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Abstract: Objectives: Bisphenol A (BPA) is a representative environmental estrogen that is known to impair the func-
tion of the female reproductive system by affecting steroid hormones. However, not much research has been done 
on bisphenol S (BPS), which is an analogue of BPA and has been found in humans. Methods: We retrospectively 
studied 152 female volunteers at childbearing age who came to the Shandong Provincial Reproductive Medicine 
Center between January 2018 and January 2023. Anti-Müllerian hormone (AMH), follicle-stimulating hormone (FSH) 
and estradiol (E2) were used as indicators of their ovarian reserve function. Enzyme-linked immunosorbent assay 
(ELISA) was used to quantify the concentration of Bisabolol S in the serum of the enrolled volunteers. Linear regres-
sion models and logistic regression models were used to assess the relationship between urinary Bisphenol S levels 
and ovarian reserve indicators and decrease ovarian reserve (DOR) indicators, respectively. Restricted cubic spline 
(RCS) models were further used to explore potential non-linear associations. Results: The results showed that serum 
Bisabolol S levels were negatively correlated with AMH and E2 levels and positively correlated with FSH levels. After 
the volunteers were grouped and analysed according to the DOR diagnostic criteria,the serum BPA content in the 
DOR group was significantly higher than that in the non-DOR group (P < 0.05). Compared with the non-DOR group, 
the levels of anti-Müller test tube hormone (AMH) and estrogen (E2) were lower in the DOR group and the level of 
FSH was higher (P < 0.05). The serum BPS content in the DOR group was negatively correlated with AMH and E2. 
The concentration of FSH in women in the DOR group increased when the serum BPS content was also increased. 
Conclusions: Serum BPS is a potential risk factor for ovarian reserve function in women of reproductive age.
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Introduction

Currently, approximately 186 million people 
worldwide suffer from infertility, the majority  
of whom are women of reproductive age in 
developing countries [1]. In China, between 
1980 and 2012, the prevalence of infertility 
among newly married couples was 12.5% at 
one year and 6.6 at two years [2]. The etio- 
logy of infertility is complex and may include 
socio-demographic risk factors such as age, 
lower education, and employment, as well  
as clinical risk factors such as irregular men-
strual cycles, low menstrual flow, and miscar-
riage [3]. Therefore, exploring the risk fac- 
tors for infertility has become a hot research 
topic.

Compounds in the environment that can affect 
normal hormone synthesis, secretion, trans-
port, and metabolism in organisms are call- 
ed environmental endocrine-disrupting com-
pounds (EDCs). The substances that can play 
an estrogen-like role in these environmental 
endocrine disruptors are called environmental 
estrogens. In the 1930s, researchers discov-
ered that environmental estrogen can produce 
estrogen-like activity in the human body [4]. It 
can affect the secretion of sex hormones in  
the body through competitive binding of estro-
gen receptors and disrupt the homeostasis of 
the body. Bisphenol A (BPA, 2,2-bishydroxy-
phenylpropane) is one of the representative 
environmental estrogens (EEs) [5]. As an impor-
tant chemical material, BPA has an annual out-
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put of more than 3 million tons [6]. BPA has a 
wide range of uses and is often widely added to 
daily necessities such as food packaging, sto-
matology materials, baby bottles, eyeglass 
materials, and medical devices [7]. When using 
inferior plastic containers or heating plastic 
containers at high temperatures, BPA is also 
released and absorbed by the body through  
the intestine in the digestive system. A cohort 
study of more than 5,000 people in Canada 
showed that more than 90% of the enrolled  
volunteers had detectable BPA in their urine 
[8]. In 2013, the US Centers for Disease Con- 
trol and Prevention also detected BPA compo-
nents in most of the samples it collected [9]. In 
recent years, researchers have successively 
detected BPA in human serum, plasma, milk 
and other body fluids [10]. Human epidemio-
logical studies have shown that excessive 
intake of BPA may be related to the occurrence 
of breast cancer and prostate cancer. More- 
over, daily exposure to BPA is also related to 
adverse pregnancy outcomes, such as mater-
nal abortion, offspring birth defects, and devel-
opmental delay [11]. Animal experiments have 
found that exposure to environmental estrogen 
(BPA) can impair the reproductive system func-
tions of experimental animals. For example, 
BPA can cause dysplasia of the sex organs (tes-
ticular defect, testicular weight loss) [12] and 
decrease of sperm quality (less sperm, weak 
sperm, etc.) [13] and sexual ability (low mating 
success rate [14], erectile dysfunction) [15], 
and sexual psychological changes (lag in sexual 
behavior) [16]. As a result, BPA has been 
banned in many countries, leading to the 
increasing use of its alternatives such as 
bisphenol F (BPF) and bisphenol S (BPS).

