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ReEVIEWS

Role of maternal adiposity prior to and during pregnancy in
cognitive and psychiatric problems in offspring

Ryan J Van Lieshout

The purpose of this review is to summarize studies that have examined associations
between maternal adiposity prior to and during pregnancy and cognitive and
psychiatric problems in offspring. Of the 11 studies published since a 2011
systematic review, four examined cognitive outcomes alone, four assessed
psychopathology exclusively, and three reported on both cognitive and psychiatric
endpoints. Ten studies provided evidence of a link. These data suggest that the
offspring of women who are overweight or obese during pregnancy are at increased
risk for cognitive deficits, externalizing problems (particularly attention-deficit/
hyperactivity disorder), and internalizing psychopathology in childhood and
adolescence; however, the effect sizes were small to medium and a definitive causal

association remains to be proven.
© 2013 International Life Sciences Institute

INTRODUCTION

Maternal overweight and obesity are among the most
common complications of pregnancy in the developed
world, affecting up to 40% of women.' Although the
adverse effects of obesity on maternal health are widely
known, rates of prepregnancy obesity in the United States
rose by 69.3% in the 1990s.> While data on the costs of
obesity in pregnancy are scarce, the United States spent
$147 billion on obesity-related medical care in 2008
alone,’ a figure that does not include the human suffering
associated with obesity and, in the case of pregnant
women, its potential impact on future generations.

In addition to being associated with elevated rates of
maternal health problems,* the intrauterine environment
associated with obesity appears to be suboptimal for fetal
development. Infants born to obese women have higher
rates of congenital malformations® and appear to be at
increased risk for obesity® and asthma’ later in life.

The causes of links between prenatal exposures and
later health problems are not fully understood but may be
due to a pathological dysregulation of normal develop-

ment,® attempts by the fetus to anticipate its postnatal
environment (i.e., fetal predictive adaptive responses), or
confounding variables (e.g., genetic inheritance, environ-
ment factors).” Understanding associations between pre-
natal exposures and later health problems in offspring can
make important contributions to population health by
identifying modifiable risk factors that are present during
pregnancy and are causally related to health outcomes in
offspring. Ideally, this research would lead to the devel-
opment of primary preventive interventions. The eluci-
dation of noncausal associations is also of value because
such associations can help identify those individuals at
increased risk early on and can result in the application of
secondary preventive interventions. Causality is difficult
to establish, however, and the predictive value of these
exposures must be high enough to justify their applica-
tion to humans.

In the past 10 years, associations between maternal
adiposity and suboptimal neurodevelopmental out-
comes in offspring have emerged.” This is not surpris-
ing because the intrauterine environment accompanying
obesity is characterized by a number of perinatal factors,
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including suboptimal maternal diet and/or nutrient
deficiencies," diabetes mellitus,'> psychosocial stress,"
proinflammatory cytokines,'" and obstetric complica-
tions,"” which have also been linked to problems with
central nervous system development in offspring. Data
from animal models suggest that the offspring of
mothers who are obese during pregnancy manifest
decreased central serotonergic'® and dopaminergic sig-
naling'” in brain regions that have been implicated in
the development of cognitive and psychiatric problems
in humans (e.g., the hippocampus and prefrontal
cortex),'”'® and that these changes may be due to epi-
genetic alterations."”

More direct evidence of a link between fetal exposure
to maternal adiposity and suboptimal central nervous
system development in humans comes from studies that
report elevated rates of neural tube defects in offspring.’
In 2011, Van Lieshout et al.'” conducted a systematic
review that identified 12 epidemiological studies that had
examined associations between maternal prepregnancy
and pregnancy obesity and neurodevelopmental prob-
lems in offspring. Eight of these studies provided support
for a link, including three of four studies of schizophre-
nia, one of two studies of eating disorders, two of three
cohorts examining cognitive function, and both studies of
attention-deficit/hyperactivity disorder (ADHD). Most of
these studies, however, exhibited methodological flaws
that limited causal inferences."” For example, while paren-
tal psychopathology,” cognitive problems,” and socio-
economic disadvantage® are important risk factors for
obesity, as well as for cognitive and/or psychiatric
problems in offspring, these confounding variables
were not always examined. Exposures such as gestational
diabetes mellitus and stress during pregnancy are other
important omissions. Moreover, only three studies
examined more than one neurodevelopmental outcome,
making it difficult to determine whether offspring are
at risk for cognitive problems, psychiatric problems, or
both.

As a result, it is premature to claim that maternal
prepregnancy weight loss and/or intrapartum weight
management strategies would be beneficial to the cogni-
tive and emotional development of offspring. Moreover,
the small-to-medium effect sizes observed in these
studies do not support the allocation of resources to post-
natal secondary preventive efforts aimed at the offspring
of overweight and obese women.

