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Abstract
Bisphenol A (BPA) is suspected to be associated with several chronic metabolic diseases. The aim of the present study was to
review previous epidemiological studies that examined the relationship between BPA exposure and the risk of obesity. PubMed,
Web of Science, and Embase databases were systematically searched by 2 independent investigators for articles published from
the start of database coverage until January 1, 2020. Subsequently, the reference list of each relevant article was scanned for any
other potentially eligible publications. We included observational studies published in English that measured urinary BPA. Odds
ratios with corresponding 95% confidence intervals for the highest versus lowest level of BPA were calculated. Ten studies with a
sample size from 888 to 4793 participants met our inclusion criteria. We found a positive correlation between the level of BPA
and obesity risk. A dose–response analysis revealed that 1-ng/mL increase in BPA increased the risk of obesity by 11%. The similar
results were for different type of obesity, gender, and age.
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Introduction

Worldwide, the prevalence of obesity has increased signifi-

cantly in recent decades alongside the risk of many obesity-

associated chronic diseases, including type 2 diabetes and

cardiovascular disease.1 This rapid and large increase in obe-

sity prevalence cannot be attributed solely to genetic or

previously recognized environmental risk factors, such as

energy-intensive diets, sedentary lifestyle, or aging.2

A growing body of experimental and epidemiological evi-

dence suggests that fetal programming of genetic systems

might contribute to the risk of adult obesity and other compo-

nents of metabolic syndrome.3 Specifically, new evidence has

shown that epigenetic changes associated with man-made che-

micals might interact with other factors to affect fetal and

postnatal growth, contributing to obesity epidemic.4-6 This

review focuses on the developmental effects of estrogenic

endocrine-disrupting chemicals (EDCs); more specifically, this

article examines the effects of exposure to estrogenic EDC

bisphenol A (BPA) on adipocytes and their function, which

might affect the risk of adult obesity. Moreover, BPA exposure

has been associated with impaired reproductive capacity. Toxic

environmental substances, in particular, the substances that

disrupt endocrine function have recently attracted much atten-

tion due to their ability to interference with synthesis, secretion,

transport, metabolism, and binding of hormones.7

Bisphenol A is used extensively worldwide in the manufac-

ture of plastic polymers, such as polycarbonate plastics and

epoxy resins, which are found in many consumer products

(eg, toys, food and beverage containers, water supply pipes,

medical tubing, and cigarette filters). Dietary ingestion is sus-

pected to be the main route for human exposure, although

dermal exposure can also occur from skin contact with thermal

paper.8 Bisphenol A has been detected at measurable concen-

trations in urine samples of almost all persons tested
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worldwide. In addition, BPA has been detected in placental

and amniotic fluids and human breast milk, suggesting that

exposure starts in utero and may continue after birth via

breastfeeding. Previous animal and epidemiological studies

have suggested a link between low-dose exposure to EDCs

and obesity risk.9 Bisphenol A has been of particular inter-

est because it is widely used, which makes it a common

exposure.

In vitro studies have shown that BPA enhances adipocyte

cell differentiation, leading to excess fat accumulation. Con-

currently, rodent studies have found BPA exposure to increase

adipose tissue mass and promote weight gain.10 More recently,

evidence of a relationship between BPA and obesity in humans

has emerged; however, to date, these studies have been based

on a small number of participants. Nevertheless, epidemiolo-

gical studies based in the United States and China have

reported positive associations between BPA and adiposity mea-

sures in adults.11,12 Moreover, as an estrogen-like compound,

BPA has been shown to affect males and females differently in

animal models,13 although evidence of sex differences in the

association between BPA and obesity in humans is limited.

This systematic review and meta-analysis aimed to examine

the relationship between BPA and obesity, including a

gender-stratified analysis.