BPS is an organic synthetic compound with  
two sulfone phenol groups and the chemical 
formula (CH3)2C(C6H4SO2)2 [17]. Bisphenol S 
(BPS), an analogue of Bisphenol A, is consid-
ered as a safer substitute and is utilized in a 
diverse range of applications, such as food 
packaging, maternal and child products, per-
sonal care items, epoxy resins and currency 
bills. Recent studies have found that BPS is 
widely found in surface water [18], food [19], 
and house dust [20]. Therefore, the human 
body, mainly through the continuous intake of 
BPS from contaminated food, drinking water 
and living environment, the detection and lev-
els of BPS in human serum, umbilical cord 

serum, urine and breast milk are increasing. 
Study also indicates potential associations 
between Bisphenol S exposure and serum uric 
acid levels, hyperuricemia and prevalence of 
gout in US adults [21], Bisphenol S exposure 
causes atopic dermatitis in pregnant women 
through DNA methylation [17], Bisphenol S was 
reported to impair ovarian and adipocyte func-
tion in experimental pigs [22]. In terms of 
human reproductive safety, the ovarian toxicity 
of Bisphenol S is similar to or greater than that 
of Bisphenol A due to its structural similarity to 
Bisphenol A [23]. However, there are no epide-
miological studies that have investigated the 
relationship between Bisphenol S exposure 
and female fertility (ovarian reserve function).

Ovarian reserve function (OR), also known as 
ovarian reserve, refers to the potential of the 
ovary to produce the number of follicles and  
the quality of oocytes, which indirectly reflects 
the function of the ovary, and is an important 
indicator for assessing female fertility [24]. 
Currently, the main clinical indicators for as- 
sessing ovarian reserve are: follicle stimulating 
hormone (FSH), luteinising hormone (LH), anti-
mullerian hormone (AMH), estradiol (E2), and 
the number of eggs in the ovary [25]. Among 
them, AMH is secreted by the granulosa cells  
of the ovarian antral sinus follicle and small 
sinus follicle, which is an important regulator of 
follicular growth and development and can be 
used to reflect follicle number. While FSH is a 
hormone produced by the anterior pituitary 
gland and plays an important role in follicle 
development and maturation. LH can synergis-
tically promote follicular maturation and secre-
tion of estrogen and progesterone. The FSH/LH 
ratio reflects the sign of ovarian age. Estradiol 
(E2), the most active estrogen, is produced by 
ovarian cells (granulosa cells and follicular 
membrane cells), and is therefore also used as 
a marker of ovarian reserve function [26].

The incidence of decrease ovarian reserve 
(DOR) is about 10% in the female population 
and is mainly influenced by age, ovarian sur-
gery, pelvic radiotherapy or chemotherapy, 
smoking, infections, decreased blood supply  
to the ovaries, genes, and immune system 
abnormalities [27]. Studies have found that 
10% of female infertility is attributed to DOR, 
and patients with DOR can progress to prema-
ture ovarian failure after 1-6 years without clini-
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cal intervention [28, 29]. Although in vitro fertil-
ization-embryo transfer (IVF-ET) has achieved 
significant results in the treatment of female 
infertility, clinical observations have found that 
patients with DOR have a lower pregnancy rate 
than non-DOR patients [30]. The rates of mis-
carriage and euploidy were higher than those  
of non-DOR patients. DOR has seriously affect-
ed female reproductive safety and eugenics. 
The living environment, family inheritance and 
various exogenous injuries may cause women 
to have DOR-related symptoms [31], but the 
specific cause of the disease is still unclear. 
Recent studies have found that [32] BPA can 
damage the functions of trophoblast cells and 
granulosa cells in the female reproductive sys-
tem, but there is still no clinical evidence of 
environmental estrogen damage to the female 
reproductive system leading to female DOR. 
This study aims to explore the relationship 
between BPS and female DOR by detecting 
female serum BPS concentrations and collect-
ing reproductive indicators so as to explore the 
associations between BPS exposure and ovari-
an reserve.

