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Abstract: Bisphenol A (BPA) is an environmental chemical that has adverse effects on health, probably
causing childhood obesity. However, this association remains controversial, and it is difficult to find
evidence for direct causality between environmental exposure and disease using epidemiological
studies. In this study, we sought to elucidate the possible causality between BPA exposure and
childhood obesity by conducting two meta-analyses showing bidirectional associations, including
exposure effect by obesity and obesity risk by exposure. Articles published up to September 2017
were searched in PubMed, Embase, and Cochrane Library. We evaluated observational studies that
included measurements of urinary BPA concentration and BMI or body weight. Of 436 articles,
a total of 13 studies were included in the meta-analysis. Two meta-analyses were performed to
investigate the association between BPA exposure and childhood obesity. The results showed that the
relatively high-exposed group had a significantly higher risk of childhood obesity than the relatively
low-exposed group (odds ratio = 1.566, 95% confidence interval [CI]: 1.097 to 2.234, p = 0.014).
However, the obese group showed no significant difference in the BPA concentration when compared
to the normal group (standardized mean difference = 0.166, 95% CI: —0.121 to 0.453, p = 0.257). This
study suggested possible causality between BPA exposure and childhood obesity using data from
epidemiological studies and showed that BPA exposure itself increased the risk of obesity in children.
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1. Introduction

Endocrine disrupting chemicals (EDCs) are substances that interfere with the endocrine system
and metabolism, influencing public health as well as the health of individuals [1]. In particular,
bisphenol A [BPA; 2,2-bis(4-hydroxyphenyl)propane] is widely used in food cans, reusable bottles such
as baby bottles, food storage containers, and composites and sealants in dentistry [2,3]. BPA exposure
caused by persistent usage of such objects in daily life is known to result in various adverse health
effects. Furthermore, early exposure of BPA in the prenatal period and during childhood is associated
with developmental and metabolic disorders [4,5].

According to the world health organization, obesity is among the most important global public
health issues [6]. Obesity is associated with genetic, environmental, psychological, social, and economic
factors; however, the causes and mechanisms are not fully understood yet [7,8]. Furthermore, the
prevalence of obesity is increasing rapidly in children aged 2-18 years [9]. Obese children are also
likely to be obese in adulthood, and are more likely to develop metabolic disorders, cardiovascular
diseases, and cancer at an early age [10,11].
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In particular, early life exposure to BPA is known to be associated with childhood obesity [12,13].
Despite the close association between obesity and environmental factors, the actual impact of this
connection tends to be underestimated, owing to the difficulties in proving a causal association.
Moreover, although it is essential to elucidate the associations between BPA exposure and obesity, the
results have been controversial. Many studies have demonstrated that BPA exposure is associated
with childhood obesity [1,14], while some studies reported no association between BPA exposure and
childhood obesity [15,16]. No epidemiological studies have shown a direct causality between BPA
exposure and childhood obesity. Therefore, in this study, we sought to elucidate the relatively possible
causality between BPA exposure and childhood obesity by conducting systematic reviews with two
meta-analyses, showing bidirectional associations, including exposure effect by obesity and obesity
risk by exposure.

2. Materials and Methods

2.1. Literature Search

This study was conducted in accordance with the PRISMA guideline [17]. We searched PubMed,
Embase, and Cochrane Library databases to identify all relevant studies published in English on the
association between BPA exposure and childhood obesity before September 30, 2017. The terms for the
search were used as follows: (bisphenol) AND (obese* OR weigh* OR fat* OR overweight* OR body
mass index OR BMI OR waist circumference) AND (child* OR pediatric OR pueril* OR juvenile or
infant* or newborn or neonatal or baby or toddler or suckling or adolescent*).

2.2. Selection Criteria

For meta-analysis, we selected human studies with a wide age span ranging from birth to
adolescence with a cross-sectional, case control, or cohort design that included measurement of urinary
BPA concentration and BMI or body weight, and reported on associations such as relative risk (RR)
or odds ratio (OR) for obesity between relatively high-exposed and relatively low-exposed groups,
or reported the mean difference in urinary BPA levels between the obese and the normal group. To
distinguish the relatively high-exposure and the relatively low-exposure groups and obese and normal
groups, we performed the meta-analysis according to the concept used in each paper. Articles in the
form of a commentary, editorial, review, or meta-analysis were excluded from this study.

