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A BST R AC T   

 

Aim: To investigate the bisphenol A (BPA) levels, which may be a risk factor in the etiology of 

endometrioma, in patients diagnosed laparoscopically with endometrioma with and without bowel 

involvement.  

Method: In the prospective cross-sectional case control study, 47 cases were included in the study, which were 

admitted to the gynecology and infertility services with and without bowel involvement endometrioma who 

were operated and diagnosed histopathologically. 43 patients were included in the control group. For serum 

BPA value, blood samples taken immediately before the operation were studied in laboratory. Patients and 

controls were compared with controls in terms of serum BPA values.  

Results: The mean age of the patients was 35 ± 2 in the endometriosis group and 36 ± 2 in the control group 

which was and not statistically significant.  There was no statistical difference between the patient and control 

groups in terms of menstruation periods. Serum BPA levels were significantly higher in the bowel involvement 

group compared to the non-bowel involvement group, as the distribution width was higher due to excessive 

values, and only 5 patients with bowel involvement did not reach statistically significant levels. Serum BPA 

level was 1084±1132 ng/L in the endometriosis group and 269±99 ng/L in the control group which was 

statistically significant (p<0,001).   

Conclusions: BPA levels were showing very wide range especially in the patient group. Serum BPA levels 

was statistically significantly higher in the endometrioma group compared to the control group. Therefore, in 

the etiology of endometriosis BPA may take a definite place. 
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Introduction 

Endometriosis is a chronic inflammatory 

disease characterized by the endometrial gland 

and stroma outside the endometrium 1. Its 

clinical symptoms are dysmenorrhea, 

dyspareunia, non-cyclic pelvic pain, and 

subfertility and cause 30-50% infertility and 

10-15% morbidity in premenopausal 

reproductive women 2. Even if endometriosis 

is a benign gynecological disease, it carries a 

risk of epithelial ovarian cancer 3. Although 

endometriosis is classified as genital and 

extragenital 4, the most common position of 

extragenital endometriosis is the bowels 5,6. 
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Where there is still conflicting information 

about its prevalence, pathogenesis, natural 

course, and optimal treatment, and today it is 

believed that environmental toxins may also be 

one of its pathogenesis. 

Environmental toxins that induce the 

dysregulation of hormone systems that regulate 

reproductive, cardiovascular, neurological and 

immune processes in humans are called 

endocrine-disrupting chemicals (EDC) 7. 

People exposed to EDCs have been shown to 

have an increased risk of developing diseases 

such as cancer, diabetes, obesity, infertility 8-

12. Bisphenol A (BPA); is one of the 

commonly used EDCs 13. 70% of the 

produced BPA is used in polycarbonate plastics 

and 25% in epoxy resins 14, polycarbonates 

are included in the structure of various plastic 

products such as feeding bottles, tin cans, and 

water bottles 15. Epoxy resins, on the other 

hand, are used for coating the inner surface of 

metal cans used in the packaging of food and 

beverages and different types of food transport 

containers. If the process does not occur 

correctly in constructing these packaging 

materials, the migration of BPA-type resins and 

reaction products to food is formed 16. 

Considering that packaged convenience foods 

are consumed very intensively in our age, 

studies on substances that migrate from 

packaging materials to food become important 

for food safety and human health. 

Due to its estrogen (E2)-like structure, BPA 

shows estrogenic effects by binding to α-

receptors and weakly β-estrogen receptors 

(ER) in vivo and in vitro environment 17. 

Although BPA binds to nuclear estrogen 

receptors with less affinity than 17 β-estrogen 

(E2), it binds to non-nuclear estrogen receptors 

with similar affinity as E2 18. BPA could act 

as an anti-estrogen that blocks the estrogenic 

response by competing with endogenous E2 

19 and showing an antiandrogenic effect by 

binding directly to androgen receptors blocking 

endogenous androgen activity 19,20. 

In recent years, it has been known that BPA can 

negatively affect the endocrine system even at 

lower doses 21. BPA taken by various means 

is metabolized in the liver glucuronidation 

pathway. BPA loses its estrogenic effect when 

sulfated. The approximate half-life of BPA is 6 

hours, and almost all of it is excreted in urine 

within 24 hours. Although rapidly metabolized, 

BPA could accumulate in tissues for a long time 

and participate in the conjugation –

deconjugation cycle 22. It is believed that 

BPA is exposed to toxic effects, especially 

during the fetal and neonatal period, when liver 

detoxification enzymes are not yet developed, 

and its effects are revealed through this period 

23. 

One of the theories put forward to explain the 

etiology of endometriosis, the cause of which is 

not precisely known, is induction theory. This 

theory suggests that some exogenous and 

endogenous hormonal and biological factors 

cause the transformation of undifferentiated 

cells into endometrium tissue 24. In vitro 

studies have said that ovarian surface 

epithelium has the potential to undergo 

transformation to form endometriotic lesions in 

response to estrogen 25; prenatal exposure of 

mice to BPA can reveal an EM-like phenotype 

in female offspring 26. The demonstration 

that BPA exposure causes endometriosis-like 

lesions has led to the hypothesis that BPA may 

play a role in endometriosis pathogenesis. 

Therefore, we wanted to shed light on whether 

BPA can be included in endometrioma 

pathogenesis by examining the serum levels of 

BPA, which is an environmental toxin patient 

with and without bowel involvement. 
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Materials and methods 

Study design 

For this study, Clinical Ethics Committee 

approval with the decision number 120/2017 

was obtained from Health Sciences University 

Ankara Dr. Zekai Tahir Burak Women's Health 

Health Application and Research Center. Data 

were obtained at gynecology clinics of the same 

hospital, carried out from 2017 to 2018. 

A total of 90 patients, 47 female patients and 43 

healthy women aged 29-38, were included in 

the study according to inclusion and exclusion 

criteria (Table 1). The control group was 

created from women who were admitted to our 

hospital for routine follow-up or pap smear. The 

endometrioma group was formed from people 

who were diagnosed with endometrioma during 

laparoscopy or laparotomy and reported 

endometrioma as a result of the pathological 

examination in their material. 

 

Table 1. Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

-Being between the 

ages of 29-40 

-Getting written 

consent 

-Taking any hormonal 

medication in the last 6 

months 

-Having applied assisted 

reproductive techniques in 

the last 6 months 

-Endometrioma / cyst 

detected in USG 

-Having dysmenorrhea / 

dyspareunia 

-Having menstrual 

irregularity 

BMI > 35  

 

The information of patients was obtained by 

conducting a face-to-face interview. Body mass 

index was calculated by measuring height and 

weight during the hospitalization of patients. 

The cases in the follicular phase of the 

menstrual cycle and at the end of menstruation 

were included in the study. Dyspareunia and 

dysmenorrhea were questioned. New onset and 

non-recurrent pains were not considered 

dyspareunia. