
Endocrine Journal 2004, 51 (2), 165–169

Positive Relationship between Androgen and the Endocrine 
Disruptor, Bisphenol A, in Normal Women and Women with 
Ovarian Dysfunction 

TORU TAKEUCHI*,**, OSAMU TSUTSUMI*,**, YUMIKO IKEZUKI*,**, YASUSHI TAKAI*,** 

AND YUJI TAKETANI*

*Department of Obstetrics and Gynecology, Faculty of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan

**CREST, Japan Science and Technology, Honcho, Kawaguchi, Saitama 332-0012, Japan

Abstract.  This study was performed to investigate the serum levels of bisphenol A (BPA), an endocrine disruptor, in

women with ovarian dysfunction and obesity.  Fasting serum samples were obtained from 19 non-obese and 7 obese

women with normal menstrual cycles: 7 patients with hyperprolactinemia, 21 patients with hypothalamic amenorrhea, and

13 non-obese and 6 obese patients with polycystic ovary syndrome (PCOS).  BPA was measured by an enzyme-linked

immunosorbent assay.  BPA was detected in all human sera.  Serum BPA concentrations were significantly higher in both

non-obese and obese women with polycystic ovary syndrome (1.05 ± 0.10 ng/ml, 1.17 ± 0.16 ng/ml; p<0.05, respectively)

and obese normal women (1.04 ± 0.09 ng/ml, p<0.05) compared with those in non-obese normal women (0.71 ± 0.09 ng/

ml).  There was no difference among women with hyperprolactinemia, women with hypothalamic amenorrhea, and non-

obese normal women.  There were significant positive correlations between serum BPA and total testosterone (r = 0.391,

p<0.001), free testosterone (r = 0.504, p<0.001), androstenedione (r = 0.684, p<0.001), and DHEAS (r = 0.514, p<0.001)

concentrations in all subjects.  These findings show that there is a strong relationship between serum BPA and androgen

concentrations, speculatively due to the effect of androgen on the metabolism of BPA.  
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VARIOUS environmental chemicals are known to act

as endocrine disruptors, which have been reported to

exhibit estrogenic, anti-estrogenic and/or anti-androgenic

actions in wildlife and human beings, causing a menace

to living things.  There is increasing concern about the

implication of environmental chemicals in a number of

human health disorders: testicular cancer, falling sperm

count, endometriosis, precocious puberty, and breast

cancer.  Nevertheless, reliable evidence of the injuri-

ous influence of endocrine disruptors on human health

has yet to be established.

Bisphenol A [2, 2-bis (4-hydroxyphenyl) propane;

BPA], a chemical with weak estrogenic activity, is

widely used in polycarbonate plastic products, epoxy

resins, polyester-styrene resins, phenolic resins, poly-

acrylates, dental resin composites and sealants, and the

lining of food cans [1, 2].  BPA has been reported to

have estrogenic actions such as uterotrophic effects

[3], decreased sperm production [4, 5], stimulation of

prolactin release [6], promotion of cell proliferation in

a breast cancer cell line [7], and influence on pre-

implantation development [8], by animal experiments

and in vitro studies.  It was also reported that the activ-

ities of BPA depended on the mechanism via estrogen

receptors (ER� and ER�) [9, 10].  Recently, it was

reported that there is human fetal exposure to BPA

via amniotic fluid and placenta [11].  We previously

reported that there was a gender difference in serum

BPA concentrations in humans [12].  However, direct

evidence of human effects is lacking.  In this study, we

measured serum BPA concentrations in humans and

investigated the relationship between serum sex hor-

Received: October 17, 2003

Accepted: December 22, 2003

Correspondence to: Osamu TSUTSUMI, M.D., Department of

Obstetrics and Gynecology, Faculty of Medicine, University of

Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan



TAKEUCHI et al.166

mones and BPA concentrations in women with ovarian

dysfunction and obesity.

