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Abstract
Background: As a growing health problem, maternal obesity may have an adverse effect on offspring neurodevelopment. The effects of maternal
overweight and obesity and excessive gestational weight gain on offspring intelligence remains unclear. This meta-analysis aimed to assess the
in�uence of prepregnancy body mass index (BMI) and gestational weight gain on children’s intelligence.

Methods: We systematically searched PubMed, Embase, Cochrane Library and Ovid Medline from their inception through July 2020. Studies assessing
the association between prepregnancy BMI or gestational weight gain and children’s intelligence (from 3 years to 10 years) were screened manually
before �nal inclusion. We included prospective and retrospective cohorts that analysed the association between prepregnancy BMI or gestational
weight gain and intelligence of offspring. We used the Mantel-Haenszel �xed-effects method to compute the weight mean difference (WMD) and 95%
con�dence interval (CI) of each study.

Results: Twelve articles were included in the systematic review, and six of them were included in the meta-analysis. There was a signi�cant full-scale
IQ reduction in children of overweight and obese women, with WMDs of -3.25 (95% CI: -3.05, -2.42) and -4.85 (95% CI: -5.93, -3.76), respectively.
Compared with that in the control group, the WMDs for performance IQ were -2.40 (95% CI: -3.45, -1.34) and -5.28 (95% CI: -7.22, -3.34) in the
overweight and obesity groups, respectively, and the WMDs for verbal IQ were -3.47 (95% CI: -4.38, -2.56) and -5.71 (95% CI: -7.13, -4.29), respectively.
However, there was no signi�cant reduction in children’s full-scale intelligence scores due to excessive weight gain; the WMD was -0.14 (95% CI: -0.92,
0.65).

Conclusions: Prepregnancy overweight and obesity might have disadvantageous consequences on children’s intelligence; however, we observed no
signi�cant difference between excessive and normal gestational weight gain. Therefore, weight control before pregnancy is more important than that
during pregnancy in terms of children’s intelligence.

Trial registration: This systematic review and meta-analysis have been registered in PROSPERO (Number: CRD42020199215).

Background
Overweight and obesity (OWO) is an increasing public health concern globally and has been considered a critical factor for diverse disorders, such as
cardiovascular diseases, diabetes, cancers, and even COVID-19 cases[1]. According to the World Health Organization (WHO), approximately 40% of the
world’s population is overweight, and approximately 13% is obese[2]. In China, the prevalence of overweight increased to 39.6% in 2009 from 25.1% in
1997, and the prevalence of obesity in adolescents alone more than doubled from 1991 to 2015 [3], casting a shadow on the development of the
younger generation. Maternal OWO is another major concern, as it usually predisposes the offspring to an array of developmental disorders, in addition
to predisposing the mother to health problems.

Maternal obesity has been shown to be involved in a diverse set of severe complications of pregnancy, such as gestational diabetes, preeclampsia,
postpartum haemorrhage, and thromboembolism. In addition, maternal obesity predicts an array of adverse outcomes among infants, such as preterm
birth, congenital abnormalities, and macrosomia.[4] Some studies suggest that maternal obesity may have long-lasting effects on children’s
development during their childhood and later adult life. For example, the offspring of an obese mother are more susceptible to cardiovascular diseases,
metabolic disorders, and allergic diseases.[5–7] However, weight management during pregnancy is a common problem for gravidas. In 2017, nearly
half of women, especially overweight and obese women, exceeded their weight gain goal.[8] Similar to maternal obesity, excessive gestational weight
gain (GWG) leads to an increasing incidence of adverse outcomes.

Recent studies have shown that maternal OWO has adverse effects on offspring intelligence and makes offspring susceptible to psychological
disorders. Foetal brain development begins during the �rst trimester of pregnancy, and intrauterine exposure to adipose tissue, hyperglycaemia and
other adverse environmental factors may have a critical in�uence on the child’s nervous system. There is growing evidence that both maternal OWO
and excessive GWG are negatively associated with offspring neurodevelopment, increasing the risks of attention de�cit hyperactivity disorder (ADHD)
[9], autism[10], and intellectual disability[11], which has been putatively hypothesized to be an outcome of decreased production of neurotrophic
factors through epigenetic regulation, which impairs hippocampal progenitor cell division and neurogenesis.[12] Additionally, obesity during pregnancy
also contributes to systemic and intrauterine in�ammation, leading to foetal brain injuries and impaired nervous system development[13].

Several systematic reviews have examined the association between maternal prepregnancy BMI and offspring neurodevelopment, and these studies
found that prepregnancy OWO had an adverse impact on children’s neurodevelopment[14] and predisposed children to emotional/behavioural
problems[15], eating disorders, ADHD and psychotic diseases[16]. However, all of them failed to systematically study the effect of maternal OWO on
children’s intelligence. Thus, in this systematic review based on a meta-analysis, we would like to assess the effect of prepregnancy body mass index
(BMI) and gestational weight on the intelligence of offspring, potentially providing valuable information for policy makers in the �eld of eugenics.

