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Abstract

Background: Autism is a neurodevelopmental disorder with an unclear etiology. Pre-pregnancy body mass index
(BMI) and gestational weight gain (GWG) have been suggested to play a role in the etiology of autism. The current
study explores the associations among maternal pre-pregnancy BMI, GWG and the risk of autism in the Han Chinese
population.

Methods: Demographic information, a basic medical history and information regarding maternal pre-pregnancy and
pregnancy conditions were collected from the parents of 705 Han Chinese children with autism and 2236 unrelated
typically developing children. Binary logistic regressions were conducted to calculate the odds ratio (OR) for the
relationship among pre-pregnancy BMI, GWG and the occurrence of autism. The interaction between pre-pregnancy
BMI and GWG was analyzed by performing stratification analyses using a logistic model.

Results: After adjusting for the children’s gender, parental age and family annual income, excessive GWG was
associated with autism risk in the entire sample (OR = 1.327, 95% CI: 1.021–1.725), whereas the relationship
between maternal pre-pregnancy BMI and autism was not significant. According to the stratification analyses,
excessive GWG increased the risk of autism in overweight/obese mothers (OR = 2.468, 95% CI: 1.102–5.526)
but not in underweight or normal weight mothers.

Conclusions: The maternal pre-pregnancy BMI might not be independently associated with autism risk. However,
excessive GWG might increase the autism risk of offspring of overweight and obese mothers.
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Background
Autism is a neurodevelopmental disorder characterized
by impairments in social interactions and communica-
tion skills and stereotyped behaviors and interests [1].
According to the most recent epidemiological study, the
prevalence of Autism Spectrum Disorder (ASD is 1.46%
(1 per 68 persons) in the US [2]. The increasing

prevalence of autism calls for further investigations of its
unclear etiology [3].
An aberrant maternal pre-pregnancy body mass index

(BMI) and gestational weight gain (GWG) have been
suggested to increase the autism risk among offspring
[4–7]. Although the relevant mechanism is not fully
understood, maternal nutritional balance has been
shown to be important to the fetus and directly influ-
ence fetal neurodevelopment [8]. Additionally, maternal
metabolic status may also exert indirect influences on
neurodevelopment via the immune or endocrine system
[9, 10]. Thus, maternal metabolism before and during
pregnancy may be involved in the etiology of autism.
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In addition to the unclear mechanism, many other
questions remain unanswered regarding the associations
between autism and BMI/GWG. For example, although
several studies enrolled a large number of participants,
the number of studies examining this association is
limited, and the findings were not always consistent, in-
dicating that more replication studies are needed.
Furthermore, in some US population- based cohort
studies, clear ethnic differences in BMI and GWG have
been observed in individuals with different genetic back-
grounds, living environments and lifestyles [11, 12].
Similarly, different classes of BMI might be related to
GWG values that vary by ethnicity [13]. Hence, repli-
cated and verified the associations of autism risk with
BMI and GWG in different ethnic populations are ne-
cessary. To the best of our knowledge, few studies have
focused on this issue in the Han Chinese population.
This study explored the possible associations among ma-
ternal pre-pregnancy BMI, GWG and the risk of autism
in the Han Chinese population.

Methods
Subjects
This study was a part of a larger research project that
was approved by the Human Ethics Committee of the
Second Xiangya Hospital of Central South University.
Study subjects in the autism group were recruited by

the Outpatient Department of the Mental Health
Institute at the Second Xiangya Hospital of Central
South University, Changsha, Hunan Province and at
Elim Training Center for Children with Autism,
Qingdao, Shandong Province. After obtaining written in-
formed consent from the children’s parents or legal
guardians, the children, who were aged 2–9 years, were
independently diagnosed by two senior psychiatric doc-
tors according to the DSM-IV-TR criteria for autistic
disorder. Children with organic diseases of the nervous
system or other psychiatric disorders, such as childhood
schizophrenia, were excluded. Patients with a chromo-
somal abnormality were also excluded. Children with
autism whose mothers experienced preterm labor (less
than 37 gestational weeks) or multiple pregnancies were
excluded from our study because these mothers’ GWG
values may differ from those of mothers with a single
fetus and a full-term birth.
In the control group, typically developing (TD) children

