
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ijog20

Journal of Obstetrics and Gynaecology

ISSN: 0144-3615 (Print) 1364-6893 (Online) Journal homepage: https://www.tandfonline.com/loi/ijog20

Gestational weight gain and risk of autism
spectrum disorders in offspring: a systematic
review and meta-analysis

Zhao-Xu Tian, Man Wan, Ya-Ling Gao, Bi-Fang Wu, Yun Xie, Jie Liu, Rui-Zhang
Su, Li-Li Tian & Yi-Qun Hu

To cite this article: Zhao-Xu Tian, Man Wan, Ya-Ling Gao, Bi-Fang Wu, Yun Xie, Jie Liu, Rui-
Zhang Su, Li-Li Tian & Yi-Qun Hu (2019): Gestational weight gain and risk of autism spectrum
disorders in offspring: a systematic review and meta-analysis , Journal of Obstetrics and
Gynaecology, DOI: 10.1080/01443615.2019.1676211

To link to this article:  https://doi.org/10.1080/01443615.2019.1676211

Published online: 02 Dec 2019.

Submit your article to this journal 

Article views: 13

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ijog20
https://www.tandfonline.com/loi/ijog20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01443615.2019.1676211
https://doi.org/10.1080/01443615.2019.1676211
https://www.tandfonline.com/action/authorSubmission?journalCode=ijog20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ijog20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01443615.2019.1676211
https://www.tandfonline.com/doi/mlt/10.1080/01443615.2019.1676211
http://crossmark.crossref.org/dialog/?doi=10.1080/01443615.2019.1676211&domain=pdf&date_stamp=2019-12-02
http://crossmark.crossref.org/dialog/?doi=10.1080/01443615.2019.1676211&domain=pdf&date_stamp=2019-12-02


ORIGINAL ARTICLE

Gestational weight gain and risk of autism spectrum disorders in offspring: a
systematic review and meta-analysis

Zhao-Xu Tiana,b,c�, Man Wana,b�, Ya-Ling Gaoa,d�, Bi-Fang Wua,b, Yun Xiea,b, Jie Liua,b, Rui-Zhang Sua,b,
Li-Li Tiana,e and Yi-Qun Hua,b

aDepartment of Digestive Medicine, Xiamen University Affiliated Zhong Shan Hospital, Xiamen University Medical School, Xiamen, China;
bDepartment of Gastroenterology, Zhongshan Hospital Affiliated to Xiamen University, Xiamen, China; cNinth People’s Hospital of
Chongqing, Shanghai, China; dXiaHe Division, Zhongshan Hospital Affiliated to Xiamen University, Xiamen, China; eDepartment of
Gynaecology and Obstetrics, Zhongshan Hospital Affiliated to Xiamen University, Xiamen, China

ABSTRACT
It has been revealed that gestational weight gain (GWG) influences the risk of autism spectrum dis-
order (ASD) in the offspring, but the findings are inconsistent. The current study aimed to evaluate the
relationship between GWG and risk of ASD in offspring. Four electronic databases were searched up to
August 28 2018 to identify observational studies reporting the association between GWG and risk of
ASD in the offspring. Nine studies which met the inclusion criteria were included in the systematic
review. Finally, five studies with a total of 3793 children with ASD were included in the meta-analysis.
The-results indicated that excessive GWG might increase the risk of ASD in offspring (p¼ .0008, OR ¼
1.23, 95% confidence interval (CI) 1.09–1.38). More high quality cohort studies are needed to confirm
this result. This research has the potential to inspire new research on ASD and promote efforts to
design appropriate interventions against excessive GWG.

IMPACT STATEMENT

� What is already known on this subject? It has been revealed that gestational weight gain (GWG)
influences the risk of autism spectrum disorder (ASD) in the offspring, but the findings are
inconsistent.

� What the results of this study add? This is the first systematic review and meta-analysis on the
association between GWG and ASDs in offspring. This study suggested that excessive GWG was
associated with higher risk of ASD in offspring.

� What the implications are of these findings for clinical practice and/or further research? More
high quality cohort studies are needed to confirm this result. This research has the potential to
inspire new research on ASD and promote efforts to design appropriate interventions against
excessive GWG.
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Background

Autism spectrum disorder (ASD) is a group of neurodevelop-
mental disorders characterised by impairment in communica-
tion and social interaction, as well as restricted, repetitive
patterns of behaviour, and interests or activities
(Zwaigenbaum and Penner 2018). The last 20 years of epi-
demiological survey data indicate that the prevalence of ASD
has increased on a global scale, and its prevalence rate is
estimated to be around 1% (Lord et al. 2018). Most children
with ASD have a poor prognosis. After adulthood, they do
not have the ability to live, study and work independently
and become a heavy burden to their families as well as soci-
ety (Lavelle et al. 2014). Autism is a complex disorder which
originates from a combination of genetic and environmental
factors. The potential risk factors for ASD include maternal
gestational diabetes, maternal bleeding during pregnancy,

prenatal exposure to valproate and antidepressant, and par-
ental socioeconomic status (Williams et al. 2010; Matelski and
Van de Water 2016). The most recent meta-analysis revealed
that pre-pregnancy obesity is associated with increased risk
of ASD in offspring (Sanchez et al. 2018). Several previous
studies indicate that pre-pregnancy obesity may affect the
development of the offspring’s nervous system through the
intestinal flora, oxidative stress and inflammation-induced
mal-programming and leptin resistance mechanism in off-
spring, leading to an increased risk of offspring ASD (Dodds
et al. 2011; Buffington et al. 2016; van der Burg et al. 2016).
Further, gestational weight gain (GWG) is also associated
with changes in intestinal flora, increased levels of inflamma-
tory and activated leptin resistance mechanism (Diez et al.
2014; Cordner and Tamashiro 2015; Buffington et al. 2016).
In this context, epidemiological studies have investigated the

CONTACT Li-Li Tian 1514218545@qq.com; Yi-Qun Hu hyq0826@xmu.edu.cn Department of Digestive Medicine, Xiamen University Affiliated Zhong
Shan Hospital, Xiamen University Medical School, Xiamen 361004, China�These authors contributed equally to this work.
� 2019 Informa UK Limited, trading as Taylor & Francis Group

JOURNAL OF OBSTETRICS AND GYNAECOLOGY
https://doi.org/10.1080/01443615.2019.1676211

http://crossmark.crossref.org/dialog/?doi=10.1080/01443615.2019.1676211&domain=pdf&date_stamp=2019-11-27
http://orcid.org/0000-0001-9157-7865
http://www.tandfonline.com


association between GWG and ASD. However, their findings
are inconsistent. For example, the study by Bilder et al.
(2013) and Xiang et al. (2015) revealed a positive association
between GWG and risk of ASD, while the study by Jo et al.
(2015) and Hendrix et al. (2012) did not show any statistically
significant results.

There is currently no systematic review or meta-analysis to
examine the relationship between GWG and offspring ASD.
Thus, this systematic review and meta-analysis was carried
out to elucidate the possibility of such an association.

Methods

Data sources and search strategy

A systematic review of published studies and a meta-analysis
of case-control and cohort studies was performed according
to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines (Stroup et al. 2008). A search for
journal studies published in English or Chinese was con-
ducted including all previous researches until August 28
2018, in the medical databases PubMed, EBSCO, Web of
Science and Chinese National Knowledge Infrastructure. The
search terms applied in the search for eligible studies
included: ‘Disorder, Autistic’, ‘Disorders, Autistic’, ‘Kanner’s
Syndrome’, ‘Kanner Syndrome’, ‘Kanners Syndrome’, ‘Autism,
Infantile’, ‘Infantile Autism’, ‘Autism’, ‘Autism, Early Infantile’,
‘Early Infantile Autism’, ‘infantile Autism, Early’, ‘ASDs’, ‘ASD’;
‘Gain, Weight’, ‘Gains, Weight’, ‘Weight Gains’, ‘weight gain’,
‘weight change’, ‘weight increase’ and ‘Autism spectrum dis-
order’. For complete review of all available studies, the refer-
ence lists of eligible articles as well as the relevant systematic
review articles returned in the search were scanned while the
abstracts of all relevant scientific meetings were examined.

