys and girls who
were followed prospectively. Objective
indicators of malnutrition (anemia and
stunting) were assessed at age 3. Verbal

and performance intelligence were as-
sessed at age 11, and schizotypal person-
ality was assessed at age 23.

Results: Both stunting and anemia at
age 3 were associated with low IQ at age
11. Low performance IQ at age 11 was
associated with increased interpersonal
and disorganized features of schizotypal
personality at age 23. Poor performance
1Q was found to mediate the relationship
between poor nutrition at age 3 and in-
terpersonal and disorganized features of
schizotypy at age 23. Findings in female
participants were replicated in male par-
ticipants.

Conclusions: Given that poor nutrition
is an alterable risk factor, these findings
suggest that nutritional enhancements
may improve brain functioning and pos-
sibly reduce some features of schizotypal
personality disorder.

(Am ] Psychiatry 2012; 169:822-830)

Studies of populations in China (1) and the Nether-
lands (2) have demonstrated that maternal exposure to
discrete periods of famine during pregnancy results in the
birth of children who are twice as likely to develop schizo-
phrenia or exhibit schizoid personality disorder than those
who are not exposed. However, conditions that cause pre-
natal malnutrition may continue into the postnatal period
and can be conceptualized as dimensional risk factors for
physical and mental illnesses. The rate of postnatal growth
may be considered as a continuum from fetal develop-
ment (3), and the growth trajectory from birth to 2'% years
among female schizophrenia patients has been reported
to be slower than that for comparison subjects (4). In ad-
dition to birth disturbances, thinness in childhood (at-
tributed to malnutrition) has been associated with later
development of schizophrenia (5). Furthermore, a study
of 31-year-old women reported that both perinatal and
postnatal disturbances are related to increased schizotyp-
al traits in later life (6). Surprisingly, however, there have

been no studies, to our knowledge, of the relationship be-
tween malnutrition directly assessed postnatally and any
schizophrenia spectrum disorder.

If poor nutrition is indeed a risk factor for schizotypal
personality disorder, then an important question con-
cerns whether this factor operates directly or whether a
third factor mediates this relationship. A key requirement
of a mediator is that it must relate to both the indepen-
dent variable (malnutrition) and the dependent variable
(schizotypal personality). One such possible candidate is
low IQ, given its linkage with schizophrenia. Meta-anal-
yses have demonstrated that children who later develop
schizophrenia have lower 1Qs than comparison subjects
(7). In a study of Swedish Army recruits, individuals with
low IQ had an increased risk of developing schizophrenia,
and it was mainly a nonverbal test of mechanical ability
that revealed this association (8). The authors indicated
that this test requires executive control, which in turn
may be reliant on frontal lobe functioning. Furthermore,
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individuals with clinically assessed schizotypal personal-
ity disorder (particularly those with negative and disorga-
nized features) have demonstrated poorer performance
on the arithmetic subtest of the Wechsler Adult Intelli-
gence Scale (9). Given these findings, IQ meets one crite-
rion for status as a mediator.

IQ also meets a second requirement for status as a me-
diator. Comprehensive reviews of risk factors that affect
child development (10, 11) have demonstrated that child-
hood undernutrition can cause stunting and iron deficien-
cy anemia, which are common risk factors in developing
countries and lead to deficits in intelligence. Since both
factors give rise to continuous variables, they are suitable
for use in the present context.

While poor nutrition may be a risk factor for later devel-
opment of schizotypal personality and IQ may be a pos-
sible mediator, one further unresolved issue is with regard
to whether any relationship between malnutrition and
schizotypy applies to all forms of schizotypy or whether
such a relationship is specific to certain subfactors. One
comprehensive review of schizotypal personality suggests
that two fundamentally different forms of schizotypy ex-
ist (12). One form, referred to as “neuroschizotypy,” is hy-
pothesized to be a neurodevelopmental disorder, with its
origins in genetic, prenatal, and early postnatal influences
(including malnutrition), and consists of interpersonal and
disorganized subfactors of schizotypal personality (13). A
second form, referred to as “pseudoschizotypy,” is hypoth-
esized to have origins in psychosocial adversity, including
childhood abuse and neglect, and consists of the cognitive-
perceptual features of schizotypal personality. Given this
model, it might be expected that malnutrition would be
relatively more associated with interpersonal and disorga-
nized features rather than cognitive-perceptual features.

