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To  examine  the  effect  of  in  utero  BPA  exposure  on  the  birth  weight  of  offspring,  a  total  of  587  children
from  families  in  which  parent(s)  did  or did  not  have  occupational  exposure  to  BPA  were  examined.
Their  birth  weights  were  obtained  by  an  in-person  interview  of  the  mother.  Parental  BPA  exposure
level  during  the  index  pregnancy  was  determined  through  personal  air sampling  measurements  and
eywords:
isphenol-A
irth weight

n utero exposure

exposure  history.  After  controlling  for  potential  confounders,  parental  exposure  to  BPA  in  the  work-
place  during  pregnancy  was  associated  with  decreased  birth  weight.  The  association  was  stronger  for
maternal  exposure  which  is  statistically  significant  (P =  0.02).  A  dose–response  relationship  was  observed
with  increased  BPA  exposure  levels  in  pregnancy  associated  with  greater  magnitude  of  decrease  of
birth weight  in  offspring  (P  =  0.003).  Our  findings  provide  the  new  epidemiologic  evidence  suggest-
ing  that  in  utero  exposure  to  BPA  during  pregnancy  may  be  associated  with  decreased  birth  weight in
ccupational exposure

ndocrine disruptor offspring.

. Introduction

Bisphenol-A (BPA) is a monomer used in the manufacture of
olycarbonate plastics and resins. It is one of the more potent
ndocrine disrupting chemicals (EDCs) that have raised significant
ublic health concerns because of widespread human exposure.
PA has been shown to leach from a variety of resin-based and plas-
ic products, including baby bottles, dental sealants, food and water
ontainers, as well as the lining of beverage and food cans [1–3].
nimal studies showed that BPA has both estrogenic and antian-
rogenic properties. It can reduce the sperm quality of exposed
nimals, disturb hormonal balance, and cause reproductive organ
amage and malformations in offspring [4–7]. The adverse effect
f BPA is particularly potent when the exposure occurs during the

renatal period, because the developing fetus is especially suscep-
ible to chemical effects, and the fetus’ liver has limited capacity to

etabolize BPA [6,8,9].

Abbreviations: BPA, bisphenol A; TWA8, 8-h time-weighted average.
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Reproductive systems have been the major endpoint for assess-
ing BPA toxicity. Some evidence suggests that prenatal exposure
to BPA, like diethylstilbestrol (DES), can adversely affect fetal
growth [10]. DES and BPA are similar in chemical structure
and prenatal DES exposure has been known to lead to lower
birth weight in offspring of mice [11]. In recent animal stud-
ies, prenatal exposure to BPA in varying doses has also been
reported to be associated with a significant reduction in the body
weight of mice or rats [12–14].  Decreased birth weight has also
been found in sheep following BPA exposure from days 30 to
90 of gestation [15]. However, inconsistent reports also exist
[16,17]. The discrepancy in animal species, administration route
and exposure dosage make the comparison of existing studies
difficult.

Epidemiological studies of the prenatal effect of BPA exposure
remain very limited. In a study of 125 pregnant women, fetal head
circumference and abdominal circumference in the third trimester
determined through ultrasound examination were found to be
negatively correlated with maternal BPA level measured during
the first trimester [18]. Birth weight was  found to be slightly
lower in offspring whose mothers’ blood BPA levels were higher
(>5 ng/ml), while the difference was  not statistically significant
[19]. In another study, no association was found between birth

length and weight and maternal BPA level examined in third
trimester [20].

In the present study, we evaluated the effect of parental BPA
exposure in the workplace during pregnancy on the birth weight
of offspring in a retrospective cohort study.

dx.doi.org/10.1016/j.reprotox.2011.03.002
http://www.sciencedirect.com/science/journal/08906238
http://www.elsevier.com/locate/reprotox
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.  Materials and methods

.1. Study population

The study population was  identified from the participants of a study evaluating
he reproductive effects of BPA. BPA-exposed (from manufacturers of BPA and epoxy
esin) and unexposed workers (from industries without BPA exposure) and their
pouses and offspring were recruited from 2003 to 2008. A detailed description of
he original study can be found elsewhere [21]. The study was approved by the
ommittees for the protection of human subjects from all participating institutes.
ll participant families provided written informed consent.