Inclusion criteria

This work included case control studies and cohort studies
meeting the following inclusion criteria: (1) written in
Chinese or English; (2) singleton pregnancies; (3) reported an
association between GWG and the risk of autism; (4) pre-
pregnancy weight was categorised as underweight, normal
weight, overweight or obese; (5) GWG was classified as insuf-
ficient, normal and excessive GWG based on the Institute of
Medicine (IOM) recommendations or appropriate cut-off
points. The recommended weight gains for underweight
(BMI< 18.5 kg/m2), normal weight (BMI¼ 18.5–24.9 kg/m2),
overweight (BMI¼ 25.0–29.9 kg/m2) and obese women
(BMI> 30.0 kg/m2) were 12.5–18, 11.5–16, 7.0–11.5 and
5.0–9.0 kg, respectively.

Data extraction

All the studies retrieved from the databases and bibliogra-
phies were independently evaluated to ensure that they met
the above described inclusion criteria. The potential rele-
vance of the titles and abstracts was independently eval-
uated by two reviewers (Man Wan and Yun Zhou). Any

disagreements were resolved through consensus with a third
reviewer when necessary. The following information was
extracted from each study: first author’s name, year of publi-
cation, country of study, study design, sample size, maternal
obesity criteria, GWG criteria, data source, diagnostic criteria
for ASD, adjusted covariates, and unadjusted or adjusted RR,
OR, as well as HR with corresponding 95% confidence inter-
val (CI).

Quality assessment

The quality assessment of the included studies was carried
out using an improved Newcastle-Ottawa Scale (Stang 2010).
Three main aspects of each study were evaluated including:
selection, comparability and exposure. Each satisfactory
answer was assigned one ‘star’ and studies with six or more
stars were considered to be of high quality. Two authors (Jie
Liu and Bi-Fang Wu) conducted the quality assessment inde-
pendently, and the final score of each included study was
adjudicated by the primary author (Zhao-Xu Tian) after
reviewing the original paper.

Statistical methods

For meta-analyses, the degree of GWG was defined based on
the appropriate cut-offs in the original paper or recommen-
dations in the guideline, and was classified as insufficient,
normal or excessive. A random-effects model was used to
calculate summary ORs and 95%CI for inadequate, and exces-
sive GWG versus the normal GWG. RR in the cohort studies
was considered as the approximations of OR, considering the
low absolute risk of ASD. Heterogeneity between the studies
was estimated using I2 statistics. I2 values of 25%, 50% and
75%, were respectively considered to be low, moderate and
high degrees of heterogeneity. If the literature included more
than 10, a funnel plot was used to detect potential publica-
tion bias (Sterne et al. 2011). A sensitivity analysis was per-
formed on the meta-analysis results by sequentially excluding
each study at a time. All analyses were performed using
RevMan 5.3.3 provided by the Cochrane Collaboration.

Results

Results of literature search

Figure 1 shows the process for the study selection. The initial
search in four different electronic databases yielded 880
records, of which 201 were duplicates and were excluded,
leaving 658 records for title and abstract screening. Twenty-
one publications qualified for full text screening based on
the inclusion criteria. Nine studies (Dodds et al. 2011; Hendrix
et al. 2012; Bilder et al. 2013; Gardner et al. 2015; Jo et al.
2015; Xiang et al. 2015; Ziyu et al. 2015; Qiu et al. 2018; Shen
et al. 2018) focussing on associations between GWG and risk
of ASDs in offspring met all the eligibility criteria and were
included in the qualitative development of this review. Of
the nine identified studies, five studies (Dodds et al. 2011;
Gardner et al. 2015; Ziyu et al. 2015; Qiu et al. 2018; Shen
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et al. 2018) reported sufficient data in the required format
and were included in the current meta-analyses.

