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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 2z 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 (7= 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 Zzscore was not associated
with DD (AOR = 1.14, 95% CI: 0.95-1.36), but the GWG Zzscore 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 (ADQOS) (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; K, = 0.89) and a moderate agreement for GWG categories (n=1,735;
Ky = 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/height? (kilograms/meters squared) and
classified as underweight (<18.5 kg/m?), normal weight (18.5 to 24.9 kg/m?), overweight
(25.0 to 29.9 kg/m?), or obesity Class 1 (30.0 to 34.9 kg/m?2), Class 2 (35.0 to 39.9 kg/m?),
or Class 3 (240 kg/m?) (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 zscores 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, zscores 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 zscores 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 (I0OM)
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.

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 (7= 1,850),
children with incomplete data to assign final case classification (/7= 449), nonbiological
mother respondent (77 = 32), nonsingleton pregnancies (7= 284), and women with missing
BMI data (n7=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).

2 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 Zzscores (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 (7= 292) to create a clean “non-ASD DD” group for
comparison of results for all exposure metrics.
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Participants included in this analytic sample were older (0 < 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 zscores 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 Zzscores 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 zscore 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 Zz 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 Zzscore tertiles and ASD (Pfor 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% ClI:
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; Pfor 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/m?2, 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% ClI: 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/m?2) 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 Zzscores 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.
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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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1st tertile 3rd tertile
GWG-for-GA z-score

AOR and 95% CI for autism spectrum disorder and GWG-for-GA Zz score tertiles, by child’s
sex. Females: square (AOR) and bar (95% CI). Males: diamond (AOR) and bar (95%

Cl). 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

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



Page 15

Matias et al.

1000°0>

8¢10°0

10000

1000°0>

1000°0>

¥0.0°0
dOd sAda

Author Manuscript

1000°0>

12€2°0

1.60°0

¢000°0

1000°0>

68¢v°0

dOd SAASY

(%e'vT) 0€2
(%S°29) 960'T

(%¥'82) €97
(%6°9€) £09
(%6'22) v.€
(%2'8) 2vT
(%1°€) 1S

(%8'6T) €2€
(%z°9€) 065
(%6°¢y) GTL

(%z'1) 02
(%S'16) ¥8Y'T
(%€'9) 20T
(%0'1T) 9T

(%0°6%) 008
(%0°TS) €€8

(%0°ST) Sv2
(%z'81) 262
(%6°€T) L2e
(%¥'LT) ¥82
(%b'LT) ¥82
(%1°87) 962

(e€9'T = U) dOd

T31avl

Author Manuscript

(%8°12) 15
(%L'vS) 628

(%€'82) 85¥
(%€°€e) 65
(%9°22) 99¢
(%T'2T) 96T

(%9°¢) 85

(%€°92) 22y
(%S°€€) 8€S
(%z 0v) 9%9

(%T1'1) 8T
(%908) v62'T
(%0°2T) 26T
(%t'9) 20T

(%S'v€) 855
(%5'59) 650'T

(%S'vT) veT
(%v°02) 0g€e
(%¥'1T) ¥8T
(%2'6T) 8T€
(%2'L7) 182
(%€°97) ¥92

(Z19'T=U)aa

snje)s ased Bunidsyo Aq sjdwes Apnis ayi Jo sonsiiaoeley)d

Author Manuscript

(96°22) €92
(%6'6%) 228

(%z'L2) q1¢
(%9°5€) €TV
(%6'v2) 68¢
(%T1°0T) LTT

(%2'2) 52

(%%'87) €T2
(%s°€€) 88¢
(97°8%) 955

(%L'1) 02
(%9'98) €66
(%2'6) S0T
(%52) 62

(%2'8T) TT2
(%8°'18) 876

(%9°€T) 85T
(%9°'9T) 26T
(%0vT) 29T
(%T1'6T) T2C
(%5'6T) 922
(%€'LT) 002

(6ST'T = U) ASY

>0e|g d1uedsiH-UON
8MUM OluedsiH-UON
A101uy18/2081 [RUIBIRIN
+G€
¥€ 01 0€
6¢ 01 9¢
G¢ 0102
0e>
A ‘abe [eulaen
+C
T
0
(syuiq a1 snoinaid) Ared
(s>499m T < VD) Wisl-1sod
(s>f93M Ty 01 L€ WD) UlIs) alel/|Iny/Al1e3
(sXPam g€ 01 g€ 9) wiaiald aje|/aelapoln
(sx9aMm zg> v9) wudraid AsanjAjswanx3
sa110691e0 YO
alewad
Gl
PIIYd 8y3 Jo X8S
elUBAJASUUBd
eu104eD YHOoN
puejAren
e161089
opelojoD
eluiojed

S

Author Manuscript

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



Page 16

Matias et al.

