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Abstract

Background: Epidemiological studies suggest that Bisphenol A (BPA) exposure may increase
adiposity in children. Bisphenol S (BPS), a structural analog of BPA, is increasingly used as a
BPA substitute. However, few studies have examined the health effects of BPS in children.
Objectives: We estimated the association of BPA and BPS exposure at age 8 years with
adiposity measures at 8 and 12 years of age and adipocytokine concentrations at 12 years.
Methods: We quantified urinary BPA and BPS concentrations in 212 8-year old children from
the HOME Study, a prospective pregnancy and birth cohort study that enrolled pregnant women
in Cincinnati, Ohio (2003-2006). We assessed children’s adiposity at 8 years using
anthropometry (n=212) and bioelectric impedance and at 12 years using dual energy X-ray
absorptiometry (n=181). We measured serum adipocytokine concentrations in children at 12
years of age (n=155). Using multivariable linear regression models, we estimated covariate-
adjusted associations of logio-transformed BPA and BPS with adiposity measures at 8 and 12
years and logio-transformed adiponectin and leptin concentrations at 12 years.

Results: BPA concentrations was inversely associated with body fat percentage at age 8 years
(B=-1.2 95%CI: -3.4, 1.0), whereas BPS was positively associated with this measure (f=1.1 95%
CI: -0.6, 2.7); the 95% Cls of these estimates included the null. Similarly, BPA was inversely
associated with visceral fat area (f=-2.2 95%CI: -10.9, 6.4), whereas BPS was positively
associated. (f=0.8 95% CI: -5.5, 7.2). BPA and BPS were not associated with serum adiponectin
and leptin concentrations at 12 years of age. There was some evidence that sex modified the
association between BPS concentrations and waist circumference at age 8 years (interaction p-
value=0.13), with positive associations in girls (B=1.4 95% CI: -1.6, 4.5) and null associations in

boys (B-1.2 95% CI: -4.8, 2.3).



Conclusions: We did not observe evidence of an association of BPA or BPS concentrations

during childhood with measures of child adiposity at age 8 years or 12 years in this cohort.



Introduction

The prevalence of childhood obesity has increased in the United States and worldwide in
the past few decades (Abarca-Goémez et al., 2017; Skinner et al., 2018). In the United States, the
prevalence of obesity among adolescents in 2016 was 24.8% (Skinner et al., 2018). Childhood
and adolescence obesity increases the risk of adult diabetes, heart disease, hypertension, and
stroke (Reilly and Kelly, 2011). Therefore, it is essential to identify modifiable determinants of
obesity. There is increasing evidence that prenatal, infancy, or early childhood exposure to some
endocrine disrupting chemicals can potentially induce obesity later in life by disrupting
neuroendocrine systems involved in energy metabolism and eating behavior (Janesick and
Blumberg, 2016).

Bisphenol A (BPA), a suspected obesogen, is found in some polycarbonate plastics, food
can linings, thermal receipts, and medical equipment (Mikotajewska et al., 2015). The primary
source of BPA exposure for most individuals is diet (Mikotajewska et al., 2015). BPA may affect
hormone homeostasis, adipocyte proliferation and differentiation, and DNA methylation to
increase the risk of obesity (Janesick and Blumberg, 2016, Desai et al., 2018). BPA has been
voluntarily phased out of many products but replaced by bisphenol S (BPS) in some plastics,
food can linings, and personal care products (Rochester and Bolden, 2015). BPS is chemically
similar to BPA, though it is more heat resistant and environmentally stable (Wu et al., 2018)
(Supplementary Figure 1). A review of in vivo and in vitro studies found that BPS has similar
estrogenic potency as BPA (Rochester and Bolden, 2015). There is also in vitro evidence that
BPS induces adipocyte differentiation (Ahmed and Atlas, 2016). BPA may also inhibit

adiponectin release from adipocytes (Hugo Eric R. et al., 2008).



Several studies suggest that higher urinary BPA concentrations during childhood are
associated with obesity, although some of these studies are cross-sectional, making it difficult to
establish causal relations given that the predominant source of BPA is diet. Three cross-sectional
studies have found that urinary BPA concentrations were associated with obesity in boys
(Trasande et al., 2012, Liu et al., 2019; Mustieles et al., 2019). Another study has found that
BPA is cross-sectionally associated with waist circumference in boys (Yang et al., 2017). Other
cohort studies with prospective measurements in childhood have found null or inverse
associations (Hoepner et al., 2016, Braun et al., 2014, Guo et al., 2020). Two cohort studies with
prospective measurements have found positive associations between childhood BPA
concentrations and obesity, with no evidence of sex modification (Harley et al., 2013, Vafeiadi et
al., 2016).

There have been few epidemiological studies examining the health effects of BPS. In a
cross-sectional study of 6 to 17-year-old children, there was no association of urinary BPS
concentrations with general obesity, and there was no evidence for sex-specific effects (Liu et
al., 2019). In a recent cohort study, BPS concentrations at 6 years of age were inversely
associated with body mass index (BMI) z-scores at 10 years of age (Silva et al., 2021).

Given the lack of data on the health effects of childhood BPA and BPS exposure, we
investigated whether childhood BPA or BPS exposure is cross-sectionally or prospectively
associated with excess adiposity in children at ages 8 and 12 years, as well as serum adiponectin

and leptin at age 12 years.



Methods
Study Participants

We used data from the Health Outcomes and Measures of the Environment (HOME)
Study, a prospective pregnancy and birth cohort in Cincinnati, Ohio, established to examine the
potential health effects of environmental chemical exposures in children. Women were recruited
between 2003 and 2006 from nine prenatal clinics affiliated with three delivery hospitals in the
Cincinnati, Ohio, area. Women were eligible if they were less than 16+3 weeks pregnant, older
than 18 years old, living in a home built in or before 1978, fluent in English, HIV-negative, and
not taking medications for seizures and/or thyroid disorders, and had no diagnosis of diabetes,
bipolar disorder, schizophrenia, or cancer resulting in radiation treatment or chemotherapy
(Braun et al., 2020, 2017).

All women provided written informed consent for themselves and their children at all
visits; children provided informed assent at the age 12-year visit. Study protocols were approved
by the institutional review boards (IRBs) of Cincinnati Children’s Hospital Medical Center
(CCHMC) and the cooperating delivery hospitals. Brown University and the Centers for Disease
Control and Prevention (CDC) IRBs deferred to the CCHMC IRB

The HOME study enrolled 468 women, of which 389 women delivered live singleton
infants. Follow-up was completed on 237 children at 8 years of age, and on 256 children at 12
years of age. The present analyses included 212 children who have biomarker measures for BPA
and BPS at 8 years of age, and anthropometric data and covariate information. Among the 256
children who completed follow-up at the 12-year study visit, 181 children had BPA and BPS
measurements at 8 years of age, dual-energy X-ray absorptiometry (DXA) measurements at 12

years of age, and covariate information. Further analyses of adiponectin and leptin measurements



at 12 years of age included 155 children who had BPA and BPS measurements, adiponectin and
leptin measurements, and covariate information.
Exposure assessment

Children in the HOME study provided urine samples at the 8-year follow-up visit.

All samples were refrigerated until they were processed, after which they were stored at or below
—20°C until shipped on dry ice to Centers for Disease Control and Prevention for analysis. BPA
and BPS concentrations were measured at the CDC National Center for Environmental Health
laboratories using previously described analytic chemistry methods (Ye et al., 2008). To account
for urine dilution, BPA and BPS concentrations were divided by creatinine and multiplied by
100 to yield units of micrograms BPA and BPS per gram creatinine. The creatinine-normalized
urinary BPA and BPS concentrations were logio-transformed in statistical models.

Outcome assessment.

At age 8 years, trained study staff measured children’s weight, height, body fat (via
bioelectric impedance with a Tanita children’s body fat scale) (%), and waist circumference (cm)
in triplicate following standardized protocols. We calculate child body mass index (kg/m?) and
converted it to age- and sex-specific z-scores using U.S references from the National Center for
Health Statistics (2000 CDC growth charts for the United States, 2002).

At 12 years of age, we measured the same anthropometry outcomes as above, in addition
to conducting dual-energy X-ray absorptiometry scans (Hologic Horizon densitometer) on
children to estimate total and regional adiposity. Our adiposity measures included whole-body
fat mass index (FMI) z-scores, whole body fat mass percent (%), visceral fat area (cm?), android
(%), and gynoid fat (%). We calculated age and sex-specific fat mass index (fat mass/height?,

kg/m?) z-scores based on the reference values generated using the 1999-2004 National Health



and Nutrition Examination Survey (NHANES) (Weber et al., 2013). Visceral fat area (cm?) is the
cross-sectional area of fat inside the abdomen. We calculated android and gynoid fat percent as
the regional fat mass divided by the whole-body fat mass.

We measured leptin and adiponectin from overnight-fasting serums were also quantified.
We measured leptin and adiponectin concentrations in venous serum samples obtained at the 12-
year visit using an ELISA sandwich assay and BioTeck microtiter ELx 808 plate reader. All
assays were performed by trained technicians at the CCHMC NIH-funded Clinical Translational
Research Center Core Laboratory. The LODs were 0.8 ng/mL (leptin) and <2 pg/mL
(adiponectin). We included reagent blanks and QC samples in each analytic batch, with
coefficients of variation for repeated QC measurements of approximately 11% and 13% for
leptin and adiponectin, respectively. We logio-transformed adipocytokine concentrations for
statistical models.
Covariates

We selected covariates that might be associated with BPA or BPS exposure and adiposity
using a directed acyclic graph and prior knowledge (Freemark, 2018; Stacy et al., 2016)
(Supplementary Figure 2). Trained research assistants collected sociodemographic data,
including maternal and child race/ethnicity, age, education, marital status, employment, and
insurance using standardized computer-assisted interviews in the second or third trimester.
Through reviewing medical charts, we obtained the mother’s pre-pregnancy weight, height, and
parity.