Description of studies

Table 1 lists the descriptive characteristics of the studies.
Four studies (Hendrix et al. 2012; Ziyu et al. 2015; Qiu et al.
2018; Shen et al. 2018) were retrospective case-control trials,
and five (Dodds et al. 2011; Cordner and Tamashiro 2015;
Gardner et al. 2015; Jo et al. 2015; Xiang et al. 2015) were
retrospective cohort studies. Four studies (Hendrix et al.
2012; Bilder et al. 2013; Jo et al. 2015; Xiang et al. 2015) were
from the US, three (Ziyu et al. 2015; Qiu et al. 2018; Shen
et al. 2018) were from China, one (Gardner et al. 2015) was
from Sweden and one (Dodds et al. 2011) was from Canada.
The nine studies involved 4980 children with ASDs. GWG col-
lection was self-reported in six studies (Hendrix et al. 2012;
Jo et al. 2015; Xiang et al. 2015; Ziyu et al. 2015; Qiu et al.
2018; Shen et al. 2018); three studies (Dodds et al. 2011;
Bilder et al. 2013; Gardner et al. 2015) were diagnosed by
medical staff. Five studies (Dodds et al. 2011; Gardner et al.
2015; Ziyu et al. 2015; Qiu et al. 2018; Shen et al. 2018)
reported the odds ratios (ORs) and 95%CIs according to
excessive or inadequate number of events compared to chil-
dren born to mothers with normal weight, two studies
(Bilder et al. 2013; Xiang et al. 2015) reported the continuous
data, one study (Hendrix et al. 2012) did not present data. Of
the four studies (Gardner et al. 2015; Ziyu et al. 2015; Qiu
et al. 2018; Shen et al. 2018), GWG was classified as insuffi-
cient, normal and excessive based on recommendations by
the IOM; one study (Dodds et al. 2011) defined ‘excessive’ as
GWG of more than 18 kg and ‘inadequate’ as GWG of less
than 7 kg. Two studies (Gardner et al. 2015; Shen et al. 2018)
reported complete data for GWG with normal pre-gestational

BMI while Xiang et al. (2015) used the IOM recommendations.
The methodological quality of the nine studies was evaluated
according to the NOS. Scores ranged from 5 to 8 on the
Newcastle-Ottawa scale (Table 2).

GWG and risk of ASD in offspring

Of the nine studies, four were excluded from the final meta-
analysis because they did not provide data. Both studies by
Xiang et al. (2015) and Bilder et al. (2013) suggested that
GWG was associated with risk of ASD in offspring. The study
by Bilder et al. (2013) included two cohort studies. In the
research-based on ASD cohort of Utah children (n ¼ 288)
and their unaffected siblings (n ¼ 493), GWG was found to
be significantly associated with ASD (OR¼ 1.17, 95%CI:
1.01–1.35 for each five pounds of weight gained). Jo et al.
(2015) and Hendrix et al. (2012) suggested that GWG was not
associated with the risk of ASD in offspring. The detailed
description of the specific research is provided in Table 1.

Five studies reported the ORs and 95%CIs for the associ-
ation between excessive GWG and ASD in offspring. Through
a random-effects model (Figure 2(A)), the meta-analysis
revealed that excessive GWG was associated with increased
risk of ASD in offspring (p ¼ .0008, OR¼ 1.23, 95%CI
1.09–1.38). No significant statistical heterogeneity was
observed (I2¼ 36%; p ¼ .18). In a sensitivity analysis, the
influence of each study on the overall effect was investi-
gated, and the pooled OR ranged from 1.16 to 1.3 (Table 3).
These results revealed that the conclusion was robust.