within the same age range were recruited by adapting a
network survey questionnaire based on the most popular
real-name social networking platforms in China mainland.
The exclusion criteria were the same as the criteria used
for the autism group. Additionally, the children were ex-
cluded if their parents reported a suspected developmental
problem. In total, 2499 children who had never been diag-
nosed with a psychiatric or developmental disorder and

did not have siblings with autism were recruited; the par-
ents of 119 (4.8%) recruited children expressed concerns
regarding their child’s development. In addition, 154
(6.2%) children were preterm or multiple births and were
excluded from the study based on the exclusion criteria.
Ultimately, 705 children with autism and 2236 unre-

lated TD children were enrolled for the subsequent data
analyses. All subjects were Han Chinese.

Data collection
The parents of the children enrolled in the autism group
were asked to complete a self-administered structured
questionnaire that included family demographic infor-
mation, basic medical history and information regarding
the maternal pre-pregnancy and pregnancy conditions.
The parents of the children in the control group were

solicited through a link to our website. The front page of
the website contained a brief explanation of the study. If
the parents agreed to participate in the study, they were
asked to complete an online questionnaire that con-
tained the same information as the paper questionnaire
and included the parents’ general impression of their
child’s development.

BMI and GWG
Pre-pregnancy BMI was calculated as weight (kg)
divided by height (m) squared and was categorized into
the following four groups according to the adult BMI
classification standards for the Chinese population [14]:
lean (<18.5 kg/m2), normal (18.5 kg/m2 to 24.0 kg/m2),
overweight (24.0 kg/m2 to 28.0 kg/m2) and obese
(≥28.0 kg/m2).
The Institute of Medicine (IOM) recommendation for

GWG may not be suitable for Chinese women, and no
official GWG recommendation is available in China.
However, several studies have attempted to provide a
Chinese GWG recommendation. In the current study,
we adopted the criteria used by Yang [15], who calcu-
lated the quartile values from data obtained from a large
general population (85,729 pregnant women and their
children) and defined adequate GWG as follows:
15–22 kg for lean individuals, 13–21 kg for normal indi-
viduals, 10–18 kg for overweight individuals and
9.5–17.0 kg for obese individuals. Values lower than this
range were defined as inadequate GWG, and values
above this range were defined as excessive GWG.

Other covariates
Several variables, including the child’s gender, child age
(continuous variable),parental age (continuous variable),
maternal history of alcoholism/drug use during preg-
nancy (coded as yes or no) and family annual income
(coded as low, medium and high; the classification
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standard is shown in Table 1), were chosen as potential
confounders.

Statistical analysis
Statistical analyses were conducted using IBM SPSS
Statistics, Version 22.0 (Armonk, NY). Prior to the
analysis, we used box-plots (case and control groups
were analyzed separately) to identify and remove the
outliers in the maternal pre-pregnancy BMI and GWG
values, and 4 children with autism and 26 TD children
were removed from the subsequent analyses. Addition-
ally, four children with autism and 10 TD children were
removed from further analysis because their mothers
reported losing weight during pregnancy. These children
were removed because of their small proportion, and
weight lost during pregnancy may be caused by prob-
lems or diseases.
Student’s t-test and a Chi-square test were performed

to compare the demographic characteristics. Student’s
t-test was also performed to analyze the differences in
BMI and GWG between the case and control groups.
Binary logistic regressions were conducted to calculate
the odds ratio (OR) for the relationships among pre-
pregnancy BMI, GWG and the occurrence of autism in
the entire sample. We conducted a stratification analysis
and divided the samples into subgroups based on the
BMI categories, and a logistic regression was performed
to explore the relationship between GWG and autism in

different BMI-level samples. The selected potential con-
founders were entered into the regression function as
covariates. The significance level of all tests was p < 0.05
(two-tailed).

