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Abstract

Objectives: Bisphenol A (BPA), a raw material commonly used in the manufacture of resins such

as polycarbonate and epoxy, is a possible xenoestrogen that is hypothesized to disrupt the human

endocrine system. Humans are widely exposed to BPA. We investigated the urinary concentration of

BPA in infertile Japanese women and its possible association with endometriosis.

Materials and Methods: We recruited 166 women (aged 20–45) who had complained of infertility

and visited a university hospital in Tokyo. The subjects were interviewed and their urine samples were

obtained prior to a laparoscopic diagnosis of endometriosis between January 2000 and December 2001.

Urinary total BPA concentration in 140 eligible urine samples was then measured using enzymatic

deconjugation of glucuronide and sulfate and high-performance liquid chromatography isotope-

dilution tandem mass spectrometry.

Results: Median (25th–75th percentile) unadjusted and creatinine-adjusted urinary BPA concen-

trations were 1.6 (0.69–2.8) μg/L and 0.80 (0.45–1.3) μg/g creatinine. No significant monotonic associa-

tion of endometriosis with urinary BPA concentration was observed. Median urinary BPA concentra-

tion in women with stage 0–I endometriosis (0.74 μg/g creatinine) did not significantly differ from that

in those with stage II–IV endometriosis (0.93 μg/g creatinine) (p for difference=0.24).

Conclusions: This study, based on a larger number of samples than those in previous studies in

Japan and using the most reliable analytical method currently available, showed that urinary concen-

trations of BPA in women who consulted a physician for infertility were not higher than those in other

populations. Moreover, no association between urinary BPA concentration and endometriosis was

found in this cross-sectional study.
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Introduction

Bisphenol A (4,4'-isopropylidenediphenol, BPA) is a raw

material commonly used in the manufacture of resins such as

polycarbonate and epoxy. Polycarbonate plastics are used in

certain tableware products and bottles, whereas epoxy resin is

used as a protective coating on food and beverage cans (1, 2).

Because of its widespread use, humans can be exposed to BPA

on a daily basis. BPA has shown estrogenic activity in experi-

mental studies, and is considered a possible xenoestrogen that is

hypothesized to disrupt the human endocrine system (2). This in

turn has led to scientific and public concern about its effects on

human health (3–5), particularly on the issue of whether human

exposure to BPA is associated with estrogen-dependent diseases

such as endometriosis.

Urinary BPA level has been surveyed in various popula-

tions. BPA is frequently detected in urine, which, unlike blood,

allows for estimates of daily intake. Most studies to date have

been constrained by two problems, however. First, despite the

finding that BPA sulfate is a major metabolite of BPA in women

(6), to our knowledge only the most recent US study (n=30)

employed BPA detection using both mass spectrometry and

deconjugation of BPA sulfate (7). Second, sample sizes have

been limited to smaller than 100. Thus, taking those conducted
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in Japan as examples, in one study, BPA concentrations was

measured in single spot urine collected from 48 female students

using electrochemical detection (8); in another study, BPA

concentration was measured in 56 pregnant women by enzyme-

linked immunosorbent assay (9); and in another study, daily

urinary BPA excretion was measured in 36 male university

students after deconjugation of BPA glucuronide (10).

Here, we conducted a hospital-based, cross-sectional study

to investigate urinary concentrations of BPA in a large sample

of infertile Japanese women. The urinary total concentration of

BPA was measured using high-performance liquid chromatog-

raphy isotope-dilution tandem mass spectrometry (isotope-

dilution LC-MS/MS). The data obtained were then used to

investigate a possible association between urinary BPA concen-

tration and endometriosis stage.

Materials and Methods

Subjects

Subjects were recruited from among 166 consecutive

women aged 20 to 45 years who had complained of infertility

and consulted the Department of Obstetrics and Gynecology

of the Jikei University School of Medicine for treatment of

infertility. A total of 148 agreed to participate and provided

written informed consent. Women who had previously given

birth or who had lactated, and those who had undergone surgery

for endometriosis were excluded. One woman of non-Japanese

race and another who had lived abroad were also excluded,

finally leaving 142 women eligible to participate in this study.

Of these, 140 who submitted an eligible single spot urine

sample and who underwent laparoscopic examination between

January 2000 and December 2001 were available for analysis.