In this study, we used a prospective, longitudinal design
assessing nutrition, IQ, and schizotypy in order to estab-
lish a temporal ordering between these variables and to
assess the mechanisms of action. We hypothesized that 1)
poor nutrition at age 3 would be associated with lower IQ
at age 11, 2) low IQ at age 11 would be associated with in-
creased schizotypy at age 23, 3) poor nutritional status at
age 3 would be associated with higher rates of schizotypal
personality at age 23, particularly with respect to cogni-
tive-perceptual and disorganized features, and 4) this lat-
ter relationship would be mediated by low IQ.

Method

Participants

Participants were drawn from a birth cohort of 1,795 children
from the Mauritius Child Health Project. Complete details of the
study are described elsewhere (14). All children born in 1969 and
1970 in two main towns in Mauritius were enrolled in the study
when they were 3 years old. The ethnic distribution of the sample
was as follows: Indian, 68.5%; Creole (African origin), 25.7%; and
other (Chinese, English, or French origin), 5.8%. Boys were 51.4%
of the sample, and girls were 48.6%. Analyses were restricted to
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Indian and Creole participants because of the small number of
children in the “other” ethnic category. After complete descrip-
tion of the study was provided, oral informed consent was ob-
tained in the early phases (at ages 3 and 11) from the participants’
mothers, while written informed consent was obtained from the
participants themselves at age 23. Early-phase research activities
were performed in accordance with the principles outlined in the
Declaration of Helsinki (15), current in 1972, and in the Belmont
report (16), applicable from 1979 onward. Institutional review
board approval for the latter research phases was granted by the
University of Southern California, Los Angeles.

Malnutrition at Age 3

Stunting. Stunting is defined as the observed height as a per-
centage of the expected height for a child’s particular age (17). It
has been suggested (18) that growth norms should be developed
based on healthy populations from different ethnic groups. Be-
cause Mauritius was a developing country in 1972 and height at
age 3 was positively associated with socioeconomic status (r=0.24,
p<0.0001; N=1,008), growth norms were based on the heights in
the subsample, which were 1.5 standard deviations above the
mean on socioeconomic status. Because the age range of the chil-
dren was from 2.78 to 3.15 years at the time of measurement and
height was correlated with age (r=0.22, p<0.0001; N=1,728), height
was regressed to what it would have been at age 3. Furthermore,
because there was a significant difference in height between the
sexes as well as the two ethnic groups, norms for the expected
heights were calculated separately for Indian and Creole male
and female participants, and the results were combined. Mea-
sures were z-transformed and converted so that positive values
indicate greater stunting.

Anemia. Hemoglobin levels were assessed via laboratory test-
ing of blood drawn by medical practitioners who also carried out
other assessments. The mean hemoglobin level was 9.78 g/dL
(SD=1.38). Data were z-transformed and converted so that posi-
tive values indicate greater anemia.

Psychosocial Adversity at Age 3

Psychosocial adversity was based on nine variables collected
by social workers who visited the homes of the children and in-
terviewed caregivers when the children were 3 years old (for com-
plete details, see reference 19). The adversity index was created
by adding 1 point for each of the variables, which were as follows:
uneducated father, uneducated mother, semiskilled father or
father in unskilled occupation, single-parent status, separation
from parents, large family size, poor health of mother, teenage
mother, and overcrowded home.

Intelligence at Age 11

Estimates of verbal and performance IQ were assessed at age
11 using seven subtests of the Wechsler Intelligence Scale for
Children (20). Raw scores on the subscales were normalized and
standardized. The similarities test and digit span task formed an
estimate of verbal IQ, while block design, object assembly, cod-
ing, maze, and picture completion tests formed an estimate of
performance IQ. This two-factor division has been established
previously by confirmatory factor analysis, and its validity and
reliability have been described (21).

Schizotypal Personality at Age 23

Schizotypal personality was measured using the Schizotypal
Personality Questionnaire (22), which assesses the nine DSM-
III-R features of schizotypal personality disorder. Questions were
translated into patois Creole, checked via back translation, and
administered by trained research assistants. Criterion validity
for this self-report instrument is supported by a previously re-
ported point-biserial correlation (0.60) between clinical diagno-
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TABLE 1. DSM-III-R Features of Schizotypal Personality Disorder

Trait?