Frequency of fresh fruit and vegetable consumption at 8 years was collected through
questionnaires. Physical activity data was collected using a validated self-reported questionnaire

(Kowalski et al., 2004), and we calculated 2010 Healthy Eating Index scores using data from



three 24-hour dietary recalls (NCI 2017) at age 12 years. We evaluated pubertal development by
having children self-stage their pubic hair according to images illustrating the different Tanner
stages of development (Liu et al., 2019).
Statistical Analysis

We described the univariate characteristics of BPA, BPS, adiposity measures, and
covariates using means, standard deviations (SD), medians, interquartile range, or proportions
(%). We also calculated median urinary BPA and BPS concentrations at 8 years of age and mean
+ SD of whole-body FMI z-scores at 8 years of age according to categories of each covariate

(Table 1). We calculated Spearman correlation coefficients between log, ,-transformed BPA and

BPS concentrations. In addition, we examined potential non-linear associations of BPA and BPS
concentrations with adiposity measures at ages 8- and 12-years using covariate-adjusted natural
cubic splines.

We used multivariable linear regression models to estimate the association of creatinine-
standardized logio-transformed BPA and BPS concentrations at 8 years of age with BMI z-score,
body fat percentage, and waist circumference at 8 years of age. We also used multivariable linear
regression models to estimate the association of creatinine-normalized logjo-transformed BPA
and BPS concentrations at 8 years of age with BMI z-scores, whole body fat mass percent, waist
circumference, whole-body FMI z-scores, visceral fat area, android fat percent, gynoid fat
percent, logio-transformed serum adiponectin, and logio-transformed serum leptin
concentrations, and the ratio between logio-transformed adiponectin and leptin concentrations at
12 years of age. The adjusted models using 8-year outcome data included covariates for child
age, sex, race, and fruit and vegetable consumption at the 8-year visit, as well as maternal age at

delivery, pre-pregnancy BMI, education, marital status, and insurance status. Models using 12-



year data adjusted for total 2015 Healthy Eating Index scores instead of fruit and vegetable
consumption, as well as physical activity and pubic hair stage.
Secondary and Sensitivity Analyses

Given that some previous studies reported sex-specific associations between BPA and
adiposity (Trasande et al., 2012, Liu et al., 2019, Mustieles et al., 2019), we evaluated effect
measure modification by child sex using stratified models and interaction terms between BPA or
BPS and child sex. We further examined potential synergy or antagonism by modeling adiposity
measures at 8 and 12 years of age as a function of BPA terciles and BPS terciles, with an
interaction term of BPAX BPS tercile.

We performed all analyses using R version 3.2.3 (R Core Team, Vienna, Austria).

Results

The mean ages of the 212 children at the 8-and 12-year visits were 8.1 years (SD: 0.6,
n=212), and 12.3 years (SD: 0.6, n=181). Most mothers in our analytic sample were Non-
Hispanic White (61%), married (67%), and college-educated (50%) (Table 1). Mothers of the
study participants at age 12 years had demographic patterns similar to mothers of study
participants at age 8 years (Supplementary Table 1).

Children’s median urinary BPA and BPS concentrations were 1.6 ug/L (IQR 1, 3.6) and
0.4 ug/L (IQR 0.2, 0.7), respectively (Table 1). Children whose mothers were younger at
delivery, had higher pre-pregnancy BMI, and unmarried and cohabitating had higher median
BPA concentrations. Mothers with lower maternal education tended to have children with higher
BPS concentrations. Children who consumed fewer fresh fruits and vegetables also tended to
have higher urinary BPA and BPS concentrations (Table 1). BPA and BPS were moderately

correlated with each other (Spearman correlation coefficient=0.4, p-value < 0.001).



BMI z-scores at 8-years were higher in children whose mothers were overweight or obese
before pregnancy, were unmarried, and had less than a high school education. Black children and
girls also had higher mean BMI z-scores (Table 1). Whole-body FMI z-scores at 12 years were
higher in Black children, girls, and children whose mothers were overweight or obese before
pregnancy. We observed similar patterns for visceral fat area, android fat percent, and gynoid fat
percent, although Black children had lower gynoid fat percent than Non-Hispanic White children
and girls had lower visceral fat area than boys (Supplementary Table 2). Among 155 children
with adiponectin and leptin measurements at 12 years, increased maternal education was
associated with lower geometric mean concentrations of leptin and higher geometric mean
concentrations of adiponectin. Leptin concentrations were higher in Black children, whereas
adiponectin concentrations were lower in Black children (Supplementary Table 2).

After adjusting for covariates, each 10-fold increase in urinary BPA concentrations were
inversely associated with BMI z-score, body fat percent, and waist circumference at age 8 years,
although the 95% CI included the null value (Table 2). In contrast, higher urinary BPS
concentrations were not associated with BMI z-score, body fat percent, and waist circumference
at age 8 years.

Similar to our findings at age 8 years, each 10-fold increase in BPA was associated with
decreases in whole-body FMI z-score, visceral fat area, android fat percent, and gynoid fat
percent among 181 adolescents with DXA outcomes at 12 years of age, after adjustment for
covariates. A 10-fold increase in BPS was not associated with whole-body FMI z-score, visceral
fat area, android fat percent, and gynoid fat percent. The associations between BPA and BPS and
BMI z-score, whole body fat mass percent, and waist circumference at 12 years followed the

same pattern as the associations between BPA and BPS and BMI z-score, body fat percent, and
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waist circumference at 8 years (Table 2). Overall, the 95% confidence intervals of all the point
estimates included the null value. We also did not observe strong evidence of associations
between BPA and BPS with adiponectin, leptin, and adiponectin to leptin ratio (Table 3).

In secondary analyses, we observed limited evidence that child sex modified the
association between BPS and waist circumference, where there was an inverse association in
boys (p=-1.2, 95% CI: -4.8, 2.3, N=96) compared to a positive association in girls (f=1.4,
95%CI: -1.6, 4.5, N=116) (BPS X Sex interaction term p-value= 0.12) (Figure 1). There was not
strong evidence that child sex modified other associations between BPA and BPS and BMI z-
score, body fat percent, and waist circumference at 12 years (Figure 2).

There was no evidence of a statistical interaction between BPA and BPS with adiposity
outcomes at 8 years of age (continuous BPA x BPS interaction term p-values > 0.05). There was
some evidence of a statistical interaction between BPA and BPS with adiposity outcomes at 12
years of age. Specifically, there was some evidence of antagonism between BPA and BPS for
whole-body FMI z-score (continuous BPA x BPS interaction p-value=0.03) and gynoid fat
(continuous BPA x BPS interaction p-value=0.01) (Supplementary Table 3).

We further examined these antagonistic associations for BMI z-score at 8 years of age
(Supplementary Table 4), and FMI z-score as 12 years of age using BPA and BPS terciles
(Supplementary Table 5). Using a two-way ANOVA test there was not strong evidence that
associations at 12 years varied across the terciles (p = 0.27) (Supplementary Table 5). For
instance, the adjusted difference in FMI z-score at 12 years in children with high BPA and low
BPS was 0.1 (95% CI: -0.4, 0.6) compared to children with low BPA and BPS. In children with

low BPA and high BPS, the adjusted difference in FMI z-score was 0.5 (95% CI: 0, 0.9). Finally,
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children with high BPA and high BPS had an adjusted difference in FMI z-score of -0.4 (95%

CI: -1.1, 0.3) compared to children with low BPA and BPS.

Discussion

In this cohort, urinary concentrations of BPA and BPS at age 8 years were not associated
with measures of childhood adiposity at age 8 and 12 years. Moreover, it did not appear child sex
modified these associations. The associations between BPA and BPS concentrations with
adiponectin and leptin a age 12 years were also null.

Our results are consistent with some prior cohort studies examining BPA and adiposity in
early childhood or adolescence (Hoepner et al., 2016, Braun et al., 2014). Specifically, in a prior
study from this cohort, BPA concentrations in the first 2 years of life were inversely associated
with BMI z-scores in 285 children aged 2 to 5 from Cincinnati, Ohio (Braun et al., 2017).
Among 298 children from New York City, BPA concentrations from 3 and 5 years were
inversely associated with change in BMI z-score from 5 to 7 years (Hoepner et al., 2016). In
contrast, increasing BPA concentrations in 290 children at 9 years old were cross-sectionally
associated with higher BMI z-score, waist circumference, and body fat percentage (Harley et al.,
2013). Inthe RHEA cohort study in Greece, higher BPA concentrations at 4 years were
associated with higher concurrent BMI z-score and waist circumference (Vafeiadi et al., 2016).
Other cohort studies among 8 to 14-year-old children in Mexico City (Yang et al., 2017) and 7-
year-old children in rural China (Guo et al., 2020) have found positive associations between BPA
and BMI z-scores. We did not find sex-specific effects for BPA, though in a sample of 298 boys,
ages 9-11, in the INMA-Granada cohort study in Spain, BPA was significantly associated with

higher BMI z-scores cross-sectionally (Mustieles et al., 2019).
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While we found that BPS concentrations were positively associated with adiposity at both
ages 8 and 12 years, the 95% Cls of our estimates included the null value. This result is
consistent with a cross-sectional study using NHANES data reporting that BPS was associated
with higher odds of obesity in children age 6 to 17 years (Liu et al., 2019). Though the
Generation R cohort study in the Netherlands found that BPS was inversely associated with BMI
in 10-year-old children (Silva et al., 2021).

A priori, we suspected that BPS could have obesogenic effects based on mechanistic
studies. BPS disrupts membrane-initiated estradiol-induced cell signaling, altering cell
proliferation and death (Vifias and Watson, 2013). BPS enhances preadipocyte differentiation
into adipocytes through peroxisome proliferator-activated receptor gamma (PPARg) (Ahmed and
Atlas, 2016). BPS may also interfere with hormonal regulation through mRNA deregulation in
adipocytes (Verbanck et al., 2017).

