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Abstract

Objective: Maternal prepregnancy BMI and gestational weight gain (GWG) are examined in 

relation to autism spectrum disorder (ASD) and other developmental disorders (DD) in offspring 

in a multisite case-control study.

Methods: Maternal prepregnancy BMI, obtained from medical records or self-report, was 

categorized as underweight, normal weight, overweight, obesity Class 1, or obesity Class 2/3. 

GWG was standardized for gestational age (GWG z score), and the rate (pounds/week) was 
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categorized per adherence with clinical recommendations. Logistic regression models, adjusting 

for demographic factors, were used to assess associations with ASD (n = 1,159) and DD (n = 

1,617), versus control children (n = 1,633).

Results: Maternal obesity Class 2/3 was associated with ASD (adjusted odds ratio [AOR] = 1.87, 

95% CI: 1.40–2.51) and DD (AOR = 1.61, 95% CI: 1.22–2.13). GWG z score was not associated 

with DD (AOR = 1.14, 95% CI: 0.95–1.36), but the GWG z score highest tertile was associated 

with higher odds of ASD, particularly among male children (AOR = 1.47, 95% CI: 1.15–1.88).

Conclusions: Results indicate that maternal prepregnancy severe obesity increases risk of 

ASD and DD in children and suggest high gestational-age-adjusted GWG is a risk factor for 

ASD in male children. Because maternal BMI and GWG are routinely measured and potentially 

modifiable, these findings could inform early interventions for high-risk mother-child dyads.

INTRODUCTION

Autism spectrum disorder (ASD), a neurodevelopmental condition characterized by 

impairments in social communication and interaction in the presence of restricted, repetitive 

behaviors (1), affects about 2% of children in the United States (2,3). Although its 

etiology is not completely understood, evidence indicates that prenatal risk factors are 

linked to ASD (4–6). In recent meta-analyses, maternal prepregnancy overweight and 

obesity were associated with increased risk of ASD in children (7–9). However, only 

one study separately examined maternal obesity severity (10). Furthermore, in one meta-

analysis, maternal prepregnancy overweight and obesity were also associated with other 

developmental disorders (DD), specifically cognitive/intellectual delay (8). One hypothesis 

of the underlying mechanism relates to the relationship between excessive maternal weight 

and increased maternal systemic inflammation, which could affect placental function and 

consequently neurodevelopment in the fetus (11,12).

Limited studies also document associations between gestational weight gain (GWG), 

in excess of recommendations (13), and both ASD (14–16) and other adverse 

neurodevelopmental outcomes in children (17,18). This is particularly concerning, given 

that 48% of US women gain excessive weight during pregnancy (19).

Using data from the first phase of the Study to Explore Early Development (SEED) (20,21), 

we previously reported an association between maternal prepregnancy obesity and ASD and 

between both prepregnancy overweight and obesity and other DD among singleton, term 

births (22). Small sample sizes prevented us from examining obesity severity levels. Given 

the increasing obesity prevalence in the United States, particularly its most severe form (i.e., 

Class 3; from 7.4% in 2005 to 2006 to 11.5% in 2017 to 2018 in adult women) (23), a more 

detailed investigation of severe obesity is needed. In our previous SEED analysis, we also 

reported an association between greater total GWG and ASD, but not DD, among singleton, 

term births (22). Because total GWG is naturally correlated with length of gestation, an 

approach that isolates GWG from gestational duration is suitable for studying the effect of 

this factor (24). This may be particularly important for studying ASD and other DD, which 

have been associated with preterm birth (25,26).
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A second phase of SEED, which nearly doubled the number of participants, was conducted 

to allow for more detailed assessments of some associations of interest. The current analysis 

uses SEED data from phases 1 and 2 to extend our previous analysis. Specifically, we aimed 

to examine associations of ASD and DD with (1) maternal prepregnancy BMI status, with a 

particular focus on level of obesity severity, and (2) GWG using a metric that accounts for 

length of gestation and prepregnancy BMI.

METHODS

Study design and sample

SEED is a multisite case-control study that aims (1) to characterize the autism behavioral 

phenotype and associated developmental, medical, and behavioral conditions and (2) to 

investigate genetic and environmental risk factors for ASD (20). In the six SEED sites 

(located in California, Colorado, Georgia, Maryland, North Carolina, and Pennsylvania), 

eligible children were 2 to 5 years old at enrollment, born between September 2003 and 

August 2006 (phase 1; n = 3,769) or between January 2008 and December 2011 (phase 2; n 
= 3,347), residing in one of these study areas, and with a caregiver who could communicate 

in English (all sites) or Spanish (California and Colorado). Identification of potential cases 

(ASD or DD) relied on data from multiple clinical and education sources (see “Outcome 

ascertainment”). A general population (POP) control group was randomly sampled from 

children born in the same years from birth certificate data in each study area. Institutional 

Review Boards at each site and the Centers for Disease Control and Prevention approved the 

study, and caregivers of enrolled participants provided informed consent.

Data collection

SEED data collection included (a) an in-person clinic visit to conduct standardized 

developmental assessments; (b) a computer-assisted telephone interview with the child’s 

mother to obtain sociodemographic information, child health, maternal reproductive history, 

and information about her pregnancy with the child; (c) prenatal care and labor and 

delivery medical records abstraction (when available); and (d) selected information from 

birth certificates.

Outcome ascertainment

Details of SEED ASD and DD classification procedures have been previously published 

(21). Briefly, although the recruitment process included identifying children previously 

diagnosed with ASD or other DD, on enrollment into SEED, caregivers of all children, 

including those initially identified through birth certificate sampling for the POP group, 

were administered the Social Communication Questionnaire (SCQ) (27) to screen for autism 

symptoms. Children with an SCQ score below 11 and with no previous ASD diagnosis 

underwent a general in-person developmental assessment, which included administration 

of the Mullen Scales of Early Learning (MSEL) (28). Children with (1) a previous ASD 

diagnosis, (2) an SCQ score ≥11, and/or (3) ASD symptoms noted by a SEED research 

clinician during the general developmental assessment were administered a full ASD 

developmental evaluation. In addition to the MSEL, these children were administered 

the Autism Diagnostic Observation Schedule (ADOS) (29), and their caregivers were 
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administered the Autism Diagnostic Interview-Revised (ADI-R) (30); these instruments are 

considered gold-standard assessment for ASD research. Final SEED ASD classification was 

based on an algorithm using the ADOS and ADI-R results, which was developed in keeping 

with best clinical practice guidelines and relevant literature to maximize both sensitivity 

(0.86) and specificity (0.74) (21). The ASD group was further divided according to whether 

or not the child had co-occurring intellectual disability (ID; MSEL standard score ≤70). 