Methods

Study participants and data collection

We retrospectively studied 152 female volun-
teers of childbearing age attending the 
Shandong Provincial Reproductive Medicine 
Centre between January 2018 and January 
2023. During the study period, the lifestyle, 
residential address, and occupation of female 
volunteers remained unchanged.

All female volunteers signed an informed con-
sent form and filled out a questionnaire, and 
the personal privacy of the volunteers was 
strictly protected. The study was approved by 
the Medical Ethics Committee of Jinan Central 
Hospital in Shandong Province (KYLL2016219). 
Demographic and medical information collect-
ed through questionnaires or medical records 
included age, body mass index (BMI), living sta-
tus, occupation, and smoking status.

Inclusion criteria

(1) Volunteers who have not used sex hormone 
drugs in the last 3 months; (2) Volunteers  
who do not have endocrine diseases such as 
hyperprolactinemia, polycystic ovary syndrome, 

endometriosis, thyroid or adrenal gland; (3) 
Volunteers who have no history of ovarian sur-
gery; (4) Criteria for patients with DOR: ① 
Serum AMH < 1.1 ng/ml; ② FSH > 10 mIU/ml; 
③ E2 < 20 pg/ml or > 80 pg/ml and AFC ≤ 5, 
which can be diagnosed if one of the above 3 is 
met. The definition of normal ovarian reserve 
function is as follows: ① AMH > 2.0 ng/ml; ② 
Basic FSH < 10 mIU/ml; ③ 20 pg/ml ≤ basic E2 
≤ 80 pg/ml and basic AFC > 5.

Serum specimen collection and testing

(1) Six milliliters of fasting blood was collected 
from the volunteers after menstruation, incu-
bated at room temperature for 30 min, and 
stored in a refrigerator at 4°C for 4 h. The ser- 
um (approximately 3 ml) was withdrawn from 
the centrifuge tube, transferred into a 10-ml 
centrifuge tube, and centrifuged at 3000 g for 
15 min at 4°C. After centrifugation, the super-
natant was removed and transferred to a ster-
ile centrifuge tube. Serum was stored in a 
-80°C ultralow temperature refrigerator.

(2) Follicle stimulating hormone (FSH), luteinis-
ing hormone (LH), antimyelinising hormone 
(AMH), and oestradiol (E2) in the sera of the  
volunteers were provided by the laboratory of 
the Department of Laboratory Medicine, Jinan 
Central Hospital, Jinan City, Shandong Provin- 
ce, and the above data were recorded with the 
volunteers’ consent. Serum BPS levels were 
detected using an ELISA kit (Amyjet Scientific) 
according to the instructions.

Statistical analysis

SPSS 21.0 software was used for statistical 
analysis. The measurement data with a normal 
distribution were analyzed using a t test, and 
the results are expressed as the mean and 
standard deviation. The mean is used to 
describe the central trend, the quartile method 
is used to describe the discrete trend, and the 
correlation analysis uses Spearman rank cor-
relation. The distribution status of SPA was 
determined by calculating the mean, variance 
and deviation of SPA levels. The state of distri-
bution of the data was determined by determin-
ing whether the data conformed to a normal 
distribution through the normality test method 
(Kolmogorov-Smirnov test). P < 0.05 means the 
difference is statistically significant.
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Result

Characteristics of the volunteers

From January 2018 to January 2023, according 
to the screening criteria, a total of 152 volun-
teers’ demographic data and biological sam-
ples were collected (Table 1). The age range of 
the 152 volunteers was 19-47 years old, with 
an average age of 31.33 ± 5.716 years old. The 
average value of the BMI index was 23.95 ± 
4.236 kg/m2. Most of the patients were from 
urban areas (85, 55.9%), and most of the  
volunteers had no history of smoking (137, 

90.1%) and no occupational BPS exposure 
(133, 87.5%). The median values for the indica-
tor of ovarian reserve were 6.39 mIU/mL for 
FSH, 1.22 ng/mL for AMH, and 20.07 pg/mL 
for E2, respectively.