Materials and Methods

After informed consent was obtained, fasting serum

samples were collected from 19 non-obese and 7 obese

healthy women in the midfollicular phase with normal

menstrual cycles, 7 patients with hyperprolactinemia,

21 patients with hypothalamic amenorrhea and 13 non-

obese and 6 obese patients with polycystic ovary syn-

drome (PCOS).  Serum samples were obtained between

0900 and 1000 h from all subjects after overnight fast-

ing.  All sera were stored at –30°C until assayed.

Hyperprolactinemia was diagnosed by the presence

of amenorrhea, elevated levels of prolactin (PRL >15

ng/ml).  Prolactinoma, drug-induced hyperprolactinemia

and hypothyroidism were excluded.  Hypothalamic

amenorrhea was diagnosed by the following criteria: a

history suggestive of anovulation induced by psycho-

genic stressors such as emotional, familial or work

problems, weight loss such as reduced food intake, ab-

sence of depression or psychiatric diseases, normal or

slightly reduced luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) levels, and an LH/FSH

ratio <1.  Polycystic ovary syndrome was diagnosed

by the presence of oligomenorrhea or amenorrhea,

elevated levels of LH with normal levels of FSH, an

LH/FSH ratio >1, elevated testosterone (T) levels

(>0.5 ng/ml), and a characteristic appearance of the

ovaries on ultrasound images.  All women in this study

had normal thyroid hormone levels, and none were

taking medication.  

Serum BPA concentrations were assayed with a

competitive ELISA [12, 13].  The intra- and inter-assay

coefficients of variance were 7.7% and 9.7%.  A sig-

nificant correlation (r = 0.971) was confirmed between

the BPA values obtained from the HPLC analysis and

the ELISA [13].  Serum total and free T, estradiol

(E2), androstenedione (A) and dehydroepiandrosterone

sulfate (DHEAS) were assayed with commercial 125I-

RIA kits (DPC Co., Los Angeles, CA, USA).  Serum

LH, FSH and PRL were assayed with 125I-immuno-

radiometric assay (IRMA) kits (Daiichi Radioisotope

Co., Tokyo, Japan).  Serum insulin was assayed with

an 125I-RIA kits (Pharmacia, Sweden).  All assays were

done in duplicate.  All results obtained in this study

were expressed as the mean ± the standard error of the

mean (SEM).  The intra- and inter- assay coefficients

of variation were less than 10% in all assays.  

Statistical analyses among the groups were per-

formed by analysis of variance (ANOVA) and the least

significant difference test.  Correlation coefficients

were calculated by linear regression analysis.  Signifi-

cance was determined as p<0.05.

Results

The clinical data and fasting endocrine values are

listed in Table 1.  Obesity was defined by a body mass

Table 1. Clinical data and fasting endocrine values in normal women, patients with hyperprolactinemia, hypothalamic amenorrhea,

and PCOS. 

Normal women Hyperprolactinemia 

(n = 7)
HA (n = 21)

PCOS

Non-obese (n = 19) Obese (n = 7) Non-obese (n = 13) Obese (n = 6)

Age (years) 27.5 ± 0.7 28.8 ± 2.0 27.7 ± 2.6 25.1 ± 1.0 26.5 ± 1.5 24.7 ± 1.9

BMI (kg/m2) 19.7 ± 0.3 28.5 ± 1.7b 20.8 ± 1.0 19.2 ± 0.6 19.1 ± 0.6 31.3 ± 3.0b

LH (mIU/ml) 4.7 ± 0.3 4.1 ± 0.4 3.9 ± 1.5 3.4 ± 0.6a 15.2 ± 1.7b 11.8 ± 1.3b

FSH (mIU/ml) 7.3 ± 0.5 6.4 ± 0.8 6.1 ± 0.8 5.5 ± 0.6a 7.2 ± 0.7 5.7 ± 0.6

E
2
 (pg/ml) 49.9 ± 6.1 41.3 ± 7.6 26.3 ± 4.8b 28.7 ± 5.5a 57.2 ± 8.6 73.1 ± 15.3