Children who underwent the ADOS and ADI-R but whose scores did not meet the study 

ASD case criteria were classified as DD or POP, according to their original sampling source 

(health/education source or birth certificate sample).

Exposure variables

Prepregnancy BMI and GWG were the two primary “exposures” for this analysis. 

Information on maternal height and weight before pregnancy and amount of weight 

gained/lost during pregnancy was obtained from abstraction of prenatal and labor and 

delivery medical records as the primary source of data. However, because those data 

were only available for 34% (GWG) to 42% (BMI) of participants, we secondarily relied 

on self-reported data from the maternal telephone interview. Among women who had 

data from both sources, we examined weighted Cohen’s kappa statistics and found near 

perfect agreement between BMI classification from the medical records versus the maternal 

interview (n = 2,189; Kw = 0.89) and a moderate agreement for GWG categories (n = 1,735; 

Kw = 0.58). We used an established approach developed for a prepregnancy obesity study to 

identify and remove outliers (31). Outliers that could not be rectified on manual review were 

set to missing (<1%).

Prepregnancy BMI was calculated as weight/height2 (kilograms/meters squared) and 

classified as underweight (<18.5 kg/m2), normal weight (18.5 to 24.9 kg/m2), overweight 

(25.0 to 29.9 kg/m2), or obesity Class 1 (30.0 to 34.9 kg/m2), Class 2 (35.0 to 39.9 kg/m2), 

or Class 3 (≥40 kg/m2) (32). Because of the small cell size, we combined Class 2 and Class 

3 obesity into one category for analysis (labeled Class 2/3).

Because GWG is correlated with duration of pregnancy, we standardized GWG for 

gestational age (GWG-for-GA) by calculating gestational age-specific z scores using the 

methodology and charts described by Hutcheon et al. (33,34). Gestational age at delivery 

in completed weeks was obtained from birth certificates. Briefly, z scores were calculated 

by comparing a woman’s weight gain to the gestational-week-specific mean and standard 

deviation of weight gain in a US population, obtained from BMI-specific GWG-for-GA 

charts (33,34). GWG-for-GA z scores were categorized into tertiles based on maternal-

BMI-specific distributions (33rd and 66th percentile values for each of the six usual BMI 

categories; see Supporting Information Table S1) for analysis.

For clinical relevance, we also created a rate of GWG (pounds/week) during the second 

and third trimester, excluding the first trimester when little weight gain is assumed to occur. 

We calculated this variable by dividing total pregnancy weight gain minus 4.4 pounds (the 

maximum weight gain assumed to occur in the first trimester (13)) by gestational age 

minus 13 weeks (the length of the first trimester). We then created a variable indicating 

adherence to clinical guidelines for GWG rate per prepregnancy BMI (13); for underweight, 
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1 to 1.3 pounds/week; normal weight, 0.8 to 1 pounds/week; overweight, 0.5 to 0.7 pounds/

week; and obesity, 0.4 to 0.6 pounds/week (13). Based on the Institute of Medicine (IOM) 

recommendations (13), women’s rate of GWG was classified as “Inadequate” if it was 

below the recommended range, “Adequate” if within the range, or “Excessive” if it exceeded 

the range. Secondarily, we categorized the GWG rate variable into tertiles based on the 

distribution in the POP group (see Supporting Information Table S1 for BMI-specific cutoff 

values). Less than 4% of mothers were missing information for the GWG variables.

Covariates

Potential confounders were identified from the literature (35,36) and other SEED analyses 

(22,37). Demographic variables including maternal age, race/ethnicity, education, and 

household income were obtained from the maternal interview. Maternal smoking status 

during peri-conception and pregnancy was derived from interview and prenatal medical 

records data; parity was obtained from birth certificates. Hypertension and diabetes were not 

included as potential confounders because they may be in the causal pathway (36–38). We 

created direct acyclic graphs to guide selection of covariates for adjusted analyses.

Statistical analysis

For this analysis, we excluded participants with an incomplete interview (n = 1,850), 

children with incomplete data to assign final case classification (n = 449), nonbiological 

mother respondent (n = 32), nonsingleton pregnancies (n = 284), and women with missing 

BMI data (n = 91). The analytic sample included 4,409 mother-singleton child dyads (1,159 

with ASD, 1,617 with DD, and 1,633 in the POP group).

χ2 tests were used to assess associations between the exposure variables and case status. 

Crude and adjusted odds ratios (AOR) were calculated by logistic regression in separate 

models for ASD, the subgroups ASD with or without ID, or DD, compared with POP 

controls, for each of the primary exposures of interest, based on a complete case analysis. 

For maternal prepregnancy BMI, the normal-weight category was the reference. For GWG-

for-GA z scores (and rate of GWG), the second tertile was the reference category. For 

GWG rate, per IOM guidelines, gaining “Adequate” weight was considered the reference. 

Adjusted models included maternal age, education, race/ethnicity, income, parity, smoking, 

and study site. For GWG, we further adjusted for source of data (medical records vs. 

interview) because of moderate agreement between sources. For all models, we examined 

effect modification by child sex. In addition, for GWG models we tested (a) source of data 

and (b) high BMI (overweight and obesity) versus normal weight, as potential modifiers. We 

tested these as interaction terms, one at a time, in the adjusted models, using a p < 0.10 for 

significance for a useful gain in power (39). We conducted a sensitivity analysis excluding 

from the DD group any children with a prior ASD classification or ASD-like traits but not 

meeting study case criteria for ASD (n = 292) to create a clean “non-ASD DD” group for 

comparison of results for all exposure metrics.
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RESULTS

Participants included in this analytic sample were older (p < 0.0001), less likely to be 

Hispanic (p < 0.0001), and had higher maternal education levels (p < 0.0001) than those 

not included (data not shown). There were also more term births (p < 0.0001) and female 

children (p = 0.0005) in the analytic sample (data not shown). Children with ASD or 

DD were more likely to be males and have been born preterm than children in the POP 

group. Mothers of children with ASD or DD were more likely to be non-Hispanic Black or 

Hispanic, have lower education and household incomes, and report perinatal smoking and 

hypertension, compared with POP mothers (Table 1).

