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Abstract

Studies have examined the association between parental body mass index (BMI) and autism spectrum disorder (ASD) in
offspring, with inconsistent results, especially regarding maternal obesity, overweight and underweight. Cochrane Library,
EMBASE, PubMed and PsycINFO databases were searched up to March 2018 for relevant observational studies with no
language restriction. Our literature search identified 13 eligible studies for meta-analysis (involving 943,293 children and
30,337 cases). For maternal BMI (13 studies), both maternal obesity [OR 1.41 (95% CI 1.19-1.67)] and maternal overweight
[OR 1.16 (95% CI 1.05-1.27)] were significantly associated with ASD, while maternal underweight was not associated with
ASD [OR 1.08 (95% CI 0.98-1.20)]. For paternal BMI (three studies), no association was found (paternal obesity: OR 1.28,
95% CI 0.94-1.74; overweight: OR 1.07, 95% CI 0.99-1.15; underweight: OR 1.12, 95% CI 0.87-1.44). Pooled estimates
were robust in sensitivity analysis and subgroup analyses. Publication bias may exist for studies assessing maternal BMI
and ASD risk, but the filled estimates were not altered. Relative to normal weight, maternal obesity and overweight were
significantly associated with increased ASD risk, while maternal underweight was not associated with ASD. Although no
association between paternal BMI and ASD was found, current evidence is limited (three studies). Future studies are war-
ranted to address more confounding factors and to identify potential mediators of the association, but pre-pregnancy weight
control is suggested.
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Introduction behaviors with serious consequences for the children and

the families [1]. The prevalence of ASD has been increasing

Autism spectrum disorders (ASDs) are a class of neurode-
velopmental disorders characterized by impairments in
social communication, developmental delay, and repetitive
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over the years and the recently estimated prevalence in the
USA was 1.34% among 4-year-old children [2].

While genetics play an important role in the etiology of
ASD, environmental risk factors are not well understood.
Recent studies evidenced that environmental factors con-
tributed to about 40-50% of variance in ASD [3-5]. As the
developing brain in utero is susceptible to environmental
factors [6], evaluating non-genetic influences contributing to
ASD is of significance for identifying potential risk factors
and may help to mitigate the risk [7]. Of note, the increased
prevalence of ASD has been paralleled by an increasing
trend in prevalence of maternal obesity [8, 9], which is a
nutritional and metabolic disorder with long-term health
consequences to both the mother and the child [10], and has
led to the speculation that the two trends might be related.

In 2011, Layll et al. firstly reported that maternal late
adolescent obesity may have a doubling of the risk of ASD
in offspring [11]. Since then, a growing number of studies
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that reported a significant association between maternal obe-
sity and ASD have been published [12—-15]. Further, a large
number of observational studies have explored the issue of
the different weight categories, providing inconsistent results
[16-23]. Until recently, several studies have taken paternal
obesity into account, with no definitive conclusion [14, 17,
20]. Therefore, the magnitude of the overall effect of paren-
tal obesity, overweight or underweight on ASD is unknown,
mainly due to substantial differences in sample characteris-
tics and study methodology.

Previous meta-analysis found a significant association
between maternal obesity and ASD [24], but it only included
five relevant studies and did not follow the standard BMI cat-
egories. More importantly, a large number of studies in this
area have been published in recent years and have explored
this issue on paternal BMI, with inconsistent outcomes [16,
17, 19-22]. To better quantitatively analyze this growing
literature on parental BMI and ASD, we performed this sys-
tematic review and meta-analysis to comprehensively evalu-
ate the association between parental obesity, overweight or
underweight and ASD.

Methods
Search strategy

Cochrane Library, EMBASE, Pubmed and PsycINFO data-
bases were searched up to March 2018. Medical Subject
Headings (MeSH), Emtree Headings and other relevant key
words were used to find studies related to parental BMI and
risk of ASD in offspring. The terms we used were as follows:
autism/autistic/ ASD/Asperger/Autism Spectrum Disorder
and weight/obesity/overweight/underweight/obese/body
mass index/BMI and parental/maternal/paternal/mother/
father/prenatal/perinatal. There was no language restriction
applied. In addition, reference lists of other articles were
reviewed to find studies that might be potentially eligible
for our inclusion criteria.

Inclusion and exclusion criteria

Two investigators screened records independently. First,
titles and abstracts of articles were reviewed and full texts
would be retrieved by investigators if necessary. Then, a
study was included if all the following inclusion criteria
were met:

(1) The study was an original observational study;

(2) The study evaluated maternal or paternal BMI and risk
of ASD in offspring;

(3) Studies addressed the outcome of interest (ASD);
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(4) The study reported associated odds ratio (OR), relative
risk (RR) or hazard ratio (HR).