Distribution of bisphenol S concentrations

Correlation analysis modelling explored the re- 
lationship between blood Bisphenol S concen-
trations (Table 2) and ovarian reserve parame-
ters (AMH, FSH and E2). The results showed 
that serum BPS concentration was negatively 
correlated with AMH and E2 levels, and posi-

Table 1. Volunteers’ demographic characteristics
Characteristics Median Mean Range Total (%)
Age (Years) 30 31.33 ± 5.716 19-47
BMI (kg/m2) 23.011 23.95 ± 4.236 10.9113-35.261
Residential Address
    Urban 85 (55.9%)
    Rural 67 (44.1%)
Education
    High school and less 94 (61.8%)
    College 38 (25%)
    Above college 20 (13.2%)
Smoking history
    Yes 15 (9.9%)
    No 137 (90.1%)
Passive smoking
    Yes 102 (67.1%)
    No 50 (32.9%)
Occupational exposure
    Yes 19 (12.5%)
    No 133 (87.5%)
Plastic barreled water
    Yes 87 (57.2%)
    No 65 (42.8%)
Usage of plastic cup
    Yes 95 (62.5%)
    No 57 (37.5%)
AMH levels (ng/mL) 1.22 2.134 ± 2.656 0.08-15.28
FSH levels (mIU/mL) 6.39 8.70 ± 7.30 0.19-44.84
E2 levels (pg/mL) 20.07 28.43 ± 39.92 0.02-338.30
E2, Oestradiol; AMH, Anti-Müllerian hormone; FSH, Follicle-stimulating hormone.

Table 2. Distribution of serum bisphenol S (BPS) levels (n=152)
Geometric mean Mean 25th centile 50th centile 75th centile

BPS (ng/mL) 30.04 42.48 ± 36.09 14.87 24.67 73.17
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tively correlated with FSH levels (Figure 1). BPS 
may be an important influence on ovarian 
reserve function.

DOR patient characteristics

According to the inclusion criteria, of the 152 
female volunteers, there were 78 female volun-
teers with reduced ovarian function (DOR 
group) and 74 female volunteers with nonde-
creased ovarian function (non-DOR group). The 
average age of female volunteers in the DOR 
group was 32.051 ± 5.711 years, and the aver-
age age of females in the non-DOR group was 
30.310 ± 5.586 years. The average BMI in- 
dex of volunteers in the DOR group was 24.117 
± 4.251 kg/m2, and the average BMI index of 
the control group was 23.774 ± 4.242 kg/m2. 
There were significantly more volunteers in the 
DOR group with a smoking history and occupa-
tional exposure than in the non-DOR group 
(Table 3).

5.088 mIU/ml (non-DOR group). The average 
value of E2 was 20.967 ± 26.412 pg/ml (DOR 
group) and 36.291 ± 49.379 pg/ml (non-DOR 
group). The average values of AMH were 1.066 
± 0.869 ng/ml (DOR group) and 3.264 ± 3.358 
ng/ml (non-DOR group). The average value of 
FSH was 10.606 ± 8.56 mIU/ml (DOR group) 
and 6.697 ± 4.989 (non-DOR group). FSH/LH 
was 2.108 ± 2.274 (DOR group) and 1.052 ± 
0.704 (non-DOR group). The values of AMH and 
E2 in patients with DOR were significantly lower 
than those of non-DOR volunteers (P < 0.05), 
and the values of FSH and FSH/LH were signifi-
cantly higher than those of non-DOR volunteers 
(P < 0.05).

There was no correlation between the serum 
BPS concentration of women in the DOR group 
and various demographic characteristics, such 
as age and BMI. Regarding the reproductive 
hormone index, the AMH and E2 values of 
patients in the DOR group decreased with 

Figure 1. Correlation analysis modelling explored the relationship between blood Bisphenol S (BPS) concentrations 
and ovarian reserve parameters. A. Serum Bisphenol S (BPS) concentration was negatively correlated with Anti-Mül-
lerian hormone (AMH). B. Serum Bisphenol S (BPS) concentration was negatively correlated with Follicle-stimulating 
hormone (FSH). C. Serum Bisphenol S (BPS) concentration was positively correlated with Oestradiol (E2).

