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Background: Bisphenol A (BPA) is a plasticizer with high production and ubiquitous usage in
polycarbonate plastics and epoxy resins. The association between prenatal or postnatal exposure to BPA and
childhood wheeze/asthma has not been well established. Our study aimed to provide further justification for
the current studies.

Methods: Studies were searched from PubMed, Web of Science, Scopus and Embase from inception
until Sep 15, 2020. Meta-analysis was performed to calculate pooled adjusted odds ratios (aOR). The
methodological quality of included studies was assessed by using the Newcastle Ottawa Scale (NOS).
Results: Of 2,814 screened articles, 9 studies with 3,885 participants were included in the final analysis.
When all studies were pooled, postnatal exposure to BPA was associated with a higher risk of childhood
asthma (aOR =1.43; 95% CI: 1.28-1.59) or childhood wheeze (aOR =1.38; 95% CI: 1.18-1.62). Prenatal
exposure to BPA had a small but significant increased risk of childhood asthma (aOR =1.17; 95% CI: 1.01-
1.34). An increased risk of childhood wheeze was related to prenatal exposure to BPA at 16 weeks’ gestation
(aOR =1.29; 95% CI: 1.07-1.55), but not at 26 weeks’ gestation (aOR =1.07; 95% CI: 0.88-1.29) nor at
random-time gestation (aOR =1.02; 95% CI: 0.89-1.16).

Conclusions: Prenatal and postnatal exposure to BPA was related to an increased risk of childhood
asthma. However, only postnatal and early gestational exposure (at 16 weeks) to BPA could induce the risk of

childhood wheeze, but not late gestational exposure (at 26 weeks).
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Introduction suspected to be associated with the expanded urbanization

and industrialization (2-5). Given that increase of asthma
Asthma is one of the most significant pediatric diseases in shares an approximately similar timeframe with widespread
the world (1,2). Its prevalence in children has increased use of industrial chemicals, some researchers have

dramatically over a relatively short period of time, which is hypothesized that industrial chemicals may be significant
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contributors to the rising trend of pediatric asthma (6).

Bisphenol A (BPA), a critical endocrine disrupting
chemical, has gained a lot of attention recently for its
ubiquitous exposure (7). It is produced in large quantities
and used in manufacture of polycarbonate plastics (toys,
water bottles, dental sealants, er #/.) or epoxy resins
(coating the insides of cans for beverages and food) (8,9).
International biomonitoring evidences show that there is
higher BPA exposure in children than in adults and BPA
exposure affects more than 90% of all children in America,
Asia, Europe and Australia (10). The continuous daily BPA
exposure, numerous BPA sources and various BPA exposure
routes (mouth, skin and inhalation) cannot be ignored,
although it is at low-level concentration in human body and
is rapidly metabolized and excreted (7,10,11).

Prenatal and postnatal BPA exposure should be paid more
attention to because the high dietary intake and long-term indoors
time of pregnancy women/young children and hand to mouth
behaviors for food consumption of infants and toddlers (10).
Moreover, the immaturity of children’s lungs and immune
systems might make irreversible, deleterious and long-lasting
impact on allergic manifestation later in life (12).

Some animal evidences have confirmed that BPA had the
immunomodulatory ability to influence the balance of Thl
and Th2 immune responses by increasing 1.4 and reducing
IFN-y, IL10 (13-16). However, clinical studies which
investigated the association between prenatal or postnatal
exposure to BPA and childhood wheeze/asthma have
inconsistent results (17-25). Therefore, our systemic review
and meta-analysis aimed to provide further justification for
the current studies.

We present the following article/case in accordance with
the PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1550).

Methods

Our systemic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines (PRISRM) (26).

