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Human infertility is a public problem and a cause of social and psychological complications affecting more than 50 million couples globally. 
Bisphenol A (BPA) is a ubiquitous environmental endocrine disrupting chemical and has been associated with infertility problems in women.The aim of 
the present study was to analyze concentrations of bisphenol A and circulating hormones in infertile Saudi women for evaluating the association of BPA 
with infertility. 

The present study was done on 43 infertile 
women for evaluating possible association of systemic BPA 
concentrations with infertility in Saudi Arabia. The clinical 
indications were irregular menses, hyper-androgenism, multiple 
small ovarian cysts, polycystic ovarian syndrome and 
unexplained infertility. Blood samples from infertile women and a 
control group of 18 healthy fertile women were analyzed and 
compared for concentrations of BPA and circulatory hormones.      

The results showed that BPA concentrations were not 
significantly different between infertile women and controls. BPA 
concentrations were also not correlated with systemic hormone 
concentrations in infertile women.        

Serum BPA levels had no association with 
hormone imbalance in this cohort of infertile Saudi women. 
However, considering the previous studies that have shown a 
relationship of BPA with female infertility, an argument can be 
made that there might be lower exposure of Saudi population to 
BPA in comparison to BPA analogues such as BPS (according to recent reports). Therefore, it is suggested to conduct more infertility studies that include 
detection of BPA and its analogues in infertile Saudi women.   
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mimics the action of estrogen in the body and hence, the most 
significant effect occurs on the reproductive function through 
steroid receptors including estrogen receptor, androgen receptor, 
progesterone receptor and thyroid hormone receptor (Ben-
Jonathan and Steinmetz, 1998; Rehan et al., 2015). An inverse 
association was found between urinary BPA in women 
undergoing in-vitro fertilization with the number of oocytes 
retrieved (Mok-Lin et al., 2010). In another study, higher BPA 
levels in serum were associated with poor quality, maturity and 
developmental potential of oocytes in women undergoing an IVF 
program (Fujimoto et al., 2011). Elevated BPA levels in serum of 
women suffering from polycystic ovary syndrome (PCOS) as 
compared to those of normal women suggest association of BPA 
with PCOS (Kandaraki et al., 2011).

Very limited information is available on the health effects 
of BPA in Saudi Arabia. Available studies indicate that BPA was 
detected in drinking water, powdered milk, soft drinks and 
syringes in Saudi Arabia (Al-Saleh et al., 2011; Khedr, 2013). BPA 
was also detected in home and office dust in Saudi Arabia (Wang 
et al., 2015) and in urine samples of general population in Jeddah, 
Saudi Arabia (Asimakopoulos et al., 2016). In view of the reported 
relationship of BPA with female infertility, the present study was 
performed to analyze the concentrations of BPA in serum and its 
association with hormone profile in  infertile women at the King 
Abdulaziz University Hospital, Jeddah.

Materials and Methods

Patients: The patients for this prospective study were recruited 
from the Department of Obstetrics and Gynecology of the King 
Abdulaziz University Hospital Jeddah, Saudi Arabia, from 
February 2015 to September 2015. The protocol for this study 
was approved by the Unit of Biomedical Ethics of the Research 
Committee of the Faculty of Medicine, King Abdulaziz University 
(Reference No. 254-14; dated, September 17, 2014) and from 
each recruited patient a written informed consent was obtained 
before inclusion in the study. The patients in this study included 43 
infertile women living in Jeddah. The criteria for patient inclusion 
were married women 20-40 years of age with known infertility for 
more than one year and otherwise in good health. The patient 
exclusion criteria were any acute or chronic diseases such as 
cardiovascular disease, diabetes, renal impairment, gross 
anatomical defects of reproductive organs or congenital and/or 
hereditary conditions and male factor. Patients receiving gonadal 
hormones or their agonists/antagonists and those who were or 
had been exposed to chemotherapy or other gonadotoxins were 
also excluded from the study. Women with smoking habits were 
also excluded from this study. The participants were informed 
about the study, and participation in this study was voluntary. 
Each patient was evaluated by a full clinical workup including 
detailed history and physical examination. The patients were 
examined for reproductive tract abnormalities and underwent 
ultrasound examinations and other investigations at the 
discretion of the clinician. Eighteen healthy fertile women living in 
Jeddah and having normal periods and no apparent indication of 