A significant amount of data has accumulated since
the publication of the 2011 systematic review. As a result,
the findings of studies published since 2011 that exam-
ined associations between maternal adiposity prior to
and during pregnancy, weight gain during pregnancy,
and neurodevelopmental outcomes in offspring are
reviewed here.

S$96

METHODS

MEDLINE and EMBASE databases were searched from
September 22, 2010, to October 5, 2012, for studies in all
languages that examined the association between mater-
nal perinatal adiposity and neurodevelopmental prob-
lems in offspring. The following search strategy was
utilized for MEDLINE: ([pregnan* OR pre-pregnancy
body mass index] AND [exp body mass index OR exp
obesity OR exp overweight]) AND (exp mental disorders
OR behav* OR exp brain diseases OR cognit* OR
neuropsych* OR executive function* OR development*
OR exp human development OR exp child development
OR exp developmental disabilities OR exp personality
development OR exp learning disorders OR math* OR
arithmetic OR exp reading OR spelling OR exp dyslexia
OR exp schools OR academic OR exp communication
disorders OR exp psychomotor disorders OR exp percep-
tual disorders). This search was limited to studies on
humans. The EMBASE search utilized the equivalent
terms in that database and is available upon request.

Studies that examined any definition of adiposity or
weight gain as a predictor of its main outcomes were
eligible. These studies could examine any cognitive, psy-
chological, behavioral, emotional, or psychiatric outcome
assessed after 1 month of age.

The titles and abstracts yielded by the search were
evaluated to determine whether articles met eligibility
criteria. The reference section of each relevant article
from the initial screening was also manually searched for
additional relevant studies. Studies were chosen for full-
text review if it was deemed that there was any possibility
that the article was eligible. Adjusted estimates of the
association between maternal obesity and the study
outcome were the main outcomes considered. Data on
sample size, study design, and the obesity definition used
as well as each study’s methodological limitations were
also extracted.

Study results were classified in terms of whether they
provided evidence in support of an a priori hypothesis of
an association between maternal adiposity and an
elevated risk of neurodevelopmental problems. Given the
heterogeneity of eligible study outcomes, a decision was
made to not perform a meta-analysis of study results.

RESULTS

The initial search identified 581 studies in MEDLINE and
322 in EMBASE. Twenty-nine full-text articles were
examined. Eleven studies were eligible.”>*> A summary of
the methodological issues and the substantive results of
these studies appears in Table 1, and the major findings
are highlighted below.
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outcomes
25-28

Four studies examined cognitive
alone,”™ four assessed psychopathology exclusively,
and three reported on both cognitive and psychiatric
endpoints.”*?? Sample sizes ranged from 174 to 6,850
mother-offspring pairs. One study used a case-control
design,” another used controls from a nested case-
control study,” and the remainder used subjects from
cohort studies. All studies assessed individuals 17 years
of age or younger. Ten utilized prepregnancy body mass
index (BMI) as a predictor (four had objective measure-
ments of weight,”****** and the remainder, maternal
self-reports), and one used second trimester BMI1.>* Four
studies examined maternal BMI as a continuous predic-
tor, three looked at both overweight and obese status
categorically, two studied obesity alone, and one exam-
ined BMI as both a continuous and a categorical pre-
dictor. Three of the studies examined links between
gestational weight gain and offspring outcomes.

After adjusting for confounders, 10 of the 11 studies
reported statistically significant links between maternal
adiposity and at least one type of neurodevelopmental
problem in offspring (Table 1).>»**** Three of four
studies that exclusively examined cognitive outcomes
found some evidence of an association between mater-
nal adiposity and lower scores.”? Hinkle et al.”
reported that 2-year-olds born to women with a BMI
of 235 kg/m® versus normal-weight women scored two
points lower on the Mental Development Index of a
short form of the Bayley Scales of Infant Development
(BSID)-II (effect size 0.21). They were also more likely
to have an elevated risk of delayed mental development
(OR 1.38, 95% CI 1.03-1.84). A recent study by Craig
et al.” reported negative correlations between second
trimester maternal BMI and language scores on the
BSID-III at 2 years of age and performance IQ on the
Wechsler Intelligence Scale for Children-III at 8 years of
age. Tanda et al. ® found that 5- to 7-year-olds born to
obese versus normal-weight women had scores on the
Peabody Individual Achievement Test (PIAT) reading
recognition and mathematics tests that were three and
two points lower, respectively. These corresponded to
effect sizes of 0.23 for math and 0.16 for reading. Finally,
Veldwijk et al.** did not find statistically significant links
between maternal prepregnancy BMI and scores at 4 or
7 years of age on the Kaufman Assessment Battery for
Children (K-ABC). However, prior to adjustment for
confounders, significant negative associations were
noted in this study between maternal BMI and the
mental, sequential, and simultaneous processing scale
scores of offspring.