Table 3. DOR patients’ characteristics

Characteristics DOR Group 
(n=78)

Non-DOR Group 
(n=72) P

Age (Years) 32.051 ± 5.711 30.310 ± 5.586 P=0.059
BMI (kg/m2) 24.117 ± 4.251 23.774 ± 4.242 P=0.619
Residential Address P=0.038
    Urban 51 36
    Rural 28 39
Smoking P < 0.05
    Yes 11 5
    No 67 67
Occupational exposure P < 0.05
    Yes 13 7
    No 65 65
DOR, decrease ovarian reserve.

Serum BPS concentration and re-
productive hormone levels

This study measured the concen-
tration of female serum BPS in the 
DOR group and the non-DOR group 
(Table 4). The average BPS of the 
DOR group was 60.133 ± 37.823 
µg/ml, and the average BPA of the 
non-DOR group was 23.878 ± 
22.402 µg/ml. The serum BPS 
level of volunteers in the DOR 
group was significantly higher than 
that in the non-DOR group (P < 
0.05).

The average LH was 6.879 ± 3.912 
mIU/ml (DOR group) and 8.002 ± 
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increasing serum BPS, and the FSH of the 
patients in the DOR group increased with 
increasing serum BPS (P < 0.05). There was no 
correlation between serum BPS and LH (Table 
4).

Discussion

Reproductive health is essential for the contin-
uation of the human race. Reproductive health 
includes the health of the reproductive system, 
reproductive function, and all physical, mental, 
and social aspects involved in the reproductive 
process [33]. Reproductive health is affected 
by both the internal and external environment. 
Organisms often show high sensitivity to spe-
cific hormones during development. Hormones 
will change cell growth and differentiation by 
changing gene expression and epigenetic lev-
els to maintain homeostasis within an environ-
ment [34]. As a kind of environmental endo-
crine-disrupting compound, bisphenol affects 
various functions of the reproductive system  
by interfering with endogenous estrogen syn-
thesis and metabolism. Women’s body fat is 
generally higher than men’s, and the com-
pound’s metabolic rate, renal clearance and 
excretion rate are lower than those in men, so 
women are more likely to accumulate bisphe- 
nol in their bodies. Therefore, female reproduc-
tive health is more vulnerable to threats. As  
a result, bisphenols, represented by Bisphenol 
A, have been banned in many countries. 
Alternatives such as bisphenol F (BPF) and 
bisphenol S (BPS), which are structurally si- 
milar to bisphenol A, have become the main-
stay of use. Although Bisphenol S has been 
detected in human urine and serum by several 
assays, there is no clinical evidence of the 
effects of BPS on the human reproductive sys-
tem. As an important indicator of female fertili-
ty, ovarian reserve function can directly reflect 
the functional level of the reproductive system 

in women of reproductive age. Therefore, this 
study is the first epidemiological cohort study 
on the effects of BPS on the female reproduc-
tive system from the aspect of ovarian reserve 
function in women of reproductive age.

In this study, we found that the serum AMH  
concentration of volunteers decreased while 
the level of BPS increaseD. After dividing the 
volunteers into the DOR group and the normal 
group according to the ovarian reserve func- 
tion index, the results showed that the serum 
BPS concentration in the DOR group was also 
negatively correlated with the AMH level. AMH, 
as a member of the transforming factor super-
family, is derived from granulosa cells of the 
preovarian sinus follicles and small sinus folli-
cles and is involved in the recruitment of domi-
nant follicles and the formation of follicles. 
Since the AMH level does not fluctuate signifi-
cantly during the female menstrual cycle, it can 
be used to reflect ovarian follicle function [35]. 
Meczekalski [36] et al. also found that the AMH 
level is an effective indicator to assess the out-
come of female fertility and assisted reproduc-
tive pregnancy. The AMH level can accurately 
predict and evaluate the female reproductive 
lifespan.