The participant rate of BPA exposed and unexposed workers were 67.32% and
0.69%, respectively. Children of the BPA-exposed parents were eligible for the cur-
ent study if: (1) they were a live-born singleton and (2) one of their parents was
nvolved in BPA-exposed occupations during the index pregnancy. Children of BPA-
nexposed workers were all eligible if they were live-born singletons. A total of 587
ligible children were identified, among whom 444 children were born to unex-
osed parents, 93 had a father who was exposed to BPA in the workplace while his
ife was  pregnant with the index child, and 50 had a mother who  was exposed to
PA  in the workplace during pregnancy.

.2. Measurement of exposure

Parents were first classified into “exposed” or “unexposed” categories based
n whether they were employed in the BPA-exposed factories during the index
regnancy. To further measure BPA exposure level, for exposed workers, personal air
ample monitoring was  carried out to obtain their current exposure level. TWA8 (8-h
ime-weighted average) was then calculated to measure the BPA exposure level of a
iven job title based on the personal air sample monitoring results from this job title.
ast  exposure level was  estimated based on the combination of the current exposure
evel, employment history, change of manufacturing process and work environment,
nd use of protective measures. A job/exposure matrix was then constructed to
rovide BPA exposure level (TWA8) during the index pregnancy by individuals who
ere blinded to the workers’ current urinary BPA concentrations as well as the

utcome data (birth weight).
We  also assayed urine BPA level among those participants who  provided their

rine samples. The results have been previously reported [22,23]. Although current
rine BPA may  not reflect the actual exposure level during the index pregnancy, it
evertheless provided an additional measure for personal exposure level of both
PA-exposed and BPA-unexposed groups.

.3. In-person interview

An in-person interview was performed by trained interviewers with all of
he participating workers and their spouses to collect the following information:
ocio-demographic characteristics, reproductive and medical history, health related
ehaviors, exposure to environmental hazards, and employment history. In addi-
ion, for the mothers, information about the index pregnancy was  collected on birth
utcomes including infant sex, birth weight, gestational age, gravidity and parity
nd any gross abnormalities of newborns, as well as the mother’s height, weight,
llnesses, medications, smoking and drinking before and during the index pregnancy.

.4.  Data analysis

Birth weight of offspring was compared between the exposed (mother or father
ho  was exposed to BPA in their workplaces during the index pregnancy) and
nexposed groups. Using birth weight as a continuous variable, we examined the
elationship between parental BPA exposure and offspring’s birth weight using mul-
iple linear regression models after controlling for maternal age at birth, maternal
ody weight before pregnancy, calendar year of birth, maternal education, family

ncome and gravidity.
BPA exposure during the index pregnancy was further divided into several dose

ategories. Because paternal exposure is considered an indirect maternal expo-
ure  during pregnancy (e.g., through contamination or maternal visits to factories)
hich is more relevant for in utero exposure level, paternal exposure was  classified

n  lower exposure categories than maternal exposure. We  tested this assumption
mong those women who provided urine samples for BPA assay. The results con-
rmed that urine BPA levels showed a gradient reduction from exposed women
direct fetal exposure) to spouses of exposed male workers (indirect fetal expo-
ure  through paternal exposure) to unexposed women. The geometric mean (95%
I)  of maternal current urine BPA was 15.98 (9.11–28.02), 2.22 (1.49–3.31) and
.56 (0.70–0.88) �g/g Cr in currently exposed mothers, spouses of exposed fathers
nd unexposed mothers (including unexposed mothers and spouses of unexposed
athers), respectively. To evaluate the dose–response relationship, among each of

he paternal and maternal exposed categories, we further divided the exposure into
igh and low categories based on their TWA8 during the index pregnancy. TWA8

easurement appeared to be a reasonably good measure of actual personal BPA
xposure. Using current TWA8 against current urine BPA level, we found that among
he exposed women, the geometric means (95% CI) of urine BPA level were 33.01
15.06–72.33) and 10.79 (3.69–31.50)) �g/g Cr for high and low TWA8 category (with
xicology 32 (2011) 64– 68 65