Methods
This systematic review and meta-analysis is registered in PROSPERO (Number: CRD42020199215) and is reported according to MOOSE (Meta-
analysis Of Observational Studies in Epidemiology) Guidelines[17]. 
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Search strategy and selection criteria
We performed a systemic search covering the PubMed, Embase, Cochrane Library and Ovid Medline databases without language restrictions from
their inception through July 2020. We used combined key terms that are summarized as follows: ‘prepregnancy’, ‘maternal’, ‘gestational weight gain’,
‘obesity’, ‘BMI’, ‘intelligence’, ‘mental’, and ‘cognition’. (Additional �le 1) A manual search was performed by using the reference lists of key articles. Two
authors (SMZ and YCH) independently reviewed the study titles and abstracts, and candidate full texts were retrieved and perused by the same authors
to determine whether they met the inclusion criteria.

Selection criteria
In this study, we considered prepregnancy overweight, obesity, and excessive gestational weight gain to be maternal obesity. Prospective and
retrospective cohorts that analysed the association between prepregnancy BMI/GWG and intelligence of offspring were considered for inclusion in this
systematic review and meta-analysis. The inclusion criteria were as follows: 1) participants: mother-child pairs, with the child’s age up to 12 years; 2)
exposure: prepregnancy overweight, obesity and excessive gestational weight gain; 3) control: normal prepregnancy weight for pre-pregnancy
overweight and obesity, and gestational weight gain as recommended for excessive gestational weight gain; 4) primary outcome: children’s full-scale
intelligence quotient assessed by standardized tests; and 5) secondary outcome: children’s performance and verbal intelligence quotient assessed by
standardized tests. Studies were excluded if 1) children were born preterm or had low or very low birth weight; 2) children had any pathological status
that might affect the results of intelligence assessment; and 3) the sample size of the cohort study was less than 100. When two articles extracted
data from the same cohort, we selected the one that was published earlier, and when the intelligence of children in the same cohort was evaluated at
different ages, their data were analysed as two independent samples. 

Data extraction and quality assessment
Two authors (SMZ and YCH) independently extracted the following data from all eligible studies: maternal age at birth, age of the child at evaluation,
total number of mother-child pairs, and tool for the intelligence assessment and dimensions covered. Disagreements were resolved by discussion with
an additional author (CZ). The diagnosis of overweight and obesity was made according to the WHO[18] and Working Group on Obesity in China[19],
and we classi�ed GWG as below, within and above the age–standardized z scores[20] or 2009 Institute of Medicine recommendations[21]. Two
authors evaluated the quality of eligible studies independently using the Newcastle-Ottawa Scale (NOS)[22]. We evaluated the selection, ascertainment
of exposure, adjustment of covariates, assessment and follow-up for outcomes for each study. A study was classi�ed as high quality if it received
more than 7 stars[23]. 

Data synthesis and statistical analysis
 Two authors (SMZ and YCH.) extracted IQ test scores from eligible studies. The data were checked and entered in STATA 14 by another researcher
(CZ). We used the Mantel-Haenszel �xed-effects method to compute the weight mean difference (WMD) and 95% con�dence interval (CI) of each
study, as effect measures[24]. The I2 statistical parameter was used to assess heterogeneity, and it was considered moderate to high heterogeneity if
the I2 value was >50%[25]. In this meta-analysis, I2 values were less than 50%, so it was appropriate to use a �xed-effect model. If the two-sided p value
was <0.05, it was considered statistically signi�cant.

To assess the in�uence of a single study on the summary WMD and to examine whether it contributed to a large portion of the heterogeneity,
sensitivity analysis was carried out by removing studies one by one. Publication bias was assessed using Egger’s linear regression test, Begg’s rank
correlation and visual inspection of funnel plots[26, 27]. These analyses were carried out with Stata 14.

Results
In total, 5199 articles were retrieved after the initial search; among them, 1830 were removed as duplicates, and 53 were left after screening the title
and abstract. Finally, 12[28–39] studies were eligible for systematic review. (Fig. 1) Of these 12 articles, 6[28–30, 33, 36, 39] offered su�cient data for
statistical analysis. Among these six studies, �ve analysed the association between maternal prepregnancy obesity and overweight and children’s
intelligence[28–30, 33, 36], and three analysed the impact of excessive weight gain and children’s intelligence[30, 36, 39]. In one cohort, the intelligence
of children was evaluated at different ages, and their data were analysed as two independent samples[36]. Most of the articles were ranked as high
quality according to the NOS scale. Publication bias was assessed using Egger’s linear regression test, Begg’s rank correlation and visual inspection of
funnel plots, and we did not �nd any signi�cant bias. 

Study characteristics
Table 1 summarizes the main characteristics of the included studies for systematic review. All 12 articles were prospective cohort studies between
2003 and 2019. Five were from the USA, two from China and the UK each, and one from Canada, Denmark, and Norway and Sweden each. Of the 6
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cohorts for meta-analysis, the sample size ranged from 355 to 30212. The maternal age at birth ranged from 21 to 35 years, and children’s intelligence
was evaluated between 3 years and 10 years. Five studies [28, 29, 32, 34, 35, 37, 39] used the Wechsler scale to measure IQ, two reported IQ[33, 36]
based on Differential Intelligence Scales, and two reported IQ[30, 38] based on the Stanford-Binet test. They measured different dimensions of
intelligence, including full-scale, verbal, nonverbal, and performance intelligence (FIQ, VIQ, nVIQ and PIQ) scores. We included only studies providing
data for overweight and obesity separately or studies that showed total GWG.
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Table 1
Characteristics of the included studies

Reference and type
of study

Maternal
Age(ys)

Maternal BMI
reference
values

GWG reference
values

Age of child at
evaluation

Other
confounders

Sample
size

Intelligence
assessment
and
dimensions

Coo et al.