Methods

This review follows the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses guidelines developed for

systematic reviews of observational studies.14

Search Strategy

PubMed, Web of Science, and Embase databases were system-

atically searched by 2 independent investigators for articles

published from the start of database coverage until January 1,

2020. The following search terms were used: (“obesity,” “fat,”

or “overweight”) and (“BPA” or “bisphenol A”). In addition,

reference lists included in each article were scanned for poten-

tially eligible publications. Where data in the included articles

were unclear or missing, the corresponding author was con-

tacted by e-mail with a request for clarification. Unpublished

studies were not included. Only articles published in English

were eligible, and only full-text journal articles of original

studies were considered.

Study Selection

Studies were eligible for inclusion if they met the following

criteria: (1) BPA was the exposure of interest; (2) BPA was

reported in ng/mL or mg/L; (3) obesity risk was reported using

odds ratios (ORs), hazard ratios (HRs), or relative risk ratios

(RRs) with the corresponding 95% confidence interval for the

highest level versus lowest level of BPA exposure; (4) obesity

or overweight was the outcome of interest; (5) the original

study was a case–control, cross-section, or cohort study; and

(6) for the dose–response analysis, the level of BPA per cate-

gory was either provided or could be calculated.

If a study reported more than a single OR, HR, or RR, the

ratio obtained after adjustment for the greatest number of cov-

ariates was used included in the pooled OR.

We excluded meta-analyses, reviews, case reports, articles

for which the full text was not available, animal studies, studies

lacking essential data, and other publications deemed irrelevant

by the chief investigator.

Two investigators extracted the following data from each

included article: first author’s name, publication year, country,

geographic location, study design, average age, sample size

(number of participants, controls, and cases), level of BPA

exposure, and calculated OR, HR, or RR with their correspond-

ing 95% confidence intervals (CIs). We extracted the OR, HR,

and RR values achieved in calculations including the greatest

number of covariates.

The same 2 investigators independently assessed the quality

of each study using the Newcastle-Ottawa Scale.15 This scale

scores a study on a scale from 0 to 9, whereby a score of 0 to 3,

4 to 6, and 7 to 9 corresponds to low, moderate, and high

quality, respectively. Any discrepancies in data extraction or

study quality assessment were resolved through a group dis-

cussion with a third investigator.

Statistical Analysis

Pooled estimates of ORs and the corresponding 95% CIs were

calculated to assess the association between BPA and obesity

risk by comparing the highest versus lowest level of BPA

exposure. We evaluated heterogeneity using the Q test and I2

statistic, with I2 values of 25%, 50%, and 75% representing

low, moderate, and high degrees of heterogeneity, respec-

tively.16 If I2 >50%, a DerSimonian and Laird random effects

model was used; otherwise, a Mantel-Haenszel fixed effects

model was used.17 Subgroup analyses were performed to eval-

uate the effect on outcome of modifying any potentially key

covariates, stratified by gender.

We performed dose–response analyses for the association

between BPA exposure and risk of obesity, using the

method recommended by Greenland and Longnecker and

the publicly available Stata code written by Orsini

et al.18,19 We extracted the range or mean intake of BPA

in each category, the number of cases and participants (or

person-years) in each category, and the OR (or RR) with

95% CI. Where person-years or participant count per cate-

gory was not reported, groups were assumed to be of equal

size.20 If the data were not compared using the highest

versus lowest level comparisons, an algorithm processor

was used to transform a reference group, containing discrete

correlated data.21 If neither median nor mean values were

reported, we used the midpoint of the range. If the highest

category was open ended, we considered the width of that

category to be the same as the width of the adjacent cate-

gory. If the lowest category was open ended, the lowest

boundary was set to zero. We evaluated possible nonlinear
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associations between the intake of BPA and the risk of

obesity using restricted cubic splines, with 3 knots at the

10th, 50th, and 90th percentile of the distribution. A P value

for nonlinearity was calculated by testing the null hypoth-

esis that the coefficient of the second spline was equal to

zero.

A “leave-one-out” sensitivity analysis was used to eval-

uate whether the results would have been affected signifi-

cantly by removing one study at a time. Publication bias

was assessed using Egger test.22 All data were analyzed

using statistical software Stata version 12.0 (StatCorp, Col-

lege Station, Texas), and P values <.05 were considered

statistically significant.