Nine patients did not actually complain of infertility according

to their questionnaire responses but were included to increase

statistical power. The present study was approved by the

Institutional Review Boards of the Jikei University School of

Medicine and National Cancer Center.

The severity of endometriosis was diagnosed using

laparoscopy and then classified into five stages on the basis

of the revised American Fertility Society classification (11):

stage 0 (n=60), I (n=21), II (n=10), III (n=24), and IV (n=25).

In addition, participants were interviewed before laparo-

scopic examination by a single trained interviewer using a

structured questionnaire to collect information on demographic

factors, age, height, weight, personal and family medical, repro-

ductive and menstrual histories, oral contraceptive use, food-

and alcohol-consumption frequencies, and smoking history.

The items in the questionnaire and participant profile have been

described in detail elsewhere (12, 13). No statistically signifi-

cant differences between stage 0–I and II–IV patients were

observed among these profile items except with regard to the

regularity of menstrual cycle and average menstrual cycle

length.

The participants also collected a first-morning urine

sample into a paper cup, which was then transferred into a

plastic tube, before laparoscopic examination. Four urine

samples were not first-morning urine but were included.

Samples were stored at −80°C for about 5 years until analysis

but were thawed and refrozen several times during this period.

Urinary BPA analysis

We analyzed urine samples without information on the

participant’s endometriosis status. Urinary BPA was deconju-

gated using a hydrolytic enzyme, β-glucuronidase/sulfatase

(from Helix pomatia), separated using solid-phase extraction

and high-performance liquid chromatography, and detected and

measured using isotope-dilution tandem mass spectrometry.

The analytical method is described in detail in the Appendix.

The lower limits of detection (LODs) were 0.30–0.55 μg/L.

Accuracy was assured by analyzing blank and quality control

samples (2.4 μg/L) along with unknown samples in each ana-

lytical batch. Intraday and interday reproducibilities (CV=

8.8% and 19%, n=5, respectively) were previously checked by

repeated analyses. The mean total surrogate recovery was 72%

in one batch (n=5). In addition, an aliquot of each urine sample

was shipped to a commercial clinical examination center, SRL

(Tokyo, Japan), for measurement of creatinine concentration.

Creatinine was detected in all samples. Urinary BPA concentra-

tion [μg/L] was divided by individual creatinine concentration

to correct variability in urine dilution, and finally converted into

daily BPA intake using equations 1–3 (14).

 (1)

 (2)

(3)

where Intake
BPA

 [μg/kg body weight/day] is BPA daily intake;

C
BPA

 [μg/L] and C
creatinine

 [g/L] are the individual urinary raw

concentrations of BPA and creatinine, respectively; CE [g/kg

body weight/day] is the individual urinary daily creatinine-ex-

cretion rate to body weight [kg]; MW
dosed

 and MW
excreted

 are the

molecular weights of ingested and excreted BPA, respectively;

and f is the molar fraction of urinary excreted BPA relative to

ingested BPA. CE was calculated using equation 2 on the basis

of the individual daily urinary creatinine excretion rate (PRCr

[mg/day]), which was predicted using participants’ individual

age [years], body weight [kg], and height [cm], along with

equation 3, an existing multiple regression model (15). Because

urinary conjugated BPAs were enzymatically deconjugated to

the free form, MW
dosed

/MW
excreted

 is equal to 1. For BPA, f = 1

was also assumed on the basis of the results of two studies of

BPA oral administration in humans (16, 17). Daily urinary BPA

excretion is considered as average daily BPA intake (3, 10).

These unadjusted and creatinine-adjusted concentrations and

estimated daily intake were used in statistical analyses.

Statistical analysis

For measurement concentrations of BPA below the LOD,

we assigned a value equal to the LOD divided by the square

root of 2 (18). For other missing information, we performed

list-wise deletion in every analysis. All statistical tests were

( / )
BPA creatinine dosed

BPA

excreted

C C CE MW

Intake

f MW

×

= ×

/ body weight /1000CE PRCr=

4.72 age 8.58 body weight 5.09 height 74.95PRCr = − × + × + × −
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two-sided. Statistical analyses were performed using statistical

analysis software, SAS version 9.1 (SAS Institute, Cary, NC).