Introduction

Understanding the factors responsible for infertility in a 
couple is important for defining the line of treatment or the 
management which are utilized for alleviating the problem. 
Globally, more than 50 million couples or approximately 12-15% 
of total reproductive-age couples are estimated to be infertile 
(Mascarenhas et al., 2012; Farquhar and Marjoribanks, 2018). 
For the suffering couples, infertility is a silent agony socially and 
psychologically and feelings experienced include anxiety, 
depression, grief, shame, inadequacy and other psychiatric 
disorders leading to social isolation and poor quality of life (Alosaimi 
et al., 2017; Rooney and Domar, 2018). This is particularly true for 
women in third world countries where a woman’s social status, 
her dignity and self-esteem are closely related to her ability to 
have children (Hasanpoor-Azghdy et al., 2014). 

The female related problems contribute about half of the 
causes for infertile couples and may include endocrine problems, 
ovulatory disorders, poor egg quality, reproductive tract 
infections, fallopian tube damage and endometriosis (Showell et 
al., 2013). In addition, in 15-20% of infertile couples a complete 
investigation does not lead to any diagnosis and the causes are 
unknown (Quaas and Dokras, 2008). The studies on the 
prevalence and causes of female infertility are lacking in Saudi 
Arabia and available information indicate 19% infertility making it a 
huge and immediate problem (Al-Turki, 2015). Unexplained 
infertility, polycystic ovary syndrome (PCOS), ovulation disorders, 
endometriosis and tubal damage were the most common female 
factor indications recently in 2317 infertile couples in Jeddah 
(Alasmari et al., 2018). In view of the importance of infertility to the 
health, psychological well-being, social fabric, and health care 
programs of the women, systematic studies, and understanding 
the factors affecting fertility may help to improve the reproductive 
health and allow to avoid certain risk factors.

Several toxic industrial chemicals better known as 
endocrine disrupting chemicals (EDCs) in human fluids have 
been associated overwhelmingly with various endocrinological 
and reproductive impairments (Ma et al., 2019). Bisphenol A 
(BPA) is one of the most common man-made chemicals 
contaminating the environment and possesses endocrine 
disruption properties (Rochester, 2013). It is a high volume 
chemical used in manufacturing polycarbonate plastics and 
epoxy resins and has applications in baby bottles, water bottles, 
eyeglass lenses, lining in food and beverage cans, coating on 
thermal paper, dental sealants and for food packaging, etc. (Ma et 
al., 2019). Due to its widespread use, BPA has emerged as a 
major challenge and many developed western countries have 
prohibited the use of BPA in household children’s applications 
(Siracusa et al., 2018).

Clinical observations and epidemiological studies have 
shown associations between BPA and adverse effects on many 
systems of the body, including the reproductive system (Siracusa 
et al., 2018; Ma et al., 2019). BPA is a xeno-estrogen which 
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environmental endocrine disruptors is widespread due to their 
ubiquitous presence in food, water and air (Wang et al., 2015). 
Many experimental and epidemiological studies have shown that 
exposure to certain industrial and environmental chemicals have 
resulted in adverse effects on the fertility of women (Patel et al., 
2015; Ma et al., 2019). The current prospective study included 43 
women in the infertile group and 18 normal women for control 
group. The mean age of the women did not differ significantly 
between the two groups (Table 1). Among the women in the 
infertile group, 33 women had primary infertility whereas 10 
women were having secondary infertility. 

The clinical indications based on medical examination 
and laboratory tests for patients included in the infertility group 
were irregular menses (n=2), hyperandrogenic signs (n=3), 
multiple small ovarian cysts (n=11), hyperprolactinemia (n=1), 
polycystic ovarian syndrome (n=5), hypothyroid indications 
(n=1), anovulation (n=1) and unexplained infertility (n=19). The 
unexplained infertility patients were those in which the tests for 
ovulation, fallopian tube patency and hormone panel were 
apparently normal and the clinician could not determine the cause 
of infertility. The serum BPA concentrations were not significantly 
different between women in the infertility group and control group 
(Table 1). Significantly higher serum levels for thyroid stimulating 

-1hormone (3.37 ± 2.34 vs. 2.15 ± 6.50 µIU ml , P = 0.018), 
-1testosterone (1.26 ± 0.84 vs. 0.66 ± 0.42 nmol l , P = 0.003) and 

-1estradiol (499.89 ± 619.04 vs. 240.03 ± 166.13 pmol l , P = 0.043) 
were found in infertility group in comparison to the control group. 
However, the serum levels of FSH, LH and prolactin did not differ 
between the women in the infertility group and those in the control 
group. When comparisons were done between a subgroup of 
infertile women that included only unexplained infertility and 
controls, again no differences in BPA concentrations were seen 
(Table 2). Analysis of correlations for either the infertility group 
alone or for all the women combined for infertility and control 
group (Table 3 and 4) did not reveal any correlations of BPA with 
the concentrations of all other hormones studied. 