2.3. Data Extraction

Two authors (K.Y. Kim and Y. Kim) screened relevant data independently, including the first author,
year of publication, study type, participants, age of participants, sample size per each group, location,
urinary BPA concentration, measurement units, adjusted variables, and outcomes. Furthermore, all
authors discussed to resolve any disagreements. To demonstrate the association between BPA and
obesity in childhood, we extracted all measurement data for urinary BPA exposure levels, BMI, and
body weight. Then, BMI or body weight data were extracted for the relatively high-exposed and the
relatively low-exposed groups, and BPA exposure was extracted for the obese and normal groups.

2.4. Quality Evaluation

Methodological quality control was conducted on the selected final 13 papers that included
case control, cross-sectional, and cohort studies. Quality evaluation was performed using the
Newcastle-Ottawa quality assessment scale (NOS), a tool used for assessing the quality of
non-randomized studies [18].

2.5. Data Analysis

The obesity risk estimates between the relatively high-exposure group and the relatively
low-exposure group and the difference in BPA levels between the obese group and the normal
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group were analyzed by meta-analysis using the comprehensive meta-analysis (CMA) software version
3 (Biostat Inc., Englewood, NJ, USA). We assessed the heterogeneity using the I> method and evaluated
publication bias using funnel plots. P < 0.05 indicated a significant difference.

3. Results

3.1. Characteristics of the Studies

For the literature search, we initially identified 436 articles (Figure 1). After discarding 141
duplicate papers using the Endnote reference database, 295 articles were selected. Next, 205 articles
were excluded based on the titles and abstracts, primarily because they were molecular studies,
adult studies, and animal studies. Then, ninety articles were eligible for full-text review. After close
examination, 77 publications were excluded because they lacked BPA exposure data or outcome
information. Finally, a total of 13 articles were identified and included in the meta-analysis. Table 1
shows the characteristics of the 13 included studies. There were eight cross-sectional studies, three
cohort studies, and two case-control studies; three of the studies were pilot studies. All the studies
included in the meta-analysis were published between 2012 and 2017. The number of participants
ranged from 54 to 2838. The participants were aged between 14 months and 19 years. The outcomes
and the quality assessment of the 13 studies are shown in Table 1.

Relevant studies identified
PubMed(n=181), Embase(n=251), Cochrane Library(n=4)

Records after duplicates removed
(n=295)

Articles excluded

after screening of

the title/abstract
(n=205)

Full text articles assessed for eligibility
(n=90)

Articles excluded
no usable data
irrelevant outcome

(n=77)

Articles included in quantitative review
(n=13)

Figure 1. Flow chart of study selection in the meta-analysis.
3.2. Meta-Analysis of Childhood Obesity by Exposure Groups

To investigate the association between BPA exposure and childhood obesity, two meta-analyses
were performed in this study. To begin with, in six of the 13 studies, the health risks of being obese
were analyzed according to the relatively low-exposed group (reference group) and the relatively
high-exposed group in each study. As there was significant heterogeneity (I> = 77.8%, p <0.001)
among studies, the random effect model was used to compute the effect size. As observed in
Figure 2A, meta-analysis showed that the relatively high-exposed group had a significantly higher
risk of childhood obesity than the relatively low-exposed group (OR = 1.566, 95% confidence interval
[CI]: 1.097 to 2.234, p = 0.014). Furthermore, the relatively high-exposure group still had a significantly
higher risk of childhood obesity in five studies, excluding one pilot study due to the small sample size
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(OR = 1.579, 95% CI: 1.077 to 2.315, p = 0.019) (Figure 2B). As observed in Figure 2C, the funnel plot
did not show an obvious risk of publication bias (Egger’s test p = 0.528).