A study would be excluded if it met one or more of the
following exclusion criteria:

(1) The study used obesity, overweight or other ambiguous
terms rather than BMI for the definition of exposure;

(2) The study included other developmental disorders, such
as intellectual disability and developmental delay as the
outcome of interest but did not exclude them from ASD
in their statistical analysis;

(3) The parental BMI used was not measured at baseline

(pre-pregnancy).
Data extraction

The information of included studies was extracted by two
investigators using a standardized data collection form inde-
pendently, and all the differences and contradictions were
addressed by the primary author. The following informa-
tion was extracted: first author’s name, published years,
the country of the study conducted, study design (cohort or
case—control), data source, age of offspring, study period,
sample size, ASD criteria, maternal or paternal weight cat-
egories, exposure information, main findings and adjusted
covariates. OR, RR, or HR with corresponding 95% confi-
dence interval (CI) was also extracted from each included
study.

Study quality assessment

For the assessment of study quality, we used the Newcas-
tle—Ottawa Quality Assessment Scale (NOS), which is
recommended by Cochrane Collaboration [25]. The NOS
comprises three domains: Selection (maximum 4 stars),
Comparability (maximum 2 stars) and Exposure (maximum
3 stars). A study with 6 or more stars was regarded as high
quality. Any discrepancy during study quality assessment
was resolved by discussion with the primary author after
referring to the original paper.

Statistical analysis

The Cochrane Collaboration Review Manager Software
(RevMan version 5.3) and Stata statistical software (ver-
sion 12.0; Stata Corporation, College Station, TX, USA)
were used for performing meta-analysis and associated sta-
tistical analysis. HR, RR or OR with corresponding 95%
CIs was used as the common measure of the association
in included studies. Heterogeneity, the differences between
studies, was valued by I? statistics, and the 17 value of 25%,
50%, 75% was regarded as low, medium and high degrees
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of heterogeneity [26]. A random-effects model was used for
performing meta-analysis since substantial heterogeneity
was identified.

Sensitivity analysis was performed to examine the robust-
ness of pooled results. Subgroup analyses were performed
first to explore the source of heterogeneity between studies
and second to examine the consistency of pooled estimates
in subgroups. Nine subgroups regarding characteristics and
methodological aspects of included studies were set up,
including study design (cohort vs. case—control), geographi-
cal area (America vs. Europe vs. Asia), number of cases
(=200 vs. <200), data source (population based vs. hospital
based), ASD ascertainment (standard measure vs. parental
report), exposure information (medical record vs. self-
report), NOS score (>6 vs. <6), and whether adjusted for
covariates of child sex, maternal age and maternal diabetes
(Yes vs. No) in their multivariable statistical analysis. The
test of publication bias, sensitivity analysis and subgroups
analyses were not performed for our secondary outcomes
(paternal BMI and ASD risk) as the number of included
studies was limited (N=23). Potential publication bias was
assessed by visually observing funnel plot, and Egger’s and
Begg’s regression model. If asymmetry of the funnel plots
were observed, the Duval and Tweedie nonparametric ‘trim
and fill’ method for estimating the number of missing stud-
ies, would be applied by adjust the funnel plot and recalcu-
late the pooled estimates [27].

Results
Literature search

A total of 1795 records (1792 from online database and 3
from hand search) were retrieved by our search strategy.
After removing duplicates, 1456 records remained for
screening. Then, full text of 25 articles was reviewed after
excluding studies of irrelevant topics (Fig. 1). Finally, 13
studies that met all the inclusion criteria were included for
meta-analysis (Table 1) [7-13, 15-19].

Study characteristics

Of the 13 included studies, three were case—control studies
and ten were cohort studies, four were based on the sample
of hospital and nine collected data from population-based
observations. For the geographical area of included studies,
six were conducted in America, five in Europe, and one in
Asia. The ASD cases ranged from 14 to 6420. All studies
measured pre-pregnancy BMI as exposure, and standard
BMI categories were applied in most studies. All studies
were published in recent years. Quality scores of the most
of the included studies were high. Details of study quality

assessment are provided in the Table S1 and Table S2 in the
Supplement.

Meta-analysis

The pooled ORs for maternal obesity, overweight and
ASD were 1.41 (95% CI: 1.19-1.67, Pyqerogencity < 0.001,
?=79.3%) and 1.16 (95% CI: 1.05-1.27, Preterogencity =0-005,
I?=60.0%), respectively, with substantial and moderate het-
erogeneity (Fig. 2). While, the OR for maternal underweight
and ASD was 1.08 (95% CI: 0.98-1.20) with low heteroge-
neity (Ppeerogencity=0-359, =9.1%).