Based on the above cohort data and referenc-
es, we believe that BPS is an important risk fac-
tor for the decline of ovarian function, which 
may play a negative role by affecting AMH hor-
mone levels and thus follicle growth and matu-
ration in the ovary. Although there is no research 
report on the mechanism of action of BPS after 
entering the human body, it has been reported 
that Bisphenol A, which is similar to BPS, may 
reduce the number of sinus follicles through a 
feedback mechanism affecting the hypothala-
mo-pituitary-ovarian axis, thereby reducing the 
secretion of AMH [37]. And bisphenols are able 
to act on the P13K-AKT pathway in the mouse 

Table 4. Serum Bisphenol S (BPS) concentration and reproductive hormone levels
DOR Group (n=78) Non-DOR Group (n=72) P

Bisphenol S (BPS) (µg /ml) 60.133 ± 37.823 23.878 ± 22.402 P=0.006
Luteinising hormone (LH) (mIU/ml) 6.879 ± 3.912 8.002 ± 5.088 P=0.131
Oestradiol (E2) (pg/ml) 20.967 ± 26.412 36.291 ± 49.379 P=0.020
Anti-Müllerian hormone (AMH) (ng/ml) 1.066 ± 0.869 3.264 ± 3.358 P < 0.001
Follicle-stimulating hormone (FSH) (mIU/ml) 10.606 ± 8.569 6.697 ± 4.989 P=0.001
FSH/LH 2.108 ± 2.274 1.052 ± 0.704 P < 0.001
DOR, decrease ovarian reserve.
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ovary, inducing follicular atresia and accelerat-
ing follicular pool depletion. It has also been 
reported that bisphenols can reduce the num-
ber of sinus follicles in human female ovaries, 
accelerate the apoptosis of granulosa cells, 
and affect the normal synthesis and secretion 
of AMH [38, 39]. The above research evidence 
from BPA will provide important research clues 
for our subsequent mechanism research work.

Animal experiments have shown that [29] expo-
sure to BPA can cause granulosa cells to stag-
nate in the G2 to M phase, resulting in a 
decrease in their activity, while affecting the 
synthesis and secretion of E2 hormones by 
inhibiting the synthesis of related enzymes. 
Some researchers [40] also found that BPA  
can reduce the expression of P450arom by 
affecting the PPAR-γ pathway, resulting in a 
reduction in E2 synthesis. Animal studies have 
found that BPA can lower the expression of E2 
in dysfunctional ovaries, which can lead to 
ovarian insufficiency [41, 42]. Our study con-
clued similar results. Serum BPS levels were 
negatively correlated with E2 levels, and elevat-
ed BPS was able to reduce E2 expression. 
Compared with the control group, volunteers in 
the DOR group had lower serum E2 levels. 
There was a negative correlation between 
serum BPS concentration and E2 in the DOR 
group.

In clinical practice, women with premature 
ovarian failure or reduced ovarian reserve func-
tion often experience positive feedback from 
reduced E2 levels, further reducing serum E2 
levels. At the same time, lowo E2 level will 
increase the basal FSH level due to the feed-
back effect, which in turn affects the emer-
gence of the LH peaks, leading to granulosa 
cell atrophy and follicle size reduction [43,  
44]. In this study, we also found the crosstalk 
effect on female ovarian hormones production 
due to elevated BPS. The results showed a pos-
itive correlation between level of serum FSH 
and BPS expression in volunteers. Serum FSH 
levels were higher in the DOR patients than in 
the normal group, and serum FSH levels 
increased with the increase of BPS concentra-
tion, and serum LH levels were lower in the DOR 
group than in the normal group.

In conclusion, our data show that serum 
Bisphenol S level is an important risk factor  
for ovarian function in women of reproductive 

age. Bisphenol S may affect the synthesis and 
secretion of important ovarian hormones such 
as AMH, E2, FSH and LH, and regulate the 
growth and maturation of follicles, thus impair-
ing the ovarian reserve function.

While our clinical cohort data reveals the 
impairment of female fertility by BPS, it is 
important to note that our study has some limi-
tations. Firstly, due to the limited number of 
cases, we were unable to stratify the informa-
tion of the enrolled volunteers to obtain more 
key conclusions about the factors of BPS in- 
take and the change curves of ovarian function 
indexes. The absence of long-term follow-up 
records of the volunteers prevented further 
studies on the effects of BPS intake on ferti- 
lity outcomes in women of reproductive age. 
Additionally, we need to further reveal the 
crosstalk mechanism of AMH, FSH, LH, and E2 
caused by BPS exposure in the laboratory 
through animal models.
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