A.
Study name Statistics for each study Qdds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Bhandarietal., 2013 2550 1.648 3.945 4204 0.000
Lietal., 2013a 1290 0.829 2.007 1.129 0.259 -1
Lietal., 2013b 0820 0548 1.226 -0.967 0.334 -
McGuinnetal., 2015 1534 1120 2101 2665 0.008
Trasandeetal., 2012 2676 1968 3638 6.281  0.000
Lee etal., 2013 1404 0528 3738 0680 0.49 L
Harley et al., 2013 1280 0651 2515 0716 0474 —]
1566 1.097 2234 2469 0.014
01 02 05 1 2 5 10
Relative high exposed Relative low exposed
B.
Study name Statistics for each study QOdds ratio and 95% Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Bhandarietal,, 2013 2550 1.648 3.945 4204 0.000
Lietal., 2013a 1290 0829 2007 1129 0.259
Lietal., 2013b 0820 0548 1.226 -0.967 0.334
McGuinnetal.,, 2015 1534 1120 2101 2665 0.008
Trasandeetal.,, 2012 2676 1.968 3.638 6.281 0.000
Harley et al., 2013 1280 0.651 2515 0.716 0.474
1579 1.077 2315 2340 0.019
01 02 05 1 2 5 10
Relative high exposed Relative low exposed
C.
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Figure 2. Meta-analysis of childhood obesity by exposed group. (A) Forest plot of seven data on the
risk of childhood obesity by exposed group. (B) Forest plot of six data, except one pilot study on the
risk of childhood obesity by exposed group. (C) Funnel study in the meta-analysis on the association
between BPA exposure and childhood obesity.

3.3. Meta-Analysis of BPA Exposure by Childhood Obesity

To demonstrate the association between BPA exposure and childhood obesity, the difference
in BPA exposure was analyzed according to obese and normal groups. Significant heterogeneity
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(I? = 89.1%, p <0.001) was observed among studies, and the random-effect model was used to compute
the pooled effect size. Meta-analysis showed that the obese group showed no significant difference in
the exposed BPA concentration when compared to the normal group (standardized mean difference
(SMD) = 0.166, 95% CI: —0.121 to 0.453, p = 0.257) in the eight relevant studies (Figure 3A). In six studies,
except two pilot studies, the results also indicated that the obese group had no significant difference in
the exposed BPA level (SMD = 0.044, 95% CI: —0.088 to 0.176, p = 0.509) (Figure 3B). As observed in
Figure 3C, the funnel plot did not show an obvious risk of publication bias (Egger’s test p = 0.408).

A.
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
inmeans error Variance Z-Value limit limit p-Value
Lietal, 2017 0.009 0.060 0.004 0.155 -0.107 0.126 0.877
Choietal., 2014 -0.367 0.180 0.032 -2.043 -0.719 -0015 0.041
Harley et al., 2013 0.184 0.125 0016 1471 -0.061 0429 0.141
D'Aniello et al., 2015 3.209 0.451 0203 7116 2325 4.093 0.000
Pomkunwilai et al, 2015 -0.007 0.164 0.027 -0.046 -0.330 0315 0.964
Valvietal., 2013 0.049 0.132 0017 0376 -0.209 0.308 0.707
Wang et al., 2014 0.226 0.107 0012 2109 0.016 0437 0.035
Xue etal., 2015 -0.504 0.243 0059 -2.073 -0.981 -0.027 0.038
0.166 0.147 0.021 1133 -0.121 0453 0.257
-4.00 -2.00 0.00 2.00 4.00
Obese Normal
B.
Study name Statistics for each study Std diff in means and 95% ClI
Std diff Standard Lower Upper
inmeans error Variance ZValue limit limit p-Value
Lietal, 2017 0.009 0.060 0.004 0.155 -0.107 0.126  0.877
Choi et al., 2014 -0.367 0.180 0.032 -2043 -0.719 -0015 0.041
Harley et al., 2013 0.184 0.125 0016 1471 -0.061 0429 0.141
Pomkunwilai et al, 2015 -0.007 0.164 0.027 -0.046 -0.330 0.315 0.964
Valvietal., 2013 0.049 0.132 0.017 0376 -0.209 0.308 0.707
Wang etal., 2014 0.226 0.107 0012 2109 0.016 0437 0.035
0.044 0.067 0.005 0.660 -0.088 0.176 0.509
-4.00 2.00 0.00 2.00 4.00
Obese Normal
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Figure 3. Meta-analysis of BPA exposure by childhood obesity. (A) Forest plot of eight studies on the
exposed BPA concentration by childhood obesity. (B) Forest plot of six studies, except two pilot studies,
on the exposed BPA concentration by childhood obesity. (C) Funnel study in the meta-analysis on the
association between BPA exposure and childhood obesity.
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4. Discussion