Total T (ng/ml) 0.20 ± 0.01 0.28 ± 0.05 0.27 ± 0.07 0.22 ± 0.02 0.63 ± 0.03b 0.73 ± 0.07b

Free T (pg/ml) 0.76 ± 0.09 1.53 ± 0.28b 1.03 ± 0.24 0.68 ± 0.09 1.86 ± 0.24b 2.77 ± 0.50b

A (ng/ml) 1.75 ± 0.07 1.65 ± 0.05 2.47 ± 0.19b 1.67 ± 0.14 2.82 ± 0.18b 2.68 ± 0.29a

DHEAS (�g/ml) 1.59 ± 0.13 1.76 ± 0.34 2.15 ± 0.24 1.64 ± 0.12 2.26 ± 0.30a 2.80 ± 0.68a

PRL (ng/ml) 6.9 ± 0.6 6.1 ± 1.0 20.8 ± 1.0b 5.6 ± 0.5 6.5 ± 0.9 5.1 ± 0.9

Insulin (�U/ml) 6.0 ± 0.7 8.7 ± 2.1 6.1 ± 0.8 5.4 ± 0.5 7.6 ± 1.8 14.9 ± 3.7b

Data are means ± SEM. aP<0.05, bP<0.01; compared with non-obese normal control group.

HA: hypothalamic amenorrhea, PCOS: polycystic ovary syndrome, BMI: body mass index, LH: luteinizing hormone, FSH: follicle-

stimulating hormone, E
2
: estradiol, T: testosterone, A: androstenedione, DHEAS: dehydroepiandrosterone sulfate, PRL: prolactin
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index (BMI) �25 kg/m2.  There was no significant dif-

ference in the mean age among the study groups.  The

serum levels of LH, total T, free T, A, and DHEAS

were significantly higher in the non-obese and obese

PCOS groups than in the non-obese normal control

group.  The serum levels of LH, FSH and E2 were

significantly lower in the hypothalamic amenorrhea

group than in the non-obese normal control group.

The serum levels of PRL and A were significantly

higher, but the serum levels of E2 were significantly

lower in the hyperprolactinemia group than in the non-

obese normal control group.  Free T levels were sig-

nificantly higher in the obese normal control group

than in the non-obese normal control group.  Fasting

insulin levels were significantly higher in the obese

PCOS group than in the non-obese normal control

group.  Moreover, the insulin levels showed a tendency

to increase in the obese normal control group and the

non-obese PCOS group compared with the non-obese

normal control group.

Serum BPA concentrations were significantly high-

er in both non-obese and obese women with PCOS

(1.05 ± 0.10 ng/ml, 1.17 ± 0.16 ng/ml; p<0.05, respec-

tively) and obese normal women (1.04 ± 0.09 ng/ml,

p<0.05) compared with those in non-obese normal

women (0.71 ± 0.09 ng/ml).  There was no difference

among women with hyperprolactinemia (0.83 ± 0.12

ng/ml), hypothalamic amenorrhea (0.84 ± 0.10 ng/ml),

and non-obese normal women (Fig. 1).

Table 2 shows the correlation coefficients for BPA

with age, BMI and hormone concentrations.  There

were significant positive correlations between BPA

and BMI (r = 0.500, p<0.001), total testosterone (r =

0.391, p<0.001), free testosterone (r = 0.504, p<0.001),

androstenedione (r = 0.684, p<0.001, and DHEAS

(r = 0.514, p<0.001) in all the subjects, but not between

the serum BPA and other hormone concentrations.

Moreover, in the normal control group there were sig-

nificant positive correlations between BPA and BMI

(r = 0.564, p<0.01), free testosterone (r = 0.478, p<0.05),

androstenedione (r = 0.627, p<0.01), and DHEAS (r =

0.455, p<0.05).  

Table 2. Correlation coefficients between BPA and variables

in all the women.