Clinical Vignette®

Cognitive perceptual
Ideas of reference, magical thinking, unusual
perceptual experiences, paranoid ideation

“Participant C” is from a middle-income Creole family and presents primarily with cognitive-
perceptual features. She has the sense that there is a force around her that she cannot see,

and she believes in telepathy. When high winds blow, she is afraid of being attacked by a
loup-garou (French name for werewolf). She feels as though she has to be on her guard,
even with close friends. She feels that the things she sees on television sometimes have a
special meaning exclusively for her.

Interpersonal

No close friends, constricted affect, excessive
social anxiety

“Participant B” is a machinist from a lower-income Muslim family and presents primar-
ily with interpersonal features. He prefers to keep to himself, and he has no close friends

outside of his family. He tends to avoid eye contact with others and rarely laughs or smiles.
He feels very uncomfortable when he is with unfamiliar people.

Disorganization
0Odd/eccentric behavior, odd speech

“Participant J” is from a poor Hindu family of sugarcane workers and presents primar-

ily with disorganized features. He dresses oddly in clothes that are of different colors and
materials. He keeps chickens and talks to them as if they were human. He admits that other
people find him strange. His speech is rambling, and he sometimes forgets what he is trying

to say.

a Schizotypal features were measured using the Schizotypal Personality Questionnaire.
b patient perspectives were drawn from participants in the Mauritius sample.

sis of schizotypal personality disorder and questionnaire scores
(22). Confirmatory factor analysis of this scale has demonstrated
that three main factors—cognitive-perceptual, interpersonal,
and disorganized features—underlie individual differences in
schizotypal personality (13). This same three-factor model has
been confirmed in the Mauritius sample and generalizes across
gender and different ethnic groups (23). The distribution of the
nine DSM criteria among the three factors, along with clinical vi-
gnettes highlighting these factors, is summarized in Table 1.

Representativeness of Data

Complete data for all three study phases (at ages 3, 11, and 23)
were available for 815 of 1,795 participants in the total sample.
This attrition rate was partly because the sample analyzed was
restricted to Indian and Creole participants, but mainly because
in the latter two phases, it was not possible to contact all of the
original participants. Many of those in the original sample had
moved after a hurricane or had migrated, resulting in incomplete
data collection. As summarized in Table 2, there were no signifi-
cant differences between the 815 participants for whom complete
data were available and the remaining participants on any of the
variables examined except performance I1Q. Consequently, a sen-
sitivity analysis was run for those in the analyzed group selected
to produce a mean performance IQ equal to that for the unana-
lyzed group. This analysis revealed that there was no substantial
departure from the main findings reported (see the data supple-
ment that accompanies the online edition of this article). There
was no significant difference with regard to ethnicity (Creole
and Indian) between the two samples. There was also no differ-
ence with regard to social class (high, low) between the samples.
However, there was a statistically significant difference in gender
distribution between the groups, with fewer female than male
participants in the analyzed group (x?=12.15, p<0.001). In view of
this sex difference, the data were analyzed separately for male and
female participants.

Statistical Analysis

Given the prospective longitudinal design of the study and
the fact that all variables examined were continuous, we used
structural equation modeling, as recommended by Iacobucci
et al. (24), for all mediation analyses, which were implemented
using the SPSS Amos, 18.0, statistical software package (25). The
conceptual model framing all analyses is illustrated in Figure 1.
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This model allows for assessment of the extent to which the inde-
pendent variable (malnutrition) influences the dependent vari-
able (schizotypal personality) directly via pathway c or whether
the variance in the independent variable is determined wholly or
partially by the mediator variable (IQ) via pathways a and b. In
the mediation model, if the direct path taking account of a and b
(c’) is not significant, the mediation effect is full. However, if ¢’ is
significant, the mediation effect is partial. The direct effect of the
independent variable on the dependent variable in the absence
of the mediator variable is referred to as pathway c. An elabora-
tion of the simple mediation model, including three independent
variables (stunting, anemia, and psychosocial adversity) and two
mediator variables (verbal and performance 1Q) is presented in
Figure 2. Analyses were first performed separately for each of the
three Schizotypal Personality Questionnaire factors (cognitive
perceptual, interpersonal, and disorganization) as dependent
variables and then separately for both genders. Subsequently, the
extent of mediation (partial or full) was examined using the boot-
strap method (26), a conservative method that is independent of
the distribution of the variables. Finally, to examine the effect of
other previously unexamined variables on the mediation effect,
we followed the logical implications of the structure described by
VanderWeele (27), and the data were reanalyzed. Because this re-
analysis did not produce any substantial change in the pattern of
results, the findings are presented in the online data supplement.