This study has elucidated the possible causality between BPA exposure and childhood obesity.
The results demonstrated a significant association of childhood obesity by BPA exposure, while no
significant association of BPA exposure by childhood obesity was observed. Several studies have
demonstrated the association between BPA exposure and childhood obesity [1,14,19]. However, there is
no consensus owing to the difficulties and limitations of epidemiological evidence [15,16]. In particular,
it is difficult to prove a causal relationship between environmental exposure and disease. Therefore,
to assess the impact of BPA exposure on the risk of childhood obesity, two-side meta-analyses were
performed in this study. It is well known that BPA is commonly used in reusable baby bottles, food
storage containers, and beverage cans [3]. So, children can be easily exposed in everyday life, and
children who eat a lot of food can more easily be exposed to BPA, therefore, this tends to lead to
obesity [3]. However, this study showed that BPA exposure itself would lead to childhood obesity.
The results showed that the relatively high BPA exposure group had a significantly higher risk of
childhood obesity than the relatively low BPA exposure group, as shown in Figure 2. However, the
obese group did not show significant difference in BPA concentration compared to the normal group, as
shown in Figure 3. Therefore, this study suggested that BPA exposure itself leads to childhood obesity
via two meta-analyses, showing bidirectional associations. Several studies have shown that BPA
increased the risk of metabolic disorders and obesity by changing the endocrine-metabolic pathways
in adipose tissue [5,20]. BPA increases the number and size of adipocytes by regulating the expression
of genes such as FABP4, CD36, and PCSK1 [5]. Some studies showed that BPA exposure could
decrease the release of adiponectin and adipokine with protective features against obesity-related
metabolic syndrome [8,21]. Prolonged exposure to low doses of BPA impairs adipogenesis and causes
adipocyte metabolic dysfunction, increasing the risk of developing obesity-related disease [22]. BPA
exposure is inevitable in daily life, and the effects of BPA exposure have been analyzed in patients of
all ages including neonates, children, and adults [23]. People are exposed to BPA via dietary ingestion,
inhalation, and dermal contact in daily life [12]. However, prolonged or high exposure to BPA during
the early life may result in more permanent adverse effects, and increase the risk of chronic diseases,
such as metabolic and cardiovascular disease, in adult life [8,24]. Therefore, it is important to elucidate
the possible causal association between BPA exposure and childhood obesity by conducting two
systematic reviews with meta-analyses.

However, this study has some limitations because the systematic review with meta-analysis
was performed with limited research papers and there are difficulties of epidemiological evidence.
First, although age and sex are important factors in the developmental stages, this study used the
broad age criteria of birth to preschool as the childhood period without considering the sex for
meta-analysis [16,25,26]. Current research to evaluate BPA exposure and childhood obesity according
developmental stage is very limited, and sometimes shows inconsistent results [19,27]. Furthermore,
BPA is still one of many factors associated with obesity, and other predisposing factors should be
considered to demonstrate the cause of obesity. Therefore, we tried to elucidate the tendency for overall
early exposure via the mean difference within each paper. However, further study is needed according
to each developmental stage and sex. Second, the criteria for obesity were not consistent across the
included studies. In some studies, the obese group was classified as being over the 85" percentile
of the BMI, while in some, they were classified as being over the 9pth percentile, and in others, as
being over the 95t percentile. Therefore, in this study, the obese group was included as long as it was
classified as the obese group within each study. However, further research is needed by including
studies with identical percentile criteria.
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Table 1. Characteristics of the 13 included studies on the association between BPA exposure and
childhood obesity.

Study Study Type Participants  Location Age Outcome Quality *

Positive association was
observed between BPA levels
and obesity, independent of
Bhandari et al., 2013 [26] Cross-sectional 2200 USA 6-18y  age, sex, race/ethnicity, 9
education, physical activity,
serum cotinine, and urinary
creatinine.

BPA exposure affected
hormone level such as
estradiol, androstenedione,
testosterone, insulin, and
homeostasis model assessment
of insulin resistance index.