We found null associations between BPA, BPS and adiponectin and leptin. Adiponectin
regulates glucose levels and energy homeostasis, while leptin helps control food intake and is
associated with increased inflammation. Obesity is associated with decreased adiponectin
expression and increased leptin expression (Rasouli and Kern, 2008). Previous studies have
found that BPA inhibits adiponectin release potentially by antagonizing PPARy (Ben-Jonathan et
al., 2009). Fewer studies have examined the effects of BPS on adipokine expression; however,
one study suggests that human adipose tissue treated with BPS does not result in altered
expression of adiponectin or leptin (Ahmed et al., 2020). Our findings suggest that BPS may not
affect adiponectin or leptin expression. Future studies could examine other cardiometabolic or

metabolic endpoints, including glucose-insulin homeostasis and lipid concentrations.
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Our study contributes to the emerging literature on the health effects of BPA substitutes.
However, there are some limitations to consider. First, we used a single urine sample to assess
BPA and BPS exposure, which is subject to within-person variability of BPA and BPS
concentrations; this may cause exposure misclassification and would be expected to bias our
results to the null. Second, our sample size was modest, which may have reduced our statistical
power and precision to completely rule out the presence of any associations. Additionally, we
cannot account for residual confounding from dietary patterns (e.g., packaged versus fresh food)
and exposure mismeasurement from the use of other consumer goods like toys and personal care
products (Lu et al., 2018; Sharpe and Drake, 2013; Vandenberg et al., 2007). We also did not
adjust for other potential chemical obesogens correlated with BPA or BPS. Finally, we did not
have BPS concentrations available at during gestation or earlier in childhood. While BPA has
been used in consumer goods since the 1950s, BPS was first used in thermal paper receipts
approximately in 2006 (Glausiusz, 2014). Since the introduction of BPS in plastics, thermal
paper, and personal care products, BPS has been increasingly detected in urine samples in
multiple studies (Wu et al., 2018; Ye et al., 2015). Any exposure that women experienced during
pregnancy or adolescents during early childhood would likely not affect future adiposity at the 8
year or 12 year visit due to the low or non-existent levels of exposure.

Despite these limitations, there are several strengths to our study. This included using
both cross-sectional and prospective analyses to examine the associations of BPA and BPS
concentrations at 8 years with adiposity at 8 and 12 years. Moreover, we used highly detailed
measures to assess adiposity at 12 years, as well as metabolism biomarkers (Lindsay et al.,
2001). We were also able to account for important confounders including pre-pregnancy BMI,

physical activity, and diet.
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Conclusion
In HOME study children we did not find evidence of an association between BPA or BPS
exposure and childhood adiposity at age 8 or 12 years. Given increasing use of BPA substitutes,

future studies with larger sample sizes should examine the extent and health effects of exposure.

15



References

2000 CDC growth charts for the United States, 2002. , DHHS publication. Public Health Service,
Centers for Disease Control and Prevention, National Center for Health Statistics,
Hyattsville, Md.

Abarca-Goémez, L., Abdeen, Z.A., Hamid, Z.A., Abu-Rmeileh, N.M., Acosta-Cazares, B., Acuin,
C., Adams, R.J., Aekplakorn, W., Afsana, K., Aguilar-Salinas, C.A., Agyemang, C.,
Ahmadvand, A., Ahrens, W., Ajlouni, K., Akhtaeva, N., Al-Hazzaa, H.M., Al-Othman,
A.R., Al-Raddadi, R., Buhairan, F.A., Dhukair, S.A., Ali, M.M., Ali, O., Alkerwi, A.,
Alvarez-Pedrerol, M., Aly, E., Amarapurkar, D.N., Amouyel, P., Amuzu, A., Andersen,
L.B., Anderssen, S.A., Andrade, D.S., Angquist, L.H., Anjana, R.M., Aounallah-Skhiri,
H., Aratjo, J., Ariansen, 1., Aris, T., Arlappa, N., Arveiler, D., Aryal, K.K., Aspelund, T.,
Assah, F.K., Assuncao, M.C.F., Aung, M.S., Avdicova, M., Azevedo, A., Azizi, F.,
Babu, B.V., Bahijri, S., Baker, J.L., Balakrishna, N., Bamoshmoosh, M., Banach, M.,
Bandosz, P., Banegas, J.R., Barbagallo, C.M., Barceld, A., Barkat, A., Barros, A.J.,
Barros, M.V., Bata, 1., Baticha, A.M., Batista, R.L., Batyrbek, A., Baur, L.A.,
Beaglehole, R., Romdhane, H.B., Benedics, J., Benet, M., Bennett, J.E., Bernabe-Ortiz,
A., Bernotiene, G., Bettiol, H., Bhagyalaxmi, A., Bharadwaj, S., Bhargava, S.K., Bhatti,
Z., Bhutta, Z.A., Bi, H., Bi, Y., Biehl, A., Bikbov, M., Bista, B., Bjelica, D.J.,
Bjerregaard, P., Bjertness, E., Bjertness, M.B., Bjorkelund, C., Blokstra, A., Bo, S.,
Bobak, M., Boddy, L.M., Boehm, B.O., Boeing, H., Boggia, J.G., Boissonnet, C.P.,
Bonaccio, M., Bongard, V., Bovet, P., Braeckevelt, L., Braeckman, L., Bragt, M.C.,
Brajkovich, 1., Branca, F., Breckenkamp, J., Breda, J., Brenner, H., Brewster, L.M.,
Brian, G.R., Brinduse, L., Bruno, G., Bueno-de-Mesquita, H.B., Bugge, A.,
Buoncristiano, M., Burazeri, G., Burns, C., Ledn, A.C. de, Cacciottolo, J., Cai, H., Cama,
T., Cameron, C., Camolas, J., Can, G., Candido, A.P.C., Capanzana, M., Capuano, V.,
Cardoso, V.C., Carlsson, A.C., Carvalho, M.J., Casanueva, F.F., Casas, J.-P., Caserta,
C.A., Chamukuttan, S., Chan, A.W., Chan, Q., Chaturvedi, H.K., Chaturvedi, N., Chen,
C.-J., Chen, F., Chen, H., Chen, S., Chen, Z., Cheng, C.-Y., Chetrit, A., Chikova-Iscener,
E., Chiolero, A., Chiou, S.-T., Chirita-Emandi, A., Chirlaque, M.-D., Cho, B., Cho, Y.,
Christensen, K., Christofaro, D.G., Chudek, J., Cifkova, R., Cinteza, E., Claessens, F.,
Clays, E., Concin, H., Confortin, S.C., Cooper, C., Cooper, R., Coppinger, T.C.,
Costanzo, S., Cottel, D., Cowell, C., Craig, C.L., Crujeiras, A.B., Cucu, A., D’Arrigo, G.,
d’Orsi, E., Dallongeville, J., Damasceno, A., Damsgaard, C.T., Danaei, G., Dankner, R.,
Dantoft, T.M., Dastgiri, S., Dauchet, L., Davletov, K., Backer, G.D., Bacquer, D.D.,
Curtis, A.D., Gaetano, G. de, Henauw, S.D., Oliveira, P.D. de, Ridder, K.D., Smedt,
D.D., Deepa, M., Deev, A.D., Dehghan, A., Delisle, H., Delpeuch, F., Deschamps, V.,
Dhana, K., Castelnuovo, A.F.D., Dias-da-Costa, J.S., Diaz, A., Dika, Z., Djalalinia, S.,
Do, H.T., Dobson, A.J., Donati, M.B., Donfrancesco, C., Donoso, S.P., Doring, A.,
Dorobantu, M., Dorosty, A.R., Doua, K., Drygas, W., Duan, J.L., Duante, C., Duleva, V.,
Dulskiene, V., Dzerve, V., Dziankowska-Zaborszczyk, E., Egbagbe, E.E., Eggertsen, R.,
Eiben, G., Ekelund, U., Ati, J.E., Elliott, P., Engle-Stone, R., Erasmus, R.T., Erem, C.,
Eriksen, L., Eriksson, J.G., Pefia, J.E. la, Evans, A., Fach, D., Fall, C.H., Sant’ Angelo,
V.F., Farzadfar, F., Felix-Redondo, F.J., Ferguson, T.S., Fernandes, R.A., Fernandez-
Bergés, D., Ferrante, D., Ferrari, M., Ferreccio, C., Ferrieres, J., Finn, J.D., Fischer, K.,
Flores, E.M., Foger, B., Foo, L.H., Forslund, A.-S., Forsner, M., Fouad, H.M., Francis,