Table 2 describes the maternal exposure weight variables by offspring case status. The 

average maternal prepregnancy BMI was higher for ASD and DD cases than for controls. 

Mothers of children with ASD or DD were less likely to have a normal prepregnancy BMI 

and more likely to have a prepregnancy BMI in the obesity Class 2/3 category, compared 

with mothers of POP children (Table 2). GWG-for-GA z scores were higher among mothers 

of children with ASD, whereas GWG rates (pounds/week) were lower in mothers of children 

with DD, when compared with those in the POP group (Table 2). A greater proportion of 

mothers of children in the ASD versus POP group were in the highest tertile of GWG-for-

GA z scores and GWG rates (Table 2). Based on IOM recommendations, 61.9%, 59.4%, 

and 59.6% of mothers of children in the ASD, DD, and POP groups, respectively, had an 

excessive GWG rate, whereas 21.5%, 25.4%, and 21.5% of mothers of children in the ASD, 

DD, and POP groups, respectively, had inadequate GWG rates (Table 2).

In unadjusted analyses of prepregnancy BMI, maternal overweight, obesity Class 1 and 

obesity Class 2/3 were associated with higher odds of having a child with ASD or DD (Table 

3). Adjustment attenuated these associations (Table 3). However, obesity Class 2/3 remained 

associated with 87% higher odds of ASD and 61% higher odds of DD in children (Table 3). 

Obesity Class 2/3 showed a stronger association for ASD without ID than for ASD with ID 

(Table 3).

In unadjusted GWG-for-GA z score models, weight gain in the lowest tertile was associated 

with higher odds of having a child with DD, whereas weight gain in the highest tertile 

was associated with higher odds of having a child with ASD, when compared with the 

middle tertile (Table 4). A similar pattern was seen for ASD with or without ID. After 

adjustment, these associations were attenuated. Still, weight gain in the highest tertile was 

associated with 22% higher odds of ASD (Table 4). Both inadequate and excessive rate of 

GWG per IOM guidelines were associated with higher odds of DD in children but only 

in unadjusted models (Table 4). Unadjusted and adjusted analyses for GWG rate tertiles 

showed similar patterns to those observed for GWG-for-GA z score tertiles (Supporting 

Information Table S2). Further adjustment for source of data in GWG models resulted in 

similar effect estimates (data not shown).

No effect modification by child sex was observed for maternal BMI models (data not 

shown). However, differences by sex were observed for the association between GWG-for-

GA z score tertiles and ASD (P for interaction term = 0.027). Increased odds of ASD 
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were observed for the highest GWG tertile among male children (AOR = 1.47, 95% CI: 

1.15–1.88) but not among female children (AOR = 0.86, 95% CI: 0.57–1.29) (Figure 1). A 

similar pattern was seen for GWG rate (pounds/week) tertiles with increased odds of ASD 

observed for the highest tertile for male (AOR = 1.32. 95% CI: 1.03–1.67) but not female 

children (AOR = 0.94, 95% CI: 0.63–1.41; P for interaction term = 0.038). Child sex did 

not modify the association between GWG rate per IOM recommendations and ASD or DD 

(data not shown). BMI (high vs. normal) did not modify any of the ASD (or DD)-GWG 

associations (data not shown).

In sensitivity analyses (Supporting Information Table S3) in which children with any 

indication of ASD were excluded from the DD group, effect estimates for associations 

between DD and both BMI and GWG variables were similar to those observed for the 

overall DD group.

DISCUSSION

Severe maternal obesity (obesity Class 2/3) was associated with nearly double the odds 

of ASD (with or without ID) and with increased odds of DD, in this large multisite case-

control study. Additionally, GWG standardized for gestational age was associated with ASD, 

particularly in male children; however, no association with DD was observed. When GWG 

rate was categorized per adherence with clinical recommendations, no associations with 

either ASD or DD were observed.

Previously, we reported a marginally significant association between prepregnancy obesity, 

defined as BMI ≥ 30 kg/m2, and ASD (22), based on data from the first phase of this 

study (SEED 1). Here, using a larger sample size, we were able to further subdivide obesity 

and report that only more severe maternal obesity (Class 2/3) was significantly associated 

with ASD and DD. Although the association between maternal obesity and ASD (7–9) and 

DD (8) has been supported in recent meta-analyses, to our knowledge, there was only one 

previous study that explored categories of obesity severity in relation to ASD (10). That 

study, conducted in a Danish cohort, reported similar effect estimates for nonsevere (AOR 

= 1.39, 95% CI: 1.11–1.75) and severe maternal obesity (AOR = 1.38, 95% CI: 0.97–1.97) 

(10), unlike our study. However, in the Danish cohort study, the proportion of women in the 

severe obesity category was much smaller (2.3%, vs. 9.8% in SEED), and the proportion 

of women in the underweight category was higher (4.5%, vs. 3.2% in SEED). Maternal 

underweight was also associated with ASD in the Danish cohort (10), in contrast to our 

findings of no association for underweight BMI. Our findings do not support an association 

between either ASD or DD and maternal prepregnancy BMI in the overweight range, which 

provides insight into previous studies reporting associations between ASD and a combined 

maternal overweight/obesity BMI category (7,8,22). Our findings suggest severe obesity 

(BMI > 35 kg/m2) may play a large role in those previous reports. Further examination of 

ASD and distinct obesity classes is needed in other large cohorts.

Obesity is associated with systemic inflammation, as reflected in elevated cytokine 

production due to an increase in adipose tissue (40). Inflammatory mediators can cross 

the blood-placenta barrier and in that way affect fetal neurodevelopment (38,40). Thus, 
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the key mechanisms by which maternal obesity might affect child neurodevelopment 

relate to maternal inflammation and include neuroinflammation; increased oxidative 

stress; dysregulated insulin, glucose, and leptin signaling; dysregulated serotonergic 

and dopaminergic signaling; and perturbations in synaptic plasticity (41). Specifically, 

dysregulation of placental serotonin production, caused by maternal inflammation, alters 

neurogenesis and axonal growth in the fetus forebrain, potentially altering the trajectory 

of fetal brain development (12). Moreover, epigenetic regulation of inflammatory pathways 

could also be linked to brain changes as a result of perinatal environment (40). Patterns 

consistent with neurodegeneration, decreased survival of sensory neurons, and decreased 

neurogenesis were identified in umbilical cord gene expression profiles in fetuses of women 

with obesity compared with lean women (42).