Data sources and search strategy

We performed a systematic search by using some databases
including PubMed, Web of Science, Scopus and Embase
from the databases’ inceptions until Sep 15, 2020. The
following search items were applied in the search for
eligible studies: (“bisphenol A” or “BPA” or “endocrine
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disrupting chemical” or “endocrine disrupting compounds”
or “endocrine disruptors” or “EDCs”) and (“prenatal” or
“maternal” or “postnatal”) and (“asthma” or “wheeze” or
“wheezing”) and (“offspring” or “children” or “childhood”
or “child” or “infant” or “infancy”). Reference lists of
identified articles were scanned to avoid omission.

Study selection

All studies that fulfilled the following inclusion criteria
were considered: (I) study investigation: the association
between prenatal or postnatal exposure to BPA and the
risk of childhood asthma or wheeze. (IT) Study data: results
should be reported as adjusted odds ratio (aOR) or adjusted
relative risk (aRR) or adjusted hazard ratio (aHR) with
the corresponding 95% confidence intervals (95% Cls).
(III) Study language: only articles written in English. (IV)
Studies type: original articles. The exclusion criteria were
studies with no available data for outcome measures.

Data extraction and quality assessment

Two reviewers (M Wu and Q Weng) reviewed all included
studies and extracted crucial information by using a data
extraction form independently. The information included
author, country, sample size, enrolling period, exposure
detection, outcome measure, asthma assessment, pregnancy
trimester, point estimate, results adjustment and so on.
Quality of the included studies was assessed by Newcastle
Ottawa Scale (NOS) (27). We regarded total scores of
0to3,4to6,7 to9 as low, moderate, and high quality,
respectively. A star assessment system was applied to
evaluate the quality according to NOS.

Statistical analysis

We used aOR and corresponding 95% Cls for meta-analysis
to assess the association between prenatal or postnatal
exposure to BPA and the risk of childhood asthma or wheeze.
Heterogeneity between studies was identified by the I’
statistic. We assigned I* values of 25%, 50%, and 75% for
low, moderate, and high heterogeneity, respectively. Random-
effect meta-analysis was performed to calculate a pooled aOR
if ’>50% otherwise fixed-effect was used. When there was
high heterogeneity, sensitivity analysis would be conducted to
find out which study contributed to the largest heterogeneity.
Egger’s test and Begg’s test were performed to evaluate
potential publication bias. All analyses were conducted by
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Web of Science, Scopus, Embase)

studies.

Total studies =2,814
1. Studies identified through databases searching (PubMed,

2. Additional studies identified through references of eligible

Y

Duplication excluded (N=2,047)

Screening
Y

Studies screened on the basis of abstract and title (N=767)

Y

Title and/or abstract not on this topic (N=730)

Eligibility A
Y

Full-text assessed for eligibility (N=37)

Full-text articles excluded (N=28)
* Reviews, letters (N=6)

>»|  * Basic researches (N=11)

¢ Not exposure of interest (N=8)

¢ Not outcome of interest (N=3)

Y

Studies included for narrative synthesis (N=9)

Included

Y

Studies included for final meta-analysis (N=9)

Figure 1 Flow diagram for search strategy.

StataSE12.0. A P value <0.05 could help make conclusion
that the result was statistically significant.

Results
Eligible studies and characteristics

There were totally 2,814 studies identified from databases.
Of these, the first screening excluded 2,047 duplications
and 730 studies based on title and/or abstract, leaving 37
studies for full-text review. Finally, we found that nine
studies satisfied inclusion criteria for meta-analysis. The
detailed steps of the study selection process are shown in
Figure 1. Detailed characteristics of the included studies were
demonstrated in Tables 1,2. All included studies were cohort
studies. Urine samples were used for BPA exposure detection.
Asthma or wheeze measure was identified mainly on the basis

© Journal of Thoracic Disease. All rights reserved.

of questionnaires. Five studies (17-21) merely focused on
prenatal exposure and two studies (22,23) only talked about
postnatal exposure. Others (totally 2 studies) paid attention
to both prenatal and postnatal exposure (24,25). Of the 9
studies, Wang ez al. (22), Kim ez al. (23), Donohue et al. (24)
and the 2 studies from Spanier et 4/. (21,25) conducted several
time-point exposure measurements, which offered us more
data to do meta-analysis. The methodological quality of the 9
studies were assessed according to the NOS tool (Table S1).
Furthermore, we also summarized the limitations of each

included studies (Table S2).