Results

Analyses were aimed at establishing 1) the candidacy
of IQ as a potential mediator of the relationship between
malnutrition and schizotypy and 2) whether the extent of
any mediation was full or partial. The beta weights for the
regression slopes of IQ on malnutrition (pathway a) are
listed in Table 3. Across gender, all regressions were sta-
tistically significant for both indicators of malnutrition
(stunting and anemia). Negative slopes indicated that in-
creased malnutrition was associated with low verbal and
performance 1Q. Subsequent testing revealed that there
were no significant differences between the regression
slopes for verbal and performance I1Q.
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TABLE 2. Comparison Between Analyzed and Nonanalyzed Samples on Variables Associated With Schizotypal Personality

in a Mauritius Birth Cohort

Analyzed Sample (N=815)

Nonanalyzed Sample (N=980)

Variable Mean SD Mean SD p
Standardized stunting -0.0046 1.019 0.0042 0.984 0.85
Standardized anemia —-0.0201 1.385 0.0221 1372 0.54
Psychosocial adversity 1.88 1.41 1.87 1.34 0.84
Verbal 1Q 100.16 14.59 99.78 15.74 0.67
Performance 1Q 100.50 14.53 99.00 15.78 0.09
Schizotypal Personality Questionnaire score

Cognitive perceptual 11.14 6.09 11.13 6.10 0.99

Interpersonal 12.41 6.67 12.32 6.69 0.85

Disorganization 4.58 3.88 4.71 3.92 0.59

The beta weights for the regression slopes of the two
measures of IQ associated with the three schizotypy fac-
tors (pathway b) are also listed in Table 3. Increased scores
for interpersonal and disorganized schizotypy were sig-
nificantly associated with reduced performance IQ among
both male and female participants. There were no such
associations with verbal IQ or with cognitive-perceptual
schizotypy. These results suggest that while performance
IQ may be a candidate as a mediator, any mediation effect
may be specific to interpersonal and disorganized features
of schizotypy. Regarding pathway c’, the regression slopes
relating malnutrition to schizotypy while accounting for
the influence of the mediator indicated no significant
direct pathways. Thus, the mediation effect was full. The
results for pathway ¢, which accounts for the relationship
between malnutrition and schizotypy without the influ-
ence of the mediator, revealed that with one exception,
there were no significant effects.

Psychosocial adversity at age 3 was found to be related
to both intelligence measures as well as to interpersonal
and disorganized schizotypy (Table 3). Consequently,
while there was a mediation effect of performance IQ
on the relationship between psychosocial adversity and
schizotypy, a significant ¢’ pathway indicated that this ef-
fect was partial and that the relationship was present in
the absence of the mediator variable. Since psychosocial
adversity was present in the modeling of the relationships
between malnutrition and schizotypy, it was taken into
account as a potential confounding variable of those re-
lationships.

Additional analyses of the data confirmed the results
(Table 4). Regression analyses were used to generate the
modified Sobel index and bootstrap analyses, as described
by Preacher and Hayes (26). Bootstrap analyses provide
results that are independent of the form of the distribu-
tion of the data and thus represent strong confirmation of
the finding that performance IQ is a mediator of the rela-
tionship between malnutrition and schizotypy. The results
were further confirmed by analyses using the structural
models described by VanderWeele (27) (see the online
data supplement).
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FIGURE 1. Conceptual Framing Model®

2 The top portion of the model (triangle) depicts X, the independent
variable (malnutrition); M, the mediator (1Q); and Y, the dependent
variable (schizotypy). The indirect relationship between X and Y is
via pathways a and b, while the direct path taking account of a
and b is indicated by c’. The lower portion of the diagram shows
the direct relationship between X and Y not taking account of the
mediator and is indicated by c.

Discussion

The results of our study broadly support our hypothe-
ses. IQ was established as a mediator of the malnutrition-
schizotypy relationship. The mediation model supports
the suggestion that poor nutrition early in childhood re-
sults in poorer cognitive performance in later childhood,
which in turn is associated with the development of two
factors of schizotypy in early adulthood. Importantly, per-
formance but not verbal IQ at age 11 was found to medi-
ate this relationship. This mediation effect was specific to
the interpersonal and disorganized features of schizotypy
and was not observed in cognitive-perceptual schizotypy
(also see reference 28). These mediation effects applied to
both male and female participants. Our findings remained
robust when they were reanalyzed for both the effects of
attrition in sample size and the effects of additional hy-
pothesized moderating variables.
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FIGURE 2. Elaborated Mediation Model Underlying Analyses?
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2 The path diagram used in the analyses carried out to test mediation depicts the pathways for stunting, anemia, and adversity (independent
variables); verbal and performance IQ (mediator variables); and schizotypy (dependent variable).