The prior evidence on associations between GWG and ASD (14–16,22) or DD (22) is 

limited. Additionally, GWG was characterized in different ways in previous studies, none 

of which systematically accounted for gestational age, as the current analysis does. Given 

shortened gestation both reduces the opportunity for maternal weight gain and is associated 

with poorer neurodevelopment in children (25), it is important to use a GWG metric that 

accounts for length of gestation (rather than simply limiting to term births). Calculating 

GWG z scores based on gestational age is a novel approach, but its use in perinatal research 

is increasing and has been proposed as best practice for studying GWG as an exposure (24).

Direct comparison with our previous results on GWG from SEED 1 is not possible because 

of the different approaches used to characterize GWG and other methodological differences 

(e.g., primary source of exposure data). Previously, we found that children born at term 

whose mothers’ total GWG was in the higher quintiles (vs. third quintile) had higher odds 

of ASD but not of DD (22); the findings were strongest among women who had high 

prepregnancy BMI.

Although less studied than obesity, excessive GWG has also been associated with higher 

concentration of inflammatory factors (43). Any potential difference in the mechanisms 

of obesity and GWG may relate to timing of exposure during fetal life. Children of 

women with prepregnancy obesity would have been exposed to a heightened inflammatory 

environment earlier in development or longer than those of women who accumulated 

excessive weight gain by the end of pregnancy. Interestingly, in this analysis, prepregnancy 

maternal obesity did not intensify any potential effects of high GWG on ASD, as we 

previously reported (22), possibly because the current GWG measures took into account 

maternal prepregnancy BMI.

Consistent with our previous findings, child sex modified the association between high 

GWG and ASD. Sex differences in the immune responsiveness of the developing brain 

and placenta offer a potential mechanism that might account for this finding. Specifically, 

females’ placentae undergo multiple gene expression adaptations, causing a small reduction 

in growth but enhancing the fetal immune response to the maternal immune challenge, 

whereas the male placentae response to maternal inflammation involves few changes in 

gene expression to prioritize ongoing growth (44). This reduced adaptation may make 
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male fetuses more vulnerable to a hostile inflammatory intrauterine environment and may 

partially explain the higher rate of ASD among males than females.

Caution in the interpretation of our findings is advised, as this study had some limitations, 

the main one being the lack of medical records data for all participants. Because some 

of our exposure data came from maternal interviews conducted 3 to 5 years postnatally, 

(under)reporting and/or recall bias or misclassification could have been introduced. 

However, our comparison between data among women with both sources revealed excellent 

agreement for BMI and moderate agreement for GWG. Still, we addressed this limitation 

by further controlling for source of exposure data in the analyses of GWG and testing 

whether the source of data modified any observed association. No indication of confounding 

or effect modification by source of data was found. Second, although final case classification 

in this study was based on an algorithm with acceptable sensitivity and specificity, the 

possibility of case misclassification cannot be completely ruled out. Third, although the 

SEED data allowed adjustment for several relevant confounders, there were important 

differences across groups in demographic variables (e.g., income, education), which may be 

associated with unmeasured factors (e.g., poor diet, stress, and environmental toxins); thus, 

residual confounding may still remain. Although we had limited data for some maternal 

complications, such as hypertension, we did not include these as potential confounders in 

our models because they may be in the causal pathway between obesity and/or GWG and 

ASD. The retrospective nature of our data, coupled with incomplete medical history data, 

precluded us from conducting a detailed causal path analysis. However, in our previous 

assessment (22), we ruled out hypertension as a confounder for the associations between 

both obesity and GWG and ASD or DD. Also, we cannot entirely rule out the potential for 

selection bias given we did not have sufficient data to classify exposure for 27% of SEED 

participants. Additionally, many families targeted from the multiple recruitment sources 

could not be located or contacted. However, assessment of the data from one SEED site with 

the complete data available to assess nonresponse indicated that many of these families were 

most likely ineligible for inclusion because they no longer resided in the study catchment 

area or could not communicate well in English (four of six sites) (45). Additionally, that 

study found that although nonresponse was associated with younger maternal age, lower 

maternal education, and non-white race, it was not associated with perinatal factors, such as 

parity or preterm birth (45). In all analyses, we controlled for these three aforementioned 

sociodemographic factors.

This study also has important strengths, compared with previous studies. First, a 

comprehensive developmental in-person assessment using standardized instruments and a 

validated algorithm were used to define case status, likely reducing case misclassification. 

Second, this study was conducted in a large, racially and geographically diverse sample. 

Third, a number of sources of data on covariates and exposure variables created a rich 

data set. Probably the most important strength of this study is the inclusion of additional 

components not previously examined, including further subdividing the obesity class 

by severity and using an innovative GWG metric to account for gestational age and 

prepregnancy BMI.
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Our findings of associations between severe prepregnancy obesity and both ASD and DD 

and an association between high GWG and ASD among male children indicate the need 

for future research, including pregnancy inflammation biomarkers and genetic information, 

to evaluate mechanistic interpretation and identify potential gene-environment interactions. 

Because maternal BMI and GWG are modifiable factors and generally available in clinical 

settings, these findings could assist prevention efforts or early intervention for mother-child 

dyads at high risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known?

• Maternal prepregnancy obesity has been linked to risk of autism spectrum 

disorder in offspring.

What does this study add?

• Severe maternal prepregnancy obesity is specifically associated with autism 

spectrum disorder and other developmental disorders in children.

• Maternal gestational weight gain, when accounting for duration of pregnancy, 

is associated with autism spectrum disorder, particularly in male children.

How might these results change the direction of research or the focus of clinical 
practice?

• Maternal BMI and gestational weight gain are potentially modifiable factors 

routinely measured and monitored in clinical settings. Therefore, these 

findings could be helpful for targeting and implementing early intervention 

for mother-child dyads at high risk.
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FIGURE 1. 
AOR and 95% CI for autism spectrum disorder and GWG-for-GA z score tertiles, by child’s 

sex. Females: square (AOR) and bar (95% CI). Males: diamond (AOR) and bar (95% 

CI). Reference group is second tertile, which corresponds to a total GWG (for a 40-week 

pregnancy) between 13.6 kg and 17.2 kg, for a woman with normal prepregnancy BMI. 