A higher urine BPA level

Lietal., 2013 [25] Cross-sectional 1326 China 9-12y (=2 pg/L) increased 2-fold more 9
in the risk of obesity.

Cohort (pilot

Lee et al., 2013 [28] study)

80 Korea 78y

BPA was associated with early
McGuinn et al., 2015 [29] Cross-sectional 987 USA 12-19y Z;lss(fctigfif)rfrvt/a:sdioa;i:iz by 9

obesity status.

Urinary BPA concentration was
significantly associated with
obesity in children and
adolescents.

Trasande et al., 2012 [30] Cross-sectional 2838 USA 6-19y

Urinary BPA concentration at 5
years was not associated with
Harley et al., 2013 [27] Cohort 311 USA 59y BMI, but BPA concentration at 8
9 years was positively
associated with BMI.

Free and total BPA levels were
Shs / Case-control associated with the increase in
D'Aniello etal, 2015 [14] (pilot study) 5 Ttaly 5-16y BMI and conjugated BPA was 6

related to the decrease in BMI.

Higher BPA levels were related
to elevated lean body mass in
boys, but not in girls, while
higher BPA was associated
with increased fat mass in girls,
but not in boys.

Lietal., 2017 [16] Cross-sectional 1860 USA 819y

Case-control Target chemicals including BPA
Xue et al., 2015 [31] . 76 India 2-14y  had no significant association 7
(pilot study) with childhood obesity.

BPA had no significant
Choi et al., 2014 [32] Cross-sectional 127 Korea 6-14y  association with childhood 8
obesity.

BPA level was not associated
with age, and there was no
significant association between
BPA level and obesity.

Wang et al., 2014 [15] Cross-sectional 666 China 9-12y

BPA detection was significantly
associated with obesity, but not
with other demographic data or
BPA exposure risks.

Pornkunwilai et al., 2015 [19]  Cross-sectional 376 Thailand  3-18y

14 m-d BPA exposure was weakly
Valvi et al., 2013 [33] Cohort 402 Spain v associated with obesity at 4 7
years.

* Quality was assessed using NOS (Newcastle-Ottawa quality assessment scale) method.

5. Conclusions

This study elucidated the possible causal association between BPA exposure and childhood
obesity by conducting two systematic reviews with meta-analyses. The epidemiological data suggested
that BPA exposure itself increased the risk of obesity in children. Further investigation is needed
for causal association between BPA exposure and obesity on each developmental stage and sex, and
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elucidate the related mechanisms, to have better knowledge for the prevention and management of
environmental disease.

Author Contributions: Conceptualization, K.Y.K. and E.L.; methodology, K.Y.K. and Y.K,; investigation, K.Y.K.,
Y.K.; writing—original draft preparation, K.Y.K. and E.L.; writing—review and editing, K.Y.K. and E.L.; supervision,
E.L.; project administration, K.Y.K,, E.L, YK.

Funding: This work was supported by Korea Environment Industry and Technology Institute (KEITI) through
Environmental Health Action Program, funded by Korea Ministry of Environment (MOE) (2017001360006) and
the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIP: Ministry of
Science, ICT and Future Planning) (2017R1C1B5017938).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Legeay, S.; Faure, S. Is bisphenol A an environmental obesogen? Fundam. Clin. Pharmacol. 2017, 31, 594-609.
[CrossRef] [PubMed]

2. Calafat, AM.; Ye, X.; Wong, L.Y,; Reidy, ].A.; Needham, L.L. Exposure of the U.S. population to bisphenol A
and 4-tertiary-octylphenol: 2003-2004. Environ. Health Perspect. 2008, 116, 39-44. [CrossRef] [PubMed]

3. Huang, Y.Q.; Wong, CK; Zheng, J.S.; Bouwman, H.; Barra, R.; Wahlstrom, B.; Neretin, L.; Wong, M.H.
Bisphenol A (BPA) in China: A review of sources, environmental levels, and potential human health impacts.
Environ. Int. 2012, 42,91-99. [CrossRef] [PubMed]