16



D.K., Franco, M. do C., Franco, O.H., Frontera, G., Fuchs, F.D., Fuchs, S.C., Fujita, Y.,
Furusawa, T., Gaciong, Z., Gafencu, M., Galeone, D., Galvano, F., Garcia-de-la-Hera,
M., Gareta, D., Garnett, S.P., Gaspoz, J.-M., Gasull, M., Gates, L., Geiger, H., Geleijnse,
J.M., Ghasemian, A., Giampaoli, S., Gianfagna, F., Gill, T.K., Giovannelli, J.,
Giwercman, A., Godos, J., Gogen, S., Goldsmith, R.A., Goltzman, D., Gongalves, H.,
Gonzalez-Leon, M., Gonzalez-Rivas, J.P., Gonzalez-Gross, M., Gottrand, F., Graga, A.P.,
Graff-Iversen, S., Grafnetter, D., Grajda, A., Grammatikopoulou, M.G., Gregor, R.D.,
Grodzicki, T., Grentved, A., Grosso, G., Gruden, G., Grujic, V., Gu, D., Gualdi-Russo,
E., Guallar-Castillon, P., Guan, O.P., Gudmundsson, E.F., Gudnason, V., Guerrero, R.,
Guessous, 1., Guimaraes, A.L., Gulliford, M.C., Gunnlaugsdottir, J., Gunter, M., Guo, X.,
Guo, Y., Gupta, P.C., Gupta, R., Gureje, O., Gurzkowska, B., Gutierrez, L., Gutzwiller,
F., Hadaegh, F., Hadjigeorgiou, C.A., Si-Ramlee, K., Halkjer, J., Hambleton, I.R.,
Hardy, R., Kumar, R.H., Hassapidou, M., Hata, J., Hayes, A.J., He, J., Heidinger-Felso,
R., Heinen, M., Hendriks, M.E., Henriques, A., Cadena, L.H., Herrala, S., Herrera, V.M.,
Herter-Aeberli, 1., Heshmat, R., Hihtaniemi, I.T., Ho, S.Y., Ho, S.C., Hobbs, M.,
Hofman, A., Hopman, W.M., Horimoto, A.R., Hormiga, C.M., Horta, B.L., Houti, L.,
Howitt, C., Htay, T.T., Htet, A.S., Htike, M.M.T., Hu, Y., Huerta, J.M., Petrescu, C.H.,
Huisman, M., Husseini, A., Huu, C.N., Huybrechts, 1., Hwalla, N., Hyska, J., lacoviello,
L., Iannone, A.G., Ibarluzea, J.M., Ibrahim, M.M., Ikeda, N., Ikram, M.A., Irazola, V.E.,
Islam, M., Ismail, A. al-Safi, Ivkovic, V., Iwasaki, M., Jackson, R.T., Jacobs, J.M.,
Jaddou, H., Jafar, T., Jamil, K.M., Jamrozik, K., Janszky, 1., Jarani, J., Jasienska, G.,
Jelakovic, A., Jelakovic, B., Jennings, G., Jeong, S.-L., Jiang, C.Q., Jiménez-Acosta,
S.M., Joffres, M., Johansson, M., Jonas, J.B., Jergensen, T., Joshi, P., Jovic, D.P.,
Jozwiak, J., Juolevi, A., Jurak, G., Juresa, V., Kaaks, R., Kafatos, A., Kajantie, E.O.,
Kalter-Leibovici, O., Kamaruddin, N.A., Kapantais, E., Karki, K.B., Kasaeian, A., Katz,
J., Kauhanen, J., Kaur, P., Kavousi, M., Kazakbaeva, G., Keil, U., Boker, L.K.,
Keindnen-Kiukaanniemi, S., Kelishadi, R., Kelleher, C., Kemper, H.C., Kengne, Andre
P., Kerimkulova, A., Kersting, M., Key, T., Khader, Y.S., Khalili, D., Khang, Y.-H.,
Khateeb, M., Khaw, K.-T., Khouw, I.M., Kiechl-Kohlendorfer, U., Kiechl, S., Killewo,
J., Kim, J., Kim, Y.-Y., Klimont, J., Klumbiene, J., Knoflach, M., Koirala, B., Kolle, E.,
Kolsteren, P., Korrovits, P., Kos, J., Koskinen, S., Kouda, K., Kovacs, V.A., Kowlessur,
S., Koziel, S., Kratzer, W., Kriemler, S., Kristensen, P.L., Krokstad, S., Kromhout, D.,
Kruger, H.S., Kubinova, R., Kuciene, R., Kuh, D., Kujala, U.M., Kulaga, Z., Kumar,
R.K., KuneSova, M., Kurjata, P., Kusuma, Y.S., Kuulasmaa, K., Kyobutungi, C., La,
Q.N., Laamiri, F.Z., Laatikainen, T., Lachat, C., Laid, Y., Lam, T.H., Landrove, O.,
Lanska, V., Lappas, G., Larijani, B., Laugsand, L.E., Lauria, L., Laxmaiah, A., Bao,
K.L.N,, Le, T.D., Lebanan, M.A.O., Leclercq, C., Lee, Jeannette, Lee, Jeonghee,
Lehtimaéki, T., Leon-Muioz, L.M., Levitt, N.S., Li, Y., Lilly, C.L., Lim, W.-Y., Lima-
Costa, M.F., Lin, H.-H., Lin, X., Lind, L., Linneberg, A., Lissner, L., Litwin, M., Liu, J.,
Loit, H.-M., Lopes, L., Lorbeer, R., Lotufo, P.A., Lozano, J.E., Luksiene, D., Lundqvist,
A., Lunet, N., Lytsy, P., Ma, G., Ma, J., Machado-Coelho, G.L., Machado-Rodrigues,
A.M., Machi, S., Maggi, S., Magliano, D.J., Magriplis, E., Mahaletchumy, A., Maire, B.,
Majer, M., Makdisse, M., Malekzadeh, R., Malhotra, R., Rao, K.M., Malyutina, S.,
Manios, Y., Mann, J.I., Manzato, E., Margozzini, P., Markaki, A., Markey, O., Marques,
L.P., Marques-Vidal, P., Marrugat, J., Martin-Prevel, Y., Martin, R., Martorell, R.,
Martos, E., Marventano, S., Masoodi, S.R., Mathiesen, E.B., Matijasevich, A., Matsha,

17



T.E., Mazur, A., Mbanya, J.C.N., McFarlane, S.R., McGarvey, S.T., McKee, M.,
McLachlan, S., McLean, R.M., McLean, S.B., McNulty, B.A., Yusof, S.M., Mediene-
Benchekor, S., Medzioniene, J., Meirhaeghe, A., Meisfjord, J., Meisinger, C., Menezes,
A.M.B., Menon, G.R., Mensink, G.B., Meshram, L.I., Metspalu, A., Meyer, H.E., Mi, J.,
Michaelsen, K.F., Michels, N., Mikkel, K., Miller, J.C., Minderico, C.S., Miquel, J.F.,
Miranda, J.J., Mirkopoulou, D., Mirrakhimov, E., MiSigoj-Durakovic, M., Mistretta, A.,
Mocanu, V., Modesti, P.A., Mohamed, M.K., Mohammad, K., Mohammadifard, N.,
Mohan, V., Mohanna, S., Yusoff, Muhammad Fadhli Mohd, Molbo, D., Mgllehave, L.T.,
Mpller, N.C., Molnér, D., Momenan, A., Mondo, C.K., Monterrubio, E.A., Monyeki,
K.D.K., Moon, J.S., Moreira, L.B., Morejon, A., Moreno, L.A., Morgan, K., Mortensen,
E.L., Moschonis, G., Mossakowska, M., Mostafa, A., Mota, J., Mota-Pinto, A., Motlagh,
M.E., Motta, J., Mu, T.T., Muc, M., Muiesan, M.L., Miiller-Nurasyid, M., Murphy, N.,
Mursu, J., Murtagh, E.M., Musil, V., Nabipour, 1., Nagel, G., Naidu, B.M., Nakamura,
H., Namesna, J., Nang, E.E.K., Nangia, V.B., Nankap, M., Narake, S., Nardone, P.,
Navarrete-Muiioz, E.M., Neal, W.A., Nenko, I., Neovius, M., Nervi, F., Nguyen, C.T.,
Nguyen, N.D., Nguyen, Q.N., Nieto-Martinez, R.E., Ning, G., Ninomiya, T., Nishtar, S.,
Noale, M., Noboa, O.A., Norat, T., Norie, S., Noto, D., Nsour, M.A., O’Reilly, D.,
Obreja, G., Oda, E., Oehlers, G., Oh, K., Ohara, K., Olafsson, O., Olinto, M.T.A.,
Oliveira, I.0., Oltarzewski, M., Omar, M.A., Onat, A., Ong, S.K., Ono, L.M., Ordunez,
P., Ornelas, R., Ortiz, A.P., Osler, M., Osmond, C., Ostojic, S.M., Ostovar, A., Otero,
J.A., Overvad, K., Owusu-Dabo, E., Paccaud, F.M., Padez, C., Pahomova, E., Pajak, A.,
Palli, D., Palloni, A., Palmieri, L., Pan, W.-H., Panda-Jonas, S., Pandey, A., Panza, F.,
Papandreou, D., Park, S.-W., Parnell, W.R., Parsaeian, M., Pascanu, [.M., Patel, N.D.,
Pecin, 1., Pednekar, M.S., Peer, N., Peeters, P.H., Peixoto, S.V., Peltonen, M., Pereira,
A.C., Perez-Farinos, N., Pérez, C.M., Peters, A., Petkeviciene, J., Petrauskiene, A.,
Peykari, N., Pham, S.T., Pierannunzio, D., Pigeot, 1., Pikhart, H., Pilav, A., Pilotto, L.,
Pistelli, F., Pitakaka, F., Piwonska, A., Plans-Rubio, P., Poh, B.K., Pohlabeln, H., Pop,
R.M., Popovic, S.R., Porta, M., Portegies, M.L., Posch, G., Poulimeneas, D., Pouraram,
H., Pourshams, A., Poustchi, H., Pradeepa, R., Prashant, M., Price, J.F., Puder, J.J.,
Pudule, 1., Puiu, M., Punab, M., Qasrawi, R.F., Qorbani, M., Bao, T.Q., Radic, I.,
Radisauskas, R., Rahman, Mahfuzar, Rahman, Mahmudur, Raitakari, O., Raj, M., Rao,
S.R., Ramachandran, A., Ramke, J., Ramos, E., Ramos, R., Rampal, L., Rampal, S.,
Rascon-Pacheco, R.A., Redon, J., Reganit, P.F.M., Ribas-Barba, L., Ribeiro, R., Riboli,
E., Rigo, F., Wit, T.F.R. de, Rito, A., Ritti-Dias, R.M., Rivera, J.A., Robinson, S.M.,
Robitaille, C., Rodrigues, D., Rodriguez-Artalejo, F., Rodriguez-Perez, M. del C.,
Rodriguez-Villamizar, L.A., Rojas-Martinez, R., Rojroongwasinkul, N., Romaguera, D.,
Ronkainen, K., Rosengren, A., Rouse, 1., Roy, J.G., Rubinstein, A., Riihli, F.J., Ruiz-
Betancourt, B.S., Russo, P., Rutkowski, M., Sabanayagam, C., Sachdev, H.S., Saidi, O.,
Salanave, B., Martinez, E.S., Salmerén, D., Salomaa, V., Salonen, J.T., Salvetti, M.,
Sanchez-Abanto, J., Sandjaja, Sans, S., Marina, L.S., Santos, D.A., Santos, I.S., Santos,
0., Santos, R.N. dos, Santos, R., Saramies, J.L., Sardinha, L.B., Sarrafzadegan, N., Saum,
K.-U., Savva, S., Savy, M., Scazufca, M., Rosario, A.S., Schargrodsky, H.,
Schienkiewitz, A., Schipf, S., Schmidt, C.O., Schmidt, .M., Schultsz, C., Schutte, A.E.,
Sein, A.A., Sen, A., Senbanjo, 1.0O., Sepanlou, S.G., Serra-Majem, L., Shalnova, S.A.,
Sharma, S.K., Shaw, J.E., Shibuya, K., Shin, D.W., Shin, Y., Shiri, R., Siani, A., Siantar,
R., Sibai, A.M., Silva, A.M., Silva, D.A.S., Simon, M., Simons, J., Simons, L.A.,