Sensitivity analysis
Because the data were mostly based on the parents’ self-
reports, we conducted a sensitivity analysis to address
the potential misclassification of GWG and BMI. We
adapted the World Health Organization (WHO) BMI
classifications [16] and IOM GWG recommendation
[17] as different standards in the sensitivity analysis
(Additional file 1: Table S1) and then repeated the strati-
fication analysis. The range of the WHO BMI standards
for underweight was the same but that for the other
classifications was wider than that of the Chinese stan-
dards. The range of the IOM recommendations for
adequate weight gain was narrower and that for exces-
sive weight gain was wider than that of the Chinese
recommendation.

Results
Sample characteristic comparisons
Comparisons of the characteristics of the sample
revealed a minor but statistically significant difference in
the mean age between the children with autism and the
TD children (5.78 years, SD = 2.36 years in the TD
children vs. 5.04 years, SD = 1.08 years in the children

Table 1 Comparisons of the characteristics of the enrolled children and mothers in the case and control groups

Control Case t/χ2 df p

(N = 2200) (N = 697)

1. Child age (years), mean (SD) 5.78 (2.36) 5.04 (1.08) 11.457 2552b <0.001

2. Paternal age (years), mean (SD) 29.39 (4.48) 30.33 (4.30) −4.877 2895 <0.001

3. Maternal age (years), mean (SD) 27.06 (3.67) 27.94 (3.37) −5.890 1262b <0.001

4. Birth weight (kg), mean (SD) 3.35 (0.46) 3.38 (0.45) −1.527 2895 0.120

5. Child Sex, n (%)

Male 1187 (54%) 599 (85.9%) 229.037 1 0.001

Female 1013 (46%) 98 (14.1%)

6. Family annual income (Yuan), n (%)

low <50,000 347 (15.8%) 296 (42.5%) 274.318 2 <0.001

medium 50,000–100,000 715 (32.5%) 246 (35.3%)

high >100,000 1138 (51.7%) 155 (22.2%)

7. Maternal history of daily alcohol use, n (%)

Yes 9 (0.41%) 4 (0.57%) 0.322 1 0.571

No 2191 (99.59%) 693 (99.43%)

8. Maternal history of drug use, n (%)a

Yes 0 3 (0.43%) – – 0.014

No 2200(100%) 694 (99.57%)
aFisher’s exact test was used
bThe standard variance was not equal, approximate t-test was adapted and adjusted the df
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with autism, t = 11.457, df = 2552, p < 0.001). Signifi-
cant differences in gender (χ2 = 229.04, p < 0.001), an-
nual family income (χ2 = 274.32, p < 0.001), paternal
age (t = −4.877, df = 2895, p < 0.001) and maternal age
(t = −5.890, df = 1262, p < 0.001) were also observed
between the two groups. No significant difference was ob-
served in the children’s birth weight (t = −1.527, df = 2895,
p = 0.127). The detailed characteristics of the sample are
shown in Table 1.
Regarding the maternal history of alcoholism/drug use

during pregnancy, only 9 (0.41%) mothers in the TD
group reported a history of daily alcohol use during
pregnancy, and no mothers reported a history of drug
use. In the autism group, 4 (0.57%) mothers reported a
history of daily alcohol use, and 3 (0.43%) mothers re-
ported a history of drug use but did not report the
specific names of the drugs used. Because the propor-
tions of mothers with a history of alcoholism/drug use
during pregnancy were very low in both groups, we did
not enter these two confounders into the subsequent
logistic analyses.

Maternal pre-pregnancy BMI and GWG
The comparisons of maternal pre-pregnancy BMI and
GWG are shown in Table 2. The mean BMI of the mothers
with TD children was 20.30 kg/m2 (SD = 2.27 kg/m2), and
the mean BMI of the mothers with children with autism
was 20.50 kg/m2 (SD = 2.25 kg/m2). In the TD group,
21.2% of the mothers were underweight, 71.8% of the
mothers were normal weight, 6.4% of the mothers were
overweight, and 0.6% of the mothers were obese according
to the Chinese criteria. In the autism group, 17.5% of the

mothers with children with autism were underweight,
75.0% of the mothers were normal weight, 7.0% of the
mothers were overweight, and 0.5% of the mothers
were obese before pregnancy. A significant group dif-
ference was observed in maternal pre-pregnancy BMI
(t = −2.015, df = 2895, p = 0.044) but not in the BMI cat-
egories (χ2 = 4.841, p = 0.184).
The mean GWG in the mothers with TD children was