Results

Search Results, Study Characteristics, and Quality
Assessment

The study selection process and the results of our literature

search are shown in Figure 1. We initially identified 413 arti-

cles in PubMed, Web of Science, and Embase databases. After

excluding duplicates and studies that did not satisfy the inclu-

sion/exclusion criteria, we identified 10 articles eligible for

inclusion in the meta-analysis.

Table 1 summarizes the characteristics of the 10 studies

included in our analysis. The studies included a total of 27

993 participants. Six studies originated in the United States, a

single study originated in Canada, and 3 studies originated in

China. The quality score of all 10 publications ranged from

6 to 8, with a median score of 7.

Bisphenol A and Obesity Risk

The pooled OR of obesity risk for the highest vs. lowest level of

BPA exposure was 1.49 (95% CI: 1.38-1.61, I2 ¼ 44.2%,

P ¼ .016; Figure 2). This result shows a positive correlation

between level of BPA and obesity.

A dose–response analysis of these studies revealed that 1-

ng/mL increase in BPA increased the risk of obesity by 11%
(OR: 1.11; 95% CI: 1.10-1.13, P value for a linear trend test ¼
.01). We found no evidence of a nonlinear association between

BPA and obesity risk (P ¼ .42; Figure 3).

Subgroup Analysis

The results of subgroup analysis for types of obesity were

consistent with overall results (abdominal obesity: OR:

1.43, 95% CI: 1.27-1.62, I2 ¼ 0%, P ¼ .651; generalized

Figure 1. Flow diagram depicting the screening and exclusion of
publications included in meta-analysis.

Table 1. Characteristics of the 10 Articles Included in Meta-Analysis.

ID Author, Year Country Study Design
Age Range

(Years) Paticipants
Level Comparison
(Highest Vs Lowest)

Adjustment for
Covariates

Quality
Score

1 Wang et al12 China Cross-sectional
study

40 years or older 3390 Q4 vs Q1 Adjusted2 8

2 Trasande et al23 United
States

Cross-sectional
study

6 years or older 2838 Q4 vs Q1 Adjusted2 7

3 Do et al24 Canada Survey 18-79 years 4733 Q4 vs Q1 Adjusted2 7
4 Shankar et al25 United

States
Survey 20 years or older 4792 Q4 vs Q1 Adjusted2 6

5 Bhandari et al11 United
States

Survey 6-18 years 2200 Q4 vs Q1 Adjusted2 6

6 Hao et al26 China Cohort >40 years 888 T3 vs T1 Adjusted2 7
7 Liu et al27 United

States
Cross-sectional

study
20 years or older 1709 Q4 vs Q1 Adjusted3 7

8 Eng et al28 United
States

Cross-sectional
study

6-18 years 3370 Q4 vs Q1 Adjusted2 8

9 Carwile and
Michels29

United
States

Cross-sectional
study

18-74 years 2747 Q4 vs Q1 Adjusted2 7

10 Li et al30 China Cross-sectional
study

– 1326 Q4 vs Q1 Adjusted2 6
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obesity: OR: 1.81, 95% CI: 1.59-2.06, I2 ¼ 16.7%, P ¼ .299;

generalized overweight, OR: 1.22, 95% CI: 1.05-1.42,

I2 ¼ 31.7%, P ¼ .198).

A dose–response analysis revealed that 1-ng/mL increase in

BPA increased the risk of abdominal obesity by 12% (OR:

1.12, 95% CI: 1.09-1.14, P value for a linear trend test

<.001). We found no evidence of a nonlinear association

between BPA and abdominal obesity risk (P ¼ .422; Figure

4). Moreover, a 1-ng/mL increase in BPA corresponded to a

16% increase in the risk of generalized obesity (OR: 1.16, 95%
CI: 1.14-1.19, P value for a linear trend test <.001). We found

evidence of a nonlinear association between BPA and general-

ized obesity risk (P ¼ .024; Figure 5). Finally, 1-ng/mL

increase in BPA increased the risk of generalized overweight

by 5.8% (OR: 1.058, 95% CI: 1.034-1.084, P value for linear

trend test <.001). We found no evidence of a nonlinear

association between BPA and generalized overweight risk

(P ¼ .811; Figure 6).