Four studies (Dodds et al. 2011; Gardner et al. 2015; Qiu
et al. 2018; Shen et al. 2018) which reported the relationship
between inadequate GWG and offspring ASD were included
in the meta-analysis. The meta-analysis revealed that there
was no association between inadequate GWG and risk of
ASDs (p ¼ .73, OR¼ 1.03, 95%CI 0.86, 1.24) (Figure 2(B)).
Statistical heterogeneity revealed a medium–high heterogen-
eity (I2¼ 57%). When Shen et al.’s study (Shen et al. 2018)
was removed, the I2 values decreased from 57% to 0%, and
the change caused a significant difference (p ¼ .009,
OR¼ 1.15, 95%CI 1.03, 1.28), which suggests that the previ-
ous conclusion had poor stability (Table 3). Considering that
the proportion of obese mothers was small and unreliable
for studying gestational diseases, the study by Shen et al. did
not explore the association between BMI and GWG and the
risk of ASD separately among obese mothers as compared
with other studies, and they did not adjust for the confound-
ing variables related to the risk of autism such as GDM or
gestational hypertension. Previous research showed that
GDM or gestational hypertension was the risk factor for ASD
(Xiang et al. 2015; Maher et al. 2018). Therefore, as men-
tioned above, the current study could not determine whether
inadequate GWG is associated with offspring ASD.

The meta-analysis revealed that excessive GWG alongside
normal maternal baseline BMI was significantly associated
with the risk of ASDs in offspring (I2¼ 0%; p ¼ .0005,
OR¼ 1.24, 95%CI 1.10, 1.40) (Figure 3(A)), while inadequate
GWG was not (I2¼ 89%; p ¼ .97, OR¼ 0.99, 95%CI 0.64,

Figure 1. Flowchart of the study selection process.
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1.53) (Figure 2(B)). A sensitivity analysis was not carried out
due to lack of included studies.

Subgroup meta-analysis

Table 4 shows the findings of subgroup meta-analysis based
on the study design, GWG criteria and adjusted or
unadjusted confounders. For children born to excessive GWG
mothers, the summary risk estimates for ASD were generally
comparable and similar to those of overall result when strati-
fied by different factors. Stronger associations between exces-
sive and ASD risk were observed in case-control studies
(OR¼ 1.44, 95%CI 1.18, 1.75), studies (OR¼ 1.24, 95%CI 1.08,
1.41) with certain adjusted confounders and GWG studies
(OR ¼ 1.28, 95%CI 1.05, 1.56) based on recommendations by
the IOM. For children born to inadequate GWG mother, no
difference was observed in the association after stratification
by GWG criteria and adjustment for confounder. Whereas,
the summary of risk estimates for ASD (p ¼ .007; OR¼ 1.16,
95%CI 1.04, 1.28) in cohort studies were opposite to those of
overall result when stratified by study design, which indi-
cated that the current results were not robust. It was specu-
lated that the inconsistency of the results was due to the
interference caused by design of Shen et al.’s research.

Discussion

This is the first systematic review and meta-analysis on the
association between GWG and ASDs in offspring. This study
suggested that excessive GWG was associated with higher
risk of ASD in offspring. For inadequate GWG, higher risk of
offspring ASD was observed compared with normal GWG,
while statistical heterogeneity showed a significant hetero-
geneity (I2¼ 57%). When Shen et al.’s study we removed or
subgroup meta-analysis of cohort studies was conducted, the
individual summary risk estimates for ASD were contrary to
those of the overall results. Shen et al.’s research (Shen et al.
2018) was a case-controlled study, which did not explore the
association between BMI and GWG with risk of autism among
obese mothers separately and did not adjust for the con-
founding variables related to the risk of autism such as GDM
or gestational hypertension. Several previous studies have
confirmed that gestational diabetes and pre-pregnancy obes-
ity were associated with offspring autism. Therefore, the
effect of inadequate GWG on the incidence of offspring ASD
is still unclear. For lack of data, this work conducted a meta-Ta
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Table 2. Quality assessment of the included studies by the Newcastle-
Ottawa Scale.