Results

The participants were urban residents aged 24–43 years

(median, 32). The median body weight was 51 kg. Among other

variables, 63% were white collar workers, 15.7% were current

smokers, 10.0% were daily alcohol drinkers, 90.1% had a

history of menstrual pain, 57.8% had a history of dyspareunia,

30.8% had a history of hypermenorrhea, and 38.2% had a

history of myoma of the uterus. No women had a history of

cervical cancer, galactorrhea, adrenal disorder, or diabetes.

Endometriosis stage was not associated with any factor except

menstrual cycle length, regularity of menstrual cycle, and

history of dyspareunia.

BPA was detected in 93% of urine samples. Urinary

concentrations of unadjusted and creatinine-adjusted BPA and

estimated daily BPA intake are summarized in Table 1, with

median values (25th–75th percentiles) of 1.6 (0.69–2.8) μg/L,

0.80 (0.45–1.3) μg/g creatinine, and 0.016 (0.010–0.026) μg/kg

body weight/day, respectively. Urinary BPA concentration

showed a skewed distribution (Fig. 1), and no association was

observed for any of the lifestyle factors described above, such

as occupation or smoking status.

Table 1 also shows a cross-sectional comparison of urinary

BPA concentration with the stage of endometriosis. Higher un-

adjusted concentrations were associated with a more advanced

stage of endometriosis, although this association was without

statistical significance (p for difference=0.08) and became null

after division of unadjusted concentrations by urinary creatinine

concentration. Overall, we observed no association between

endometriosis and any measured concentration of BPA.

Discussion

We measured the urinary concentration of BPA in women

consulting a physician for infertility, and found no association

between urinary BPA concentration and endometriosis. To our

knowledge, this cross-sectional study has the largest sample

size for the investigating urinary concentrations of BPA in

Japan. It is further notable for its measurement of urinary total

concentration of BPA by enzymatic deconjugation of both its

glucuronide and sulfate and isotope-dilution LC-MS/MS. In

contrast, most previous studies were carried out by either mass

spectrometry or deconjugation of BPA sulfate alone.

Urinary concentrations of BPA in these women who

consulted a physician for infertility were not higher than those

in the previously surveyed populations. Our data are similar to

those previously obtained at environmental concentrations in

Japan (Table 1), albeit that these other studies used instrumental

analyses for measurement, and some failed to consider BPA

sulfate, although admittedly this is only a minor metabolite of

BPA, in men at least (6). Specifically, our median concentra-

tions (25th–75th percentiles) of unadjusted and creatinine-

adjusted BPA of 1.6 (0.69–2.8) μg/L and 0.80 (0.45–1.3) μg/g

creatinine, respectively, compare well with concentrations

ranging from 0.1 to 11.9 (median of 0.77) μg/g creatinine in

single spot urine samples collected from 48 female university

students in Japan (8), and concentrations ranging from 0.14 to

5.47 (0.81 on average) μg/L in pooled urine samples in 46 male

and 23 female volunteers (16).

For reference, one study showed median (25th–75th

percentiles) BPA concentrations of 1.27 (0.49–2.46) μg/L and

1.77 (0.72–2.95) μg/g creatinine in urine from 210 women in

the US (19), while another showed a median concentration

(range) of 14.93 (0.0005–243.43) μg/g creatinine in urine from

160 Korean subjects and a geometric mean concentration of

5.01 μg/L in urine from 79 Korean females who were not

Fig. 1 Distribution of urinary BPA concentration (creatinine-

adjusted; n=140).

Table 1 Urinary BPA concentrations and endometriosis stages (n=140)

Endometriosis

stage

No. of 

subjects

Urinary BPA concentration

Unadjusted

[μg/L]

Creatinine-adjusted

[μg/g creatinine]

Estimated daily intake 

[μg/kg body weight/day]*

Median

25th

percentile

75th

percentile

Median

25th

percentile

75th

percentile

Median

25th

percentile

75th

percentile

0–IV 140 1.57 0.69 2.78 0.80 0.45 1.29 0.016 0.010 0.026

0–I 81 1.32 0.63 2.40 0.74 0.45 1.21 0.014 0.009 0.025

II–IV 59 1.87 0.87 3.28 0.93 0.53 1.48 0.019 0.012 0.027

p for 

difference
†

0.08 0.24 0.25

* n=131.