18



Sjoberg, A., Sjostrom, M., Skovbjerg, S., Slowikowska-Hilczer, J., Slusarczyk, P.,
Smeeth, L., Smith, M.C., Snijder, M.B., So, H.-K., Sobngwi, E., Soderberg, S., Soekatri,
M.Y., Solfrizzi, V., Sonestedt, E., Song, Y., Serensen, T.I., Soric, M., Jérome, C.S.,
Soumare, A., Spinelli, A., Spiroski, 1., Staessen, J.A., Stamm, H., Starc, G., Stathopoulou,
M.G., Staub, K., Stavreski, B., Steene-Johannessen, J., Stehle, P., Stein, A.D., Stergiou,
G.S., Stessman, J., Stieber, J., Stockl, D., Stocks, T., Stokwiszewski, J., Stratton, G.,
Stronks, K., Strufaldi, M.W., Sudrez-Medina, R., Sun, C.-A., Sundstrém, J., Sung, Y.-T.,
Sunyer, J., Suriyawongpaisal, P., Swinburn, B.A., Sy, R.G., Szponar, L., Tai, E.S.,
Tammesoo, M.-L., Tamosiunas, A., Tan, E.J., Tang, X., Tanser, F., Tao, Y., Tarawneh,
M.R., Tarp, J., Tarqui-Mamani, C.B., Tautu, O.-F., Braunerova, R.T., Taylor, A.,
Tchibindat, F., Theobald, H., Theodoridis, X., Thijs, L., Thuesen, B.H., Tjonneland, A.,
Tolonen, H.K., Tolstrup, J.S., Topbas, M., Topor-Madry, R., Tormo, M.J., Tornaritis,
M.J., Torrent, M., Toselli, S., Traissac, P., Trichopoulos, D., Trichopoulou, A., Trinh,
O.T., Trivedi, A., Tshepo, L., Tsigga, M., Tsugane, S., Tulloch-Reid, M.K., Tullu, F.,
Tuomainen, T.-P., Tuomilehto, J., Turley, M.L., Tynelius, P., Tzotzas, T., Tzourio, C.,
Ueda, P., Ugel, E.E., Ukoli, F.A., Ulmer, H., Unal, B., Uusitalo, H.M., Valdivia, G.,
Vale, S., Valvi, D., Schouw, Y.T. van der, Herck, K.V., Minh, H.V., Rossem, L. van,
Schoor, N.M.V., Valkengoed, 1.G. van, Vanderschueren, D., Vanuzzo, D., Vatten, L.,
Vega, T., Veidebaum, T., Velasquez-Melendez, G., Velika, B., Veronesi, G., Verschuren,
W.M., Victora, C.G., Viegi, G., Viet, L., Viikari-Juntura, E., Vineis, P., Vioque, J.,
Virtanen, J. K., Visvikis-Siest, S., Viswanathan, B., Vlasoff, T., Vollenweider, P., Volzke,
H., Voutilainen, S., Vrijheid, M., Wade, A.N., Wagner, A., Waldhor, T., Walton, J.,
Bebakar, W.M.W., Mohamud, W.N.W., Wanderley, R.S., Wang, M.-D., Wang, Q.,
Wang, Y.X., Wang, Y.-W., Wannamethee, S.G., Wareham, N., Weber, A., Wedderkopp,
N., Weerasekera, D., Whincup, P.H., Widhalm, K., Widyahening, 1.S., Wiecek, A.,
Wijga, A.H., Wilks, R.J., Willeit, J., Willeit, P., Wilsgaard, T., Wojtyniak, B., Wong-
McClure, R.A., Wong, J.Y., Wong, J.E., Wong, T.Y., Woo, J., Woodward, M., Wu, F.C.,
Wu, J., Wy, S., Xu, H., Xu, L., Yamborisut, U., Yan, W., Yang, X., Yardim, N., Ye, X.,
Yiallouros, P.K., Yngve, A., Yoshihara, A., You, Q.S., Younger-Coleman, N.O., Yusoff,
F., Yusoff, Muhammad Fadhli M., Zaccagni, L., Zafiropulos, V., Zainuddin, A.A.,
Zambon, S., Zampelas, A., Zamrazilova, H., Zdrojewski, T., Zeng, Y., Zhao, D., Zhao,
W., Zheng, W., Zheng, Y., Zholdin, B., Zhou, M., Zhu, D., Zhussupov, B., Zimmermann,
E., Cisneros, J.Z., Bentham, J., Cesare, M.D., Bilano, V., Bixby, H., Zhou, B., Stevens,
G.A., Riley, L.M., Taddei, C., Hajifathalian, K., Lu, Y., Savin, S., Cowan, M.J.,
Paciorek, C.J., Chirita-Emandi, A., Hayes, A.J., Katz, J., Kelishadi, R., Kengne, Andre
Pascal, Khang, Y.-H., Laxmaiah, A., Li, Y., Ma, J., Miranda, J.J., Mostafa, A., Neovius,
M., Padez, C., Rampal, L., Zhu, A., Bennett, J.E., Danaei, G., Bhutta, Z.A., Ezzati, M.,
2017. Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128-9
million children, adolescents, and adults. The Lancet 390, 2627-2642.
https://doi.org/10.1016/S0140-6736(17)32129-3

Ahmed, F., Sarsenbayeva, A., Katsogiannos, P., Aguer, C., Pereira, M.J., 2020. The effects of

bisphenol A and bisphenol S on adipokine expression and glucose metabolism in human
adipose tissue. Toxicology 445, 152600. https://doi.org/10.1016/j.t0x.2020.152600

19



Ahmed, S., Atlas, E., 2016. Bisphenol S- and bisphenol A-induced adipogenesis of murine
preadipocytes occurs through direct peroxisome proliferator-activated receptor gamma
activation. Int. J. Obes. 40, 1566—1573. https://doi.org/10.1038/1j0.2016.95

Ben-Jonathan, N., Hugo, E.R., Brandebourg, T.D., 2009. Effects of bisphenol A on adipokine
release from human adipose tissue: Implications for the metabolic syndrome. Mol. Cell.
Endocrinol., Special Issue: Endocrine Disruptors from the Environment in the Aetiology
of Obesity and Diabetes 304, 49—54. https://doi.org/10.1016/].mce.2009.02.022

Braun, J.M., Buckley, J.P., Cecil, K.M., Chen, A., Kalkwarf, H.J., Lanphear, B.P., Xu, Y.,
Woeste, A., Yolton, K., 2020. Adolescent follow-up in the Health Outcomes and
Measures of the Environment (HOME) Study: cohort profile. BMJ Open 10, e034838.
https://doi.org/10.1136/bmjopen-2019-034838

Braun, J.M., Kalloo, G., Chen, A., Dietrich, K.N., Liddy-Hicks, S., Morgan, S., Xu, Y., Yolton,
K., Lanphear, B.P., 2017. Cohort Profile: The Health Outcomes and Measures of the
Environment (HOME) study. Int. J. Epidemiol. 46, 24.
https://doi.org/10.1093/ije/dyw006

Desai, M., Ferrini, M.G., Jellyman, J.K., Han, G., Ross, M.G., 2018. In vivo and in vitro
bisphenol A exposure effects on adiposity. J. Dev. Orig. Health Dis. 9, 678—687.
https://doi.org/10.1017/S2040174418000600

Freemark, M., 2018. Determinants of Risk for Childhood Obesity. N. Engl. J. Med. 379, 1371
1372. https://doi.org/10.1056/NEJMel1811305

Glausiusz, J., 2014. Toxicology: The plastics puzzle. Nat. News 508, 306.
https://doi.org/10.1038/508306a

Guo, J., Zhang, J., Wu, C., Xiao, H., Lv, S., Lu, D., Q1, X., Feng, C., Liang, W., Chang, X.,
Zhang, Y., Xu, H., Cao, Y., Wang, G., Zhou, Z., 2020. Urinary bisphenol A
concentrations and adiposity measures at age 7 years in a prospective birth cohort.
Chemosphere 251, 126340. https://doi.org/10.1016/j.chemosphere.2020.126340

Harley, K.G., Schall, R.A., Chevrier, J., Tyler, K., Aguirre, H., Bradman, A., Holland, N.T.,
Lustig, R.H., Calafat, A.M., Eskenazi, B., 2013. Prenatal and Postnatal Bisphenol A
Exposure and Body Mass Index in Childhood in the CHAMACOS Cohort. Environ.
Health Perspect. 121, 514-520. https://doi.org/10.1289/ehp.1205548

Hoepner, L.A., Whyatt, R.M., Widen, E.M., Hassoun, A., Oberfield, S.E., Mueller, N.T., Diaz,
D., Calafat, A.M., Perera, F.P., Rundle, A.G., 2016. Bisphenol A and Adiposity in an
Inner-City Birth Cohort. Environ. Health Perspect. 124, 1644—1650.
https://doi.org/10.1289/EHP205

Hugo Eric R., Brandebourg Terry D., Woo Jessica G., Loftus Jean, Alexander J. Wesley, Ben-
Jonathan Nira, 2008. Bisphenol A at Environmentally Relevant Doses Inhibits
Adiponectin Release from Human Adipose Tissue Explants and Adipocytes. Environ.
Health Perspect. 116, 1642—1647. https://doi.org/10.1289/eph.11537

Janesick, A.S., Blumberg, B., 2016. Obesogens: an emerging threat to public health. Am. J.
Obstet. Gynecol. 214, 559-565. https://doi.org/10.1016/j.aj0g.2016.01.182

Kowalski, K., Crocker, P., Donen, R., Honours, B., 2004. The Physical Activity Questionnaire
for Older Children (PAQ-C) and Adolescents (PAQ-A) Manual.