Study Design Selection Comparability Exposure
Total
scores

Dodds et al. (2011) Cohort 2 2 2 6
Gardner et al. (2015) Cohort 2 1 2 6
Ziyu (2015) Case-control 3 1 1 5
Qiu et al. (2018) Case-control 3 1 1 5
Shen et al. (2018) Case-control 4 1 1 6
Xiang et al. (2015) Cohort 4 2 2 8
Bilder et al. (2013) Cohort 4 1 2 7
Jo et al. (2015) Cohort 3 1 1 5
Hendrix et al. (2012) Cohort 4 2 1 7
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analysis of excessive GWG with normal maternal baseline
BMI. High risk of ASD in offspring with Excessive GWG born
of normal maternal baseline BMI was observed, while inad-
equate GWG was not.

Currently, several hypotheses have been proposed to
explore the association of GWG and the risk of ASD in off-
spring. First, weight gain should be associated with a high-fat
diet (Wrottesley et al. 2017). High fat diet can induce oxida-
tive stress and inflammatory response in hippocampus of off-
spring, which causes dysregulation of serotonin synthesis in
dopaminergic neurons (Bilbo and Tsang 2010; Lau 2013).
Second, the effect of GWG on offspring’s nervous system
may result from the leptin resistance mechanism caused by
obesity. Leptin plays an important role in maintaining normal
reproductive function and foetal growth and development.
Higher levels of leptin can lead to impaired brain develop-
ment, which affects speaking capability, social activities and
motor functioning (Farr et al. 2006). Finally, many animal
studies reported that maternal high fat diet (MHFD) may
induce a shift in microbial ecology in offspring, which may
negatively impact social behaviour. Buffington et al. (2016)
confirmed that the intestinal microbes of the offspring of
MHFD mice during pregnancy were significantly altered,
affecting offspring’s autistic behaviour through oxytocin and
dopamine reward systems.

To date, investigations into the relationship between GWG
and autism are still generally dearth. The current study estab-
lished the lack of quantitative studies. Specifically, only two
studies (Gardner et al. 2015; Shen et al. 2018) analysed asso-
ciations with GWG based on different pre-pregnancy BMI and
offspring ASD. Dose–response analysis was not performed in
the current work and this should be evaluated in future
review studies. The evidence that excessive GWG is associ-
ated with higher risk of offspring ASD has clinical importance
to some extent, especially in certain countries that over-
emphasise nutrient intake during pregnancy. Obstetrics prac-
titioners should take note of the weight gain of pregnant
women, and provide appropriate medical advice based on
the guidelines. At the social level, more science based activ-
ities for weight management during pregnancy should be
carried out to raise the awareness of scientific management
of weight gain during pregnancy.

This meta-analysis has several strengths. First, this is the
first systematic review and meta-analysis on the association
between GWG and GWG and ASDs in offspring. Second,
stratified analysis was carried out to investigate the robust-
ness of the current findings, considering biological and meth-
odological factors. In this context, it was revealed that the
association persisted even after adjusting for maternal BMI,
gestational age at birth, sex and parental history of

Figure 2. (A) Excessive GWG and risk of ASD in offspring. (B) Inadequate GWG and risk of ASD in offspring. BMI: body mass index; GWG: gestational weight gain;
OR: odds ratio; ASD: autism spectrum disorders.

Table 3. Plot of sensitivity analysis by excluding one study each time and the pooling estimate for the rest of the studies.

Sensitivity analysis

Excessive GWG Inadequate GWG

I2 p OR OR (95%CI) I2 p OR OR (95%CI)