4. Braun, ].M.; Kalkbrenner, A.E.; Calafat, A.M.; Yolton, K.; Ye, X.; Dietrich, K.N.; Lanphear, B.P. Impact of
early-life bisphenol A exposure on behavior and executive function in children. Pediatrics 2011, 128, 873-882.
[CrossRef] [PubMed]

5. Menale, C.; Piccolo, M.T.; Cirillo, G.; Calogero, R.A.; Papparella, A.; Mita, L.; Del Giudice, E.M.; Diano, N.;
Crispi, S.; Mita, D.G. Bisphenol A effects on gene expression in adipocytes from children: Association with
metabolic disorders. J. Mol. Endocrinol. 2015, 54, 289-303. [CrossRef] [PubMed]

6. World Health Organization. Health Topics. Obesity. Available online: https://www.who.int/topics/obesity/en/
(accessed on 1 July 2019).

7. Silventoinen, K.; Rokholm, B.; Kaprio, J.; Sorensen, T.I. The genetic and environmental influences on
childhood obesity: A systematic review of twin and adoption studies. Int. . Obes (Lond). 2010, 34, 29-40.
[CrossRef] [PubMed]

8. Amin, M.M,; Ebrahim, K.; Hashemi, M.; Shoshtari-Yeganeh, B.; Rafiei, N.; Mansourian, M.; Kelishadi, R.
Association of exposure to Bisphenol A with obesity and cardiometabolic risk factors in children and
adolescents. Int. J. Environ. Health Res. 2019, 29, 94-106. [CrossRef] [PubMed]

9. Lee, E.Y;; Yoon, K.H. Epidemic obesity in children and adolescents: Risk factors and prevention. Front. Med.
2018, 12, 658-666. [CrossRef] [PubMed]

10. Simmonds, M.; Llewellyn, A.; Owen, C.G.; Woolacott, N. Predicting adult obesity from childhood obesity: A
systematic review and meta-analysis. Obes. Rev. 2016, 17, 95-107. [CrossRef] [PubMed]

11. Llewellyn, A.; Simmonds, M.; Owen, C.G.; Woolacott, N. Childhood obesity as a predictor of morbidity in
adulthood: A systematic review and meta-analysis. Obes. Rev. 2016, 17, 56-67. [CrossRef] [PubMed]

12.  Vafeiadi, M.; Roumeliotaki, T.; Myridakis, A.; Chalkiadaki, G.; Fthenou, E.; Dermitzaki, E.; Karachaliou, M.;
Sarri, K.; Vassilaki, M.; Stephanou, E.G.; et al. Association of early life exposure to bisphenol A with obesity
and cardiometabolic traits in childhood. Environ. Res. 2016, 146, 379-387. [CrossRef] [PubMed]

13.  Vom Saal, ES.; Nagel, S.C.; Coe, B.L.; Angle, B.M.; Taylor, J.A. The estrogenic endocrine disrupting chemical
bisphenol A (BPA) and obesity. Mol. Cell. Endocrinol. 2012, 354, 74-84. [CrossRef] [PubMed]

14. D’Aniello, R.; Troisi, J.; D’Amico, O.; Sangermano, M.; Massa, G.; Moccaldo, A.; Pierri, L.; Poeta, M.; Vajro, P.
Emerging pathomechanisms involved in obesity. J. Pediatr. Gastroenterol. Nutr. 2015, 60, 113-119. [CrossRef]
[PubMed]