Lindsay, R.S., Hanson, R.L., Roumain, J., Ravussin, E., Knowler, W.C., Tataranni, P.A., 2001.
Body Mass Index as a Measure of Adiposity in Children and Adolescents: Relationship
to Adiposity by Dual Energy X-Ray Absorptiometry and to Cardiovascular Risk Factors.
J. Clin. Endocrinol. Metab. 86, 4061-4067. https://doi.org/10.1210/jcem.86.9.7760

20



Liu, B., Lehmler, H.-J., Sun, Y., Xu, G., Sun, Q., Snetselaar, L.G., Wallace, R.B., Bao, W., 2019.
Association of Bisphenol A and Its Substitutes, Bisphenol F and Bisphenol S, with
Obesity in United States Children and Adolescents. Diabetes Metab. J. 43, 59-75.
https://doi.org/10.4093/dm;.2018.0045

Lu, S., Yu, Yuling, Ren, L., Zhang, X., Liu, G., Yu, Yingxin, 2018. Estimation of intake and
uptake of bisphenols and triclosan from personal care products by dermal contact. Sci.
Total Environ. 621, 1389—-1396. https://doi.org/10.1016/j.scitotenv.2017.10.088

Mikotajewska, K., Stragierowicz, J., Gromadzinska, J., Mikotajewska, K., Gromadzinska, J.,
2015. Bisphenol A - Application, sources of exposure and potential risks in infants,
children and pregnant women. Int. J. Occup. Med. Environ. Health 28, 209-241.
https://doi.org/10.13075/1jomeh.1896.00343

Mustieles, V., Casas, M., Ferrando-Marco, P., Ocon-Hernandez, O., Reina-Pérez, 1., Rodriguez-
Carrillo, A., Vela-Soria, F., Pérez-Lobato, R., Navarrete-Muitioz, E.M., Freire, C., Olea,
N., Fernandez, M.F., 2019. Bisphenol A and adiposity measures in peripubertal boys
from the INMA-Granada cohort. Environ. Res. 173, 443-451.
https://doi.org/10.1016/j.envres.2019.03.045

Rasouli, N., Kern, P.A., 2008. Adipocytokines and the Metabolic Complications of Obesity. J.
Clin. Endocrinol. Metab. 93, S64—S73. https://doi.org/10.1210/¢.2008-1613

Reilly, J.J., Kelly, J., 2011. Long-term impact of overweight and obesity in childhood and
adolescence on morbidity and premature mortality in adulthood: systematic review. Int. J.
Obes. 35, 891-898. https://doi.org/10.1038/1j0.2010.222

Rochester, J.R., Bolden, A.L., 2015. Bisphenol S and F: A Systematic Review and Comparison
of the Hormonal Activity of Bisphenol A Substitutes. Environ. Health Perspect. 123,
643—-650. https://doi.org/10.1289/ehp.1408989

Sharpe, R.M., Drake, A.J., 2013. Obesogens and obesity—An alternative view? Obesity 21,
1081-1083. https://doi.org/10.1002/0by.20373

Silva, C.C.V., Jaddoe, V.W.V., Sol, C.M., Marroun, H.E., Martinez-Moral, M.-P., Kannan, K.,
Trasande, L., Santos, S., 2021. Phthalate and Bisphenol Urinary Concentrations, Body
Fat Measures, and Cardiovascular Risk Factors in Dutch School-Age Children. Obesity
29, 409—417. https://doi.org/10.1002/0by.23082

Skinner, A.C., Ravanbakht, S.N., Skelton, J.A., Perrin, E.M., Armstrong, S.C., 2018. Prevalence
of Obesity and Severe Obesity in US Children, 1999-2016. Pediatrics 141.
https://doi.org/10.1542/peds.2017-3459

Stacy, S.L., Eliot, M., Calafat, A.M., Chen, A., Lanphear, B.P., Hauser, R., Papandonatos, G.D.,
Sathyanarayana, S., Ye, X., Yolton, K., Braun, J.M., 2016. Patterns, Variability, and
Predictors of Urinary Bisphenol A Concentrations during Childhood. Environ. Sci.
Technol. 50, 5981-5990. https://doi.org/10.1021/acs.est.6b00794

Trasande, L., Attina, T.M., Blustein, J., 2012. Association Between Urinary Bisphenol A
Concentration and Obesity Prevalence in Children and Adolescents. JAMA 308, 1113—
1121. https://doi.org/10.1001/2012.jama.11461

Vafeiadi, M., Roumeliotaki, T., Myridakis, A., Chalkiadaki, G., Fthenou, E., Dermitzaki, E.,
Karachaliou, M., Sarri, K., Vassilaki, M., Stephanou, E.G., Kogevinas, M., Chatzi, L.,
2016. Association of early life exposure to bisphenol A with obesity and cardiometabolic
traits in childhood. Environ. Res. 146, 379-387.
https://doi.org/10.1016/j.envres.2016.01.017

21



Vandenberg, L.N., Hauser, R., Marcus, M., Olea, N., Welshons, W.V., 2007. Human exposure to
bisphenol A (BPA). Reprod. Toxicol. 24, 139-177.
https://doi.org/10.1016/j.reprotox.2007.07.010

Verbanck, M., Canouil, M., Leloire, A., Dhennin, V., Coumoul, X., Yengo, L., Froguel, P.,
Poulain-Godefroy, O., 2017. Low-dose exposure to bisphenols A, F and S of human
primary adipocyte impacts coding and non-coding RNA profiles. PLoS ONE 12.
https://doi.org/10.1371/journal.pone.0179583

Viias, R., Watson, C.S., 2013. Bisphenol S Disrupts Estradiol-Induced Nongenomic Signaling in
a Rat Pituitary Cell Line: Effects on Cell Functions. Environ. Health Perspect. 121, 352—
358. https://doi.org/10.1289/ehp.1205826

Weber, D.R., Moore, R.H., Leonard, M.B., Zemel, B.S., 2013. Fat and lean BMI reference
curves in children and adolescents and their utility in identifying excess adiposity
compared with BMI and percentage body fat. Am. J. Clin. Nutr. 98, 49-56.
https://doi.org/10.3945/ajcn.112.053611

Wu, L.-H., Zhang, X.-M., Wang, F., Gao, C.-J., Chen, D., Palumbo, J.R., Guo, Y., Zeng, E.Y.,
2018. Occurrence of bisphenol S in the environment and implications for human
exposure: A short review. Sci. Total Environ. 615, 87-98.
https://doi.org/10.1016/j.scitotenv.2017.09.194

Yang, T.C., Peterson, K.E., Meeker, J.D., Sanchez, B.N., Zhang, Z., Cantoral, A., Solano, M.,
Tellez-Rojo, M.M., 2017. Bisphenol A and phthalates in utero and in childhood:
association with child BMI z-score and adiposity. Environ. Res. 156, 326-333.
https://doi.org/10.1016/j.envres.2017.03.038

Ye, X., Bishop, A.M., Needham, L.L., Calafat, A.M., 2008. Automated on-line column-
switching HPLC-MS/MS method with peak focusing for measuring parabens, triclosan,
and other environmental phenols in human milk. Anal. Chim. Acta 622, 150-156.
https://doi.org/10.1016/j.aca.2008.05.068

Ye, X., Wong, L.-Y., Kramer, J., Zhou, X., Jia, T., Calafat, A.M., 2015. Urinary Concentrations
of Bisphenol A and Three Other Bisphenols in Convenience Samples of U.S. Adults
during 2000-2014. Environ. Sci. Technol. 49, 11834-11839.
https://doi.org/10.1021/acs.est.5b02135

22



Table 1: Median urinary BPA and BPS concentrations in study participants at 8 years of age
according to maternal and child covariates and mean body mass index z-score at 8 years of age
according to maternal and child covariates

BMI z-
Child median Child median score
BPA ug/L BPS ug/L (Mean +

Variable n (%) (25th, 75th) (25th, 75th) SD)
Overall 212 1.6 (1, 3.6) 0.4 (0.2,0.7) 0.5+1.2
Maternal age at delivery (years)

<25 56 (26.4)  2.1(1.3,3.8) 0.4 (0.2, 1.0) 0.6+1.3

25-35 125(59.0) 1.6(1.0,3.4) 0.4 (0.2, 0.6) 0.6+£1.2

> 35 31 (14.6) 1.2 (0.9, 2.0) 0.4 (0.2,0.5) 04=+1.1
Pre-pregnancy BMI

Underweight-normal <25 111 (52.4) 1.6(1.1,3.2) 0.4 (0.2, 0.6) 02+1.2

Overweight (25-<30) 55(25.9) 1.5(0.8, 3.4) 0.4 (0.2, 0.8) 0.6+1.0

Obese (>30) 46 (21.7)  2.2(1.0.4.0) 0.4 (0.2,0.8) 1.2+13
Maternal Marital Status

Married 141 (66.5) 1.5(0.9, 3.3) 0.4 (0.2, 0.6) 0.3=+1.1

Unmarried, cohabitating 27 (12.7) 2.3(1.44.0) 0.6 (0.2, 2.3) 0.8+1.1

Unmarried, living alone 44 (20.8) 1.8 (1.3,3.4) 0.4 (0.2,0.8) 1.0+1.4
Maternal Education