All four studies that exclusively examined emotional
and behavioural outcomes in offspring found evidence of
an association with pre-pregnancy adiposity. However, all
four of these studies utilized the same Western Australian

598

Pregnancy Cohort.** Van Lieshout et al. noted a link
between maternal prepregnancy BMI and externalizing
problems that first emerged at age 2* and persisted
through age 17.” This was due mainly to elevated scores
on the aggressive and inattentive subscales of the Child
Behavior Checklist (CBCL). Jongeling et al” also
reported that the offspring of obese women had an
elevated risk of clinically significant ADHD symptoms
during childhood relative to those of normal-weight
women. In terms of internalizing psychopathology, Van
Lieshout et al.”” observed an interaction between mater-
nal BMI and child age such that youth born to mothers
with higher maternal prepregnancy BMIs had more rapid
increases in internalizing scores as they got older. This
finding was supported by the study of Robinson et al.,”®
who, using the CBCL DSM Affective Problems scale,
found an elevated risk of clinically significant affective
problems in the offspring of overweight and obese
women.

Another three studies examined links between
maternal prepregnancy adiposity and both cognitive and
psychiatric outcomes in offspring. Krakowiak et al.*’
noted associations of maternal obesity with autism spec-
trum disorders as well as with developmental delay in
offspring. Brion et al.*! noted small but statistically sig-
nificant associations between maternal overweight and
parent-reported CBCL total and externalizing problems
at age 3 years in the Dutch Generation R cohort, but not
in the Avon Longitudinal Study of Parents and Children.
They also noted an increased risk of lower IQ among the
offspring of overweight versus normal-weight women.
Finally, Buss et al.”” reported statistically significant links
between maternal obesity and the CBCL inattention
scale. However, an association was also noted between
maternal adiposity and executive functioning in 7-year-
olds that partially mediated the link between maternal
adiposity and CBCL scores.

DISCUSSION

Synthesis of findings to date

In the past 2 years, 11 studies have examined associations
between maternal adiposity and neurodevelopmental
problems in offspring. This is just one fewer than the
number of studies that had been published in the previ-
ous 50 years. Ten of these 11 studies (3 of 4 exclusively
assessing cognition, all 4 examining only emotional
and behavioral outcomes, and the remaining 3 assessing
both types of outcomes) suggest that a link exists
between maternal adiposity during gestation and
neurodevelopmental problems in offspring. Taken
together with the results of the previous systematic

Nutrition Reviews® Vol. 71(Suppl. 1):595-5101



review published in this area in 2011, 18 of 23 studies,
containing nearly 90,000 mother-infant pairs, support the
existence of an association. The strongest data published
to date support links between maternal prepregnancy
adiposity and difficulties with cognition and externalizing
behavior in offspring, particularly ADHD in children.

Cognition

While negative associations between maternal
overweight/obesity and offspring cognition seem to
emerge as early as 2 years of age, study heterogeneity in
the scales used and in the concepts measured has led to
an unclear picture of the neurodevelopmental trajecto-
ries of children exposed to maternal adiposity in utero.
For example, while Hinkle et al.”” reported that cognitive
and language scores were decreased in the offspring of
obese women at 2 years of age, Craig etal.”? found an
association only for language scores. While this may be
related to deficiencies in measurement or statistical
power, Craig et al.”> subsequently found that, at 8 years
of age, associations were present only for performance
IQ and not for verbal or full-scale IQ scores. As a result,
more work is required to delineate the specific types of
cognitive problems seen in those exposed to maternal
adiposity during gestation, and how these evolve as chil-
dren get older.

Emotional and behavioral problems

A lack of specificity is also present in the findings of
studies examining emotional and behavioral problems.
Recent work suggests that the offspring of overweight and
obese women may not only be at elevated risk for ADHD,
but may also manifest increased levels of aggressive
behavior.”” While the elevated risk for externalizing prob-
lems appears early in development, emerging research
indicates that an increased risk for internalizing problems
may appear later in life. It is unclear if the delayed expres-
sion of internalizing symptoms (i.e., those of depression
and anxiety) is due to an accumulation of stresses related
to earlier externalizing problems, the age-related emer-
gence of a latent predisposition to internalizing problems,
or heterotypic continuity.