†

Wilcoxon rank-sum test based on normal approximation.
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occupationally exposed to BPA (20). Thus, our present values

are similar to those obtained in other studies in Japan but not as

high as those in Korean subjects.

In addition to BPA concentrations in spot urine, daily

urinary BPA excretion rates based on 24-hour urine sampling

has been measured (10, 16). Of interest, the rates of daily

urinary BPA excretion are in direct accord with estimated

values for daily BPA intake. The following values are also

consistent with the daily BPA intake observed here (Table 1).

The daily urinary excretion rates of BPA based on 24-hour urine

samples collected from 36 male university students (mean age,

24.7 years) in 2003 ranged from <0.003 to 0.23 (median, 0.02)

μg/kg body weight/day (10). Another study in which values

were determined from whole-day urine samples from 11 male

and 11 female volunteers showed daily urinary BPA excretion

rates ranging from 0.48 to 4.5 (average, 1.68) μg/day (16).

Furthermore, the observed range of estimated daily BPA intake

(Table 1) was much lower than the tolerable daily intake of

50 μg/kg body weight/day established by the European Food

Safety Authority in 2007 (21).

A change in BPA exposure over time has also been

reported. Matsumoto et al. (22) measured BPA concentration in

urine samples collected from university students in Japan and

showed that the median of total BPA concentrations in 1992

was 2.2-fold higher than that in 1999. Furthermore, daily

dietary BPA intake rates determined by measuring BPA concen-

trations in hospital-meal samples in Japan were in the range of

0.15–1.34 (average, 0.64) μg/day in 2000 but were only in the

range of 0.06–0.68 (average, 0.20) μg/day in 2001 (23). Given

the frequent detection of BPA in canned foods and retort foods

(24), these reductions may have partly resulted from changes in

the protective coating of epoxy on food and beverage cans (3).

This finding may be useful in interpreting the meaning of

urinary BPA levels in respective studies.

In addition to our exposure survey, we also explored

whether urinary BPA concentration is associated with endo-

metriosis in infertile Japanese women. Analysis of these data

showed the absence of association. Although the pathogenesis

of endometriosis is poorly understood, epidemiological evidence

has suggested its association with several estrogen-dependent

factors, namely early menarche, shorter menstrual cycle length,

and lower parity (25–27). Based on this, endometriosis proba-

bly represents a sensitive detector of the effect of xenoestrogens

in humans. However, two recent human experimental studies

showing that orally administered BPA is quickly recovered in

urine suggest that accurate exposure assessment based on

urinary excretion is problematic, because it likely reflects recent

rather than cumulative or long-term exposure (16, 17). The prob-

able importance of chronic over recent exposure may partly

explain our finding of the lack of association between BPA

exposure and endometriosis, and future investigation should

focus on the measurement of cumulative exposure to BPA.

Several other suggestions to improve studies of the associ-

ation between BPA exposure and endometriosis can be made. In

addition to accounting for cumulative exposure, investigation

would be facilitated by a better study design, such as prospec-

tive cohort rather than cross-sectional studies. Measurement of

free urinary BPA would be informative, providing its accuracy

is confirmed, because BPA glucuronide shows no significant

estrogenic activity, in vitro at least (2). Furthermore, a previous

prospective cohort study showing that the risk of endometriosis

is associated with exposure to diethylstilbestrol in utero

indicates that early-life exposure to BPA, including fetal expo-

sure, might also be critical to the development of endometriosis

(28). Additionally, measurement of endogenous estrogen level

would allow evaluation of the interaction between serum

endogenous estrogens and BPA; this was not possible in the

present study because individual endogenous estrogen level in

individual premenopausal women periodically fluctuates in

accordance with their menstrual cycle.

At a more basic concentration, studies of the effect of BPA

on animals have also been inconclusive. BPA showed estro-

genic activity generally 10
−5

–10
−3

 times that of 17β-estradiol in

a MCF-7 cell assay in a human breast cancer cell line (2).

Furthermore, oral administration of BPA at 200 mg/kg body

weight/day to a strain of immature rats resulted in an increase in

uterine weight (2). In contrast, BPA showed no clear endocrine

disrupting effect on rodents at estimated human exposure doses

(5). Moreover, experimental results for BPA have been shown

to depend on a number of factors, namely measurement end-

point, cell line, animal species and strain, and conjugate form

and dose (2).