15.04 kg (SD = 5.81 kg), and that in the mothers with
children with autism was 15.70 kg (SD = 6.21 kg). In the
TD group, 36% of the mothers had an inadequate GWG,
48.3% of the mothers had an adequate GWG and 15.6%
of the mothers had an excessive GWG. Among the
mothers of children with autism, 32.4% had an
inadequate GWG, 47.6% had an adequate GWG, and
19.9% had an excessive GWG. The analyses revealed signifi-
cant differences in the GWG values (t = −2.526, df = 2895,
p = 0.012) and GWG categories (χ2 = 7.912, p = 0.019).

BMI, GWG and autism risk
A logistic regression was conducted to explore the
relationship between pre-pregnancy BMI and autism risk
(Table 3). The normal weight class was used as a refer-
ence. The obese group was combined with the over-
weight group to create an overweight/obese group
because the number of subjects in this group was
limited. The relationship was not significant according
to the logistic model (underweight group: OR = 0.958,
95% CI: 0.746–1.231; overweight/obese group: OR =
0.743, 95% CI: 0.515–1.073).
Another logistic regression was conducted to explore

the relationship between GWG and autism risk (Table
3). The adequate weight gain group was used as a refer-
ence. Excessive weight gain during pregnancy was asso-
ciated with the risk of autism in the entire sample (OR
= 1.327, 95% CI: 1.021–1.725). However, an inadequate
gestational weight gain was not significantly associated

Table 2 Comparisons of maternal pre-pregnancy BMI and GWG
between the case and control groups

Control Case Value df p

(n = 2200) (n = 697)

1. BMI (kg/m2),
mean (SD)

20.30 (2.27) 20.50 (2.25) −2.015 2895 0.044

2. BMI categories,
n (%)

Underweight 466 (21.2%) 122 (17.5%) 4.841 3 0.184

Normal 1580 (71.8%) 523 (75.0%)

Overweight 141 (6.4%) 49 (7.0%)

Obese 13 (0.6%) 3 (0.5%)

3. GWG (kg),
mean (SD)

15.04(5.81) 15.70 (6.21) −2.526 2895 0.012

4. GWG categories,
n (%)

Inadequate 793 (36.0%) 226 (32.4%) 7.912 2 0.019

Adequate 344 (15.6%) 139 (19.9%)

Excessive 1063 (48.4%) 332 (47.7%)

BMI body mass index, GWG gestation weight gain

Table 3 Odds ratios and 95% confidence intervals for the
association among maternal pre-pregnancy BMI, GWG and
autism in all subjects

OR 95% CI p

Maternal pre-pregnancy BMIa

Underweight 0.958 0.746–1.231 0.738

Overweight/Obese 0.743 0.515–1.073 0.113

Gestational weight gainb

Inadequate weight gain 0.855 0.690–1.060 0.154

Excessive weight gain 1.327 1.021–1.725 0.034

BMI by GWG 1.064 1.009–1.123 0.023

BMI body mass index, GWG gestation weight gain
Child’s gender, child age, parental age, and family annual income were used
as covariates
aNormal BMI group was used as a reference
bAdequate weight gain group was used as a reference
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with the risk of autism (OR = 0.855, 95% CI:
0.690–1.060). The interaction term (BMI × GWG) was
also explored by introducing into a logistic equation.
The result showed that the interaction effect was
significantly associated with autism risk (OR = 1.064,
95% CI: 1.009–1.123).
Then we performed the stratification analyses, logistic

regressions were conducted to explore the relationship
between GWG and autism risk in each BMI category
subgroup (the obese group was combined with the over-
weight group; details provided in Table 4). In the lean
mothers, inadequate (OR = 1.164, 95% CI: 0.726–1.866)
and excessive GWG (OR = 1.016, 95% CI: 0.502–2.055)
were not significantly associated with the risk of autism.
In the normal pre-pregnancy weight mothers, excessive
GWG (OR = 1.289, 95% CI: 0.947–1.754) and inadequate
GWG (OR = 0.784, 95% CI: 0.609–1.010) were not sig-
nificantly associated with the risk of autism. In the over-
weight/obese mothers, excessive GWG significantly and
more obviously increases the risk of autism (OR = 2.468,
95% CI: 1.102–5.526). In contrast, inadequate GWG was
not significantly associated with the risk of autism in the
same group (OR = 0.548, 95% CI: 0.193–1.559).