Corresponding values for other BMI categories are listed in Supporting Information Table 

S1. AOR, adjusted odds ratio; GA, gestational age; GWG, gestational weight gain

Matias et al. Page 14

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 15

TA
B

L
E

 1

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ud
y 

sa
m

pl
e 

by
 o

ff
sp

ri
ng

 c
as

e 
st

at
us

A
SD

 (
n 

= 
1,

15
9)

D
D

 (
n 

= 
1,

61
7)

P
O

P
 (

n 
= 

1,
63

3)
A

SD
 v

s.
 P

O
P

a
D

D
 v

s.
 P

O
P

a

Si
te

0.
42

89
0.

07
04

 
C

al
if

or
ni

a
20

0 
(1

7.
3%

)
26

4 
(1

6.
3%

)
29

6 
(1

8.
1%

)

 
C

ol
or

ad
o

22
6 

(1
9.

5%
)

28
7 

(1
7.

7%
)

28
4 

(1
7.

4%
)

 
G

eo
rg

ia
22

1 
(1

9.
1%

)
31

8 
(1

9.
7%

)
28

4 
(1

7.
4%

)

 
M

ar
yl

an
d

16
2 

(1
4.

0%
)

18
4 

(1
1.

4%
)

22
7 

(1
3.

9%
)

 
N

or
th

 C
ar

ol
in

a
19

2 
(1

6.
6%

)
33

0 
(2

0.
4%

)
29

7 
(1

8.
2%

)

 
Pe

nn
sy

lv
an

ia
15

8 
(1

3.
6%

)
23

4 
(1

4.
5%

)
24

5 
(1

5.
0%

)

Se
x 

of
 th

e 
ch

ild
<

0.
00

01
<

0.
00

01

 
M

al
e

94
8 

(8
1.

8%
)

1,
05

9 
(6

5.
5%

)
83

3 
(5

1.
0%

)

 
Fe

m
al

e
21

1 
(1

8.
2%

)
55

8 
(3

4.
5%

)
80

0 
(4

9.
0%

)

G
A

 c
at

eg
or

ie
s

0.
00

02
<

0.
00

01

 
E

xt
re

m
el

y/
ve

ry
 p

re
te

rm
 (

G
A

 <
32

 w
ee

ks
)

29
 (

2.
5%

)
10

2 
(6

.4
%

)
16

 (
1.

0%
)

 
M

od
er

at
e/

la
te

 p
re

te
rm

 (
G

A
 3

2 
to

 3
6 

w
ee

ks
)

10
5 

(9
.2

%
)

19
2 

(1
2.

0%
)

10
2 

(6
.3

%
)

 
E

ar
ly

/f
ul

l/l
at

e 
te

rm
 (

G
A

 3
7 

to
 4

1 
w

ee
ks

)
99

3 
(8

6.
6%

)
1,

29
4 

(8
0.

6%
)

1,
48

4 
(9

1.
5%

)

 
Po

st
-t

er
m

 (
G

A
 >

 4
1 

w
ee

ks
)

20
 (

1.
7%

)
18

 (
1.

1%
)

20
 (

1.
2%

)

Pa
ri

ty
 (

pr
ev

io
us

 li
ve

 b
ir

th
s)

0.
09

71
0.

00
01

 
0

55
6 

(4
8.

1%
)

64
6 

(4
0.

2%
)

71
5 

(4
3.

9%
)

 
1

38
8 

(3
3.

5%
)

53
8 

(3
3.

5%
)

59
0 

(3
6.

2%
)

 
2+

21
3 

(1
8.

4%
)

42
2 

(2
6.

3%
)

32
3 

(1
9.

8%
)

M
at

er
na

l a
ge

, y
0.

23
27

0.
01

28

 
<

20
25

 (
2.

2%
)

58
 (

3.
6%

)
51

 (
3.

1%
)

 
20

 to
 2

5
11

7 
(1

0.
1%

)
19

6 
(1

2.
1%

)
14

2 
(8

.7
%

)

 
26

 to
 2

9
28

9 
(2

4.
9%

)
36

6 
(2

2.
6%

)
37

4 
(2

2.
9%

)

 
30

 to
 3

4
41

3 
(3

5.
6%

)
53

9 
(3

3.
3%

)
60

3 
(3

6.
9%

)

 
35

+
31

5 
(2

7.
2%

)
45

8 
(2

8.
3%

)
46

3 
(2

8.
4%

)

M
at

er
na

l r
ac

e/
et

hn
ic

ity
<

0.
00

01
<

0.
00

01

 
N

on
-H

is
pa

ni
c 

W
hi

te
57

2 
(4

9.
9%

)
87

9 
(5

4.
7%

)
1,

09
6 

(6
7.

5%
)

 
N

on
-H

is
pa

ni
c 

B
la

ck
26

3 
(2

2.
9%

)
35

1 
(2

1.
8%

)
23

0 
(1

4.
2%

)

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 16

A
SD

 (
n 

= 
1,

15
9)

D
D

 (
n 

= 
1,

61
7)

P
O

P
 (

n 
= 

1,
63

3)
A

SD
 v

s.
 P

O
P

a
D

D
 v

s.
 P

O
P

a

 
N

on
-H

is
pa

ni
c 

A
si

an
/m

ul
tir

ac
e/

ot
he

r
14

3 
(1

2.
5%

)
13

0 
(8

.1
%

)
14

9 
(9

.2
%

)

 
H

is
pa

ni
c

16
8 

(1
4.

7%
)

24
7 

(1
5.

4%
)

14
8 

(9
.1

%
)

M
at

er
na

l e
du

ca
tio

n
<

0.
00

01
<

0.
00

01

 
H

ig
h 

sc
ho

ol
 o

r 
le

ss
16

7 
(1

4.
4%

)
29

4 
(1

8.
2%

)
16

2 
(9

.9
%

)

 
So

m
e 

co
lle

ge
37

5 
(3

2.
4%

)
47

4 
(2

9.
3%

)
35

9 
(2

2.
0%

)

 
C

ol
le

ge
 d

eg
re

e
37

5 
(3

2.
4%

)
46

8 
(2

8.
9%

)
58

5 
(3

5.
8%

)

 
M

as
te

r’
s 

de
gr

ee
 o

r 
hi

gh
er

24
0 

(2
0.