High School or Less 36 (17.0) 1.8 (1.2, 3.6) 0.6 (0.3, 1.0) 09+1.2

Some college 70 (33.0 2.3(1.2,4.1) 0.4 (0.2, 1.0) 0.5+1.3

Bachelors or more 106 (50.0) 1.4(0.9,2.2) 0.3 (0.2,0.6) 0.5+1.1
Insurance

Private 140 (66.0) 1.5(0.9,3.2) 0.4 (0.2, 0.6) 04=+1.1

Public/uninsured 72 (34.0) 2.1(1.3,4.0) 0.4 (0.2, 1.0) 09+13
Maternal Race

Black & Other 83 (39.2) 2.1(1.2,4) 0.5(0.2. 1) 0.8+1.3

Non-Hispanic White 129 (60.8) 1.5 (0.9, 3) 0.3 (0.2, 0.6) 0.4+1.1
Child Race

Black & Other 89 (42.0) 2.1(1.2,4.0) 0.5(0.2,0.9) 0.8+1.3

Non-Hispanic White 123 (58.0) 1.4(0.8,3.0) 0.3(0.2,0.6) 04=+1.1
Child Sex

Female 116 (54.7) 1.6(1.0,3.7) 0.4 (0.2,0.9) 0.6+£1.2

Male 96 (45.3) 1.6 (1.0, 3.3) 0.4 (0.2,0.7) 04+12
Child Fruit/Vegetable
Consumption

Daily 117 (55.2) 1.5(1.0,2.9) 0.3(0.2,0.6) 0.5+1.3

Weekly 85 (40.1) 1.8 (1.0, 3.9) 0.4 (0.2,0.7) 0.6 1.1

Monthly 10 (4.7) 3.5(1.5,4.1) 0.8 (0.5,2.5) 04 £1.3
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Table 2: Unadjusted and adjusted change in body mass index z-score, body fat percentage,
waist circumference at 8 and 12 years of age, whole-body fat mass index z-score, visceral fat
area, android fat, and gynoid fat at 12 years of age for a 10-fold increase in child urinary BPA

and BPS concentrations

Unadjusted

BPA
B (95% CI)

Outcome

BPS
B (95% CI)

Adjusted

BPA
B (95% CI)

BPS
B (95% CI)

Age 8 Year (n=212)

BMI z-score? -0.1 (-0.6, 0.3) 0.1(-0.2,0.4) -0.1 (-0.6,0.3) 0.1 (-0.2,0.4)
Body Fat %* -1.2 (3.5, 1.1) 1.0 (-0.7, 2.8) -1.2(-3.4,1.0) 1.1 (-0.6,2.7)
Waist circumference (cm)?  -1.2 (-4.3, 1.9) 0.3 (-2.1,2.6) -0.6 (-3.6,2.4) 0.5(-1.8, 2.8)
Age 12 Year DXA (n=181)
BMI z-score® -0.1(-0.5,0.2) 0.2(-0.2,0.5) -0.3(-0.7,0.1) 0.1 (-0.2,0.4)
Body Fat %° -1.1 (-3.6, 1.4) 03(-1.522) -1.6(4.1,09) 0.1(-1.7,1.9)
Waist circumference (cm)®  -1.7 (-6.8, 3.3) 1.0 (-2.8, 4.6) -2.6(-7.4,2.3) 1.2(-2.4,4.7)
Whole body FMI z-score® -0.1 (-0.5, 0.2) 0.1 (-0.1, 0.3) -0.2 (-0.5,0.1) 0.1 (-0.2,0.3)
Visceral fat Area (cm?)° -2.4(-10.9,6.0) 0.6(-5.7,6.8) -2.2(-10.9,6.4) 0.8(-5.5,7.2)
Android fat (%)° -1.7 (4.9, 1.4) 0.6 (-1.8, 2.9) -2.3(-54,0.9) 0.4 (-2.0,2.7)
Gynoid fat (%)° -1.2 (3.5, 1.1) 0.3 (-1.3,2.0) -1.5(-3.7,0.8) 0.1 (-1.6,1.7)

 Adjusted for child race (Black and other, Non-Hispanic White), maternal education (high
school or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), fresh fruit and vegetable consumption at 8-year visit (daily, weekly, monthly).- Body fat
percentage and waist circumference further adjusted for child sex (boys, girls) and age (years)

b Adjusted for child race, child age. maternal education at 8-year visit, maternal marital status at
8-year visit, insurance at 8-year visit, maternal age at delivery, maternal pre-pregnancy BMI,
total healthy eating scores (0-100), physical activity score (1-5), and self-pubertal staging at 12-
year visit (Stages 1-5).Body fat %, waist circumference, visceral fat area, android fat, and gynoid

fat were further adjusted for child sex and age.
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Table 3: Unadjusted and adjusted percent change in adiponectin and leptin for a 10-fold increase in child
urinary BPA and BPS concentrations

Unadjusted Adjusted
Outcome n BPA BPS BPA BPS
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Adiponectin ? 155 16.1(-9.7, 49.3) 11.3 (-7.6, 34.0) 21.5(-6.9, 58.4) 15.2 (4.9, 39.4)
Leptin 2 155 -3.3(-39.0,53.4) -4.5(-32.1,34.3) -21.1 (-50.1, 25.0) -9.7 (-35.2, 25.8)
Adiponectin: 155 -1.3(-12.0,10.8) -1.6(-9.6,7.2) -6.3 (-16.5,5.1) -3.1(-10.8, 5.3)

Leptin Ratio?

2 Adjusted for child sex (boys, girls), child race (Black and other, Non-Hispanic White), child
age (years), maternal education (high school or less, some college, bachelor’s or more) at 8-year
visit, maternal marital status (married, unmarried and cohabitating, unmarried and living alone)
at 8-year visit, insurance (private, public/uninsured) at 8-year visit, maternal age (years) at
delivery, maternal pre-pregnancy BMI (kg/m?), total healthy eating scores (0-100), physical
activity score (1-5), and pubertal stage at 12 year visit (Stages 1-5).
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Figure 1: Estimated differences and 95% Cls in BMI z-score, body fat percentage, waist
circumference at age 8 years and whole-body FMI z-score, visceral fat area, android fat, and
gynoid fat at age 12 years for a 10-fold increase in child BPA and BPS urinary concentrations by
child sex. BMI z-score was adjusted for child race (Black and other, Non-Hispanic White),
maternal education (high school or less, some college, bachelor’s or more) at 8-year visit,
maternal marital status (married, unmarried and cohabitating, unmarried and living alone) at 8-
year visit, insurance public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal
pre-pregnancy BMI (kg/m?), fresh fruit and vegetable consumption at 8-year visit (daily, weekly,
monthly).- Body fat percentage and waist circumference further adjusted for child sex (boys,
girls) and age (years). Whole body FMI z-score was adjusted for child race (Black and other,
Non-Hispanic White), maternal education (high school or less, some college, bachelor’s or more)
at 8-year visit, maternal marital status (married, unmarried and cohabitating, unmarried and
living alone) at 8-year visit, insurance (private, public/uninsured) at 8-year visit, maternal age
(years) at delivery, maternal pre-pregnancy BMI (kg/m?), total healthy eating scores (0-100),
physical activity score (1-5), and self-pubertal staging at 12 year visit (Stages 1-5). Visceral fat
area, android fat, and gynoid fat were further adjusted for child sex and age.
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Figure 2: Percent difference and 95% Cls in adiponectin and leptin at age 12 years for a 10-fold
increase in child BPA and BPS urinary concentrations by child sex. Adiponectin and leptin was
adjusted for child race (Black and other, Non-Hispanic White), maternal education (high school
or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance (private,
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), total healthy eating scores (0-100), physical activity score (1-5), and self-pubertal
staging at 12 year visit (Stages 1-5), and child age (years).
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Supplementary Table 1: Demographic characteristics at 8 years and 12 years

8 years 12 years

Variable N (%) N (%)
Overall 212 181
Maternal age at delivery (yrs)

<25 56 (26.4)  47(26.0)

25-35 125 (59.0) 108 (59.7)

> 35 31 (14.6) 26 (14.4)
Pre-pregnancy BMI

Underweight-normal <25 111 (52.4) 94 (51.9)

Overweight (25-<30) 55(25.9) 48(26.5)

Obese (>30) 46 (21.7) 39 (21.5)
Maternal Marital Status

Married 141 (66.5) 116 (64.1)

Unmarried, cohabitating 27 (12.7)  25(13.8)

Unmarried, living alone 44 (20.8)  40(22.1)
Maternal Education

High School or Less 36 (17.0) 27 (14.9)

Some college 70 (33.0 66 (36.5)

Bachelors or more 106 (50.0) 88 (48.6)
Insurance

Private 140 (66.0) 117 (69.1)

Public/uninsured 72 (34.0) 64 (30.9)
Child Race

Non-Hispanic Black & Other 83 (39.2) 78 (43.1)

Non-Hispanic White 129 (60.8) 103 (56.9)
Child Sex

Female 89 (42.0) 102 (56.4)

Male 116 (54.7) 79 (43.6)
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Supplementary Table 2: Mean whole-body fat mass index z-score, visceral fat area, android fat, gynoid fat in study participants at 12 years of age
and geometric mean adiponectin and leptin at 12 years of age according to covariates