the median TWA8 as cutoff), respectively, supporting the rationale for using TWA8

as a measure for BPA exposure level.
Categorical variables were used to examine the effects of different exposure

levels using the classification of parental unexposed, paternal low TWA8,  paternal
high TWA8, maternal low TWA8, and maternal high TWA8. We  also used continuous
variables (with the value of 1, 2, 3, 4, 5 corresponding to the above categories) to
examine the trend of a dose–response relationship. P-values of <0.05 were consid-
ered statistically significant.

3. Results

As shown in Table 1, maternal age at birth, maternal weight
before the index pregnancy, and the number of weeks worked
during pregnancy were similar among the mother-exposed group,
father-exposed (mother-indirectly-exposed) group, and parents-
unexposed group, as was the rate of paternal smoking during
pregnancy. Higher maternal education level and higher family
income were found in the mother-exposed group. No mothers
smoked during the index pregnancy. Distribution of gender of
offspring was  similar among the three groups. Offspring in the
mother-exposed group were less likely to be the result of the first
pregnancy. In addition, they were slightly younger at the time of
interview. There was  a slightly higher rate of preterm birth in the
mother-exposed group.

After controlling for maternal age at birth, maternal weight
before pregnancy, calendar year of birth, maternal education, fam-
ily income and gravidity, parental exposure to BPA in the workplace
during pregnancy was correlated with decreased birth weight
in offspring: compared with offspring from the families without
parental BPA exposure in the workplace. Birth weight of offspring
with paternal BPA exposure was 90.75 g less on average (P = 0.10),
and 168.40 g less for those with maternal BPA exposure (P = 0.02).
To reduce the influence of preterm delivery, we  restricted the anal-
yses among term births. The association remained largely the same.
The number of preterm births was too small to produce any reliable
estimates (Table 2).

To further reduce the recall error for birth weight, we repeated
analyses among those whose offspring were less than 15 years of
age, which represented children born after the early 1990s when
vital statistical records were better maintained. The same associa-
tion was observed, though it was slightly strengthened, likely due
to reduced recall error (Table 2).

Based on TWA8 level, we also observed a dose–response rela-
tionship between increased BPA TWA8 level and decreased birth
weight. Compared to the unexposed group, the average birth
weight was  lowered by 57.48 g, 153.00 g, 196.10 g, and 234.75 g for
paternal low TWA8, paternal high TWA8, maternal low TWA8, and
maternal high TWA8, respectively. The P-values of the trend tests
were 0.003 (Table 3).

4. Discussion

Although it needs to be confirmed by other studies, this study
provides the first epidemiological evidence that parental exposure
to BPA in the workplace during pregnancy was associated with
decreased birth weight of offspring. The association was strength-
ened after restricting to term birth and offspring whose current
age was  less than 15 to reduce recall errors. We  also observed a
dose–response relationship, with a greater magnitude of decrease
in birth weight in children whose mothers were directly exposed to
high BPA levels during pregnancy, followed by those whose moth-
ers were exposed to low BPA levels, then by those whose mothers

had BPA exposure through paternal high BPA exposure, and finally,
the least decrease of birth weight in the offspring whose mothers
had BPA exposure through low paternal BPA exposure.

Although adverse effect of prenatal BPA exposure on birth
weight has not been reported in human studies, some studies
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Table 1
Characteristics of BPA-exposed and unexposed parents.