Results of meta-analysis

Prenatal exposure to BPA and childhood asthma
Of these studies identified, 5 reported the association
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A Prenatal BPA - asthma
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Subtotal (+-squared = 0.0%,p = 0.973) <>
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107(088,129) 10000
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Study %
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Vernet C(2017) —— 097(0.82,1.15)  14.14

r
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Spanier AJ(2012)(birth) —-—— 089(071,1.12) 1193
Overall (-squared = 61.8%, p = 0.005) <> 1.02(0.89,1.16) 10000

.36 1 278

T T
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Figure 2 Effect sizes in the meta-analysis on prenatal exposure to BPA and children asthma and wheeze. (A) Meta-analysis on prenatal exposure to

BPA and children asthma. (B) Meta-analysis on prenatal exposure to BPA and children wheeze. (C) Meta-analysis on detailed gestational exposure

to BPA and children wheeze. Note: (I) two studies (21,25) investigated different exposure detection time was shown as Spanier AJ (2014) (16 w),
Spanier AJ (2014) (26 w) and Spanier (2012) (16 w), Spanier (2012) (26 w), Spanier (2012) (birth). (I) One study (24) investigated different end-
point childhood ages was shown as Donohue KM (2013) (5 y), Donohue KM (2013) (6 y) and Donohue KM (2013) (7 y).

between prenatal exposure to BPA and childhood asthma
(17-20,24). Meta-analysis result showed that prenatal
exposure to BPA was associated with an increased risk of
childhood asthma by using fixed-effects model (aOR =1.17,
95% CI, 1.01-1.34; Figure 2A). Low heterogeneity was
observed (I’=36.6%; P=0.177; Figure 2A).
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Prenatal exposure to BPA and childhood wheeze

Five studies reported the association between prenatal
exposure to BPA and childhood wheeze (19-21,24,25).
There were two studies investigated different exposure
detection time as following: Spanier AJ [2014] at
16/26 weeks (25) and Spanier [2012] at 16/26weeks/at birth (21).
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A Postnatal BPA - asthma

Study %

D ES (95% CI) Weight

Wang 1J(2016)(3y) E 129(1.08,1585) 3524

|
Wang L(2016)(6y)1 —_— 127(104,155) 2889

Wang 1(2016)(6y)2 —_— 150(1.06,211) 971

Kim KN(2014)(current) ————————————— 235(103,532) 171
i

Kim KN(2014)(incident) | —— 2.13(1.51,3.00) 9.76

Donohue KM(2013) — 160(120,210) 1469

Overal (-squared = 49 4%, p = 0.079) ® 143(128,159)  100.00
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B Postnatal BPA - wheeze

Study %

D ES (95% Cl) Weight
Spanier AJ(2014) —0—5— 1.06 (0.75, 1.51) 20.89
Kim KN(2014) ——————— 248(1.15,531) 437
Donohue KM(2013)(5y) —é-— 150 (1.10, 2.00) 2862
Donohue KM(2013)(6y) —— 140(100,190) 2483
Donohue KM(2013)(7y) 140(1.00,200) 2129

I —
T

138(118,162)  100.00

Overall (I-squared = 15.8%, p = 0.314) @
'

188 1 5.32

T T
188 1 531

Figure 3 Effect sizes in the meta-analysis on postnatal exposure to BPA and children asthma and wheeze. (A) Meta-analysis on postnatal

exposure to BPA and children asthma. (B) Meta-analysis on postnatal exposure to BPA and children wheeze. Note: (I) reference: (22). Wang
IJ 2016) (3 y): postnatal exposure to BPA at 3 years and childhood asthma at 3 years. Wang IJ (2016) (6 y)1: postnatal exposure to BPA at 3
years and childhood asthma at 6 years. Wang IJ (2016) (6 y)2: postnatal exposure to BPA at 6 years and childhood asthma at 6 years. (1) Kim