2019 Cohort
prospective, ALSPAC
(UK)

Ctrl:29.4
Overweight:
29.1
Obese:29.7

WHO ND 8 child’s sex,
maternal age,
parity, marital
status, pre-
existing
hypertension,
smoking or
alcohol
consumption
during
pregnancy,
socioeconomic
status, pre-
eclampsia,
caesarean
delivery, preterm
birth, birth
weight and
breastfeeding
duration

4324 Wechsler
Intelligence
Scale for
Children
(WISC)-III:

Verbal Scale

Performance
Scale

Full-Scale IQ

Zhu et al.

2019 Cohort
prospective(Women's
hospital, School of
Medicine, Zhejiang
University in
Hangzhou, China)

ND Working
Group on
Obesity in
China

ND Ctrl:4.82
Underweight:4.88

Overweight: 4.82
Obese:4.74

paternal age,
parental
education,
children's sex,
fetal distress,
birth weight,
gestational age,
preterm birth,
mode of delivery,
feeding patterns,
pregnancy and
ART
complications

1904 Chinese
Version of
the Wechsler
Intelligence
Scale for
Children-
Revised(C-
WISC):
Verbal Scale

Performance
Scale

Full-Scale IQ

Pugh et al.

2015 Cohort
prospective, MHPCD
(USA)

ND WHO gestational age–
standardized z
scores

10 maternal age,
race, parity,
employment,
education,
income, and
marital status

530 Stanford
Binet
Intelligence
Scale 4th
Edition
(SBIS):

IQ
Wisconsin
Card Sorting
Test (WCST)
and Trail
Making Test
Part B (TMT-
B) :

Executive
function

ALSPAC,Avon Longitudinal Study of Parents and Children; ND, Not de�ned; Ctrl,Control;BMI, Body Mass Index; WHO (World Health Organization):
normal (18.5 to 24.9); overweight (25.0 to 29.9 );and obese (30 to 39.9 );MHPCD, The Maternal Health Practices and Child Development; DNBC,
Danish National Birth Cohort; CPP, The Collaborative Perinatal Project.
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Reference and type
of study

Maternal
Age(ys)

Maternal BMI
reference
values

GWG reference
values

Age of child at
evaluation

Other
confounders

Sample
size

Intelligence
assessment
and
dimensions

Monthé-Drèze et al.

2019 Cohort
prospective, Project
Viva(USA)

32.2 WHO ND 3.2

7.7

maternal age,
education,
household
income,
race/ethnicity,
parity, smoking
status before
learning of
pregnancy,
paternal
education

1246(3.2y)

1070(7.7y)

Peabody
Picture
Vocabulary
Test-3rd
edition
(PPVT-III)
(3.2y):

receptive
language

Kaufman
Brief
Intelligence
Test-2nd
edition
(KBIT-II)
(7.7y):

verbal and
non-verbal
intelligence

Eriksen et al.

2013 Cohort
prospective, DNBC

(Danmark)

30.8 WHO ND 5.0-5.3 parity, maternal
prenatal
smoking,
average alcohol
intake per week
during
pregnancy, birth
weight and
gestational age

1782 Wechsler
Primary and
Preschool
Scales of
Intelligence
– Revised
(WPPSI-R):

Verbal IQ

Performance
IQ

Full-Scale IQ

Neggers et al.

2003 Cohort
prospective
(University of
Alabama in
Tuscaloosa and
Birmingham, AL,
USA)

21.6 Underweight :
<19.8

Normal :
19.8–26.0

Overweight :
26.1–29

Obese : >29

ND 5.3 Mother’s PPVT
scores, zinc
supplementation
status, smoking
and alcohol use
and child’s birth
weight, childcare
status, and
home
environment

355 Differential
Ability
Scales
(DAS):

Verbal
ability

Nonverbal
ability

IQ

Krzeczkowski et al.

2018 Cohort
prospective,
MIREC(Canada)

32.8 WHO ND 3.39 gestational diet
quality, home
environment,
maternal
depression,
prenatal
smoking and
maternal
education

808 Wechsler
Preschool
and Primary
Scale of
Intelligence-
III (WPPSI-
III):

Verbal IQ

Performance
IQ

Full-Scale IQ

ALSPAC,Avon Longitudinal Study of Parents and Children; ND, Not de�ned; Ctrl,Control;BMI, Body Mass Index; WHO (World Health Organization):
normal (18.5 to 24.9); overweight (25.0 to 29.9 );and obese (30 to 39.9 );MHPCD, The Maternal Health Practices and Child Development; DNBC,
Danish National Birth Cohort; CPP, The Collaborative Perinatal Project.
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Reference and type
of study

Maternal
Age(ys)

Maternal BMI
reference
values

GWG reference
values

Age of child at
evaluation

Other
confounders

Sample
size

Intelligence
assessment
and
dimensions

Huang et al.

2014 Cohort
prospective,

CPP(USA)

ND WHO 2009 Institute of
Medicine
recommendations

7.1 maternal age at
delivery, marital
status at
pregnancy,
maternal race,
education levels,
number of
previous
deliveries,
smoking during
pregnancy, and
diabetes

30212 Wechsler
Intelligence
Scale for
Children
(WISC I):

Verbal IQ

Performance
IQ

Full-Scale IQ

Kominiarek et al.