7%
)

38
1 

(2
3.

6%
)

52
6 

(3
2.

2%
)

H
ou

se
ho

ld
 in

co
m

e
<

0.
00

01
<

0.
00

01

 
L

es
s 

th
an

 3
0,

00
0 

U
SD

27
7 

(2
4.

4%
)

43
5 

(2
7.

8%
)

26
8 

(1
6.

7%
)

 
30

,0
00

 to
 7

0,
00

0 
U

SD
37

4 
(3

3.
0%

)
47

5 
(3

0.
4%

)
42

8 
(2

6.
6%

)

 
70

,0
00

 to
 1

10
,0

00
 U

SD
26

7 
(2

3.
5%

)
37

2 
(2

3.
8%

)
48

8 
(3

0.
3%

)

 
M

or
e 

th
an

 1
10

,0
00

 U
SD

21
7 

(1
9.

1%
)

28
2 

(1
8.

0%
)

42
5 

(2
6.

4%
)

M
at

er
na

l s
m

ok
in

g
<

0.
00

01
<

0.
00

01

 
N

o 
sm

ok
in

g 
du

ri
ng

 p
re

gn
an

cy
96

8 
(8

3.
5%

)
1,

38
0 

(8
5.

4%
)

1,
46

4 
(8

9.
7%

)

 
Pe

ri
co

nc
ep

tio
na

l s
m

ok
in

g
11

9 
(1

0.
3%

)
11

9 
(7

.4
%

)
11

4 
(7

.0
%

)

 
Sm

ok
in

g 
la

te
 in

/th
ro

ug
ho

ut
 p

re
gn

an
cy

72
 (

6.
2%

)
11

7 
(7

.2
%

)
54

 (
3.

3%
)

A
bb

re
vi

at
io

ns
: A

SD
, a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r;
 D

D
, d

ev
el

op
m

en
ta

l d
is

or
de

rs
; G

A
, g

es
ta

tio
na

l a
ge

; P
O

P,
 p

op
ul

at
io

n-
ba

se
d 

co
nt

ro
l g

ro
up

.

a χ
2  

te
st

.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 17

TA
B

L
E

 2

M
at

er
na

l (
ex

po
su

re
) 

w
ei

gh
t v

ar
ia

bl
es

 b
y 

of
fs

pr
in

g 
ca

se
 s

ta
tu

s

A
SD

 (
n 

= 
1,

15
9)

D
D

 (
n 

= 
1,

61
7)

P
O

P
 (

n 
= 

1,
63

3)
A

SD
 v

s.
 P

O
P

D
D

 v
s.

 P
O

P

Pr
ep

re
gn

an
cy

 B
M

I 
(k

g/
m

2 )
<

0.
00

1a
<

0.
00

1a

 
M

ea
n 

(S
D

)
26

.9
 (

7.
4)

26
.4

 (
6.

5)
25

.2
 (

5.
8)

Pr
ep

re
gn

an
cy

 B
M

I 
(k

g/
m

2 )
<

0.
00

1b
<

0.
00

1b

 
U

nd
er

w
ei

gh
t (

B
M

I 
<

 1
8.

5)
38

 (
3.

3%
)

48
 (

3.
0%

)
53

 (
3.

2%
)

 
N

or
m

al
 w

ei
gh

t (
B

M
I 

18
.5

–2
4.

9)
54

8 
(4

7.
3%

)
79

9 
(4

9.
4%

)
94

3 
(5

7.
7%

)

 
O

ve
rw

ei
gh

t (
B

M
I 

25
–2

9.
9)

28
2 

(2
4.

3%
)

40
0 

(2
4.

7%
)

37
8 

(2
3.

1%
)

 
O

be
si

ty
 C

la
ss

 1
 (

B
M

I 
30

–3
4.

9)
13

6 
(1

1.
7%

)
19

5 
(1

2.
1%

)
15

5 
(9

.5
%

)

 
O

be
si

ty
 C

la
ss

 2
/3

 (
B

M
I 

35
+

)
15

5 
(1

3.
4%

)
17

5 
(1

0.
8%

)
10

4 
(6

.4
%

)

G
W

G
-f

or
-G

A
 z

 s
co

re
0.

00
5a

0.
28

1a

 
M

ea
n 

(S
D

)
−

0.
0 

(1
.0

)
−

0.
2 

(1
.1

)
−

0.
1 

(1
.0

)

G
W

G
-f

or
-G

A
 z

 s
co

re
c

0.
01

7b
0.

09
2b

 
1s

t t
er

til
e

33
1 

(2
9.

8%
)

54
3 

(3
4.

8%
)

50
8 

(3
2.

3%
)

 
2n

d 
te

rt
ile

33
3 

(3
0.

0%
)

46
0 

(2
9.

5%
)

51
9 

(3
3.

0%
)

 
3r

d 
te

rt
ile

44
5 

(4
0.

1%
)

55
7 

(3
5.

7%
)

54
6 

(3
4.

7%
)

G
W

G
 r

at
e 

(p
ou

nd
s/

w
ee

k)
0.

39
4d

0.
02

8d

 
M

ed
ia

n 
(I

Q
R

)
1.

1 
(0

.8
, 1

.5
)

1.
0 

(0
.7

, 1
.5

)
1.

1 
(0

.8
, 1

.4
)

G
W

G
 r

at
e 

pe
r 

IO
M

 g
ui

de
lin

es
0.

40
1b

0.
02

1b

 
In

ad
eq

ua
te

24
3 

(2
1.

5%
)

40
1 

(2
5.

4%
)

35
3 

(2
2.

1%
)

 
A

de
qu

at
e

18
7 

(1
6.

6%
)

24
2 

(1
5.

3%
)

29
2 

(1
8.

3%
)

 
E

xc
es

si
ve

69
9 

(6
1.

9%
)

93
9 

(5
9.

4%
)

95
1 

(5
9.

6%
)

G
W

G
 r

at
e 

(p
ou

nd
s/

w
ee

k)
e

0.
01

8b
0.

04
5b

 
1s

t t
er

til
e

33
1 

(2
9.

3%
)

55
3 

(3
5.

0%
)

51
8 

(3
2.

5%
)

 
2n

d 
te

rt
ile

35
6 

(3
1.

5%
)

46
8 

(2
9.