15. Wang, B.; Wang, H.; Zhou, W.; He, Y,; Zhou, Y.; Chen, Y.; Jiang, Q. Exposure to bisphenol A among school
children in eastern China: A multicenter cross-sectional study. J. Expo. Sci. Environ. Epidemiol. 2014, 24,
657-664. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/fcp.12300
http://www.ncbi.nlm.nih.gov/pubmed/28622415
http://dx.doi.org/10.1289/ehp.10753
http://www.ncbi.nlm.nih.gov/pubmed/18197297
http://dx.doi.org/10.1016/j.envint.2011.04.010
http://www.ncbi.nlm.nih.gov/pubmed/21596439
http://dx.doi.org/10.1542/peds.2011-1335
http://www.ncbi.nlm.nih.gov/pubmed/22025598
http://dx.doi.org/10.1530/JME-14-0282
http://www.ncbi.nlm.nih.gov/pubmed/25878060
https://www.who.int/topics/obesity/en/
http://dx.doi.org/10.1038/ijo.2009.177
http://www.ncbi.nlm.nih.gov/pubmed/19752881
http://dx.doi.org/10.1080/09603123.2018.1515896
http://www.ncbi.nlm.nih.gov/pubmed/30203985
http://dx.doi.org/10.1007/s11684-018-0640-1
http://www.ncbi.nlm.nih.gov/pubmed/30280308
http://dx.doi.org/10.1111/obr.12334
http://www.ncbi.nlm.nih.gov/pubmed/26696565
http://dx.doi.org/10.1111/obr.12316
http://www.ncbi.nlm.nih.gov/pubmed/26440472
http://dx.doi.org/10.1016/j.envres.2016.01.017
http://www.ncbi.nlm.nih.gov/pubmed/26821262
http://dx.doi.org/10.1016/j.mce.2012.01.001
http://www.ncbi.nlm.nih.gov/pubmed/22249005
http://dx.doi.org/10.1097/MPG.0000000000000559
http://www.ncbi.nlm.nih.gov/pubmed/25199037
http://dx.doi.org/10.1038/jes.2014.36
http://www.ncbi.nlm.nih.gov/pubmed/24866264

Int. |. Environ. Res. Public Health 2019, 16, 2521 90f9

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Li, J,; Lai, H; Chen, S.; Zhu, H.; Lai, S. Gender differences in the associations between urinary bisphenol A
and body composition among American children: The National Health and Nutrition Examination Survey,
2003-2006. |. Epidemiol. 2017, 27, 228-234. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. |. Clin. Epidemiol. 2009, 62, 1006-1012. [CrossRef]

Wells, G.; Shea, B.; O’connell, D.; Peterson, J.; Welch, V.; Losos, M. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analysis. Ott. Ott. Health Res. Inst. 2010, 25, 603-605.
Pornkunwilai, S.; Nosoongnoen, W.; Jantarat, C.; Wachrasindhu, S.; Supornsilchai, V. Urinary bisphenol A
detection is significantly associated with young and obese Thai children. Asian Biomed. 2015, 9, 363-372.
Wang, J.; Sun, B.; Hou, M; Pan, X.; Li, X. The environmental obesogen bisphenol A promotes adipogenesis
by increasing the amount of 11beta-hydroxysteroid dehydrogenase type 1 in the adipose tissue of children.
Int. J. Obes (Lond). 2013, 37,999-1005. [CrossRef]

Whitehead, J.P.; Richards, A.A.; Hickman, 1.].; Macdonald, G.A.; Prins, ].B. AdiponectinA key adipokine in
the metabolic syndrome. Diabetes Obes. Metab. 2006, 8, 264-280. [CrossRef]

Ariemma, F; D’Esposito, V.; Liguoro, D.; Oriente, F.; Cabaro, S.; Liotti, A.; Cimmino, I.; Longo, M.; Beguinot, E;
Formisano, P; et al. Low-Dose Bisphenol-A Impairs Adipogenesis and Generates Dysfunctional 3T3-L1
Adipocytes. PLoS ONE 2016, 11, e0150762. [CrossRef] [PubMed]

Vandenberg, L.N.; Chahoud, I.; Heindel, ].J.; Padmanabhan, V.; Paumgartten, FJ.; Schoenfelder, G. Urinary,
circulating, and tissue biomonitoring studies indicate widespread exposure to bisphenol A. Environ. Health
Perspect. 2010, 118, 1055-1070. [CrossRef] [PubMed]

Tuduri, E.; Marroqui, L.; Dos Santos, R.S.; Quesada, L; Fuentes, E.; Alonso-Magdalena, P. Timing of Exposure
and Bisphenol-A: Implications for Diabetes Development. Front. Endocrinol. 2018, 9, 648. [CrossRef]
[PubMed]

Li, D.K;; Miao, M.; Zhou, Z.; Wu, C.; Shi, H.; Liu, X.; Wang, S.; Yuan, W. Urine bisphenol-A level in relation to
obesity and overweight in school-age children. PLoS ONE 2013, 8, e65399. [CrossRef] [PubMed]