2018 Cohort
prospective (Eunice
Kennedy Shriver
National Institute of
Child Health and
Human Development
Maternal-Fetal
Medicine Units
Network, USA)

Ctrl:27.8

Overweight:
28.4

Obese:27.7

WHO 2009 Institute of
Medicine
recommendations

3

5

race– ethnicity,
education,
insurance type,
parity, smoking
and alcohol use
in pregnancy,
thyroid status,
treatment group,
gestational age
at delivery, and
neonatal sex

948 Differential
Ability
Scales-II
(3y):

full-scale IQ

Wechsler
Preschool
and Primary
Scale of
Intelligence
(5y):

full-scale IQ

Gage et al.

2012 Cohort
prospective, ALSPAC
(UK)

Inadequate:

29

Adequate:
28.7

Excessive:
27.9

ND 2009 Institute of
Medicine
recommendations

8 mode of delivery,
and the child’s
sex, maternal
education, parity
and maternal
smoking in
pregnancy

3340 Wechsler
Intelligence
Scale for
Children:

Verbal IQ

Performance
IQ

Full-Scale IQ

Keim et al.

2011 Cohort
prospective,

CPP(USA)

ND ND 2009 Institute of
Medicine
recommendations

4

7

pre-pregnancy
BMI, maternal
age, race, parity,
smoking, SES
index and child
sex

31968 Stanford–
Binet
Intelligence
Scale (4y)

Wechsler
Intelligence
Scales for
Children
(WISC) (7y)

Hinkle et al.

2016 Cohort
prospective,
NICHD(Norway and
Sweden)

29 ND 2009 Institute of
Medicine
recommendations

5.2 maternal
education,
marital status,
economic
situation, parity,
pre-pregnancy
smoking,
cigarettes,
alcohol use
during
pregnancy

344 Wechsler
Preschool
and Primary
Scales of
Intelligence
(WPPSI-R):

Verbal IQ

Performance
IQ

Full-Scale IQ

ALSPAC,Avon Longitudinal Study of Parents and Children; ND, Not de�ned; Ctrl,Control;BMI, Body Mass Index; WHO (World Health Organization):
normal (18.5 to 24.9); overweight (25.0 to 29.9 );and obese (30 to 39.9 );MHPCD, The Maternal Health Practices and Child Development; DNBC,
Danish National Birth Cohort; CPP, The Collaborative Perinatal Project.
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The mean value of the included 6 studies was 7.5 stars, ranging from 6 to 8, and 5 studies were considered high quality, according to the NOS scale
(Additional �le 2). Among them, only one study had a secure record of prepregnancy weight[29], and three other studies described subjects lost to
follow-up or had a small number of subjects lost to follow-up (<20%)[28, 30, 39]. However, one cohort study was only of African-American women of
low income, which has a high level of ethnic bias[33]. 

Meta-analysis
A pooled analysis of 7 studies that assessed the association between prepregnancy BMI and FIQ in offspring was performed by using a �xed-effects
model. (Figure 2) There was a signi�cant FIQ reduction in children of overweight and obese women, with WMDs of -3.25 (95% CI: -4.07, -2.42) and -4.85
(95% CI: -5.93, -3.76), respectively. Heterogeneity estimates were I2=6.2% (p=0.377) and I2=0.0% (p=0.838) for prepregnancy overweight and obesity,
respectively. Two studies also evaluated the association between OWO and PIQ, and 4 studies explored the relationship between OWO and VIQ. We
noticed that both the PIQ and VIQ of the OWO group were signi�cantly lower than those of the controls, with WMDs of -2.40 (95% CI: -3.45, -1.34) and
-5.28 (95% CI: -7.22, -3.34), respectively, for PIQ, and -3.47 (95% CI: -4.38, -2.56) and -5.71 (95% CI: -7.13, -4.29), respectively, for VIQ, suggesting a
potential adverse effect of maternal prepregnancy weight status on the offspring’s intellectual function in many dimensions (Figure 3 and Figure 4).
Heterogeneity estimates were I2=39.8% (p=0.197) and I2=16.2% (p=0.275) in the PIQ group and I2=19.0% (p=0.295) and I2=34.5.0% (p=0.205) in the
VIQ group for prepregnancy overweight and obesity, respectively. To reduce variability, two groups of FIQ were meta-analysed according to the age of
the child at evaluation (whether or not the child was younger than 5 years). In both the overweight and obesity groups, we did not �nd any signi�cant
heterogeneity between the two groups based on age. (Additional �le 4a and b)

Four studies reported the association between gestational weight gain and intelligence in offspring. However, compared with adequate gestational
weight gain, excessive weight gain did not show a signi�cant reduction in children’s full-scale intelligence scores, with a WMD of -0.14 (95% CI: -0.92,
0.65), suggesting a weak association between GWG and children’s intelligence (Figure 2). The heterogeneity I2 was 0.0% (p=0.482), which suggests low
heterogeneity. In the subgroup analysis, we did not �nd any signi�cant difference in full-scale intelligence level between children <5 years and ≥5
years. (Additional �le 4c) 

Sensitivity analysis
Sensitivity analysis showed no relevant changes in overall WMD and heterogeneity when either included cohort was removed, which was the same for
all three groups. 