6%
)

53
7 

(3
3.

6%
)

 
3r

d 
te

rt
ile

44
2 

(3
9.

1%
)

56
1 

(3
5.

5%
)

54
1 

(3
3.

9%
)

A
bb

re
vi

at
io

ns
: A

SD
, a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r;
 D

D
, d

ev
el

op
m

en
ta

l d
is

or
de

rs
; G

A
, g

es
ta

tio
na

l a
ge

; G
W

G
, g

es
ta

tio
na

l w
ei

gh
t g

ai
n;

 I
O

M
, I

ns
tit

ut
e 

of
 M

ed
ic

in
e;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 P

O
P,

 p
op

ul
at

io
n-

ba
se

d 
co

nt
ro

l g
ro

up
.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 18
a A

N
O

V
A

 F
 te

st
.

b χ
2  

te
st

.

c Se
co

nd
 te

rt
ile

 c
or

re
sp

on
ds

 to
 to

ta
l G

W
G

 (
fo

r 
a 

40
-w

ee
k 

pr
eg

na
nc

y)
 b

et
w

ee
n 

13
.6

 k
g 

an
d 

17
.2

 k
g 

fo
r 

a 
w

om
an

 w
ith

 n
or

m
al

 p
re

pr
eg

na
nc

y 
B

M
I.

 C
or

re
sp

on
di

ng
 v

al
ue

s 
fo

r 
ot

he
r 

B
M

I 
ca

te
go

ri
es

 li
st

ed
 in

 
Su

pp
or

tin
g 

In
fo

rm
at

io
n 

Ta
bl

e 
S1

.

d W
ilc

ox
on

 M
an

n-
W

hi
tn

ey
 U

 te
st

.

e Se
co

nd
 te

rt
ile

 c
or

re
sp

on
ds

 to
 G

W
G

 r
at

e 
be

tw
ee

n 
0.

91
 a

nd
 1

.2
6 

po
un

ds
/w

ee
k 

du
ri

ng
 th

e 
se

co
nd

 a
nd

 th
ir

d 
tr

im
es

te
rs

 f
or

 a
 w

om
an

 w
ith

 n
or

m
al

 p
re

pr
eg

na
nc

y 
B

M
I.

 C
or

re
sp

on
di

ng
 v

al
ue

s 
fo

r 
ot

he
r 

B
M

I 
ca

te
go

ri
es

 li
st

ed
 in

 S
up

po
rt

in
g 

In
fo

rm
at

io
n 

Ta
bl

e 
S1

.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 19

TA
B

L
E

 3

C
iu

de
 a

nd
 a

dj
us

te
d 

O
R

 a
nd

 9
5%

 C
I 

fo
r 

A
SD

 o
r 

D
D

a  p
er

 p
re

pr
eg

na
nc

y 
m

at
er

na
l B

M
I 

ca
te

go
ri

es

A
SD

A
SD

 w
it

h 
ID

A
SD

 w
it

ho
ut

 I
D

D
D

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

M
at

er
na

l e
xp

os
ur

e
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)

N
° 

ca
se

s 
=

 1
,1

18
N

° 
ca

se
s 

=
 6

86
N

° 
ca

se
s 

=
 4

18
N

° 
ca

se
s 

=
 1

,5
44

N
° 

co
nt

ro
ls

 =
 1

,5
92

N
° 

co
nt

ro
ls

 =
 1

,5
92

N
° 

co
nt

ro
ls

 =
 1

,5
92

N
° 

co
nt

ro
ls

 =
 1

,5
92

Pr
ep

re
gn

an
cy

 B
M

I

 
U

nd
er

w
ei

gh
t

1.
09

 (
0.

70
–1

.7
1)

0.
99

 (
0.

62
–1

.5
8)

1.
03

 (
0.

59
–1

.7
9)

0.
89

 (
0.

50
–1

.6
0)

1.
04

 (
0.

56
–1

.9
4)

1.
04

 (
0.

55
–1

.9
6)

0.
98

 (
0.

64
–1

.4
8)

0.
89

 (
0.

58
–1

.3
7)

 
N

or
m

al
 w

ei
gh

t
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef

 
O

ve
rw

ei
gh

t
1.

28
 (

1.
06

–1
.5

4)
1.

12
 (

0.
92

–1
.3

7)
1.

43
 (

1.
15

–1
.7

9)
1.

17
 (

0.
92

–1
.4

8)
1.

03
 (

0.
78

–1
.3

5)
1.

03
 (

0.
78

–1
.3

7)
1.

26
 (

1.
06

–1
.4

9)
1.

09
 (

0.
91

–1
.3

0)

 
O

be
si

ty
 C

la
ss

 1
1.

46
 (

1.
13

–1
.8

9)
1.

15
 (

0.
88

–1
.5

2)
1.

79
 (

1.
34

–2
.3

9)
1.

25
 (

0.
92

–1
.7

2)
0.

98
 (

0.
66

–1
.4

5)
0.

99
 (

0.
66

–1
.4

9)
1.

47
 (

1.
16

–1
.8

6)
1.

21
 (

0.
95

–1
.5

5)

 
O

be
si

ty
 C

la
ss

 2
/3

2.
54

 (
1.

93
–3

.3
4)

1.
87

 (
1.

40
–2

.5
1)

2.
69

 (
1.

97
–3

.6
7)

1.
71

 (
1.

22
–2

.4
0)

2.
34

 (
1.

64
–3

.3
5)

2.
30

 (
1.

57
–3

.3
8)

2.
07

 (
1.

59
–2

.6
9)

1.
61

 (
1.

22
–2

.1
3)

A
bb

re
vi

at
io

ns
: A

SD
, a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r;
 D

D
, d

ev
el

op
m

en
ta

l d
is

or
de

rs
; I

D
. i

nt
el

le
ct

ua
l d

is
ab

ili
ty

 (
IQ

 ≤
 7

0)
; O

R
, o

dd
s 

ra
tio

.

a C
om

pa
re

d 
w

ith
 p

op
ul

at
io

n-
ba

se
d 

co
nt

ro
l g

ro
up

 (
n 

=
 1

,6
33

).

b A
dj

us
te

d 
fo

r 
m

at
er

na
l a

ge
, e

du
ca

tio
n,

 r
ac

e/
et

hn
ic

ity
, p

ar
ity

, s
m

ok
in

g,
 in

co
m

e,
 a

nd
 s

ite
 (

ca
te

go
ri

ze
d 

as
 in

 T
ab

le
 1

).