BPA-exposed BPA-unexposed (n = 444)

Mother exposed (n = 93) Father exposeda (n = 50)

Average maternal age at birth (year)b 26.20 (2.45) 25.76 (2.80) 25.4 (2.64)
Average maternal weight before index pregnancy (kg)b 51.56 (9.43) 51.29 (8.89) 50.45 (5.99)
Average  working weeks of mother during the index pregnancyb 29.31 (12.88) 34.17 (11.54) 31.42 (12.04)
Maternal education

Middle school or less 6 (12.24%) 39 (44.83%) 200 (45.87%)
High  school 32 (65.31%) 40 (45.98%) 187 (42.89%)
College or more 11 (22.45%) 8 (9.20%) 49 (11.24%)

Family income (RMBc/month/person)
≤500 10 (20.41%) 41 (47.13%) 119 (27.23%)
500–1000 34 (69.39%) 43 (49.43%) 287 (65.68%)
>1000 5 (10.20%) 3 (3.45%) 31 (7.09%)

Paternal smoking during pregnancy 27 (54.00%) 48 (51.61%) 234 (52.94%)
Gravidity

1  25 (50.00%) 52 (56.52%) 252 (60.14%)
2  21 (42.00%) 27 (29.35%) 125 (29.83%)
>2  4 (8.00%) 13 (14.13%) 42 (10.02%)

Gestational age (weeks)
<37 3 (6.00%) 2 (2.15%) 21 (4.73%)
37–42  46 (92.00%) 91 (97.85%) 418 (94.14%)
>42  1 (2.00%) 0 (0.00%) 5 (1.13%)

Gender  of offspring
Male 26 (52.00%) 50 (53.76%) 242 (54.50%)
Female 24 (48.00%) 43 (46.24%) 202 (45.50%)

Current age of offspring (year)
<5 20 (40.00%) 35 (37.63%) 107 (24.10%)
5–10  15 (30.00%) 17 (18.28%) 115 (25.90%)
10–15  5 (10.00%) 20 (21.51%) 85 (19.14%)
15 10 (20.00%) 21 (22.58%) 137 (30.86%)

a Father exposed considered as mother indirectly exposed.
b Mean (Std).
c RMB: Chinese currency.

Table 2
Parental BPA exposure during pregnancy and birth weight in offspring.

BPA exposure n Birth weight (g) Regression coefficienta P
Mean (std)

Unexposed 444 3398.74 (523.61) Reference
Father Exposed 93 3308.60 (539.91) −90.75 0.10
Mother Exposed 50 3299.40 (428.00) −168.40 0.02

Among termed birth
Unexposed 418 3416.36 (512.75) Reference
Father exposed 91 3330.22 (515.64) −90.75 0.10
Mother exposed 46 3309.13 (441.45) −176.04 0.02

Among termed birth and current age less than 15
Unexposed 288 3464.15 (492.89) Reference
Father exposed 70 3378.57 (514.68) −104.92 0.09
Mother exposed 38 3337.37 (477.05) −217.98 0.007

a With categorical variables in linear regression model, adjusted for maternal age at birth, maternal weight before pregnancy, calendar year of birth, maternal education,
family  income, gravidity.

Table 3
Dose–response relationship between parental BPA exposure during pregnancy and birth weight in offspring.

n Birth weight (g) Regression coefficienta Trend testb

Mean (std)

Both parents unexposed 288 3464.15 (492.89) Reference 0.003
Paternal low TWA8 40 3417.50 (588.84) −57.48
Paternal high TWA8 30 3326.67 (398.86) −153.00
Maternal low TWA8 22 3343.18 (392.28) −196.10
Maternal high TWA8 16 3329.38 (588.05) −234.75

a With categorical variables in linear regression model, adjusted for maternal age at birth, maternal weight before pregnancy, calendar year of birth, maternal education,
family  income, gravidity.

b Trend test with BPA exposure from low to high as a continuous variable in the model, adjusted for maternal age at birth, maternal weight before pregnancy, calendar
year  of birth, maternal education, family income, gravidity.
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eported growth restriction after maternal BPA exposure on other
rowth parameters such as head circumference and fetal growth in
he third trimester [18,19]. Therefore, our finding is consistent with
he limited reports of human studies although inconsistent finding
lso exists [20].

Exposure to BPA has been reported to reduce birth weight in
nimal studies at relatively high levels of exposure (>5 mg/kg/day)
12–14,24]. This finding provides support for our results observed
n human population. However, BPA exposure at lower doses has
een reported to increase birth weight in some animal studies
16,25,26], suggesting that the effect of BPA on birth weight may
e dose-dependent [1].  We  were not able to evaluate this aspect of
he BPA effect (decreasing birth weight at high levels and increasing
irth weight at low levels) in our study population.