Sensitivity analysis
The results of the sensitivity analyses are summarized in
Additional file 1: Table S2. Adopting a different GWG
and BMI standard did not alter the significance or direc-
tion of the outcomes.

Discussion
To the best of our knowledge, this study included the
largest sample to date to explore the relationship among
pre-pregnancy BMI, GWG and autism in the Chinese
population. In the present study, we found that being

underweight or overweight before pregnancy might not
be associated with the risk of autism in offspring. Many
other studies have reported similar results in under-
weight and overweight mothers [4, 18, 19]. Bilder et al.
did not identify associations between ASD risk and
maternal BMI at the start of pregnancy in a population-
based ASD cohort that was compared with age- and
gender- matched controls [4]. In a recent published
study, Jo H et al. observed an association between the
risk of autism/developmental delay and obese class II/III
(BMI ≥ 35) mothers but not with underweight or over-
weight mothers in a general population-based, prospect-
ive study (although the pre-pregnancy BMI data were
retrospectively collected, as the subjects were enrolled
during the third trimester of pregnancy) [18]. Suren P et
al. conducted a similar population-based, prospective
study involving a Norwegian cohort and reported that
only maternal obesity (BMI ≥ 30), but not underweight
or overweight, was weakly associated with the risk of
ASD (adjusted OR = 1.34, 95% CI: 0.84–2.12) [19]. How-
ever, other studies have reported different results [6, 7].
In a population-based, case-control study, Getz K et al.
reported a significant U-shaped association between ma-
ternal BMI and ASD occurrence, and mothers who were
underweight before pregnancy were associated with a
significantly increased risk of their offspring developing
ASD (OR = 1.43 95% CI: 1.01, 2.04) [7]. In a most recent
study involving a Danish national birth cohort consisting
of 81,892 mother-child pairs, Andersen CH et al. also re-
ported a U-shaped association between pre-pregnancy
BMI and ASD [20]. We suspect that the differences in
the socio-demographic characteristics and genetic back-
grounds might account for the inconsistency in the
results among the studies. For example, recently,
Gardner et al. [6] reported that the significant associ-
ation between maternal BMI and the risk of ASD among
offspring disappeared when cases were compared to
their unaffected siblings. Several other important but ig-
nored confounders, such as paternal obesity, could be
associated with autism through a genetic or epigenetic
mechanism [19], which could influence the consistency
of the findings.
Another main finding of the current study is that ex-

cessive GWG might increase the risk of autism among
offspring. To date, only a few studies have explored the
role of GWG in the risk of autism, and our findings are
consistent with those from most previous studies [4–6].
According to Bilder DA et al., GWG was significantly as-
sociated with ASD risk (adjusted OR = 1.17, 95% CI: 1.01
to 1.35) [4]. According to Dodds et al., in children with a
low genetic susceptibility, pregnancy weight gain greater
than 18 kg, which is an excessive weight gain for all BMI
classes according to the IOM criteria, is an independent
risk factor for autism (OR = 1.21 95% CI: 1.03–1.47) [5].

Table 4 Odds ratios and 95% confidence intervals for the
association between GWG and autism in different maternal
pre-pregnancy BMI categories

OR 95% CI p

Underweighta

Inadequate weight gain 1.164 0.726–1.866 0.530

Excessive weight gain 1.016 0.502–2.055 0.965

Normala

Inadequate weight gain 0.784 0.609–1.010 0.059

Excessive weight gain 1.289 0.947–1.754 0.107

Overweight/Obesea

Inadequate weight gain 0.548 0.193–1.559 0.260

Excessive weight gain 2.468 1.102–5.526 0.028

BMI body mass index, GWG gestation weight gain
Child’s gender, child age, parental age, and family annual income were used
as covariates
aAdequate weight gain group was used as a reference
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However, studies on this topic, including the current
study, provide only preliminary evidence and do not ex-
plain whether excessive GWG is directly or indirectly
associated with autism. Therefore, further studies using
a prospective design, larger samples and better matching
in clinical characteristics remain needed.
In this study, we also conducted a stratification ana-

lysis to further explore the potential interactions
between BMI and GWG. An excessive GWG might in-
crease the risk of autism among only offspring with
overweight/obese mothers and not those with under-
weight or normal weight mothers. Thus, the interactions
between the BMI and GWG may be related to the risk
of autism. Connolly et al. reported a similar interaction
in their study. These authors found that maternal obesity
was associated with only 1.33-fold increased odds of off-
spring autism, while in obese mothers and mothers with
gestational diabetes mellitus (GDM), the odds ratio in-
creased to 2.53 (95% CI: 1.72–3.73) [21]. Furthermore,
our result suggests that pre-pregnancy BMI might pro-
vide only a susceptible basis. Thus, GWG, which repre-
sents the metabolic process and nutritional status during
pregnancy, might play a more important role in the eti-
ology or pathophysiology of autism. Leptin, which is a
potential biomarker of autism, is an example of a hor-
mone involved in this process [22], and elevated leptin
levels predict placental dysfunction [5]. Plasma leptin
levels were recently shown to vary in different pre-
pregnancy BMI classes, and higher leptin levels may
promote greater maternal weight gain during gestation
[23]. Additionally, GWG is positively associated with
cord blood leptin levels at delivery [24, 25].
This study has some limitations. First, we did not

adopt a reliable method to record gestational diseases,
such as GDM or gestational hypertension, in the
mothers, and these diseases may be important con-
founding variables related to the risk of autism [26, 27].
Therefore, as mentioned above, we cannot determine
whether GWG is directly associated with autism or is
only an indication of other metabolic diseases. The sec-
ond main limitation of this study is that the proportion
of obese mothers was small. We did not separately ex-
plore the association between BMI and GWG and the
risk of autism among obese mothers because of the low
statistical power. However, the metabolic or nutritional
disturbances may be more obvious in the obese popula-
tion. Therefore, the association between BMI and GWG
and autism in the Chinese population requires further
study. Third, the study design has several drawbacks.
For example, the subjects were recruited using two dif-
ferent methods, and standardized assessments were
lacking, which may limit the validity of the diagnoses
and the comparability and representativeness of the
population. Another major methodological limitation is

the use of parental retrospective self-reports in a case-
control study; although the validity of maternal recall of
metabolic conditions has gained some support from
other studies [28], a false positive result is likely. Hence,
more precise and prospective studies are needed.

Conclusion
This is the largest-scale study investigating this topic in
the Chinese Han population. This study adopted a case-
control design and provided preliminary evidence about
the associations between maternal BMI, GWG and the
risk of autism. And the results showed that maternal
pre-pregnancy BMI might not be independently associ-
ated with the risk of autism, but excessive GWG might
increase the risk of autism in offspring of overweight
and obese mothers. However, given some limitations of
the study, more precise and prospective studies are
necessary.
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association between the IOM GWG standards and autism using different
WHO’s pre-pregnancy BMI classifications. (DOCX 19 kb)

Abbreviations
ASD: Autism Spectrum Disorder; BMI: Body Mass Index; CI: Confidence
interval; GWG: Gestational weight gain; OR: Odds Ratio; TD: Typically
developing

Acknowledgements
We thank all subjects who participated in this study.

Funding
This study was supported by the National Basic Research Program of China
(Grant No. 2012CB517901), the Fundamental Research Funds for the Central
Universities of Central South University (grant No. 2016zzts135) and the
National Natural Science Foundation of China (Grant No. 81601197).

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

Authors’ contributions
SY, DH, OJ, XG, and ZJ designed the study. SY performed the data analyses
and wrote the draft of this manuscript. SY, DH, LX, OJ, LN, SL, XL, and ZJ
managed the data collection and contributed to the data input. All authors
contributed to the editing of the manuscript and agreed with the final text.