KN (23) observed two kinds of childhood asthma outcomes (incident asthma and current asthma) was shown as Kim KN (2014) (current)
and Kim KN (2014) (incident). (III) Donohue KM (24) investigated different end-point childhood ages was shown as Donohue KM (2013)

(5 ), Donohue KM (2013) (6 y) and Donohue KM (2013) (7 y).

And Donohue KM investigated different end-point
outcome at 5, 6 and 7 years (24). Since heterogeneity
was moderate, we used random-effect rather than fixed-
effect model to do the meta-analysis (I’=61.8%, P=0.005;
Figure 2B). However, no significant association was found
between prenatal exposure to BPA and childhood wheeze
(aOR =1.02; 95% CI: 0.89-1.16; Figure 2B).

Gestational-week exposure to BPA and childhood
wheeze

As the gestation period was too long to be vulnerable to
BPA exposure, we made a further subgroup meta-analysis
in the association between different gestational-week BPA
exposure and childhood wheeze. Two studies collected
maternal urinary BPA concentration at two exposure time
points (gestational 16 and 26 weeks) during pregnancy
(21,25). As the results shown, an increased risk of childhood
wheeze was related to prenatal exposure to BPA at
16 weeks’ gestation (aOR =1.29; 95% CI: 1.07-1.55;
I’=62.2%, P=0.104; Figure 2C), but not at 26 weeks’
gestation (aOR =1.07; 95% CI: 0.88-1.29; I’=0%, P=0.973;
Figure 2C).

© Journal of Thoracic Disease. All rights reserved.

Postnatal exposure to BPA and childhood asthma
There were 3 studies investigated the association between
the postnatal exposure to BPA and childhood asthma (22-24).
Kim observed two kinds of childhood asthma outcomes
(incident asthma and current asthma) (23). And Wang
surveyed the relationship between postnatal exposure to
BPA at 3 years and childhood asthma at 3 or 6 years, which
was showed as Wang (3y) and Wang (6y)1 in Figure 34 (22).
Moreover, he also investigated the relation between postnatal
exposure to BPA at 6 years and childhood asthma at
6 years, which was showed as Wang (6y)2 in Figure 34 (22).
Our result demonstrated that postnatal exposure to BPA
exposure is a risk factor to childhood asthma (aOR =1.43;
95% CI: 1.28-1.59; Figure 34). The statistical heterogeneity
was moderate (I'=49.4%, P=0.079; Figure 3A).

Postnatal exposure to BPA and childhood wheeze

Three studies surveyed the relation between the postnatal
exposure to BPA and the risk of childhood wheeze (23-25).
Among them, Donohue KM investigated different end-
point outcome at 5, 6 and 7 years (24). According to the
meta-analysis results, postnatal exposure to BPA was
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associated with a higher risk of childhood wheeze (OR
=1.38; 95% CI: 1.18-1.62; Figure 3B). And heterogeneity
was low (I’=15.8%, P=0.314; Figure 3B).

Sensitivity analysis

The subgroup meta-analysis with I’ high than 50% was
analyzed with random-effect model and was further
done with sensitivity analysis to find out the source of
heterogeneity. However, we failed to find any obvious
studies contributing to high heterogeneity.

Publication bias

We used Egger’s test and Begg’s test to assess the
publication bias, whose P value of each meta-analysis group
were exhibited in Table S3. The figures of all the Begg’s test
were showed in Figure S1. The results convinced us that
there was no publication bias in our meta-analysis (P>0.05).