However, combined for infertility group and control group, 
LH concentrations were correlated with FSH concentrations 
(r=0.460, P < 0.002). Correlations between serum thyroid 
stimulating hormone concentrations and prolactin and also serum 
FSH and estradiol concentrations approached significance 
(Table 3). Similarly, in the infertility group alone, serum thyroid 
stimulating hormone and prolactin concentrations were 
correlated (r=0.312, P < 0.04), and serum LH and testosterone 
concentrations were also correlated (r=0.331, P < 0.03) (Table 4). 
Correlations between FSH and LH, and FSH and estradiol 
approached significance. Previously, a number of reports have 
shown differences in serum BPA concentrations between infertile 
or specific selected groups of infertile women and controls. Few 
studies have also reported no differences. In one of the earliest 
studies, more infertile women had detectable BPA concentrations 
in serum than those in control women (Caserta et al., 2013). In 
addition, the higher BPA levels were associated with higher 
expression levels of estrogen receptor α and β, androgen 

any reproductive problem were taken as controls. The control 
women were normoandrogenic, normoprolactinemic and 
euthyroid. All patient and control women were advised to donate a 
blood sample for endocrine and BPA analysis.

Hormone analysis: Peripheral blood samples (5 ml) were drawn 
from each patient by an expert technician and transferred to the 
laboratory within two hours on ice. The blood was centrifuged and 

0the serum was stored in sterile glass vials at -80 C for further 
analysis. The serum samples were analyzed for levels of TSH, 
FSH, LH, prolactin, testosterone and estradiol in the biochemistry 
laboratory of King Abdulaziz University Hospital, using high 
throughput commercial systems and kits. The hormones in our 
study were analyzed by automated immunoassays using Cobas 
E601 module which involved electro-chemiluminescence for 
detection and estimation of analytes (Roche Diagnostics, 
Indianapolis, IN USA). The reference ranges in normal females 

-1 -1were TSH, 0.36–3.74 µIU ml ; FSH, 3.5–12.5 mIU ml ; LH, 
-1 -12.4–12.6 mIU ml ; PRL, 102-496 µIU ml ; testosterone 0.29–1.67 

-1 -1nmol l ; and estradiol, 46–1828 pmol l .

Bisphenol A analysis: Serum concentrations of BPA were 
determined by a commercially available competitive ELISA kit 
(Code No. 27766; Immunobiological Laboratories Co. Ltd., 
Gunma, Japan) that was developed for using with human serum 
for BPA analysis and has been previously used in other 
laboratories (Kandaraki et al., 2011). The standards (0.3-100 ng 

-1ml ), antibody and conjugate were supplied with the kit. All the 
steps of the assay were carried out according to the kit-supplied 
protocol.  Serial volumes of a pool of patient serum samples (100-
12.5 µl) gave a displacement curve that was similar to the 
standard curve. According to the manufacturer, the cross-
reactivity of this assay with BPA, BPA-glucuronide and BPA-Na-
sulphate was 100%, 85% and 68%, respectively. The cross 
reactivity with other alkyl phenols was <0.02 % and with BPA 
analogs such as bisphenol B and bisphenol F was 0.2-8.3%. All 
the patient and control samples were assayed in a single assay 
and the intra-assay CV for a pool of patient samples was 4.72%. 
The sensitivity of the assay, as determined by 2 SD below the 

-1mean OD of zero standard, was 0.07 ng ml .

Statistical analyses: Statistical analyses were performed by 
SAS/STAT® software (SAS University Edition, version 9.4M5; 
SAS Institute Inc. Cary, NC, USA). Data are presented as means 
±SD. Comparisons between infertile and control group for various 
discrete end points were done by Student’s unpaired t-tests. 
Correlations between BPA and concentrations of different 
hormones were done by Pearson correlation coefficients. A p-
value of P ≤ 0.05 indicated that the difference was significant and 
probabilities between P> 0.05 and P ≤ 0.10 were regarded as 
approaching significance.