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matias et al. Page 20

TA
B

L
E

 4

C
ru

de
 a

nd
 a

dj
us

te
d 

O
R

 a
nd

 9
5%

 C
I 

fo
r 

A
SD

 o
r 

D
D

a  p
er

 g
es

ta
tio

na
l w

ei
gh

t g
ai

n 
ca

te
go

ri
es

A
SD

A
SD

 w
it

h 
ID

A
SD

 w
it

ho
ut

 I
D

D
D

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

C
ru

de
A

dj
us

te
db

M
at

er
na

l e
xp

os
ur

e
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)
O

R
 (

95
%

 C
I)

O
R

 (
95

%
 C

I)

N
° 

ca
se

s 
=

 1
,0

69
N

° 
ca

se
s 

=
 6

50
N

° 
ca

se
s 

=
 4

07
N

° 
ca

se
s 

=
 1

,4
92

N
° 

co
nt

ro
ls

 =
 1

,5
33

N
° 

co
nt

ro
ls

 =
 1

,5
33

N
° 

co
nt

ro
ls

 =
 1

,5
33

N
° 

co
nt

ro
ls

 =
 1

,5
33

G
W

G
-f

or
-G

A
 z

 s
co

re
c

 
1s

t t
er

til
e

1.
03

 (
0.

85
–1

.2
6)

0.
97

 (
0.

79
–1

.1
9)

1.
03

 (
0.

81
–1

.3
0)

0.
92

 (
0.

72
–1

.1
8)

1.
03

 (
0.

77
–1

.3
6)

1.
00

 (
0.

75
–1

.3
4)

1.
22

 (
1.

02
–1

.4
5)

1.
10

 (
0.

91
–1

.3
2)

 
2n

d 
te

rt
ile

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
3r

d 
te

rt
ile

1.
29

 (
1.

07
–1

.5
6)

1.
22

 (
1.

00
–1

.4
9)

1.
24

 (
0.

99
–1

.5
5)

1.
17

 (
0.

92
–1

.4
8)

1.
35

 (
1.

03
–1

.7
5)

1.
26

 (
0.

96
–1

.6
5)

1.
16

 (
0.

97
–1

.3
8)

1.
14

 (
0.

95
–1

.3
6)

N
° 

ca
se

s 
=

 1
,0

89
N

° 
ca

se
s 

=
 6

66
N

° 
ca

se
s 

=
 4

11
N

° 
ca

se
s 

=
 1

,5
12

N
° 

co
nt

ro
ls

 =
 1

,5
56

N
° 

co
nt

ro
ls

 =
 1

,5
56

N
° 

co
nt

ro
ls

 =
 1

,5
56

N
° 

co
nt

ro
ls

 =
 1

,5
56

G
W

G
 r

at
e 

pe
r 

IO
M

 g
ui

de
lin

es

 
In

ad
eq

ua
te

1.
08

 (
0.

84
–1

.3
9)

0.
97

 (
0.

75
–1

.2
6)

1.
23

 (
0.

91
–1

.6
6)

1.
01

 (
0.

73
–1

.3
9)

0.
89

 (
0.

63
–1

.2
6)

0.
89

 (
0.

62
–1

.2
6)

1.
41

 (
1.

12
–1

.7
7)

1.
19

 (
0.

94
–1

.5
0)

 
A

de
qu

at
e

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
E

xc
es

si
ve

1.
14

 (
0.

92
–1

.4
1)

1.
08

 (
0.

87
–1

.3
4)

1.
28

 (
0.

99
–1

.6
6)

1.
17

 (
0.

89
–1

.5
3)

0.
96

 (
0.

72
–1

.2
8)

0.
92

 (
0.

68
–1

.2
3)

1.
23

 (
1.

01
–1

.5
0)

1.
18

 (
0.

97
–1

.4
5)

A
SD

, a
ut

is
m

 s
pe

ct
ru

m
 d

is
or

de
r;

 D
D

, d
ev

el
op

m
en

ta
l d

is
or

de
rs

; G
A

, g
es

ta
tio

na
l a

ge
; G

W
G

, g
es

ta
tio

na
l w

ei
gh

t g
ai

n;
 I

D
, i

nt
el

le
ct

ua
l d

is
ab

ili
ty

 (
IQ

 ≤
 7

0)
; I

O
M

, I
ns

tit
ut

e 
of

 M
ed

ic
in

e;
 O

R
, o

dd
s 

ra
tio

.

a C
om

pa
re

d 
w

ith
 p

op
ul

at
io

n-
ba

se
d 

co
nt

ro
l g

ro
up

 (
n 

=
 1

,5
73

 f
or

 G
W

G
-f

or
-G

A
 z

 s
co

re
; n

 =
 1

,6
33

 f
or

 G
W

G
 r

at
e 

pe
r 

IO
M

 r
ec

om
m

en
da

tio
ns

).

b A
dj

us
te

d 
fo

r 
m

at
er

na
l a

ge
, e

du
ca

tio
n,

 r
ac

e/
et

hn
ic

ity
, p

ar
ity

, s
m

ok
in

g,
 in

co
m

e,
 a

nd
 s

ite
 (

ca
te

go
ri

ze
d 

as
 in

 T
ab

le
 1

).

c Se
co

nd
 te

rt
ile

 c
or

re
sp

on
ds

 to
to

ta
l G

W
G

 (
fo

r 
a 

40
-w

ee
k 

pr
eg

na
nc

y)
 b

et
w

ee
n 

13
.6

 k
g 

an
d 

17
.2

 k
g,

 f
or

 a
 w

om
an

 w
ith

 n
or

m
al

 p
re

pr
eg

na
nc

y 
B

M
I.

 C
or

re
sp

on
di

ng
 v

al
ue

s 
fo

r 
ot

he
r 

B
M

I 
ca

te
go

ri
es

 li
st

ed
 in

 
Su

pp
or

tin
g 

In
fo

rm
at

io
n 

Ta
bl

e 
S1

.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 September 01.


	Abstract
	INTRODUCTION
	METHODS
	Study design and sample
	Data collection
	Outcome ascertainment
	Exposure variables
	Covariates
	Statistical analysis

	RESULTS
	DISCUSSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