Whole
body fat Adiponectin
mass ng/mL Leptin ng/mL
index z-  Visceral fat (Geometric (Geometric
score area cm? Mean + Mean +
(Mean + (Mean + Android fat %  Gynoid fat % Geometric Geometric
Variable N (%) SD) SD) (Mean + SD) (Mean + SD) N (%) SD) SD)
Overall 181 0.2+0.8 459+21.7 299+8.5 36.5+6.4 155 13119+ 2 8.7+3.3
Maternal age at delivery (yrs)
<25 47(26.0)  03+09 46.9+202 302+9.4 36.0 + 7.3 38(24.5)  11837+2 82432
25-35 108 (59.7) 02+0.8 44.1+194  29.6+7.6 36.6 +5.9 95(61.3)  13683+2 8.8+3.2
> 35 26(144)  02+09 51.3+31.1  31.0+10.3 37.3+6.9 22 (14.2 13065+ 2 8.8+3.5
Pre-pregnancy BMI
Underweight-normal <25 94(519) 00+0.7 41.6+184 28.1+7.4 354+5.7 80 (51.6) 12883 +2 6.8+3.0
Overweight (25-<30) 48(26.5) 0.4+08 48.7+254  30.9+86 37.4+6.3 43 (27.7) 16069 + 2 9.9+3.0
Obese (>30) 39(21.5)  0.7+09 527+222  33.0+10.1 38.1+7.6 32(20.6)  10455=+2 13.2+3.9
Maternal Marital Status
Married 116 (64.1)  0.1+0.8 455+22.8 292 +8.5 36.3+ 6.4 100 (64.5) 13992 +2 74435
Unmarried, cohabitating 25(13.83)  0.4+0.8 4424162  30.7+75 37.1+6.4 22(142) 122732 10.8 £2.5
Unmarried, living alone 40 (22.1)  0.5+0.8 48.1+21.5 31.5+09.1 36.8+ 6.6 33(21.3) 11285 +2. 122429
Maternal Education
High School or Less 27(149)  05+0.8 458+19.1  32.0+9.0 37.3+6.9 23 (14.8) 10247 2 13.3+2.6
Some college 66 (36.5) 02+0.9 456+232  29.5+09.1 36.0 + 6.8 57(36.8) 13604 +2 7.5+33
Bachelors or more 88(48.6) 02+0.7 46.1+214  29.6+7.9 36.7+5.9 75(48.4) 13767 +2 8.4+3.3
Insurance
Private 117(69.1)  0.1+0.8 456+22.8 29.4 + 8.3 36.7+ 6.0 101 (65.2)  14555+2 74+32
Public/uninsured 64(30.9) 04+£09 436+196  30.9+9.0 36.2+7.1 54 (34.8) 10803 +2 10.6 3.2
Child Race
Non-Hispanic Black & Other 78 (43.1)  0.4+0.9 46.8 +20.1 30.5+9.4 35.6+7.3 69 (44.5) 11050 +2 9.5+3.4
Non-Hispanic White 103(56.9) 0.1+08 452+228  29.5+7.8 37.3+55 86 (55.5) 15056 +2 8.0+3.1
Child Sex
Female 102 (56.4)  03+0.9 42.8+257 32.5+8.7 38.8+5.3 85(54.8)  13255+2 13.6 £2.7
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Male
Healthy Eating Index Score
Tercile 1 <41
Tercile 2 (41-<50)
Tercile 3 (>50)
Child Fruit/Vegetable
Consumption
Daily
Weekly
Monthly
Physical Activity Score (1-5)
Tercile 1 <2.3
Tercile 2 (2.3-<2.9)
Tercile 3 (>2.9)
Pubertal Staging
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

79 (43.6)

61 (33.7)
60 (33.1)
60 (33.1)

97 (53.6)
75 (41.4)
7(3.9)

61 (33.7)
60 (33.1)
60 (33.1)

20 (11.0
47 (26.0)
57 (31.5)
34 (18.8)
23 (12.7)

0.2+0.7

0.4+0.9
0.1+0.8
0.2+0.8

0.4+0.9
0.1+0.8

0.2+0.8

0.5+£0.8
0.2+0.9
0.0+£0.8

0.1+0.8
0.1+0.8
0.2+0.9
0.4+0.8
0.5+£0.8

49.9+14.2

496 +239
42.0+163
46.0 £23.5

47.5+24.9
444 +£173
41.4+17.8

47.8+19.9
46.1 £27.0
43.7+17.0

41.5+14.3
44.3+20.3
46.6 +24.8
48.1 £23.6
47.9+19.0

26.5+7.1

30.2+94
29.8£7.8
29.8 £8.5

30.5+09.1
29.1£8.0
30.3£7.7

31.2+84
31.7+£8.8
26.9+7.7

27.9+7.9
292 £8.2
30.3 £8.8
30.1 £8.7
31.8+8.9

33.5+£64

36.5+7.2
36.5+£6.3
36.5+5.7

36.8£6.2
36.1£7.0
36.0 4.1

37.9+6.1
37.7+£6.3
340=+6.1

36.1 £6.3
36.9+5.9
36.6 £6.4
36.0£7.0
36.9+7.0

70 (45.2)

52 (33.5)
52 (33.5)
51 (32.9)

81 (52.3)
67 (43.2)
5(3.2)

52 (33.5)
52 (33.5)
51 (32.9)

16 (10.3)
40 (25.8)
48 (31.0)
30 (19.4)
31 (13.5)

12957 £2

12918 +£2
12997 £2

13455 +£2

13249 + 2
12940 + 2
15535+ 1

13016 +2
13949 + 2
12424 £2

14703 + 1
12891 £ 2
14174 £2
12113 +£2
11683 £2

50+£3.2

9.8+£3.2
8.1+3.4
82+3.2

8.8+3.5
84+3.1
8.1+£3.7

13.1 £3.1
9.5+£3.0
52+3.1

6.7+3.2
6.0 +£3.0
8.9+£3.2
10.8 £3.5
14.5+3.0
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Supplementary Table 3: Adjusted difference in whole body fat mass index z-score, visceral
fat area, android fat percentage, gynoid fat percentage for a 10-fold increase in both child BPA
and BPS with BPA*BPS interaction term)

Variable B (95% CI) P-value

Age 8 year (n=212)

BMI z-score ®

BPA -0.2 (-0.7, 0.2)

BPS 0.2 (-0.2,0.7)

BPA*BPS -0.3 (-1, 0.4) 0.38
Body fat (%)

BPA -1.9(4.2,0.4)

BPS 2.1(-0.2,4.4)

BPA*BPS -1.7(-5.1, 1.6) 0.32
Waist circumference (cm)

BPA -0.6 (-3.9, 2.6)

BPS 0.4 (-3.8, 3.6)

BPA*BPS 0.4 (-4.3,5.1) 0.86

Age 12 year (n=181)
Whole body FMI z-score °

BPA 0.3 (0.6, 0.0)

BPS 0.3 (0.0, 0.71)

BPA*BPS 0.5 (-1.0, 0) 0.03
Visceral fat Area (cm?)

BPA 4.2 (-13.3, 5.0)

BPS 5.4 (-3.7, 14.5)

BPA*BPS 8.7 (-21.9, 4.5) 0.20
Android fat (%)

BPA 3.2 (-6.6,0.1)

BPS 2.7 (-0.6, 6.1)

BPA*BPS 4.1 (-8.9, 0.7) 0.10
Gynoid fat (%)

BPA 2.4 (4.8, 0.1)

BPS 2.6 (0.3, 5.0)

BPA*BPS 4.8 (-8.2,-1.5) 0.01

2 Adjusted for child race (Black and other, Non-Hispanic White), maternal education (high
school or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), fresh fruit and vegetable consumption at 8-year visit (daily, weekly, monthly).- Body fat
percentage and waist circumference further adjusted for child sex (boys, girls) and age (years)



® Adjusted for child race (Black and other, Non-Hispanic White), maternal education (high
school or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance (private,
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), total healthy eating scores (0-100), physical activity score (1-5), and self-pubertal
staging at 12 year visit (Stages 1-5). Visceral fat area, android fat, and gynoid fat were further
adjusted for child sex and age.
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Supplementary Table 4: Adjusted difference in BMI z-score® at 8 years by terciles of
creatinine adjusted BPA and BPS with interaction term (BPA tercile*BPS tercile)

BPA Low BPA Medium BPA High
BPS Low Ref 0.1 (-0.5, 0.8) 0.2 (-0.5, 0.8)
BPS Medium -0.2 (-0.9, 0.4) 0 (-0.9,0.9) 0.3 (-0.6, 1.3)
BPS High 0.3 (-0,31.0) -0.1 (-1.0, 0.8) -0.2 (-1.2,0.7)

2 Adjusted for child race (Black and other, Non-Hispanic White), maternal education (high
school or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance (private,
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), fresh fruit and vegetable consumption at 8-year visit (daily, weekly, monthly). (P-value
for interaction = 0.53).
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Supplementary Table 5: Adjusted difference in whole body FMI z-score® at 12 years by
terciles of creatinine adjusted BPA and BPS with interaction term (BPA tercile*BPS tercile)

BPA Low BPA Medium BPA High
BPS Low Ref 0.3 (-0.1, 0.8) 0.1(-0.4, 0.6)
BPS Medium 0.1 (-0.4, 0.6) 0 (-0.7,0.7) 0.1 (-0.7, 0.8)
BPS High 0.5 (0,0.9) -0.3 (-1.0, 0.4) -0.4 (-1.1, 0.3)

4 Adjusted for child race (Black and other, Non-Hispanic White), maternal education (high
school or less, some college, bachelor’s or more) at 8-year visit, maternal marital status (married,
unmarried and cohabitating, unmarried and living alone) at 8-year visit, insurance (private,
public/uninsured) at 8-year visit, maternal age (years) at delivery, maternal pre-pregnancy BMI
(kg/m?), total healthy eating scores (0-100), physical activity score (1-5), and self-pubertal
staging at 12 year visit (Stages 1-5). (P-value for interaction = 0.27).
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Supplementary Figure 1: Chemical structure of BPA and BPS.
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Supplementary Figure 2: Directed acyclic graph of potential confounders of the association
between BPA/BPS and child adiposity
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Supplementary Figure 3: Estimated differences and 95% ClIs in BMI z-score, body fat
percentage, waist circumference at age 12 years for a 10-fold increase in child BPA and BPS
urinary concentrations by child sex. BMI z-score was adjusted for child race (Black and other,
Non-Hispanic White), maternal education (high school or less, some college, bachelor’s or more)
at 8-year visit, maternal marital status (married, unmarried and cohabitating, unmarried and
living alone) at 8-year visit, insurance (private, public/uninsured) at 8-year visit, maternal age
(years) at delivery, maternal pre-pregnancy BMI (kg/m?), total healthy eating scores (0-100),
physical activity score (1-5), and self-pubertal staging at 12 year visit (Stages 1-5).
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