As for paternal BMI and ASD, the pooled ORs for pater-
nal obesity, overweight and underweight were 1.28 (95%
CIL: 0.94-1.74, Ppeeropencity = 0-006, ?=80.3%), 1.07 (95%
CL: 0.99-1.15, Pperogeneity = 0-855, ’=0) and 1.12 (95%
CIL: 0.87-1.44, Py¢ieropencity = 0229, I?=31.0%), respectively
(Fig. 3).

Sensitivity analysis

For maternal BMI and ASD, sensitivity analysis was per-
formed to examine the effect of individual study by exclud-
ing each study at one time and rerunning meta-analysis of
the rest. As a result, none of the exclusion of any specific
study would significantly change the pooled estimated results
(Figure S1, S2 and S3 in the Supplement); for maternal
obesity and ASD, we also found that the heterogeneity was
decreased to be moderate (I*=53.3%, Pheterogencity = 0-023)
when the study by Gardner et al. [13] was excluded but the
result was not changed [OR 1.34 (95% CI 1.17-1.53)].

Subgroup analyses

In our subgroup analyses, results in most subgroups
remained the trend of the main analysis. While results in
several subgroups were changed to be statistically insignifi-
cant, such as self-report of BMI, parental report of ASD and
case number < 200, those subgroups were limited in number
of studies or less methodological sound. Subgroup analyses
were also performed to explore the heterogeneity; however,
none of the nine subgroups were identified as important
sources as the between-study heterogeneity was statistically
significant in most categories (Table 2).

Publication bias

We first visually observed funnel plots and then used Begg’s
and Egger’s regression model to assess the publication bias.
Although asymmetry (publication bias) was revealed by funnel
plot, results of Begg’s (maternal obesity: P=1.000; maternal
overweight: P=0.876; maternal underweight: P=0.788) and
Egger’s (maternal obesity: P=0.665; maternal overweight:
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Fig. 1 Flow diagram of the study selection process
P=0.893; maternal underweight: P=0.671) regression Discussion
showed no obvious publication bias. Since potential publica-
tion bias was detected by asymmetry of the funnel plots, the Main findings

‘trim and fill’ method was used. As a result, one and three
studies with negative results were respectively missing for
maternal obesity, overweight and underweight (Figure S4,
S5 and S6 in the Supplement); however, the filled estimates
did not lead to dissimilar results [maternal obesity: OR 1.33
(95% CI 1.13-1.57); maternal overweight: OR 1.14 (95%
CI 1.05-1.24); maternal underweight: OR, 0.97 (95% CI
0.85-1.10)]. Summary of meta-analysis, test of publication
bias and trim and fill analysis were presented in Table 3.
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This meta-analysis is based on current epidemiological
evidence pertaining to ASD risk in children of parents
of different BMI categories. Our findings suggest that
maternal obesity and overweight increase odds of ASD in
offspring by 40% and 16%, respectively; while there is no
significant association of maternal underweight or paternal
BMI with ASD. Maternal obesity may not contribute much
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Study or Subgrou
Maternal obesity
Andersen 2017
Casas 2017
Connolly 2016
Gardner 2015
Getz 2016
Krakowiak 2012

Li 2016

Lyall 2011

Moss 2014
Reynolds 2014
Suren 2014

Xiang 2015
Subtotal (95% CI)

log[Odds Ratio

0.3293
0.0583
0.4056
0.6627
0.4187
0.5128
0.6523
0.0488
-0.4005
0.8329
0.0862
0.1989

SE Weight

0.1161
0.0769
0.1097
0.0593
0.1055
0.2155
0.2396
0.3054
0.4679
0.3664
0.1951
0.1017

10.5%
11.7%
10.7%
12.2%
10.8%
7.2%
6.5%
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2.7%
3.9%
7.8%
11.0%
100.0%

Odds Ratio
1V, Random, 95% ClI

1.39 [1.11, 1.75]
1.06 [0.91, 1.23]
1.50 [1.21, 1.86]
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0.67 [0.27, 1.68]
2.30 [1.12, 4.72]
1.09 [0.74, 1.60]
1.22 [1.00, 1.49]
1.41 [1.19, 1.67]

Heterogeneity: Tau? = 0.06; Chi? = 53.16, df = 11 (P < 0.00001); I = 79%
Test for overall effect: Z = 3.96 (P < 0.0001)

Maternal overweight
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1.11[0.91, 1.35]
1.16 [1.05, 1.27]