The strength of our study includes the use of a reliable

biomarker measurement method and detailed information on

subjects. In particular, we employed the most reliable analytical

method currently available, namely, enzymatic deconjugation

of both BPA sulfate and glucuronide and isotope-dilution

LC-MS/MS measurement. Moreover, to monitor and control

sample contamination, method blank tests were conducted in

parallel with unknown sample analysis for all measurements, in

addition to the rinsing of glassware and plastic tubing with

methanol or acetonitrile before each test.

Two limitations of our study warrant mention. First, our

subjects were restricted to urban residents of reproductive age,

as well as other characteristics; thus, the generalizability of our

results may also be limited. Second, intraindividual variation

in BPA exposure and uncertainty in laboratory analysis may

have contributed to urinary BPA concentration measurement

errors. One study in which between-day variation in daily

urinary BPA excretion was examined suggested that the

magnitude of intraindividual variation is comparable to that in

interindividual variation (10). If present, however, such errors

would at least not tend to bias our results toward one side; thus,

the median or geometric mean urinary BPA concentration would

have been properly estimated. In contrast, interindividual

variation, such as geometric standard deviation, might have

been overestimated and thus remain to be corrected.

In conclusion, we report urinary concentrations of BPA in

Japanese women who consulted a physician for infertility.

Values were derived from the largest subject sample size

studied in Japan to date and were obtained using the most

reliable analytical method. Results showed that urinary BPA

concentrations in these women were not higher than those in

other populations. Moreover, this cross-sectional study re-

vealed no association between urinary BPA concentration and

endometriosis. Further study is required to confirm this result.
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Appendix: Urinary BPA analysis

In the present study, we measured urinary bisphenol A

(BPA) concentration. Here, we detail the methods used to

measure urinary BPA concentration.

We analyzed urine samples without information on the

participant’s endometriosis status. Urinary BPA was separated,

detected and measured using enzymatic deconjugation, offline

solid-phase extraction, and high-performance liquid chroma-

tography isotope-dilution tandem mass spectrometry (isotope-

dilution LC-MS/MS). In addition to urinary BPA glucuronide,

the recently identified compound urinary BPA sulfate has also

been included in urinary BPA analysis in recent years (6–8, 29,

30). To deconjugate these BPAs into their free forms, we used

β-glucuronidase/sulfatase (from Helix pomatia H-1, 492,000

units/g solid, Sigma Aldrich, St. Louis, MO, USA), a hydrolytic

enzyme with sulfatase activity, as described in most recent

studies (7, 29).

We purchased the native BPA standard (99.8%, for envi-

ronmental analysis) and isotopically labeled standard (BPA-d
16

,

99.9%, for environmental analysis) from Kanto Chemical Co.,

Inc. (Tokyo, Japan). Methanol (≥99.8%, residual-pesticide

analysis grade 5000) and acetonitrile (≥99.8%, HPLC grade)

were purchased from Sigma Aldrich Japan (Tokyo, Japan).

Ammonium acetate (≥97.0%), sodium acetate trihydrate

(≥99.0%), formic acid (≥98.0%), and acetic acid (≥99.7%)

were purchased from Wako Pure Chemical Industries, Ltd.

(Osaka, Japan). We used ultrapure water (Milli-Q Gradient A10,

Millipore, Bedford, MA). To prepare 0.1 M acetate buffer, we

diluted sodium acetate trihydrate (0.5 mmol) and acetic acid

(0.5 mmol) with water to 10 ml. Standard substances were

measured by weight and then dissolved in acetonitrile. They

were serially diluted with acetonitrile:water=2:3 (v/v) to their

respective target concentrations. Except for unused vials, spat-

ula and glassware were previously rinsed with methanol three

times and dried.

Frozen urine was thawed at room temperature. A 0.2-mL

aliquot was decanted into a 2-mL silanized glass vial. We

dissolved β-glucuronidase/sulfatase (0.2 mg) in 0.1 M acetate

buffer solution (0.1 mL). This hydrolytic enzyme solution and

20 μL of the surrogate solution (50 μg/L) were added to the

vial. This sample was mixed well and then incubated at 37°C

overnight, as described in recent studies (7, 29).