Stratified by gender, the results of subgroup analysis were

consistent with the overall results (women: OR: 1.50, 95% CI:

1.27-1.78, I2 ¼ 1.3%, P ¼ .423; men: OR: 1.81, 95% CI: 1.53-

2.14, I2 ¼ 50.0%, P ¼ .043; Figure 7).

A dose–response analysis revealed that 1-ng/mL increase in

BPA increased the risk of obesity by 11.9% in women (OR:

1.119, 95% CI: 1.087-1.152, P value for linear trend test

<.001). We found no evidence of a nonlinear association

between BPA and obesity risk in women (P ¼ .187; Figure

8). Concurrently, 1-ng/mL increase in BPA increased the risk

of obesity by 17.1% in men (OR: 1.171, 95% CI: 1.114-1.205,

P value for linear trend test <.001). We found evidence of a

nonlinear association between BPA and obesity risk in men

(P ¼ .044; Figure 9).

Figure 2. Forest plots summarizing the odds ratio (OR) of obesity for the highest versus the lowest category of bisphenol A (BPA).
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Age-stratified subgroup analysis revealed results consistent

with the overall results (children: OR: 1.16, 95% CI: 1.14-1.19,

I2 ¼ 0%, P ¼ .665; adults: OR: 1.15, 95% CI: 1.11-1.19,

I2 ¼ 0%, P ¼ .492).

A dose–response analysis revealed that 1-ng/mL increase in

BPA increased the risk of obesity by 17.1% in children (OR:

1.171, 95% CI: 1.136-1.206, P value for a linear trend test

<.001). We found evidence of a nonlinear association between

BPA and obesity risk (P ¼ .037) in children. Finally, 1-ng/mL

increase in BPA increased the risk of obesity by 14.9% in

adults (OR: 1.149, 95% CI: 1.113-1.186, P value for linear

trend test <.001). We found no evidence of a nonlinear associ-

ation between BPA and obesity risk (P ¼ .053) in adults.

Publication Bias

A sensitivity analysis revealed that no individual study affected

the pooled effect size for type of obesity (Figure 10). There was

no evidence of publication bias in the present meta-analysis

(P ¼ .050; Figure 11). In addition, no individual study affected

the pooled effect size for gender (Figure 12), and no evidence

of publication bias was found (P ¼ .225) in gender-stratified

analysis (Figure 13).

Discussion

Bisphenol A is a monomer of polycarbonate plastics and one of

the highest volume chemicals used in commerce. Polycarbo-

nate is used in numerous consumer products, including food

and water containers, baby bottles, lining metal food and bev-

erage cans, medical tubing, epoxy resins, and dental fillings.

Small amounts of BPA can migrate from polymers and con-

taminate food or water, especially when heated. A significant

number of previous studies have documented widespread

human exposure to BPA. Bisphenol A, a lipophilic compound,

can accumulate in fat and has been detected in 50% of breast

adipose tissue samples collected from women worldwide.

Bisphenol A levels ranging from 0.2 to 10 ng/mL (equivalent

to *0.5-40 nM) have been detected in adult and fetal human

plasma, urine, and breast milk.31

Bisphenol A is ubiquitous in our environment; therefore,

BPA exposure can be considered a common environmental

exposure. In fact, BPA has been detected in urine sample of

Figure 3. Dose–response relationships between obesity risk and the
level of bisphenol A (BPA). *The solid line and dashed lines represent
the estimated relative risk and 95% confidence interval. *The dotted
line represents the linear fit to the data.

Figure 4. Dose–response relationships between abdominal obesity
risk and the level of bisphenol A (BPA). *The solid line and dashed lines
represent the estimated relative risk and 95% confidence interval.
*The dotted line represents the linear fit to the data.

Figure 5. Dose–response relationships between generalized obesity
risk and the level of bisphenol A (BPA). *The solid line and dashed lines
represent the estimated relative risk and 95% confidence interval.
*The dotted line represents the linear fit to the data.