To provide a hypothesis for future brain imaging studies,
our findings suggest that malnutrition may predispose in-
dividuals to hippocampal and frontal brain impairments,
which in turn predisposes them to schizotypy. There is evi-
dence that the hippocampus and the prefrontal cortex are
dysfunctional in schizophrenia (29), although the role of
the prefrontal cortex in schizotypy is more controversial
(12). One study using rats demonstrated that excitability
of the prefrontal cortex is lowered by early postnatal mal-
nutrition, and this prefrontal deficit persisted even when
adequate feeding was later introduced (30). Neuronal and
synaptic loss in the hippocampus has also been found to
result from postnatal protein deprivation (31). Prenatal
dietary deprivation affects subregions of the hippocam-
pus (32), while prenatal protein malnutrition alters the
response of medial prefrontal neurons to stress (33). The
only study of the effect of malnutrition on discrete brain
areas in humans reported that frontal and prefrontal lobe
volumes were lower in children who were malnourished
in early life (34). Taken together, these prenatal and post-
natal studies provide initial evidence that those areas of
the brain that are dysfunctional in individuals with schizo-
phrenia and schizotypy personality disorder are regions
that are also affected by malnutrition.

Another question is with regard to the extent to which
particular brain areas are related to measures of intel-
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ligence. One MRI study demonstrated a positive rela-
tionship between IQ and gray matter density in both the
orbitofrontal cortex and the cingulate gyrus (35), while
another study reported a positive relationship between IQ
(mainly performance IQ) and temporal gray matter, tem-
poral white matter, and frontal white matter volumes (36).
These findings support some linkage between low IQ and
frontal dysfunction (8). Also consistent with the finding of
performance IQ as a mediator of the malnutrition-schizo-
typy relationship are meta-analytic and later empirical
findings demonstrating that early performance IQ is more
predictive than verbal IQ of later schizophrenia (37, 38).
Mediation effects were found for interpersonal and
disorganized features of schizotypy but not for cognitive-
perceptual features. These findings are consistent with a
model of schizotypal personality in which interpersonal
and disorganized (but not cognitive perceptual) features
are hypothesized to be elements of a form of schizotypy
(neuroschizotypy) that is neurodevelopmentally based,
with its antecedent in early prenatal and early postnatal
factors. Poor early nutrition was specifically hypothesized
to be one contributing factor to this form of schizotypy
(12). No significant relationship was observed between
cognitive-perceptual schizotypy and IQ, a finding that
was also observed recently by other investigators (28). The
heightened self-awareness of thought processes reflected
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TABLE 3. Regression Beta Weights for Pathways Relating Stunting, Anemia, and Psychosocial Adversity at Age 3 to Verbal

and Performance IQ at Age 11 and to Schizotypal Features at Age 23 in Male and Female Participants?