BPA p

Age 0.137 NS

BMI 0.500 P<0.001

LH 0.199 NS

FSH 0.174 NS

E
2

0.162 NS

Total T 0.391 P<0.001

Free T 0.504 P<0.001

A 0.684 P<0.001

DHEAS 0.514 P<0.001

PRL 0.090 NS

Insulin 0.213 NS

Fig. 1. Comparison of serum bisphenol A (BPA) concentrations among the study groups.  Serum BPA concentrations were

significantly higher in both non-obese and obese women with PCOS and obese normal women compared with those in non-

obese normal women.  There was no difference among women with hyperprolactinemia, women with hypothalamic amenorrhea,

and non-obese normal women.



TAKEUCHI et al.168

Discussion

To our knowledge, this is the first report of serum

BPA concentrations in women with or without ovarian

dysfunction and obesity.  The present study showed

that BPA could be detected in all human serum sam-

ples, and that the serum BPA concentrations were sig-

nificantly higher in both non-obese and obese PCOS

groups than in the non-obese normal control group.

The serum BPA concentrations, moreover, were sig-

nificantly higher in the obese normal control group

than in the non-obese normal control group, with the

result that there was a significant positive correlation

between BPA levels and BMI.  The serum BPA con-

centrations were also significantly correlated with se-

rum androgen concentrations in all the subjects.  It is

generally known that obesity is associated with pe-

ripheral insulin resistance and hyperinsulinemia [14].

Since hyperinsulinemia has a direct inhibitory effect

on hepatic sex hormone-binding globulin (SHBG) pro-

duction [14], free T, a biologically active fraction, is

higher in obese than in non-obese women (Table 1).

The present findings suggest that BPA concentrations

in blood are influenced by a hyperandrogenic environ-

ment.  Our previous study showed that serum BPA

concentrations were significantly higher in normal

men compared with those in normal women [12].  We

speculated that the gender difference in serum BPA con-

centrations was due to differences in the androgen-

related metabolism of BPA.  Actually, the present

study shows that not only in men but also in hyper-

androgenic women serum BPA concentrations are

higher than in non-obese normal women.

There are possible explanations for the findings:

stimulation of androgen production by BPA, or the dif-

ferences in intake, metabolism, or excretion of BPA.

Metabolic variation is also implicated in the difference

in serum BPA concentrations.  BPA is known to be

glucuronidated by liver microsomes and catalysed by

an isoform of uridine diphosphate-glucuronosyl trans-

ferase (UGT), and then rapidly excreted in the feces

and urine [15].  There are several lines of evidence to

indicate that the metabolism of BPA is influenced by

androgen.  It was reported that the level of UGT activ-

ity and transcripts was down-regulated by androgen

[16].  The difference in metabolism of BPA thus seems

to be the greatest possible cause with the metabolism

of BPA being suppressed by androgen.  Free T, which

is the best parameter of androgenicity, is significantly

higher in the obese normal control group and the non-

obese and obese PCOS groups than in the non-obese

normal control group.  Accordingly, the glucuronida-

tion of BPA might be suppressed in these groups under

the hyperandrogenic environment.

On the other hand, it was reported that BPA sig-

nificantly decreased the activity of testosterone 2�-

hydroxylase (T2AH) and testosterone 6�-hydroxylase

(T6BH), which are cytochrome P450 isoforms, and

also decreased CYP2C11/6 and CYP3A2/1 protein

levels in rat livers [17].  Thus, BPA might also affect

the metabolism of testosterone hydroxylation, creating

a vicious cycle between BPA and androgen.  Recently,

it was reported that BPA treatment decreased UGT ac-

tivities toward sex hormones and BPA in the livers of

male rats, but not of female rats [18].  Moreover, since

BPA was identified as a potent sex hormone-binding

globulin (SHBG)-ligand [19], it might also displace

endogenous sex steroid hormones from SHBG binding

sites and disrupt the androgen-to-estrogen balance.

We have shown that there is a strong relationship

between serum BPA and androgen concentrations,

speculatively due to the influence of androgen on the

metabolism of BPA.  The findings in the present study

may provide some insights into the metabolism of endo-

crine disruptors in humans and the pathophysiology of

endocrine disorders such as PCOS.
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