Results and Discussion

Adverse effects of environmental chemicals on the health 
of human population have assumed high importance in view of 
the increasing accumulation of epidemiological and experimental 
evidence (Rochester, 2013; Ma et al., 2019). Exposure to 
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receptor and pregnane X receptor, which are usually the targets 
of endocrine disruptors. In in-vitro fertilization-intracytoplasmic 
sperm injection (IVF-ICSI) studies, higher BPA was shown to be 
associated with lower probability of mature oocytes and lower 
fertilization rates and higher implantation failure (Fujimoto et al., 
2011). Women suffering from PCOS were found to have higher 
levels of BPA compared to those of healthy women and BPA 
levels were associated with higher testosterone, free 
testosterone and androstenedione (Takeuchi et al., 2004; 
Kandaraki et al., 2011). Follicular fluid BPA concentrations in 
PCOS women were higher than in those of non-PCOS controls 
and in vitro expression of aromatase and estradiol biosynthesis 
was suppressed by BPA indicating a negative relationship of BPA 
and aromatase in PCOS patients (Wang et al., 2017).Women 
exposed to BPA were found to have higher prolactin levels and 
lower progesterone levels (Hao et al., 2011). Other studies have 
reported that increased urinary BPA concentrations were 
associated positively with free tri-iodothyronine levels and 
negatively with thyroid stimulating hormone (Wang et al., 2013). 
In another study, higher levels of BPA in urine were negatively 
associated with total thyroxine and thyroid stimulating hormone 
(Meeker and Ferguson, 2011). A recent meta-analysis of nine 
studies involving 493 PCOS patients and 440 healthy controls 
showed that patients had significantly higher levels of BPA (Hu et 

al., 2018). In addition, the BPA concentrations were associated 
with Caucasian PCOS patients, insulin resistance and 
hyperandrogenism. In contrast to these studies, others have not 
found any association in the levels of BPA between PCOS women 
and healthy controls (Li et al., 2011).

In view of the many reported studies on the association of  
BPA with infertility in women, the possible reasons for failure to 
find a difference in BPA levels between infertile women and 
control women in the present study could be manifold. It could be 
either that BPA is not associated with infertility condition in our 
infertile cohort of women. It could also be related to the choice of 
the infertile women recruited in our study as we recruited all 
women that met the criteria of infertility instead of focusing on a 
selected group of infertility. The number of women in our cohort 
was less, therefore, partition for selective subgroup analysis was 
not possible. We tried the comparisons between women with 
unexplained infertility and the controls, however, the differences 
were still not significant. Another possibility could be lower 
relevance of BPA to Saudi population. In this regard, the first 
biomonitoring study in Saudi Arabia recently reported the results 
of 57 xenobiotics in urine samples of general population in 
Jeddah area which indicated that BPS was the most common 
BPA analog instead of BPA (Asimakopoulos et al., 2016). 

Table 1: Systemic concentrations of BPA and various hormones for women in infertility and control groups 

Characteristic Infertility group Control group P -Value

No. of women 43 18  –
Age (years) 29.84 ± 4.28 (range 23–39) 29.72 ± 4.25 (range 24–38) P = 0.462

-1Thyroid stimulating hormone (µIU ml ) 3.37 ± 2.34 2.15 ± 6.50 P = 0.018
-1Follicle stimulating hormone (mIU ml ) 6.18 ± 3.49 6.50 ± 3.15 P = 0.370

-1Luteinizing hormone (mIU ml ) 9.52 ± 7.31 10.09 ± 16.81 P = 0.427
-1Prolactin (µIU ml ) 342.70 ± 237.19 298.52 ± 290.03 P = 0.270

-1Testosterone (nmol l ) 1.26 ± 0.84 0.66 ± 0.42 P = 0.003
-1Estradiol (pmol l ) 499.89 ± 619.04 240.03 ± 166.13 P = 0.043

-1Bisphenol A (ng ml ) 0.490± 0.92 0.539 ± 0.47 P = 0.416

Values are mean ± SD and P<0.05 was considered significant.