159} Nx«

*dnoub j0nu0d pased-uoneindod ‘dOd ‘ebe euonelsab ‘vo sispiosip [eruswdojansp ‘Qq epIosip winioads Wsnne ‘gsy :suoneIAIgaY

(%€°€) ¥5
(%0°2) ¥11
(%.'68) ¥9v'T
1000°0> 1000°0>
(%¥'92) Gev
(%€°0¢) 88y
(%992) 82v
(%2'97) 89¢
T000'0> 7000°0>
(%e'2e) 928
(%8'5€) 585
(%0°22) 65E
(%6°6) 29T
1000°0> 1000°0>
(%1'6) 8¥T
(%e'6) VT

pdOd SAAA  ,dOd SAASY (€€9'T = u) dOd

Author Manuscript

(%z'L) 21T
(%'2) 61T
(%%°68) 08€'T

(%0°8T) 282
(%8'€2) 2L
(%t0€) 5L
(%8°L2) Sev

(%9°€2) 18
(%6°82) 897
(%€'62) vLY
(%e'8T) v6C

(%¥°ST) L¥2
(%1°8) 0€T
(L19'T=U)aa

Author Manuscript

(%z9) 2L
(%€°0T) 6TT
(%5°€8) 896

(%T°67) LTC
(%5°€2) 292
(%0°€e) v
(%rve) LLT

(%.°02) ove
(%v'ze) GLE
(%b2e) 5L
(%b'vT) 29T

(%L 'vT) 89T
(%S°21) evT
(6ST'T = u) ASVY

AoueubBa.d 1noybnolyyui are| Bujows

Bunjows [euondasuodtiad

Aoueubaid Burinp Burjows oN
Bursjows [eulsien

Aasn 000°0TT Ueyl aIoN

asn 000°0TT 0} 000'0L

asn 000°0Z 01 000°0€

asn 000°0€ ueys ssa]
awooul ployasnoH

18y61y 1o 98163p S, I91SBIN

9a16ap ab3||0D

aba]100 awos

s3] 10 J0oyds ybiH
Uuo1¥eINPa [eUlaIBIN

oluedsiH

J13y10/soRInNW/ueISY d1uedsiH-UoN

Author Manuscript

Author Manuscript

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



Page 17

Matias et al.

*dnoub jonuod paseq
-uone|ndod ‘dOd ‘abuel ajirenbiaiul “YO| ‘BuUIdIPaIA J0 a1nmusul ‘INOI ‘ureb ybiam feuonelsab ‘OO ‘abe [euoieisab ‘O siaplosip [eluswdolanap ‘qq ‘4apJosip wndads wsnne ‘gsy suoneinsiqay

(%6°€€) TS (%5'G€) 195 (%1°6€) 2vy 8|11a1 pIg
(%9°€€) LES (%9'62) 897 (%S'T€) 95€ 3|18) puz
(%5°2€) 81S (%0°G€) €55 (%e'62) TEE 3|13} 1sT

vao.o Qwﬁo.o mo_mmé\mucso& ael OO
(%9'65) 156 (%v'65) 6£6 (%6'19) 669 BNISS3IXT
(%€'8T) 262 (%e'sT) 2ve (%9'97) 28T ajenbapy
(%1°22) €5 (%t'se) TOY (%S5'12) eve ayenbapeu]

1200 1070 saullapInb INOI Jad 8res OO
r1'80)T'T (ST1'20)0T (ST'80)T'T (401) uetpay

hmmo.o h#mm.o (eamyspunod) a1es OO
(%L 'v€) 9vS (%2'G€) LGS (%T°0v) Sy 8|1181 pIg
(%0°€€) 61 (%5'62) 097 (%0°0¢) €€ 8|18} pug
(%€°2€) 80S (%8'v€) EVS (%8'62) T€E 8|11} IST