Publication bias
Publication bias was not found with either the Egger’s or Begg’s test for small-study effects, with P=0.796, 0.501, and 0.561 for prepregnancy
overweight, obesity and excessive GWG, respectively, with Egger’s test and P=1.000, 0.707, and 0.734 for prepregnancy overweight, obesity and
excessive GWG with Begg’s test, respectively. A review of the funnel plots showed no evidence of publication bias (Additional �le 5a-c).

Discussion
With the increasing number of overweight and obese women of child-bearing age, the long-term effect of maternal prepregnancy weight status is
drawing more attention. In this meta-analysis, we found a signi�cantly lower general IQ score in children of both overweight and obese women. Our
studies are consistent with most of related studies, which also found a somewhat adverse in�uence of prepregnancy obesity on children’s intelligence
levels. Additionally, most of the studies evaluated children’s intelligence at the ages of 3–8 years; although the intelligence level is still developing at
these ages, a longer follow-up time is needed. It is true that many factors may affect one’s intelligence, such as parental education and intelligence
levels. The prediction model proposed by Eriksen et al. suggested that parity, maternal breastfeeding and birth weight may affect children’s intelligence,
while maternal prepregnancy obesity is a minor predictor[32]. Coo et al. also paid attention to paternal weight status and found that paternal obesity
had less to do with children’s intelligence than maternal obesity[28]. Zhu et al. studied children born to fertile women through assisted reproductive
technology and found that prepregnancy obesity increased the risk of preeclampsia, gestational diabetes and preterm delivery, which may contribute to
impaired cognitive function, highlighting the complicated network involved in intelligence development[29]. Because it covers more studies, our meta-
analysis is helpful in revealing the association between maternal OWO and offspring intelligence.

In contrast, our data showed no in�uence of GWG on children’s intelligence. Neither inadequate weight gain nor excessive weight gain had a signi�cant
association with children’s intelligence according to all the included cohorts due to the limited number of cohort studies that focused on this issue.
Two of the studies also examined trimester-speci�c associations, but they did not observe a signi�cant association. Both inadequate and excessive
GWG may have an adverse effect on offspring, considering the possible lack of nutrients or overnutrition for foetal nervous system development[40].
Although we found little variation in intelligence level between children born to mothers who gained excessive and inadequate weight, we should pay
attention to the potential adverse long-term effect of intrauterine adiposity exposure[41], as further research based on more samples is needed and
additional cofounders need to be taken into consideration.
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Epigenetic regulation has been shown to be involved in neural development. In animal models, the amniotic �uid of obese mothers has lower levels of
folic acid, an important donor of methyl groups; thus, the regulation of developmental genes is disrupted[42]. Animal studies also showed that
intrauterine adiposity exposure in�uenced serotonin and dopamine pathways, lipid peroxidation, and the expression of corticosteroid receptors via
epigenetic regulation[7]. In the brains of offspring from mothers fed a high-fat diet (HFD) prepregnancy, DNA methylation in the promotor regions of
opioid receptors and dopamine transporters decreased, while global hypermethylation was observed in brain regions associated with reward
responses, such as the ventral tegmental area (VTA) and prefrontal cortex (PFC) [43]. Edlow et al. found that maternal prepregnancy obesity
contributed to gene dysregulation and that dietary changes during pregnancy led to more dysregulated genes in foetal brains[44]. However, the
epigenetic mechanism of the association between gestational weight gain and nervous system development in offspring has rarely been studied.
Clearly, more studies are required to reveal how maternal prepregnancy obesity modi�es epigenetic regulation, thus in�uencing the child’s nervous
system.

Factors other than epigenetics are also involved in this process. Maternal obesity can increase the circulating level of leptin, which induces cytokine
secretion and may also indirectly impair nervous system development. Indeed, obesity can induce chronic activation of the innate immune system,
leading to systemic in�ammation, which theoretically affects neural development and intelligence. For example, Monthé-Drèze et al. found that
prepregnancy obesity is associated with systemic in�ammation and that a higher CRP level is linked to lower scores in intelligence tests[31]. Other
in�ammatory biomarkers, such as TNF-a and IL-1b, are linked to neurodevelopmental disorders[45]; elevated IFN-g, IL-4 and IL-5 may predict a higher
risk of autism spectrum disorders (ASDs)[46]. Some in�ammatory cytokines, such as IL-6, can pass into the human placenta[47], leading to
upregulation of IL-1b, TNF-a and other cytokines. This in�ammatory environment in the foetal brain[48] can result in foetal microglia being activated
and producing reactive oxygen species and chemokines, which may damage neurons and oligodendrocytes.

Strengths And Limitations
The foetal origins of adult disease have attracted increasing attention due to their long-term effects on public health, and it is understandable that
additional studies are emerging. Recently, several studies have evaluated the impact of maternal prepregnancy obesity on children’s cognitive
development, the prevalence of ADHD, autism, behaviour problems and intellectual disability. Based on updated literature, our study �rst analysed the
effect of GWG and prepregnancy BMI on children’s intelligence together by providing a statistical assessment. Our meta-analysis con�rms that
prepregnancy obesity and overweight, rather than excessive GWG, have a stronger relationship with worse IQ levels in children. Thus, we provide
valuable information for weight management; for childbearing-aged women, weight control is important before pregnancy for the child’s long-term
health status.