What neurodevelopmental trajectories do these
offspring take?

Most studies that have examined links between maternal
adiposity during pregnancy and cognitive and psychiat-
ric outcomes in offspring have been conducted in chil-
dren and adolescents. While some research suggests that

Nutrition Reviews® Vol. 71(Suppl. 1):595-S101

the offspring of obese women are at increased risk for
schizophrenia later in life, this disorder is rare. As a
result, it remains unclear if the majority of the problems
seen in youth born to overweight and obese mothers
persist into adulthood and, if they do, what precise
form they take. Studies are needed that follow these
individuals into adulthood and use objective mea-
sures of both cognition and mental illness (i.e., struc-
tured psychiatric interviews) so that the full impact of
being exposed to maternal adiposity in utero can be
understood.

Strengthening the case for causation

Since brain plasticity is highest during gestation and
infancy, early detection and intervention strategies
applied at this time offer the most efficient means to reduce
the prevalence and severity of neurodevelopmental prob-
lems.”® The evidence-based initiation of primary preven-
tion programs, however, requires evidence of causal
associations. In observational studies, the argument for
causality can be strengthened via control of genetic and
postnatal socioeconomic confounders. While studies pub-
lished in the past 2 years have more frequently adjusted for
both types of confounders in the mothers (7 of 11),”"
26293032 the issue of unmeasured confounders is not yet
resolved. Studies utilizing more specific measures of
genetic risk and examining psychopathology or cognition
in both biological parents would represent an advance.
Further control of error relating to genetic or familial risk
may be provided by within-family studies comparing sib-
lings born to the same woman (particularly before and
after significant weight loss), by the use of Mendelian
randomization,™ and/or by examining the offspring of
women conceiving via certain assisted reproductive tech-
nologies.* Future studies would also benefit by adjusting
for confounders such as gestational diabetes mellitus and
maternal psychosocial stress.

While existing studies satisfy a number of Sir Brad-
ford Hill’s criteria for causation (temporality, biological
plausibility, experimental animal data, biological gradi-
ent), the use of experimental designs in humans would
add greatly to the current understanding of these links.
While conducting randomized controlled trials of pre-
conception weight-loss interventions in overweight and
obese women is challenging from a practical standpoint,
such studies are critical to determining whether primary
preventive interventions aimed at maternal adiposity
could reduce the risk of neurodevelopmental problems in
offspring. Furthermore, given that one study has reported
a link between gestational weight gain and ADHD in
offspring,” trials of interventions aimed at achieving
healthy weight gain during pregnancy may also be
helpful.
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Putative mechanisms

Since overweight and obesity are associated with so many
biochemical abnormalities, it is possible that one or more
of these could underlie the observed associations between
adiposity during pregnancy and neurodevelopmental
problems in offspring. Understanding the role these
factors play in the links between maternal adiposity and
offspring neurodevelopment could further illuminate the
mechanisms underlying these associations and provide
targets for potential preventive interventions. The most
likely candidates include suboptimal maternal diet and
nutritional deficiencies," as well as proinflammatory
cytokines' and hormone levels”” during pregnancy and
the epigenetic alterations they may produce. Additional
factors that could play a role in links between maternal
adiposity in pregnancy and offspring psychopathology
include breastfeeding,*® child BMI,* and offspring cogni-
tive problems. The interesting finding that deficits in
executive functioning mediate the association between
maternal adiposity and ADHD in offspring™ raises the
possibility that the core deficit in these children is actually
cognitive in nature, but future work is needed to replicate
this. Finally, it must be remembered that certain maladap-
tive personality traits (e.g., high neuroticism, low consci-
entiousness), are associated with both obesity® and
compromised parenting* and may well partially explain
the association between obesity and behavioral problems
in offspring.

Limitations

While the inclusion and exclusion criteria, the search
terms, and the assessment of study limitations were all
identical to those of the previous systematic review pub-
lished in 2010, the present report did not utilize another
reviewer to assess manuscript eligibility and to extract
data.

CONCLUSION

Despite the benefits to maternal health of attaining a
normal weight prior to pregnancy and achieving healthy
weight gain during pregnancy, it is premature to promote
these measures for their positive effects on the
neurodevelopment of offspring because a causal associa-
tion has not been proven and the effect sizes reported to
date are small to medium. Nevertheless, the increasing
prevalence of maternal obesity is a strong incentive for
attempting to more conclusively determine whether a
causal association exists between maternal pregnancy
BMI and neurodevelopmental outcomes in offspring. For
if an association is proven, attempts to better control

$100

maternal BMI could lead to important benefits for the
cognitive and psychiatric functioning of offspring.
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