Heterogeneity: Tau? = 0.01; Chi? = 24.97, df = 10 (P = 0.005); I1> = 60%

Test for overall effect: Z =2.92 (P = 0.003)

Maternal underweight
Andersen 2017
Casas 2017
Connolly 2016
Gardner 2015
Getz 2016

Ling 2015

Lyall 2011

Moss 2014

Suren 2014

Xiang 2015
Subtotal (95% CI)

0.2624
0.01
0.0002
0.0488
0.3507
-0.4308
0.0677
0.0677
0.3293
0.0677

0.1313
0.0858
0.2523
0.0818
0.1832
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1.323
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1.39 [0.79, 2.45]
1.07 [0.62, 1.84]
1.08 [0.98, 1.20]

Heterogeneity: Tau? = 0.00; Chi? = 9.90, df =9 (P = 0.36); I> = 9%

Test for overall effect: Z = 1.52 (P = 0.13)

Fig.2 Meta-analysis on maternal body mass index and autism spectrum disorder

to the etiology of ASD and could only explain a part of
the remaining variance, compared to other environmental
risk factors, such as birth complications and advanced age,
that have shown strong links to ASD [28-30]. However,
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pre-pregnancy weight control as precaution seems to be
practical and should be encouraged because maternal ele-
vated BMI may lead to numerous adverse maternal and
infant outcomes [31-34].
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% Cl
Paternal obesity
Casas 2017 0.3853 0.1375 32.2% 1.47[1.12,1.92] -
Gardner 2015 0.01 0.0552 40.5% 1.01[0.91, 1.13]
Suren 2014 0.4253 0.1804 27.3% 1.53[1.07, 2.18] Pl
Subtotal (95% CI) 100.0% 1.28 [0.94, 1.74]
Heterogeneity: Tau? = 0.06; Chi2 = 10.17, df = 2 (P = 0.006); I = 80%
Test for overall effect: Z = 1.55 (P = 0.12)
Paternal overweight
Casas 2017 0.077 0.0543 49.6% 1.08 [0.97, 1.20]
Gardner 2015 0.0677 0.0596 41.2% 1.07 [0.95, 1.20]
Suren 2014 0 0.1264 9.2% 1.00 [0.78, 1.28]
Subtotal (95% CI) 100.0% 1.07 [0.99, 1.15]
Heterogeneity: Tau? = 0.00; Chi? = 0.31, df =2 (P = 0.85); I>= 0%
Test for overall effect: Z = 1.73 (P = 0.08)
Paternal underweight
Casas 2017 -0.1625 0.2734 18.5% 0.85[0.50, 1.45] el
Gardner 2015 0.174 0.0579 81.5% 1.19 [1.06, 1.33] -
Subtotal (95% CI) 100.0% 1.12[0.87, 1.44]
Heterogeneity: Tau? = 0.02; Chiz = 1.45,df =1 (P =0.23); ?=31%
Test for overall effect: Z = 0.86 (P = 0.39)
0.01 0.1 1 10 100

Fig.3 Meta-analysis on paternal body mass index and autism spectrum disorder

Strengths and limitations

There are certain strengths of this meta-analysis. The first
is the inclusion of all eligible observational studies with
comprehensive quantitative data analysis presented in a
systematic fashion. In addition to maternal BMI, we also
analyzed paternal BMI and ASD risk as secondary outcomes
to provide more information. The second is the robustness
of the pooled estimates. Our results were generally robust in
sensitivity analysis as well as in subgroup analyses; although
publication bias may exist, the filled estimates results were
unchanged.

Several limitations in our present study may have influ-
enced the combined results. First, the number of eligible
studies is limited and may impact the accuracy of the com-
bined results, especially for studies on paternal BMI and
ASD risk. Sensitivity analysis, subgroup analyses and test
of publication bias were, thus, not performed for the group
of paternal BMI and ASD as the number of estimates in each
subgroup would be insufficient to permit meta-analysis. Sec-
ond, marked heterogeneity was observed in the meta-analy-
sis. Results from subgroup analyses also failed to determine
sources of heterogeneity. Third, publication bias may have
occurred. Among three maternal BMI categories, obesity,
overweight and underweight, all were not symmetric in fun-
nel plots and several missing studies were detected. Fourth,
several known risk factors for ASD such as family history

of psychiatric disorders, maternal age and child’s sex have
not been fully considered in the statistical analysis in several
included studies. Therefore, the reported overall effect sizes
were differed and may contribute to the heterogeneity.