However, this study has some shortcomings. First, in addition to having possible publication bias, this study is not comprehensive due to the limited
accessibility of data in the studies we covered here. Second, only 6 articles were available for quantitative analysis due to the lack of data, and more
studies are needed to better analyse the association between maternal obesity and children’s intelligence. Third, although the included studies took
many covariates into consideration, most of them did not measure maternal intelligence, an important confounder. Moreover, two studies did not use
the WHO criteria for OWO, leading to potential bias in this meta-analysis. Additionally, since the intelligence assessment covered many dimensions,
such as verbal and nonverbal intelligence, a subgroup analysis was recommended. Due to the negligible number of study samples in each subgroup,
the analysis could not be performed in the GWG group.

Conclusions
In this meta-analysis, we provide supporting evidence that prepregnancy OWO may have adverse effects on children’s intelligence, but we observed no
signi�cant difference in children’s intelligence scores between excessive and adequate GWG. At the population level, it is advisable to take measures to
prevent obesity in childbearing-aged women to reduce the risk of intelligence problems. It is worthwhile to mention that weight status before pregnancy
is more important than that during pregnancy in terms of children’s intelligence. For childbearing-aged women, measures to control weight should be
taken not only during pregnancy but also before pregnancy.

Abbreviations
OWO: Overweight and obesity; GWG: Gestational weight gain; ADHD: Attention de�cit hyperactivity; BMI: Body mass index; WMD: Weight mean
difference; CI: Con�dence intervals; FIQ: Full scale intelligence quotient; VIQ: Verbal intelligence quotient; nVIQ: Non-verbal intelligence quotient; PIQ:
Performance intelligence quotient; ASDs: Autism spectrum disorders; HFD: High fat diet; VTA: Ventral tegmental area; PFC: Prefrontal cortex   

Declarations

Funding
The work presented in this paper was supported by Program of Shanghai Academic Research Leader (20XD1424100), Shanghai Hospital
Development Center (SHDC12018X17), Shanghai Municipal Health Commission (201840210) and Science and Technology Commission of Shanghai
Municipality (18410711800)



Page 10/19

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author contributions
Simeng Zhu and Yichen He are considered co-�rst authors. SMZ, YCH, and CZ researched, extracted, and evaluated the data, SMZ and YCH performed
the data analyses, SMZ wrote the manuscript, and YTW and HFH critically revised the manuscript. YTW and HFH provided the idea and contributed to
the discussion. All authors reviewed and approved the article before publication. 

Acknowledgement
None.

References
1. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, Barnaby DP, Becker LB, Chelico JD, Cohen SL et al: Presenting

Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19 in the New York City Area. Jama 2020,
323(20):2052-2059.

2. World Health Orgnization annual report 2019. 2019.

3. Guo Y, Yin X, Wu H, Chai X, Yang X: Trends in Overweight and Obesity Among Children and Adolescents in China from 1991 to 2015: A Meta-
Analysis. Int J Environ Res Public Health 2019, 16(23).

4. Ovesen P, Rasmussen S, Kesmodel U: Effect of prepregnancy maternal overweight and obesity on pregnancy outcome. Obstet Gynecol 2011,
118(2 Pt 1):305-312.

5. Gaillard R: Maternal obesity during pregnancy and cardiovascular development and disease in the offspring. Eur J Epidemiol 2015, 30(11):1141-
1152.

�. Zhou L, Xiao X: The role of gut microbiota in the effects of maternal obesity during pregnancy on offspring metabolism. Biosci Rep 2018, 38(2).

7. Godfrey KM, Reynolds RM, Prescott SL, Nyirenda M, Jaddoe VW, Eriksson JG, Broekman BF: In�uence of maternal obesity on the long-term health
of offspring. Lancet Diabetes Endocrinol 2017, 5(1):53-64.

�. Kominiarek MA, Peaceman AM: Gestational weight gain. Am J Obstet Gynecol 2017, 217(6):642-651.

9. Casas M, Chatzi L, Carsin AE, Amiano P, Guxens M, Kogevinas M, Koutra K, Lertxundi N, Murcia M, Rebagliato M et al: Maternal pre-pregnancy
overweight and obesity, and child neuropsychological development: two Southern European birth cohort studies. Int J Epidemiol 2013, 42(2):506-
517.

10. Li YM, Ou JJ, Liu L, Zhang D, Zhao JP, Tang SY: Association Between Maternal Obesity and Autism Spectrum Disorder in Offspring: A Meta-
analysis. J Autism Dev Disord 2016, 46(1):95-102.

11. Mann JR, McDermott SW, Hardin J, Pan C, Zhang Z: Pre-pregnancy body mass index, weight change during pregnancy, and risk of intellectual
disability in children. BJOG: An International Journal of Obstetrics and Gynaecology 2013, 120(3):309-319.

12. Wijayatunge R, Liu F, Shpargel KB, Wayne NJ, Chan U, Boua JV, Magnuson T, West AE: The histone demethylase Kdm6b regulates a mature gene
expression program in differentiating cerebellar granule neurons. Mol Cell Neurosci 2018, 87:4-17.

13. St-Germain LE, Castellana B, Baltayeva J, Beristain AG: Maternal Obesity and the Uterine Immune Cell Landscape: The Shaping Role of
In�ammation. Int J Mol Sci 2020, 21(11).



Page 11/19

14. Alvarez-Bueno C, Cavero-Redondo I, Lucas-de la Cruz L, Notario-Pacheco B, Martinez-Vizcaino V: Association between pre-pregnancy overweight
and obesity and children's neurocognitive development: a systematic review and meta-analysis of observational studies. Int J Epidemiol 2017,
46(5):1653-1666.