A solid-phase extraction (SPE) cartridge (FOCUS Versa-

Plate Tube, 10 mg/1.8 mL, Varian, Lake Forest, CA, USA) was

preconditioned with 1-mL methanol followed by 1-mL water.

After dilution with 1 M ammonium acetate aqueous solution

(1 mL), the urine sample was vortex-mixed, and then loaded

onto this SPE column. The SPE column was then washed with

1-mL water followed by acetonitrile:water=1:4 (v/v; 1 mL).

Analytes were finally eluted from the SPE column using 1-mL

solvent (methanol:acetonitorile:water:formic acid=6:3:1:0.01,

v/v/v/v). A plastic tube (1.1 mL) into which the SPE eluate was

collected was previously washed with acetonitrile. The eluate

was dried out using a vacuum centrifuge (100 min) and the

residue was reconstituted with acetonitrile:water=2:3 (v/v;

200 μL). The resulting solution was decanted into a silanized-

glass insert.

We then measured BPA concentration in the extracted

urine sample using a tandem quadrupole mass spectrometer

(API 2000, Applied Biosystems, Foster City, CA, USA) con-

nected to a high-performance liquid-chromatography (HPLC)

system (LC-10 AD
VP

 pomp, SIL-10 AD
VP

 autosampler, CTO-

10AC
VP

 column oven, and SCL-10A
VP

 system controller,

Shimadzu, Kyoto, Japan) equipped with a C
18

 column (S-3 μm,

8 nm, 2.0 mm i.d.×100 mm, YMC-pack Pro RS, YMC Co.,

Ltd., Kyoto, Japan). We used 0.1-mL acetic acid in 1-L water

(solvent A) and 0.1-mL acetic acid in 1-L acetonitrile (HPLC

grade) (solvent B) as HPLC mobile phases with a constant flow

rate (0.2 mL/min). A 20-μl aliquot of the sample was injected

into the HPLC column using an auto sampler. The sample vial

was cooled at 4.0°C. The percentage of solvent B was elevated

from 40% (0 min) to 100% (5 min) for separation, kept at 100%

(5–8 min) for flushing, and then kept at 40% (8.01–20 min) for

re-equilibrium. The temperature of the HPLC column was

kept constant (40.0°C). We used electrospray ionization and

multiple-reaction monitoring to produce the combinations of

the precursor and product ion of m/z 227.1 and 132.9 for

BPA, and m/z 241.2 and 141.8 for BPA-d
16

, respectively. The

ion source temperature and collision energy were 500°C and

−30 volts, respectively. MS/MS parameters on API 2000 were

automatically optimized using a personal computer-based

instrument software program (Analyst version 1.4, Applied

Biosystems, Foster, CA, USA), which was also used to acquire

and process the data obtained. To obtain a calibration curve

(0.6–20 μg/L), each calibration point was weighted by the

reciprocal of concentration (1/X), and the origin was ignored.

In each analytical batch, one quality control material, all por-

tions of which were obtained from a single sample of pooled

urine (2.4 μg/L), and five method blanks were also analyzed

along with unknown samples to ensure the accuracy of analy-

sis. Intraday and interday reproducibilities (CV=8.8% and 19%,

n=5, respectively) were previously checked by repeated mea-

surements. In the batches where no method blank was observed,

the standard deviation derived from six repeated measurements

of a low-concentration standard solution (1 μg/L) was employed

as the standard deviation at concentration zero (S
0
). In the batch

where method blanks were observed, S
0
 was calculated from the

standard deviation of the method blanks. We defined 3S
0
 as

the analytical limits of detection (LODs), which were 0.30–

0.55 μg/L. Mean total surrogate recovery was 72% in one batch

(n=5). Any loss of BPA through analysis was automatically

corrected on the basis of individual surrogate recovery. The

mean of the method blank values was subtracted from the BPA

measurement value in each batch.

Acknowledgements

The authors thank T. Mukai, K. Suzuki, and S. Ikeda for

excellent technical support, M. Tsuchiya for discussion on

endocrine physiology and endometriosis, and T. Otani, R.

Takachi, N. Kurahashi, and S. Tanaka for statistical analysis.