Interpretation

Several mechanisms for the association between mater-
nal obesity and increased ASD risk have been proposed.
Immunological factors are the most often mentioned
explanations. Maternal overweight and obesity would
induce placenta inflammation [35] and may subsequently
result in a fetal systemic inflammatory response and abnor-
malities in cytokines or inflammatory mediators levels
in children with ASD [36, 37]. Also, maternal obesity
contributed to modification of the expression of several
important genes, such as apolipoprotein D, which affects
fetal neurodevelopment [38]. Besides, maternal nutritional
balance, which is linked to obesity, has been shown to
have direct influence in fetal neurodevelopment [39]. How-
ever, one should not ignore that the association observed
may be simultaneously mediated by multiple factors since
maternal high BMI could also induce several other conse-
quences which may play as mediators in the association.
For example, obesity is associated with hypertension and
diabetes mellitus which were reported to be associated
with increased risk of ASD in offspring [16, 40]. Besides,
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Table 2 (continued)

P %

P heterogeneity
value

95% CI

BMI <18.5
P % No.of Pooled

P heterogeneity
value

95% CI

No. of studies Pooled

BMI 25-30

P %

P heterogeneity

value

95% CI

No. of studies Pooled

BMI >30

Variables

esti-

stud-
ies

esti-

esti-

mates

mates

mates

NOS score
>6

S
S

0.99,1.17 0.482
0.53,1.39 0.116

1.08
0.86

595 8

1.04,1.25 0.011

1.14

1.17,1.68 <0.0001 822 9
1.91

1.40

1.51

10

59.5

63.6 2

0.003

0.64,5.71

0.100 63.0 2

0.70, 3.26

<6

ASD Autism spectrum disorder, BMI body mass index

maternal lifestyle factors, such as high fat intake, may also
affect obesity and subsequently increase ASD risk [41].
Therefore, studies need to be more methodologically rigor-
ous to minimize the influences of other risk factors.

Several inconsistencies in the published studies should
also be mentioned. First, the ascertainments of ASD in
included studies were highly variable, which may affect
the results and contribute to the heterogeneity because data
collected from parental reports may not be valid. Second,
study results may be biased by confounding effects. For
example, previous studies have evidenced that mater-
nal diabetes is a risk factor for ASD [42]; however, only
one included study has adjusted maternal diabetes as a
potential confounder in their multivariable models [19].
Diabetes is often accompanied by obesity and, thus, may
directly or indirectly increase ASD risk. Third, different
weight categories may have resulted in discrepant out-
comes. Although we excluded studies not using standard
BMI categories, weight categories were not consistent
in all included studies. For example, Ling et al. [23]. set
up weight categories: Maternal BMI < 18.5; 18.5-24.9;
>25; but the obesity group (BMI >30) was not subdivided
due to a small number of cases, and we extracted data for
BMI > 25 and pooled in the maternal overweight group.
Forth, the exposure information is an important factor
which could impact the findings. For the six studies that
collected BMI information from self-report, the pooled
estimates showed an insignificant association of maternal
BMI with ASD, suggesting that the weight status may have
been under-reported. Therefore, the effect size in the main
analysis could have been slightly underestimated. Fifth,
the time point is a potential contributing factor for hetero-
geneity. While studies used pre-pregnancy BMI, it was
not clear how close the time point was to the pregnancy.
The estimates may vary considerably depending on BMI
at different time point. For example, Layll et al. reported
that maternal obesity at age 18 may have a doubling of the
risk of ASD in offspring, but their later analysis found that
maternal BMI at baseline was not significantly associated
with ASD [11].

Conclusions

In conclusion, this meta-analysis evidenced an associa-
tion between maternal obesity, overweight and ASD, but
not maternal underweight and paternal. High-quality data
regarding this issue appear to be significantly lacking and
further detailed studies investigating the association are war-
ranted to address more confounding factors and to identify
potential mediators of these associations; however, pre-preg-
nancy weight control is suggested.
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Table 3 Summary of meta-analysis, test of publication bias and trim and fill analysis

Category No. of studies  Overall effect Heterogeneity Publication bias Trim and fill method
Pooled OR  95% CI P %) P Begg’stest Egger’stest No. of potential Filled estimates
missing studies
Maternal
Obesity 12 1.41 1.19,1.67 1793 <0.0001 1.000 0.665 1 1.33 (1.13, 1.57)
Overweight 11 1.16 1.05,1.27 60.0 0.005 0.876 0.893 0 1.14 (1.05, 1.24)
Underweight 10 1.08 098,120 9.1 0.359  0.788 0.671 4 0.97 (0.85, 1.10)
Paternal
Obesity 1.28 0.94,1.74 803 0.006 - - - -
Overweight 1.07 0.99, 1.15 0.0 0.855 - - - -
Underweight 1.12 0.87,1.44 31.0 0229 - - - -

OR odds ratio
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