Bhandari, R; Xiao, J.; Shankar, A. Urinary bisphenol A and obesity in U.S. children. Am. J. Epidemiol. 2013,
177,1263-1270. [CrossRef] [PubMed]

Harley, K.G.; Aguilar Schall, R.; Chevrier, ].; Tyler, K.; Aguirre, H.; Bradman, A.; Holland, N.T.; Lustig, R.H.;
Calafat, A.M.; Eskenazi, B. Prenatal and postnatal bisphenol A exposure and body mass index in childhood
in the CHAMACOS cohort. Environ. Health Perspect. 2013, 121, 514-520. [CrossRef]

Lee, HA,; Kim, YJ.; Lee, H.; Gwak, H.S,; Park, E.A.; Cho, SJ.; Kim, H.S ; Ha, E.H.; Park, H. Effect of urinary
bisphenolA on androgenic hormones and insulin resistance in preadolescent girls: A pilot study from the
Ewha Birth & Growth Cohort. Int. ]. Environ. Res. Public Health 2013, 10, 5737-5749.

McGuinn, L.A.; Ghazarian, A.A.; Joseph Su, L.; Ellison, G.L. Urinary bisphenol A and age at menarche
among adolescent girls: Evidence from NHANES 2003-2010. Environ. Res. 2015, 136, 381-386. [CrossRef]
Trasande, L.; Attina, T.M.; Blustein, J. Association between urinary bisphenol A concentration and obesity
prevalence in children and adolescents. JAMA 2012, 308, 1113-1121. [CrossRef]

Xue, ]J.; Wu, Q.; Sakthivel, S.; Pavithran, P.V.; Vasukutty, ].R.; Kannan, K. Urinary levels of endocrine-disrupting
chemicals, including bisphenols, bisphenol A diglycidyl ethers, benzophenones, parabens, and triclosan in
obese and non-obese Indian children. Environ. Res. 2015, 137, 120-128. [CrossRef]

Choi, J.; Eom, J.; Kim, J.; Lee, S.; Kim, Y. Association between some endocrine-disrupting chemicals and
childhood obesity in biological samples of young girls: A cross-sectional study. Environ. Toxicol. Pharmacol.
2014, 38, 51-57. [CrossRef] [PubMed]

Valvi, D.; Casas, M.; Mendez, M.A.; Ballesteros-Gomez, A.; Luque, N.; Rubio, S.; Sunyer, J.; Vrijheid, M.
Prenatal bisphenol a urine concentrations and early rapid growth and overweight risk in the offspring.
Epidemiology 2013, 24, 791-799. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.je.2016.12.001
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://dx.doi.org/10.1038/ijo.2012.173
http://dx.doi.org/10.1111/j.1463-1326.2005.00510.x
http://dx.doi.org/10.1371/journal.pone.0150762
http://www.ncbi.nlm.nih.gov/pubmed/26942597
http://dx.doi.org/10.1289/ehp.0901716
http://www.ncbi.nlm.nih.gov/pubmed/20338858
http://dx.doi.org/10.3389/fendo.2018.00648
http://www.ncbi.nlm.nih.gov/pubmed/30429829
http://dx.doi.org/10.1371/journal.pone.0065399
http://www.ncbi.nlm.nih.gov/pubmed/23776476
http://dx.doi.org/10.1093/aje/kws391
http://www.ncbi.nlm.nih.gov/pubmed/23558351
http://dx.doi.org/10.1289/ehp.1205548
http://dx.doi.org/10.1016/j.envres.2014.10.037
http://dx.doi.org/10.1001/2012.jama.11461
http://dx.doi.org/10.1016/j.envres.2014.12.007
http://dx.doi.org/10.1016/j.etap.2014.04.004
http://www.ncbi.nlm.nih.gov/pubmed/24908636
http://dx.doi.org/10.1097/EDE.0b013e3182a67822
http://www.ncbi.nlm.nih.gov/pubmed/24036610
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Literature Search 
	Selection Criteria 
	Data Extraction 
	Quality Evaluation 
	Data Analysis 

	Results 
	Characteristics of the Studies 
	Meta-Analysis of Childhood Obesity by Exposure Groups 
	Meta-Analysis of BPA Exposure by Childhood Obesity 

	Discussion 
	Conclusions 
	References