Figure 6. Dose–response relationships between generalized over-
weight risk and the level of bisphenol A (BPA). *The solid line and
dashed lines represent the estimated relative risk and 95% confidence
interval. *The dotted line represents the linear fit to the data.
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Figure 7. Forest plots summarizing the odds ratio (OR) of obesity for the highest versus the lowest category of bisphenol A (BPA) in different
gender.

Figure 8. Dose–response relationships between obesity risk and the
level of bisphenol A (BPA) in female. *The solid line and dashed lines
represent the estimated relative risk and 95% confidence interval.
*The dotted line represents the linear fit to the data.

Figure 9. Dose–response relationships between obesity risk and the
level of bisphenol A (BPA) in male. *The solid line and dashed lines
represent the estimated relative risk and 95% confidence interval.
*The dotted line represents the linear fit to the data.
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over 90% of tested individuals.32 In the present meta-analysis,

all participants had detectable levels of BPA in their urine

sample. This systemic review and meta-analysis included

10 studies, revealing a clear correlation between the level of

BPA exposure and risk of obesity.

Regarding the mechanism of action, most EDC effects are

thought to result from their interaction with nuclear hormone

receptors, including estrogen receptors (ERs), androgen, pro-

gesterone, thyroid, and retinoid receptors, among others.33

However, a growing body of evidence suggests that the exact

mechanism of action is much more complex and that some

EDCs might modulate nonnuclear steroid hormone receptors,

or orphan receptors, such as the aryl hydrocarbon receptor.34

Other pathways that converge within the endocrine and repro-

ductive systems are likely to be affected.35

From the structural point of view, EDCs are highly hetero-

geneous, although they have in common a phenol moiety that

allows EDCs to interact with steroid hormone receptors as

analogs or antagonists.34 In particular, BPA has 2 phenolic and

2 (4, 40)-OH substituents that allow it to create an ER-binding

structure. Binding assays have demonstrated that BPA binds

both ERa and ERb, although it has a higher affinity for the

latter. Despite a relatively low affinity for both receptors, sev-

eral studies have demonstrated that BPA can promote estrogen-

like activities that are similar or stronger than activities elicited

by 17b-estradiol.36 These low-dose responses result in part

from the activation of rapid responses via nonclassical ER

pathways or by a different BPA recruitment of coactivators

or corepressors.37,38 In addition to its estrogenic activity, BPA

has been shown in some studies to exhibit antithyroid39 and

antiandrogenic activity,40 ability to bind to the human estrogen-

related41 and pregnane receptor,42 and to stimulate the gluco-

corticoid receptor.43

Bisphenol A has been reported to alter several metabolic

functions.36 However, a major limitation of these studies is use

of micromolar doses of BPA. Until BPA is shown as active at

environmentally relevant concentrations (within the low nano-

molar range), it remains unclear whether it poses risks to

human health. Moreover, BPA often exhibits a nonlinear

dose-dependent relationship, following a U-shape or an

inverted U-shape. Consequently, extrapolation of results such

Figure 10. A sensitivity analysis for data of different types of obesity.

Figure 11. Funnel plot for data of different types of obesity.

Wu et al 7



an action or lack of action of BPA at high doses to presumed

bioactivity at low doses is unwarranted.

The present study finding on the positive and significant

relationship between BPA in both sexes suggests that exposure

to BPA might increase the risk of obesity. This finding is con-

sistent with findings from some previous studies, showing that

higher urinary BPA concentrations were associated with obe-

sity.44 The following mechanism might account for this rela-

tionship between BPA exposure and obesity; releasing

adiponectin and adipokine as a key protective factor against

abdominal obesity might be inhibited by BPA exposure.

In the present meta-analysis, BPA was detected in all urine

samples collected from both sexes. Bisphenol A exposure was

significantly associated with indices of generalized and

abdominal obesity. However, because of the cross-sectional

nature of the data included in the present meta-analysis, the

association found in this study cannot be considered causal;

further longitudinal studies with larger sample sizes are neces-

sary in this regard.

Authors’ Note
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approval and patient consent are required.
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