15. Sanchez CE, Barry C, Sabhlok A, Russell K, Majors A, Kollins SH, Fuemmeler BF: Maternal pre-pregnancy obesity and child neurodevelopmental
outcomes: a meta-analysis. Obes Rev 2018, 19(4):464-484.

1�. Van Lieshout RJ, Taylor VH, Boyle MH: Pre-pregnancy and pregnancy obesity and neurodevelopmental outcomes in offspring: a systematic
review. Obes Rev 2011, 12(5):e548-559.

17. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB: Meta-analysis of observational studies
in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. Jama 2000, 283(15):2008-
2012.

1�. Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee. World Health Organ Tech Rep Ser 1995, 854:1-
452.

19. Chen C, Lu FC: The guidelines for prevention and control of overweight and obesity in Chinese adults. Biomedical and environmental sciences :
BES 2004, 17 Suppl:1-36.

20. Hutcheon JA, Platt RW, Abrams B, Himes KP, Simhan HN, Bodnar LM: A weight-gain-for-gestational-age z score chart for the assessment of
maternal weight gain in pregnancy. Am J Clin Nutr 2013, 97(5):1062-1067.

21. Institute of M, National Research Council Committee to Reexamine IOMPWG: The National Academies Collection: Reports funded by National
Institutes of Health. In: Weight Gain During Pregnancy: Reexamining the Guidelines. edn. Edited by Rasmussen KM, Yaktine AL. Washington (DC):
National Academies Press (US) Copyright © 2009, National Academy of Sciences.; 2009.

22. Wells GA SB, O’Connell D, Peterson JEA, Welch V, Losos M, et al : The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2000.

23. Yuhara H, Steinmaus C, Cohen SE, Corley DA, Tei Y, Bu�er PA: Is Diabetes Mellitus an Independent Risk Factor for Colon Cancer and Rectal
Cancer? American Journal of Gastroenterology 2011, 106(11):1911-1921.

24. Mantel N, Haenszel W: Statistical aspects of the analysis of data from retrospective studies of disease. J Natl Cancer Inst 1959, 22(4):719-748.

25. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis. Stat Med 2002, 21(11):1539-1558.

2�. Irwig L, Macaskill P, Berry G, Glasziou P: Bias in meta-analysis detected by a simple, graphical test. Graphical test is itself biased. Bmj 1998,
316(7129):470; author reply 470-471.

27. Begg CB, Mazumdar M: Operating characteristics of a rank correlation test for publication bias. Biometrics 1994, 50(4):1088-1101.

2�. Coo H, Fabrigar L, Davies G, Fitzpatrick R, Flavin M: Are observed associations between a high maternal prepregnancy body mass index and
offspring IQ likely to be causal? J Epidemiol Community Health 2019, 73(10):920-928.

29. Zhu Y, Yan H, Tang M, Fu Y, Hu X, Zhang F, Xing L, Chen D: Impact of maternal prepregnancy body mass index on cognitive and metabolic pro�les
of singletons born after in vitro fertilization/intracytoplasmic sperm injection. Fertility and Sterility 2019, 112(6):1094-1102.e1092.

30. Pugh SJ, Richardson GA, Hutcheon JA, Himes KP, Brooks MM, Day NL, Bodnar LM: Maternal Obesity and Excessive Gestational Weight Gain Are
Associated with Components of Child Cognition. J Nutr 2015, 145(11):2562-2569.

31. Monthé-Drèze C, Rifas-Shiman SL, Gold DR, Oken E, Sen S: Maternal obesity and offspring cognition: the role of in�ammation. Pediatric Research
2019, 85(6):799-806.

32. Eriksen HLF, Kesmodel US, Underbjerg M, Kilburn TR, Bertrand J, Mortensen EL: Predictors of intelligence at the age of 5: Family, pregnancy and
birth characteristics, postnatal in�uences, and postnatal growth. PLoS ONE 2013, 8(11).

33. Neggers YH, Goldenberg RL, Ramey SL, Cliver SP: Maternal prepregnancy body mass index and psychomotor development in children. Acta
Obstetricia et Gynecologica Scandinavica 2003, 82(3):235-240.

34. Krzeczkowski JE, Boylan K, Arbuckle TE, Dodds L, Muckle G, Fraser W, Favotto LA, Van Lieshout RJ: Neurodevelopment in 3–4year old children
exposed to maternal hyperglycemia or adiposity in utero. Early Human Development 2018, 125:8-16.

35. Huang L, Yu X, Keim S, Li L, Zhang L, Zhang J: Maternal prepregnancy obesity and child neurodevelopment in the Collaborative Perinatal Project.
International Journal of Epidemiology 2014, 43(3):783-792.

3�. Kominiarek MA, Smid MC, Mele L, Casey BM, Sorokin Y, Reddy UM, Wapner RJ, Thorp JM, Saade GR, Tita ATN et al: Child Neurodevelopmental
Outcomes by Prepregnancy Body Mass Index and Gestational Weight Gain. Obstetrics and gyneacology 2018, 132(6):1386‐1393.

37. Hinkle SN, Albert PS, Sjaarda LA, Grewal J, Grantz KL: Trajectories of maternal gestational weight gain and child cognition assessed at 5 years of
age in a prospective cohort study. J Epidemiol Community Health 2016, 70(7):696-703.