Discussion

To the best of our knowledge, this meta-analysis provides
the first quantitative estimates of the association between
prenatal or postnatal exposure to BPA and childhood
wheeze/asthma. Our meta-analysis of 9 included studies
(3,885 participants) shows that postnatal exposure to BPA
was associated with a higher risk of childhood asthma
and wheeze. Prenatal exposure to BPA had a small but
significant increased risk of childhood asthma. An increased
risk of childhood wheeze was related to prenatal exposure to
BPA at 16 weeks’ gestation, but not at 26 weeks’ gestation
nor at random-time gestation.

BPA is a synthetic environmental chemical with small
molecular weight (228 Da) and high lipophilicity, which
makes it pass through human epithelial barrier much
more easily (28). BPA exposure is ubiquitous for its high
production and wide application. Dietary and non-dietary
(dermal absorption, inhalation and sublingual absorption)
sources could contribute to total daily exposure in human.
Moreover, residual BPA concentration can’t be ignored,
which has been reported in the range of 1-140 mg/kg in
polycarbonate plastics generally (29).

Nowadays, accumulating evidences have demonstrated
that BPA exposure are associated with some adverse health
outcome, such as obesity, hyperactivity and asthma (30,31).
Our meta-analysis results provided further justification for
the current studies and demonstrated that the prenatal and
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postnatal exposure to BPA were related with an increased
risk of childhood asthma/wheeze. Until now, there are
three potential mechanisms supporting the role of BPA
exposure in pathological processes of asthma/wheeze.
Firstly, BPA was reported to have immunomodulatory
effects by increasing the production of proallergic Th2
cytokine and antigen-specific IgE (14,16,32), reducing the
levels of IFN-r/IL-10/regulatory T CD41CD251 cells (14)
and enhancing bronchial eosinophilic inflammation/allergic
sensitization (6,16). Secondly, as an endocrine disrupting
chemical, BPA also has the ability to enhance or inhibit
the hormone signaling pathway by bounding to estrogen
receptors (ERs), estrogen-related receptors (ERRs), toll-like
receptors (TLRs) and others (33). It is acknowledged that
ERs, ERRs and TLRs are expressed in most immune cells
which allows BPA to act on immune systems. Activation
of ERs was suggested to encourage the Th2 polarization
with increased proallergic inflammatory cytokines,
production of IgE in B cells and degranulation of mast cells
(34,35). Lastly, some researches demonstrated that BPA-
induced damage was related with the oxidative stress and
mitochondrial dysfunction (36,37). And it is well known
that the progress of asthma has a certain relationship with
oxidative stress (38). Thus, BPA-causing oxidative stress
might enhance the susceptibility to asthma to an extent.
However, despite mechanisms mentioned above, whether
results from laboratory rodent studies are applicable to
human still remains unknown.

It is acknowledged that in early life, even subtle
alterations can have the potential to alter normal human
growth and development, and result in irreversible,
deleterious and long-lasting changes later in life (12). Its
exposure and adverse affection in children are more severe
than adults due to the following factors (10). During the
fetal period, placenta was unable to provide effective barrier
against fetus exposure to BPA (39). Another notable factor
was complex metabolism of BPA in the maternal-fetal
unit. About 90% BPA that pregnant mice ingested after
24 hours was accumulated in the placental unit (40,41).
Although free BPA (an active BPA) was conjugated as BPA-
glucuronide (an inactive metabolite) in maternal rat liver,
the conjugated BPA could be absorbed and deconjugated
back to free BPA in placenta (42). Even worse, fetal hepatic
detoxification systems was not mature enough to provide
enzymes to metabolize free BPA to conjugated BPA. Thus,
fetus was exposed to higher active BPA concentration.
In regard to children, BPA are predicted to have higher
concentration and longer retention time in children
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than adults (43). Firstly, higher requirement of dietary
intake for growth and development makes children more
vulnerable to BPA than adults because dietary exposure
routes are the most important source of BPA (44). Besides,
sucking, chewing and frequent hand-to-mouth action,
special behaviors in infants and toddlers, can result in
additional indirect ingestion sources of BPA when some
BPA-containing products (plastics, pacifiers and toys) are
placed in mouth (44). Secondly, degeneration of BPA-
containing consumer products can release BPA into air,
dust and contact surfaces, which makes BPA be a ubiquitous
pollutant in daily living environment (45,46). Thus, dermal
absorption is a critical non-dietary exposure route in
neonates due to comparatively higher surface area to body
mass ratio and immature skin barrier function. Besides,
compared with skin, the respiratory tract has more mucosal
surface and some chemicals can be absorbed by respiratory
epithelium (47). Higher oxygen requirements per kilogram
body weight, faster respiratory rate and long-term indoor
time make children more susceptible to inhalation
contamination. Thus, inhalation route may not be ignored
for BPA exposure. Lastly, it is well established that free BPA is
first-pass metabolized by liver via UDP glucuronosyltransferase
enzymes family and is eliminated through kidney (48,49).
However, hepatic detoxification systems have not yet been
fully developed in infants and toddlers.