Ethics approval and consent to participate
This study was a part of a larger research project that was approved by the
Human Ethics Committee of the Second Xiangya Hospital of Central South
University. For the children in the case group, written informed consent was
obtained from the children’s parents or legal guardians. For the children in
the control group, their parents were solicited through a link to our website,
and the front page of the website contained an informed consent for the study.
The parents decided whether to agree to participate or reject the invitation.

Consent for publication
Not applicable. No individual-level data are presented within this publication.

Shen et al. BMC Psychiatry  (2018) 18:11 Page 6 of 7

dx.doi.org/10.1186/s12888-018-1593-2


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

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Institute of Mental Health, The Second Xiangya Hospital, Central South
University; National Clinical Research Center on Mental Disorders, The
National Technology Institute on Mental disorders; Hunan Key Laboratory of
Psychiatry and Mental Health, Changsha, China. 2Qingdao Mental Health
Center, Qingdao, China. 3The First Affiliated Hospital of Zhengzhou
University, Zhengzhou, China. 4Mental Health Center of Shandong Province,
Jinan, China. 5Neuropsychology and Applied Cognitive Neuroscience
Research Group, Institute of Psychology, Chinese Academy of Sciences,
Beijing, China.

Received: 4 April 2017 Accepted: 7 January 2018

References
1. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet. 2014;383(9920):

896–910.
2. Christensen DL, Baio J, Van Naarden BK, Bilder D, Charles J, Constantino JN,

Daniels J, Durkin MS, Fitzgerald RT, Kurzius-Spencer M, et al. Prevalence and
characteristics of autism Spectrum disorder among children aged 8 years–
autism and developmental disabilities monitoring network, 11 sites, United
States, 2012. MMWR Surveill Summ. 2016;65(3):1–23.

3. Feng L, Li C, Chiu H, Lee TS, Spencer MD, Wong JC. Autism spectrum
disorder in Chinese populations: a brief review. Asia Pac Psychiatry.
2013;5(2):54–60.

4. Bilder DA, Bakian AV, Viskochil J, Clark EA, Botts EL, Smith KR, Pimentel R,
McMahon WM, Coon H. Maternal prenatal weight gain and autism
spectrum disorders. Pediatrics. 2013;132(5):e1276–83.

5. Dodds L, Fell DB, Shea S, Armson BA, Allen AC, Bryson S. The role of
prenatal, obstetric and neonatal factors in the development of autism. J
Autism Dev Disord. 2011;41(7):891–902.

6. Gardner RM, Lee BK, Magnusson C, Rai D, Frisell T, Karlsson H, Idring S,
Dalman C. Maternal body mass index during early pregnancy,
gestational weight gain, and risk of autism spectrum disorders: results
from a Swedish total population and discordant sibling study. Int J
Epidemiol. 2015;44(3):870–83.

7. Getz KD, Anderka MT, Werler MM, Jick SS. Maternal pre-pregnancy body
mass index and autism Spectrum disorder among offspring: a population-
based case-control study. Paediatr Perinat Epidemiol. 2016;30(5):479–87.

8. Georgieff MK, Brunette KE, Tran PV. Early life nutrition and neural plasticity.
Dev Psychopathol. 2015;27(2):411–23.

9. Sullivan EL, Nousen EK, Chamlou KA. Maternal high fat diet consumption
during the perinatal period programs offspring behavior. Physiol Behav.
2014;123:236–42.

10. van der Burg JW, Sen S, Chomitz VR, Seidell JC, Leviton A, Dammann O. The
role of systemic inflammation linking maternal BMI to neurodevelopment in
children. Pediatr Res. 2016;79(1–1):3–12.

11. Walter S, Mejia-Guevara I, Estrada K, Liu SY, Glymour MM. Association of a
Genetic Risk Score with Body Mass Index across Different Birth Cohorts.
JAMA. 2016;316(1):63–9.

12. Headen IE, Davis EM, Mujahid MS, Abrams B. Racial-ethnic differences in
pregnancy-related weight. Adv Nutr. 2012;3(1):83–94.

13. Headen I, Mujahid MS, Cohen AK, Rehkopf DH, Abrams B. Racial/ethnic
disparities in inadequate gestational weight gain differ by pre-pregnancy
weight. Matern Child Health J. 2015;19(8):1672–86.