3�. Keim SA, Pruitt NT: Gestational weight gain and child cognitive development. Int J Epidemiol 2012, 41(2):414-422.

39. Gage SH, Lawlor DA, Tilling K, Fraser A: Associations of maternal weight gain in pregnancy with offspring cognition in childhood and
adolescence: �ndings from the Avon Longitudinal Study of Parents and Children. Am J Epidemiol 2013, 177(5):402-410.

40. Georgieff MK: Nutrition and the developing brain: nutrient priorities and measurement. Am J Clin Nutr 2007, 85(2):614s-620s.



Page 12/19

41. Longmore DK, Barr ELM, Lee IL, Barzi F, Kirkwood M, Whitbread C, Hampton V, Graham S, Van Dokkum P, Connors C et al: Maternal body mass
index, excess gestational weight gain, and diabetes are positively associated with neonatal adiposity in the Pregnancy and Neonatal Diabetes
Outcomes in Remote Australia (PANDORA) study. Pediatr Obes 2019, 14(4):e12490.

42. Mohd-Shukri NA, Duncan A, Denison FC, Forbes S, Walker BR, Norman JE, Reynolds RM: Health Behaviours during Pregnancy in Women with Very
Severe Obesity. Nutrients 2015, 7(10):8431-8443.

43. Vucetic Z, Kimmel J, Totoki K, Hollenbeck E, Reyes TM: Maternal high-fat diet alters methylation and gene expression of dopamine and opioid-
related genes. Endocrinology 2010, 151(10):4756-4764.

44. Edlow AG, Guedj F, Pennings JL, Sverdlov D, Neri C, Bianchi DW: Males are from Mars, and females are from Venus: sex-speci�c fetal brain gene
expression signatures in a mouse model of maternal diet-induced obesity. Am J Obstet Gynecol 2016, 214(5):623.e621-623.e610.

45. Kang SS, Kurti A, Fair DA, Fryer JD: Dietary intervention rescues maternal obesity induced behavior de�cits and neuroin�ammation in offspring. J
Neuroin�ammation 2014, 11:156.

4�. Goines PE, Croen LA, Braunschweig D, Yoshida CK, Grether J, Hansen R, Kharrazi M, Ashwood P, Van de Water J: Increased midgestational IFN-γ,
IL-4 and IL-5 in women bearing a child with autism: A case-control study. Mol Autism 2011, 2:13.

47. Zaretsky MV, Alexander JM, Byrd W, Bawdon RE: Transfer of in�ammatory cytokines across the placenta. Obstet Gynecol 2004, 103(3):546-550.

4�. Bocci V, Paulesu L, Ricci MG: The physiological interferon response: IV. Production of interferon by the perfused human placenta at term. Proc Soc
Exp Biol Med 1985, 180(1):137-143.

Figures

Figure 1

Flowchart of study selection process
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Figure 1

Flowchart of study selection process
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Figure 2

Forest plots comparing the difference of full-scale intelligence quotient scores between children of pre-pregnancy overweight and normal weight
mother, pre-pregnancy obese and normal weight mother and children of mother who gained excessive weight and adequate weight during pregnancy
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Figure 2

Forest plots comparing the difference of full-scale intelligence quotient scores between children of pre-pregnancy overweight and normal weight
mother, pre-pregnancy obese and normal weight mother and children of mother who gained excessive weight and adequate weight during pregnancy
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Figure 3

Forest plots comparing performance IQ level in children of pre-pregnancy overweight and obesity mother between normal weight.
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Figure 3

Forest plots comparing performance IQ level in children of pre-pregnancy overweight and obesity mother between normal weight.
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Figure 4

Forest plots comparing verbal IQ level in children of pre-pregnancy overweight and obesity mother between controls.
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Figure 4

Forest plots comparing verbal IQ level in children of pre-pregnancy overweight and obesity mother between controls.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Additional1.docx

Additional1.docx

Additional2.docx

Additional2.docx

Additional3.docx

Additional3.docx

Additional4.docx

Additional4.docx

Additional5.docx

Additional5.docx

Additional6.doc

Additional6.doc

https://assets.researchsquare.com/files/rs-122777/v1/6e96a8d5393488219aa867ed.docx
https://assets.researchsquare.com/files/rs-122777/v1/513ad4e628a30c8b9b771648.docx
https://assets.researchsquare.com/files/rs-122777/v1/32fca8ab47c1b09e67ff4d4d.docx
https://assets.researchsquare.com/files/rs-122777/v1/fd038892c9f0b5de46e6e5d7.docx
https://assets.researchsquare.com/files/rs-122777/v1/28b910fcd139dd082ed57297.docx
https://assets.researchsquare.com/files/rs-122777/v1/8c3b33d6670086cdf21d3370.docx
https://assets.researchsquare.com/files/rs-122777/v1/fc24fbd02a2d1e212b6a207e.docx
https://assets.researchsquare.com/files/rs-122777/v1/7a97cb3cb96ce10d7262246b.docx
https://assets.researchsquare.com/files/rs-122777/v1/894d90536a124e03462c7e96.docx
https://assets.researchsquare.com/files/rs-122777/v1/3cac4185d7fe5e0178a0b801.docx
https://assets.researchsquare.com/files/rs-122777/v1/1edc23db61c4ea6eee7cc154.doc
https://assets.researchsquare.com/files/rs-122777/v1/1af2bfc3dfb90becef154a10.doc