VENABLES AND RAINE

Males Females
Pathway and Mediation Relationship Beta SE p Beta SE p
Pathway a
Stunting-verbal 1Q -3.1 0.61 <0.001 -1.9 0.57 <0.001
Stunting-performance 1Q -3.8 0.56 <0.001 -2.3 0.56 <0.001
Anemia-verbal 1Q -1.1 0.47 0.02 -1.2 0.40 0.002
Anemia-performance 1Q -0.9 0.44 0.05 -1.6 0.40 <0.001
Psychosocial adversity-verbal 1Q -1.8 0.44 <0.001 -3.0 0.42 <0.001
Psychosocial adversity-performance 1Q -2.0 0.41 <0.001 -3.3 0.42 <0.001
Pathway b
Verbal 1Q-cognitive perceptual -0.003 0.02 0.89 0.04 0.02 0.07
Performance 1Q-cognitive perceptual 0.02 0.02 0.54 0.01 0.02 0.52
Verbal 1Q-interpersonal -0.01 0.02 0.52 0.00 0.02 0.99
Performance IQ-interpersonal -0.05 0.02 0.04 -0.05 0.02 0.02
Verbal 1Q-disorganization -0.008 0.01 0.51 -0.008 0.01 0.51
Performance 1Q-disorganization -0.03 0.01 0.03 -0.03 0.01 0.03
Pathway c’
Stunting-cognitive perceptual -0.08 0.27 0.76 0.28 0.286 0.33
Stunting-interpersonal -0.29 0.30 0.32 0.35 0.30 0.25
Stunting-disorganization -0.10 0.17 0.54 0.23 0.19 0.22
Anemia-cognitive perceptual -0.07 0.19 0.74 0.20 0.20 0.32
Anemia-interpersonal 0.10 0.21 0.63 0.37 0.21 0.08
Anemia-disorganization -0.02 0.12 0.85 0.20 0.13 0.13
Psychosocial adversity-cognitive perceptual 0.29 0.19 0.12 0.20 0.23 0.51
Psychosocial adversity-interpersonal 0.50 0.20 0.01 0.16 0.24 0.50
Psychosocial adversity-disorganization 0.25 0.12 0.03 0.06 0.15 0.70
Pathway c
Stunting-cognitive perceptual -0.14 0.25 0.59 0.18 0.29 0.53
Stunting-interpersonal -0.08 0.28 0.77 0.49 0.30 0.10
Stunting-disorganization 0.003 0.16 0.99 0.34 0.19 0.06
Anemia-cognitive perceptual -0.05 0.20 0.79 0.14 0.20 0.50
Anemia-interpersonal 0.21 0.22 0.34 0.43 0.21 <0.05
Anemia-disorganization 0.03 0.12 0.82 0.25 0.13 0.06
Psychosocial adversity-cognitive perceptual 0.25 0.18 0.16 -0.02 0.21 0.933
Psychosocial adversity-interpersonal 0.61 0.20 0.002 0.34 0.22 0.12
Psychosocial adversity-disorganization 0.32 0.11 0.004 0.19 0.13 0.15

@ Relationships with statistical significance are shown in bold.

in cognitive-perceptual schizotypy (Table 1) may partly
account for this null effect and may partly explain why
few, if any, studies have reported IQ deficits in cognitive-
perceptual schizotypy (12).

Our finding of a linkage between early malnutrition and
adult schizotypy as demonstrated through reduced perfor-
mance ability is broadly consistent with a growing body of
evidence linking nutritional status to risks for schizophre-
nia spectrum disorders as well as to prevention of cognitive
breakdown. Using this same sample, we previously dem-
onstrated that an experimental environmental enrichment
intervention from ages 3 to 5 years consisting of better nu-
trition, more physical exercise, and cognitive stimulation
resulted in a significant reduction in schizotypy at age 23
in participants who had poor nutritional status prior to the
beginning of the intervention (39). The fact that there was
asignificant interaction between nutritional status and the
experimental enrichment intervention suggests that nutri-
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tion was a key component in this better outcome. Because
the children in the enrichment program received portions
of fish that were 2.5 times greater per week than the por-
tions received by comparison subjects, increased levels
of omega-3 fatty acids in their diet may have contributed
to the beneficial effect. Recent evidence for the efficacy
of omega-3 in preventing cognitive breakdown in schizo-
phrenia can be found in a randomized controlled trial (40).
Our findings, combined with those of prior studies dem-
onstrating that poorer prenatal nutrition is associated with
schizophrenia spectrum disorders, contribute to growing
empirical evidence suggesting that nutritional factors may
be taken into account in future risk and prevention studies
of schizotypal personality disorder.

Several limitations to our study need to be recognized.
First, while the observed associations are consistent with a
causal model, the findings cannot establish causality. Sec-
ond, the findings cannot be generalized from individual
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TABLE 4. Regression Analyses Relating Stunting, Anemia, and Psychosocial Adversity to Schizotypy Measures in Male and

Female Participants?