All belong to the Research Center for Cancer Prevention and

Screening of the National Cancer Center, except T. Otani

(Gunma University), S. Ikeda (Tokyo Medical and Dental

University) and S. Tanaka (Tokyo University of Science). We



Environ. Health Prev. Med. Urinary Bisphenol-A and Endometriosis

263

would also like to thank the anonymous participants and an

anonymous head nurse of the hospital of the Jikei University

School of Medicine for her excellent interview; H. Motoyama

and M. Hiroshima, who previously belonged to Jikei University

School of Medicine, for the recruitment of participants and

diagnosis of endometriosis; Amanda Sue Niskar (Israel Center

for Disease Control, Gertner Institute) for the collaboration in

designing the study protocol; and H. Nakazawa of Hoshi

Pharmaceutical University and K. Inoue of the University of

Pennsylvania for urinary BPA analysis.

The present study was supported by a Grant-in-Aid for

Research on the Risk of Chemical Substances from the Ministry

of Health, Labour, and Welfare of Japan. Hiroaki Itoh, one of

the authors, is an awardee of a Research Resident Fellowship

from the Japan Food Hygiene Association for Research on the

Risk of Chemical Substances that is also supported by the

above Grant-in-Aid from the Ministry of Health, Labour, and

Welfare of Japan.

References

( 1 ) Miyamoto K, Kotake M. Estimation of daily bisphenol A

intake of Japanese individuals with emphasis on uncertainty

and variability. Environ Sci. 2006;13:15–29.

( 2 ) European Commission. 4,4'-isopropylidenediphenol (bisphe-

nol-A). European Union risk assessment report. EUR 20843

EN; 2003.

( 3 ) Miyamoto K, Kawasaki H. Risk assessment of bisphenol A.

Tokyo: Maruzen Co., Ltd.; 2005. (Article in Japanese)

( 4 ) Japan Environment Agency. Strategic Programs on Environ-

mental Endocrine Disruptors ’98 (SPEED ’98). http://www.

env.go.jp/en/chemi/ed/speed98/sp98.html; 1998.

( 5 ) Ministry of Environment. MOE’s Perspectives on Endocrine

Disrupting Effects of Substances—ExTEND 2005—. http://

www.env.go.jp/en/chemi/ed/extend2005_full.pdf; 2005.

( 6 ) Kim YH, Kim CS, Park S, Han SY, Pyo MY, Yang M. Gender

differences in the levels of bisphenol A metabolites in urine.

Biochem Biophys Res Commun. 2003;312:441–448.

( 7 ) Ye X, Kuklenyik Z, Needham LL, Calafat AM. Quantifica-

tion of urinary conjugates of bisphenol A, 2,5-dichlorophe-

nol, and 2-hydroxy-4-methoxybenzophenone in humans by

online solid phase extraction-high performance liquid chro-

matography-tandem mass spectrometry. Anal Bioanal Chem.

2005;383:638–644.

( 8 ) Ouchi K, Watanabe S. Measurement of bisphenol A in human

urine using liquid chromatography with multi-channel coulo-

metric electrochemical detection. J Chromatogr B Analyt

Technol Biomed Life Sci. 2002;780:365–370.

( 9 ) Fujimaki K, Arakawa C, Yoshinaga J, Watanabe C, Serizawa

S, Imai H, et al. Estimation of intake level of bisphenol A in

Japanese pregnant women based on measurement of urinary

excretion level of the metabolite. Nippon Eiseigaku Zasshi.

2004;59:403–408. (Article in Japanese, with English abstract)

(10) Arakawa C, Fujimaki K, Yoshinaga J, Imai H, Serizawa S,

Shiraishi H. Daily urinary excretion of bisphenol A. Environ

Health Prevent Med. 2004;9:22–26.

(11) American Fertility Society. Revised American Fertility

Society classification of endometriosis: 1985. Fertil Steril.

1985;43:351–352.

(12) Tsukino H, Hanaoka T, Sasaki H, Motoyama H, Hiroshima

M, Tanaka T, et al. Associations between serum levels of

selected organochlorine compounds and endometriosis in

infertile Japanese women. Environ Res. 2005;99:118–125.

(13) Tsukino H, Hanaoka T, Sasaki H, Motoyama H, Hiroshima

M, Tanaka T, et al. Fish intake and serum levels of organo-

chlorines among Japanese women. Sci Total Environ. 2006;

359:90–100.