%600 gt100 210952 Y-10}-DMD
(o1 To- (T1)zo- (01) 00- (as) ueay

mﬂmm.o mmoo.o 81095 Z \Y9O-10}-OMO
(%¥'9) ¥0T (%8'0T) 5.1 (%¥'€T) SST (+G€ 1NG) €/2 sselD Ausado
(%5'6) SST (%71°21) 56T (w2 T1) 96T (6'VE-0E IING) T SselD Asaqo
(%T°€2) 8L (%L¥2) 00 (%eve) ¢8e (6°62-5Z 1IN1Q) WbBBMIBAO
(%.'L8) £v6 (%¥'6v) 662 (%e'Lv) 8vS  (6'72—G'8T 1IING) JuB1am [ewloN
(%ze) €5 (%0°¢) 8 (%ee) 8¢ (58T > 1INI9) Wbramiapun

Qﬂoo.ov QHoo.ov (zw/Bx) 1IN Aoueubaidaid
(8'9) zse (59) 9z (7'L) 692 (as) ueay

wﬁoo.ov .maoo.ov (zw/Bx) 1INg Aoueubaidaid

dOdsAdd dOod'shndsv  (e€9'T=u)dod (19'T=u)aa (6ST'T=Uu)aAsY

snje)s ased Bulidsyo Aq sajqenea 1ybiam (ainsodxa) [eusalelN

¢ 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 18

Matias et al.

'S 9|qel uoinewou] Bunioddng ui paisi| saliobisred
1ING 18410 Joj sanje Buipuodsalio) "|INg Aoueufisidald [eLIou Y)IM UBLIOM € J0) SI91SaLLI PAIY) puR puodas auy) Burinp 3asm/spunod 9z T pue T6'0 Usamiaq alel HANS 01 SpUodsseiod a]ial puodss,

158177 ASUNYAN-ULBIA :oxoo__>>\Q

‘TS 8jgeL uonewsogu| Bunioddns
u1 palsi| saliobiared |Ag Jaylo 1oy sanjeA Bulpuodsario) ‘JAg Aoueubaidaid fewiou yym uewom e 1oy B '/ T pue By 9°¢T usamiag (Aoueubald eam-Qp e 104) OANO |B10) 03 SPU0dsaliod a]11s) c:oommu

1591 5 X
Cyq
18914 <>OZ<.~N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 19

Matias et al.

*(T a|geL ui se paziiofialed) aus pue ‘awoaul ‘Burjows ‘Ayed ‘A11o1uyia/aael ‘uoireanpa ‘abe eulslew Joy uﬂm:_u,qc
'(e£9'T =) dnoub jo1u0d paseg-uoirejndod yum nemanom

"01381 SPPO "HO (02 S OI) Anjigesip [emosyjaiul *al ‘siapaosip eruswdojansp ‘aq ‘apiosip wniyoads wsnne ‘qsy :SUoneIAIgaY

(€Tz-2zT) 19T (692-65T) L0C (8e€-L8T)0gC (Seev9T)vee (Ovz—2eT)TLT  (L9e-16T)69C (IS2-0v'T) 28T (vE€-€6'T)¥SZ  €/¢ Sseld Auseqo
(6°1-56'0) T2T  (98T-9T'T) 2v'T (67’ 1-99°0) 660 (57'1T-99°0) 860 (22 T-26°0)G2T (6€2+¥ET)6LT (25T-88°0)STT (B8T-ETT)9¥T TSSO ANsedo

(0€'1-16'0060T  (67'T-90T) 92T (L£T-820)€0T (SET-8L°0)€0T (8%’ T-26°0) LT'T (6LT-STT)EVT (LET-260)2TT (¥ST-90°T)8C'T WBremIsn0
JER| JER| IER] IER] JEX] LR LR LN 1yBram [ewoN
(Le'1-850)680 (87 T-¥9°0)86'0 (96 T-550) ¥OT  (¥6'T-950) ¥O'T  (09'T-05°0) 680 (6L T-650) €0T  (85T-29°0) 660 (TLT-0L0) 60°T wBramuspun
1N g Aoueubaidaid
26S'T = $|043U0d ,N 26S'T = $|043U0d \N 26S'T = $|04U0d ,N 76S'T = $|04U0d ,N
PPS'T = $8580 N 8TY = $8S80 N 989 = 58580 N 8TT'T = S858 (N

(10 %S56) 4O (10 %S6) 4O (10 %S6) 4O (10 %S56) 4O (10 %56) 4O (10 %S6) 4O (10 %S6) 4O (10 9%G6) 4O  8ansodxa [eutsle

o_usm:._? apn1o %sm::& apnio %sm::& apnio %88._3 apn1D

ada dil minoyum asv dl yum asvy asv

sa1106a1ed ||NG [eusarew Aourubaidaid sad ,dd 10 ASV 40} D %56 Pue YO paisnlpe pue apni)

€31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 20

Matias et al.