Mediation Effect Bootstrap

Mediation Effect Normal Analysis Analysis

Mediation Relationship Sex Mean z p Mean 95% CI
Stunting-performance 1Q-cognitive perceptual Male -0.04 0.50 0.61 -0.05 -0.231t00.13
Stunting-performance 1Q-cognitive perceptual Female -0.08 0.96 0.36 -0.08 —0.26 t0 0.08
Stunting-performance 1Q-interpersonal Male 0.30 2.66 0.007 0.30 0.09 to 0.54
Stunting-performance 1Q-interpersonal Female 0.28 2.77 0.006 0.28 0.09 to 0.50
Stunting-performance 1Q-disorganization Male 0.14 2.10 0.03 0.13 0.02 to 0.25
Stunting-performance 1Q-disorganization Female 0.20 3.05 0.002 0.20 0.08 to 0.34
Anemia-performance 1Q-cognitive perceptual Male 0.02 0.58 0.56 0.02 -0.10 to 0.05
Anemia-performance 1Q-cognitive perceptual Female 0.08 1.36 0.17 0.08 -0.19 t0 0.03
Anemia-performance 1Q-interpersonal Male 0.11 2.18 0.03 0.11 0.03 to 0.22
Anemia-performance 1Q-interpersonal Female 0.12 1.96 0.05 0.13 0.01 to 0.27
Anemia-performance IQ-disorganization Male 0.06 2.01 0.04 0.06 0.01 to 0.11
Anemia-performance IQ-disorganization Female 0.11 2.59 0.009 0.11 0.03 to 0.21
Psychosocial adversity-performance 1Q-cognitive

perceptual Male —-0.06 1.06 0.28 —-0.06 —-0.17 to 0.04
Psychosocial adversity-performance 1Q-cognitive

perceptual Female -0.09 1.05 0.29 -0.09 -0.25t0 0.07
Psychosocial adversity-performance IQ-interpersonal Male 0.13 2.04 0.04 0.13 0.01to 0.26
Psychosocial adversity-performance IQ-interpersonal Female 0.27 2.85 0.004 0.27 0.09 to 0.48
Psychosocial adversity-performance 1Q-disorganization Male 0.08 2.1 0.03 0.08 0.01t0 0.15
Psychosocial adversity-performance 1Q-disorganization  Female 0.18 3.07 0.002 0.18 0.06 to 0.31

2 Regression analyses were used to generate the modified Sobel index (z) and bootstrap analyses, as described by Preacher and Hayes (26).
Results for the bootstrap analyses are significant if the upper and lower confidence limits do not contain zero.

differences in schizotypal personality in the community to
schizotypal personality disorder in a clinical population,
although the Schizotypal Personality Questionnaire mea-
sure was validated against a clinically defined schizotypal
personality disorder sample. Third, further studies are re-
quired to assess the generalizability of these findings from
Mauritius to other regions. Fourth, we caution that postna-
tal malnutrition may also reflect prenatal malnutrition, and
consequently we cannot argue for any temporal specificity
to the postnatal period. Fifth, the measure of psychosocial
adversity was based on data collected in the initial study
phase and thus could not reflect more recent approaches,
which might include family assets, although such a variable
was included in the later analysis, which is presented in the
online data supplement. Sixth, the main analyses were car-
ried out in a sample consisting of some participants who
were also involved in the intervention study (39). However,
analyses presented in the data supplement demonstrated
that elimination of these participants did not change the
results. Seventh, the position put forward is likely a simpli-
fication of a more complex reality. For example, there could
be other potential processes that result in variations in 1Q,
which in turn is likely to be only one of a number of possible
moderators of the malnutrition-schizotypy relationship.
Null findings for some alternatives that we had the capac-
ity to examine (birth complications, birth weight, tempera-
ment, and psychosocial adversity at ages 11 and 23) are
presented in the data supplement. Finally, it is recognized
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that low IQ is an indirect proxy for brain dysfunction, and
consequently we caution that these findings cannot di-
rectly identify specific brain mechanisms that mediate the
malnutrition-schizotypy relationship.

Despite these limitations, our findings bring initial re-
search on nutrition and schizophrenia spectrum disorders
a step further. The prospective longitudinal design enabled
us to identify the temporal ordering of variables, moving
from malnutrition at age 3 to poor cognitive functioning
at age 11 to schizotypy at age 23. In addition, findings in
a sample of male participants were replicated in a sample
of female participants, indicating the robustness of the
malnutrition-schizotypy relationship. Furthermore, of the
few prior studies of the relationship between nutrition
and schizotypy, none appear to have assessed mediating
factors. A unique contribution of our study is that it goes
beyond establishing a longitudinal link between malnutri-
tion and schizotypy and moves toward an understanding
of the mechanism of action. Given that poor nutrition is
an alterable risk factor, the future challenge raised by these
findings concerns whether nutritional enhancements
are capable of improving brain functioning and reducing
some features of schizotypal personality disorder.
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