Both animal and human studies have shown that BPA can pass
hrough the placental barrier and that fetuses are likely to be
xposed to similar (if not higher) levels of BPA as those of mothers
19,27,9]. In the present study, the current urine BPA level among
xposed mothers (direct maternal exposure) was much higher than
mong un-exposed mothers. Combined with the fact that all moth-
rs in the mother-exposed group worked for at least three months
uring pregnancy, it is conceivable that all offspring in this group
ad a relatively high level of in utero BPA exposure than those

n other groups. For the spouses of exposed fathers, although not
irectly exposed to BPA in the workplace, they were likely to have

 higher BPA exposure level than women in the unexposed group
whose spouse and they themselves were not exposed BPA in the
orkplace), through indirect exposure to contaminated clothing,

heir own visits to the spouses’ (male workers) factories (BPA expo-
ure in the workplace), and residence in the vicinity of the factories.
ndeed, through the in-person interviews, we found that 45% of
xposed fathers did not routinely change their uniforms before
ischarge. Most of them (64%) did not routinely take a shower
efore going home. In addition, 19% of spouses of exposed male
orkers regularly visited their husbands’ factories. Finally, many
orkers’ residences were close to the factories. All of these factors
ere likely to have led to a secondary exposure to BPA for those

emale spouses of exposed male workers. Consequently, the off-
pring of these women would have a relatively higher in utero BPA
xposure than those whose parents were neither exposed to BPA in
he workplace. Our urine assays of BPA levels confirmed that urine
PA level was highest among women with direct BPA exposure in
he workplace, followed by spouses of male exposed workers. The
nexposed mothers have lowest urine BPA levels. Therefore, our
lassification of in utero BPA exposure levels likely reflected the
nderlying BPA exposure gradient.

The biologic mechanism for the effect of BPA on birth weight
as not been well understood. It was reported that inappropri-
te exposure to sex hormones or hormone-like chemicals (e.g.,
DCs) has an effect on fetal growth. For instance, in utero expo-
ure to diethylstilbestrol (DES), an agent with estrogenic and
nti-androgen effect and a similar chemical structure as BPA, is
ssociated with intrauterine growth restriction (IUGR) [10,11]. A
imilar association was found in some other endocrine disruptors
28,29]. Thus, it is possible that increased estrogen or anti-androgen
ignaling during critical times of fetal development due to exposure
o BPA may  lead to decreased birth weight.

The present study was limited by the small sample size in the
xposed group, which limited our ability to conduct more detailed
nalyses. Due to the retrospective nature of the study, TWA8, rather
han maternal urine BPA level, was used to classify the exposure

osage during the index pregnancy. Although we  have demon-
trated that current TWA8 was highly correlated with current urine
PA, it is still possible that the association between BPA exposure
nd birth weight was impacted due to inaccurate classification
f BPA exposure categories. The misclassification may  also come

[

xicology 32 (2011) 64– 68 67

from the unexposed group: since exposure to BPA can be achieved
through consumer product use, some of the workers in the unex-
posed group may  have high BPA exposure level due to exposure to
other BPA sources. Given that any misclassification of BPA exposure
level is likely to be non-differential (not related to birth weight), the
effect of such misclassification, if existed, would have attenuated
the association toward null.

The validity of parental recall of birth weight has been reported
to be good for up to 16 years after delivery [30]. The accuracy of
recall in our case may  be better because most of the families in our
study had just one child. Nonetheless, the misclassification derived
from recall error could not be ruled out. The strengthened associa-
tion after restricting the analysis to less than 15 years supports the
argument that such misclassification, if it does exist, might have
diluted the observed association.

While the results need to be replicated in other studies, our
findings provide preliminary evidence suggesting that exposure to
BPA during pregnancy may  have an adverse effect on fetal growth.
It should be noted that the observed association may  be dose-
dependent, and only apply to high level BPA exposure. A similar
effect at lower environmentally exposed levels remains unclear.
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