Nowadays, some governments have taken measures
to reduce the BPA exposure in human. European Food
Safety Authority (EFSA) sets the tolerable daily intake
of BPA to be no more than 4 pg/kg/day in 2014. Most
European countries have adopted such criteria and the
regulatory restriction on the use of BPA in children feeding
products is implemented in Canada, the United States,
Japan and so on (50-52). But there are no surveillance
biomonitoring researches to assess the BPA exposure
before and after restriction implementation and whether
current regulatory restriction could effectively reduce BPA
exposure remains unknown. In addition, BPA analogues and
derivatives, as BPA substitute, have been used increasingly
in manufacture and advertised and marketed as “BPA free”,
including bisphenol S, bisphenol B, and bisphenol F (53).
Nevertheless, a systematic review demonstrated that these
BPA substitute had similar property to BPA. Therefore,
multiple bisphenol exposure should be noteworthy.

Several limitations should be acknowledged and the
corresponding suggestions are given for future studies.
First of all, some included studies only measured urine
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BPA exposure once. In consideration of its short half-
time and rapid excretion, BPA concentration had better
to be detected more than once and taken the average
value (49,54). Second, it is imprecise to use maternal
urine BPA concentration as prenatal BPA exposure levels
because only 6% of BPA that pregnant mice ingested after
24 hours was excreted in maternal urine (40,41). However,
it is difficult to gain amniotic fluid or fetal blood as exposure
measurement although that is more precise. Third, most
included studies used parent-reported asthma/wheeze data
as outcome assessment which were depended on parent
recall. Only Donohue assessed asthma by physicians and
Spanier used questionnaires combined with experimental
IgE levels to determine asthma or wheeze (21,24). Thus,
more accurate outcome assessments such as combination
of diverse measurement are recommended to take into
consideration to avoid outcome misclassification. Fourth,
due to the manufacture of BPA substitute, multiple
bisphenol exposure might be potential confounders.
Besides, other chemicals like phalates which also have the
immunomodulatory properties can influence the results if
not ruled out. Potential confounders should receive great
attention from researchers for it may affect result accuracy
to a large extent. Fifth, the timing of exposure and outcome
measurement was inconsistent among all included studies
which might contribute to the discrepancy between each
studies and heterogeneity in our meta-analysis. Therefore,
standardized criteria are required for future researches
including measure method of exposure, outcome assessment
and elaborate confounders. At last, some surveillance
biomonitoring researches are needed to make sure whether
regulatory restriction could reduce the BPA exposure
effectively by assessing the general BPA exposure before and
after regulatory restriction implementation.

Conclusions

Prenatal and postnatal exposure to BPA was related to an
increased risk of childhood asthma. However, only postnatal
and early gestational exposure (at 16 weeks) to BPA could
induce the risk of childhood wheeze, but not late gestational
exposure (at 26 weeks). Future studies with standardized
criteria and larger sample sizes are warranted.
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