Dodds et al. (2011) 52 .01 1.28 1.05 1.56 72% .94 0.99 0.75 1.31
Gardner et al. (2015) 15 .0004 1.3 1.13 1.5 27% .63 0.95 0.78 1.16
Qiu et al. (2018) 52 .002 1.24 1.08 1.41 68% .65 1.05 0.86 1.27
Shen et al. (2018) 45 .007 1.22 1.06 1.4 0 .009 1.15 1.03 1.28
Ziyu (2015) 0 .0004 1.16 1.07 1.26
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psychiatric treatment, e.g. third, excessive or inadequate
GWG (according to the IOM recommendations or appropriate
cut-off points) was used as an explanatory variable and has
been proven to be useful for other adverse pregnancy out-
comes. It is noteworthy that the three Chinese studies
included in the meta-analysis used IOM weight gain recom-
mendations. Some studies have reported that IOM standards
may not be applicable to certain Asian countries due to eth-
nic differences. Tat Xin et al. reported that the IOM GWG
standard applies to the Singapore population (Tat Xin et al.
2014), but it is not suitable for the Korean population. Choi
et al.’s study indicated that considerably higher and wider
optimal GWG ranges than recommended by IOM are estab-
lished to avoid adverse perinatal outcomes in Korean popula-
tion (Choi et al. 2017). In January 2018, the national GWG
guideline for Chinese women was published (Huang et al.
2018), and a universal recommendation with the IOM criteria
may result in more misclassification and unnecessary weight
gain among pregnant Chinese women in the future. Based
on this, there may be a shift in results for studies of inappro-
priate GWG management and ASD; therefore, further studies
should be conducted based on local appropriate recommen-
dations. Some limitations in the current meta-analysis should
be mentioned. First, the main limitation was that the stand-
ards of pre-pregnancy obesity and GWG used in the included
studies for the meta-analysis were different. Three studies

used WHO 1995 standards to define BMI, while two studies
used the guidelines of Chinese adults overweight and obesity
prevention. Dodd’s study used ‘�7 kg’ to define inadequate
GWG and ‘�18 kg ‘to define excessive GWG, other studies
were conducted according to IOM Pregnancy Weight
Guidelines. Nevertheless, the stratified analyses results did
not change considerably. Second, three of the included stud-
ies were case-control studies. Case-control design may lead
to selective bias and recall or memory bias. This limitation
could partly explain the different results between case-con-
trol and cohort studies in the stratified analysis for children
born to inadequate GWG mothers. Third, the confounding
factors that were included in the study are different, which
may have let to the inconsistent results. The inconsistency in
adjustment for confounders across all studies is a limitation
of this meta-analysis that cannot be quantified.
Unfortunately, considering the data limitation, the effects of
inconsistency in adjusting for confounders across all studies
could not be quantified in the results of the meta-analysis.

This meta-analysis suggests that excessive GWG may be a
risk factor for ASD in offspring. However, it was not con-
cluded in the meta-analysis that the association between
inadequate GWG and ASD in offspring according to
Inconsistent results between cohort studies and control stud-
ies in subgroup meta-analysis. Further research based on a
large population of prospective cohort studies, are

Figure 3. (A) Excessive GWG with normal maternal baseline BMI and risk of ASD in offspring. (B) Inadequate GWG with normal maternal baseline BMI and risk of
ASD in offspring. BMI: body mass index; GWG: gestational weight gain; OR: odds ratio; ASD: autism spectrum disorders.

Table 4. Subgroup analysis by use of covariates, study design and GWG standard.

Subgroup meta-analysis

Excessive GWG Inadequate GWG

No. of studies OR (95%CI) I2 p No. of studies OR (95%CI) I2 p

Use of covariates
Adjusted OR 4 1.24 (1.08, 1.41) 0 .0003 2 1.01 (0.75, 1.38) 84 .93
Unadjusted OR 3 1.35 (1.13, 1.61) 17 .0009 2 1.07 (0.85, 1.35) 0 .54

Study design
Cohort 2 1.14 (1.05, 1.24) 0 .003 2 1.16 (1.04, 1.28) 0 .007
Case-control 3 1.44 (1.18, 1.75) 0 .0003 2 0.85 (0.69, 1.05) 0 .12

GWG standard
IOM 4 1.28 (1.05, 1.56) 52 .01 3 0.99 (0.75, 1.31) 72 .94
Cut-off points 1 1.19 (1.02, 1.39) N/A .03 1 1.1 (0.87, 1.39) N/A .43

N/A: not applicable; GWG: gestational weight gain; OR: odds ratio.
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recommended to confirm the results. In addition, future repli-
cation studies in this area should have better control of con-
founding factors, and more accurate results measurement.
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