14. Zhou BF. Predictive values of body mass index and waist circumference for
risk factors of certain related diseases in Chinese adults–study on optimal
cut-off points of body mass index and waist circumference in Chinese
adults. Biomed Environ Sci. 2002;15(1):83–96.

15. Yang S, Peng A, Wei S, Wu J, Zhao J, Zhang Y, Wang J, Lu Y, Yu Y, Zhang B.
Pre-pregnancy body mass index, gestational weight gain, and birth weight:
a cohort study in China. PLoS One. 2015;10(6):e130101.

16. Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. World Health Organization technical report series. Geneva,
Switzerland. 2000;894:i–xii, 1–253.

17. Guidelines IOMU. Weight gain during pregnancy: reexamining the
guidelines. Washington (DC): National Academies Press (US); 2009.

18. Jo H, Schieve LA, Sharma AJ, Hinkle SN, Li R, Lind JN. Maternal
prepregnancy body mass index and child psychosocial development at 6
years of age. Pediatrics. 2015;135(5):e1198–209.

19. Suren P, Gunnes N, Roth C, Bresnahan M, Hornig M, Hirtz D, Lie KK, Lipkin
WI, Magnus P, Reichborn-Kjennerud T, et al. Parental obesity and risk of
autism spectrum disorder. Pediatrics. 2014;133(5):e1128–38.

20. Andersen CH, Thomsen PH, Nohr EA, Lemcke S. Maternal body mass index
before pregnancy as a risk factor for ADHD and autism in children. Eur
Child Adolesc Psychiatry. 2017. [Epub ahead of print].

21. Connolly N, Anixt J, Manning P, Ping-I LD, Marsolo KA, Bowers K. Maternal
metabolic risk factors for autism spectrum disorder-an analysis of electronic
medical records and linked birth data. Autism Res. 2016;9(8):829–37.

22. Ashwood P, Kwong C, Hansen R, Hertz-Picciotto I, Croen L, Krakowiak P,
Walker W, Pessah IN, Van de Water J. Brief report: plasma leptin levels are
elevated in autism: association with early onset phenotype? J Autism Dev
Disord. 2008;38(1):169–75.

23. Lacroix M, Battista MC, Doyon M, Moreau J, Patenaude J, Guillemette L,
Menard J, Ardilouze JL, Perron P, Hivert MF. Higher maternal leptin levels at
second trimester are associated with subsequent greater gestational weight
gain in late pregnancy. BMC Pregnancy Childbirth. 2016;16:62.

24. Logan CA, Bornemann R, Koenig W, Reister F, Walter V, Fantuzzi G,
Weyermann M, Brenner H, Genuneit J, Rothenbacher D. Gestational weight
gain and fetal-maternal Adiponectin, Leptin, and CRP: results of two birth
cohorts studies. Sci Rep. 2017;7:41847.

25. Rifas-Shiman SL, Fleisch A, Hivert MF, Mantzoros C, Gillman MW, Oken E.
First and second trimester gestational weight gains are most strongly
associated with cord blood levels of hormones at delivery important for
glycemic control and somatic growth. Metabolism. 2017;69:112–9.

26. Polo-Kantola P, Lampi KM, Hinkka-Yli-Salomaki S, Gissler M, Brown AS,
Sourander A. Obstetric risk factors and autism spectrum disorders in
Finland. J Pediatr. 2014;164(2):358–65.

27. Xiang AH, Wang X, Martinez MP, Walthall JC, Curry ES, Page K, Buchanan TA,
Coleman KJ, Getahun D. Association of maternal diabetes with autism in
offspring. JAMA. 2015;313(14):1425–34.

28. Krakowiak P, Walker CK, Tancredi DJ, Hertz-Picciotto I. Maternal recall versus
medical Records of Metabolic Conditions from the prenatal period: a
validation study. Matern Child Health J. 2015;19(9):1925–35.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Shen et al. BMC Psychiatry  (2018) 18:11 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Data collection
	BMI and GWG
	Other covariates
	Statistical analysis
	Sensitivity analysis

	Results
	Sample characteristic comparisons
	Maternal pre-pregnancy BMI and GWG
	BMI, GWG and autism risk
	Sensitivity analysis

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