(14) Itoh H, Yoshida K, Masunaga S. Evaluation of the effect of

governmental control of human exposure to two phthalates in

Japan using a urinary biomarker approach. Int J Hyg Environ

Health. 2005;208:237–245.

(15) Kawasaki T, Uezono K, Itoh K, Ueno M. Prediction of 24-

hour urinary creatinine excretion from age, body weight and

height of an individual and its application. Nippon Koshu

Eisei Zasshi. 1991;38:567–574. (Article in Japanese, with

English abstract)

(16) Tsukioka T, Terasawa J, Sato S, Hatayama Y, Makino T,

Nakazawa H. Development of analytical method for deter-

mining trace amounts of BPA in urine samples and estimation

of exposure to BPA. J Environ Chem. 2004;14:57–63.

(17) Volkel W, Colnot T, Csanady GA, Filser JG, Dekant W.

Metabolism and kinetics of bisphenol A in humans at low

doses following oral administration. Chem Res Toxicol.

2002;15:1281–1287.

(18) Silva MJ, Barr DB, Reidy JA, Malek NA, Hodge CC, Caudill

SP, et al. Urinary levels of seven phthalate metabolites in the

U.S. population from the National Health and Nutrition

Examination Survey (NHANES) 1999–2000. Environ Health

Perspect. 2004;112:331–338.

(19) Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Ekong J,

Needham LL. Urinary concentrations of bisphenol A and 4-

nonylphenol in a human reference population. Environ Health

Perspect. 2005;113:391–395.

(20) Yang M, Kim SY, Chang SS, Lee IS, Kawamoto T. Urinary

concentrations of bisphenol A in relation to biomarkers of

sensitivity and effect and endocrine-related health effects.

Environ Mol Mutagen. 2006;47:571–578.

(21) European Food Safety Authority. Opinion of the scientific

panel AFC related to 2,2-bis(4-hydroxyphenyl)propane. http://

www.efsa.europa.eu/en/science/afc/afc_opinions/bisphenol_

a.html; 2007.

(22) Matsumoto A, Kunugita N, Kitagawa K, Isse T, Oyama T,

Foureman GL, et al. Bisphenol A levels in human urine.

Environ Health Perspect. 2003;111:101–104.

(23) Higuchi M, Miyata D, Kawamura S, Ueda E, Imanaka M,

Tonogai Y. Estimation of daily intake of phenols in hospital

meal samples. Shokuhin Eiseigaku Zasshi. 2004;45:339–343.

(Article in Japanese, with English abstract)

(24) Imanaka M, Sasaki K, Nemoto S, Ueda E, Murakami E,

Miyata D, et al. Determination of bisphenol A in foods using

GC/MS. Shokuhin Eiseigaku Zasshi. 2001;42:71–78. (Article

in Japanese, with English abstract)

(25) Vigano P, Parazzini F, Somigliana E, Vercellini P. Endo-

metriosis: epidemiology and aetiological factors. Best Pract

Res Clin Obstet Gynaecol. 2004;18:177–200.



Environ. Health Prev. Med. Urinary Bisphenol-A and Endometriosis

264

(26) Cramer DW, Missmer SA. The epidemiology of endometrio-

sis. Ann N Y Acad Sci. 2002;955:11–22.

(27) Missmer SA, Cramer DW. The epidemiology of endometrio-

sis. Obstet Gynecol Clin North Am. 2003;30:1–19.

(28) Missmer SA, Hankinson SE, Spiegelman D, Barbieri RL,

Michels KB, Hunter DJ. In utero exposures and the incidence

of endometriosis. Fertil Steril. 2004;82:1501–1508.

(29) Ye X, Kuklenyik Z, Needham LL, Calafat AM. Automated

on-line column-switching HPLC-MS/MS method with peak

focusing for the determination of nine environmental phenols

in urine. Anal Chem. 2005;77:5407–5413.

(30) Kawaguchi M, Sakui N, Okanouchi N, Ito R, Saito K, Izumi

S, et al. Stir bar sorptive extraction with in situ derivatization

and thermal desorption-gas chromatography-mass spectrome-

try for measurement of phenolic xenoestrogens in human

urine samples. J Chromatogr B Analyt Technol Biomed Life

Sci. 2005;820:49–57.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