‘TS 9|qeL uoiewdou] buiioddng
ul pajsi| sarioBared [\ Jayio Joj sanfea Buipuodsailod 1N Aoueubaidaid [ewiou yim uewom e Joy ‘B g'2T pue BY 9°€T usamiaq (Asueubaid ¥aam-0r e 10)) DAND [€1010) Spu0dsallod a]114a) Ucoummu

*(T 81qeL uI e paziiobayed) a1is pue ‘awodul ‘Bujows ‘Ared ‘A1o1uyia/aaes ‘uoieanpa ‘abe [euarew Joy uwum:_c,qa
*(suonepuawiwodal NOJ 4ad a1el OAND 104 EE9'T = U/ ‘81098 Z WY-104-9MO 104 €/G'T =) dnoub jonuod paseq-uoirejndod yum uESEoom

"011R1 SPPO ‘YO ‘BUIdIPaIA J0 a1nsu] ‘INOI (02 S OI) Aujigesip [enos|aiul ‘@l ‘ureb yBiam [euoiesab ‘99 ‘abe [euoiieisab ‘o ‘siapiosip [eiuswdojansp ‘aq ‘4epiosip wnidads wsnne ‘asy

(57'1-26'0)8T'T  (0ST-TOT)€2T (€21-89°0) 260 (82T-2L0) 960 (€5T-680)ZT'T (99T-66'0)82T (¥€7-280)80T (I¥'1-2¢6°0) ¥T'T ANISS3IXT
IC)| 194 I} JEN| JEX| JEX| JEN| 194 alenbapy
(05T-¥6'0) 6TT (2LT-2TT)TYT (92T-29°0) 680 (921-€900) 680 (6€T-€L0)T0T (997T-16'0)€2T (92'T-GL0) 260 (6E€'T-¥80)80°T ajenbapeu|

sauljapIinb QI Jad a1el OO

9GG'T = §|043U0d ,N

ZTG'T = $95BD N

(9€'1-G6'0) ¥T'T  (8E'T-L6'0) 9T'T
JEN| JEX|
(zeT-160000TT (SP'T-20T)2CT

€€G'T = $]0J)u0d N
26%'T = S9sed ,N

(10 %86) 4O (10 %56) 4O

9GG'T = §|04U0d ,N

TTi = 53580 oN

(S9'1-96'0) 92T (GLT-€0°T)GE'T
JEN| BN
(re'1-620000T (9€T-LL0)€0°T

€€G'T = $]013u0d ,N
/0b = $9se9 oN

(10 %S6) 4O (10 %S6) 4O

9GG'T = §|04U0d ,N

999 = 58589 (N

(8v'1-26'0) LTT  (S5'T-660) ¥2'T
R 19y

(8T'1-2L0) 260 (0£T-T80)€0°T

€€G'T = $]0U0d (N
0G9 = $ased N
(10 %S6) 4O (10 %86) 4O

9GG'T = §|04U0d ,N

680'T = 53589 (N

(6v'1-00T) 22T  (95°T-L0°T) 62°T
IR 19y

(6T'1-6.0) 260 (92'T-G8°0) €0°T

€€G'T = $]0U0d ,N
690'T = S9Sed ,N
(10 %56) 4O (10 %86) 4O

nuﬁm:.—u< 3pnId

nuﬁms.—u< 3pnId

nuﬁms.ﬁ,q 3pnId

Qumum:.—@q 3pnId

aa

Author Manuscript

di moyum asv

dl yum asvy

asv

3|13 pIg
9|18} pug
31 IST

310057 YO-10}-OMO

ainsodxa [eulare|N

sa1106a1e0 ureh ybram [euoieiseb Jad ,dd 10 ASV 40} 1D %56 Pue YO paisnlpe pue apnid

Author Manuscript

¥ 31avL

Author Manuscript

Author Manuscript

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