Table 2: Systemic concentrations of BPA and various hormones for women in unexplained infertility subgroup and control group 

Characteristic Unexplained infertility subgroup Control group P-Value

No. of women 19 18 –
Age (years) 31.05 ± 4.68 29.72 ± 4.25 P = 0.186

-1Thyroid stimulating hormone (µIU ml ) 3.01 ± 2.06 2.15 ± 6.50 P = 0.056
-1Follicle stimulating hormone (mIU ml ) 5.25 ± 2.59 6.50 ± 3.15 P = 0.098

-1Luteinizing hormone (mIU ml ) 8.77 ± 5.77 10.09 ± 16.81 P = 0.374
-1Prolactin (µIU ml ) 291.69 ± 157.51 298.52 ± 290.03 P = 0.465

-1Testosterone (nmol l ) 1.06 ± 0.65 0.66 ± 0.42 P = 0.016
-1Estradiol (pmol l ) 400.33 ± 446.13 240.03 ± 166.13 P = 0.080

-1Bisphenol A (ng ml ) 0.658 ± 1.32 0.539 ± 0.47 P = 0.360

Values are mean ± SD and P<0.05 was considered significant
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Table 3: Pearson correlation coefficients among the systemic concentrations of BPA and various hormones for women combined for infertile group 
(n=43) and control group (n=18)

Pearson Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

BPA TSH FSH LH PRL Test Estradiol

1 -0.042 -0.088 -0.085 -0.062 -0.018 0.194
BPA 0.748 0.502 0.519 0.639 0.889 0.138

61 60 61 60 60 60 60
1 -0.192 -0.034 0.248 0.144 0.014

TSH 0.141 0.799 0.057 0.273 0.914
60 60 60 60 60 59

1 0.460 -0.066 -0.085 0.239
FSH  0.000 0.616 0.519 0.066

61 60 60 60 60
1 0.050 0.170 0.024

LH  0.703 0.194 0.855
60 60 60 59

1 0.051 0.200
PRL  0.697 0.128

60 60 59
1 0.039

TEST  0.769
60 59

Estradiol 1 
    60

BPA: bisphenol A; TSH: thyroid stimulating hormone; FSH: follicle stimulating hormone; LH: luteinizing hormone; PRL: prolactin; TEST:testosterone

Table 4: Pearson correlation coefficients among the systemic concentrations of BPA and various hormones for women in the infertile group (n=43)

Pearson Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

BPA TSH FSH LH PRL Test Estradiol

1.000 -0.033 -0.058 -0.126 -0.091 -0.027 0.193
BPA 0.838 0.712 0.426 0.569 0.866 0.220

43 42 43 42 42 42 42
1.000 -0.205 0.000 0.312 0.053 -0.043

TSH  0.194 0.998 0.044 0.738 0.792
42 42 42 42 42 41

1.000 0.294 0.016 0.018 0.298
FSH  0.058 0.920 0.912 0.056

43 42 42 42 42
1.000 -0.259 0.331 -0.113

LH  0.098 0.032 0.481
42 42 42 41

1.000 -0.058 0.206
PRL  0.713 0.197

42 42 41
1.000 -0.071

Test  0.658
42 41

Estradiol 1.000
      41

BPA: bisphenol A; TSH: thyroid stimulating hormone; FSH: follicle stimulating hormone; LH: luteinizing hormone; PRL: prolactin; TEST:testosterone
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In another study on the analysis of house dust in Saudi 
Arabia, BPS was also the most commonly detected bisphenol 
analog (Wang et al., 2015).Therefore, BPA in Saudi Arabia as an 
endocrine disruptor that could have association with infertility may 
not be relevant. In this regard, the concentrations of BPA in the 
serum of patients or controls in our study were also lower (0.505 

-1ng ml ) than the concentrations reported in controls of other 
-1studies from other parts of the world (0.720 ng ml ; Kandaraki et 

al., 2011). Higher concentrations of thyroid stimulating hormone, 
testosterone and estradiol between the infertile group and the 
controls in our study indicate the disturbance in the hormone 
milieu of infertile women in our cohort. Our infertile group included 
women with cystic follicles, hyperprolactinemia, hypothyroidism, 
hyperandrogenism and PCOS. These clinical conditions are 
associated with elevated steroid hormone profile in affected 
women (Kandaraki et al., 2011). 

In conclusion, the results of this study did not reveal any 
association of serum BPA concentrations with infertility in a cohort 
of infertile women at King Abdulaziz Hospital, Jeddah, Saudi 
Arabia. The possible explanations could be that BPA was not 
associated with infertility condition in infertile cohort or less 
relevance of BPA for Saudi population due to lower exposure of 
BPA in comparison to other BPA analogues such as BPS.
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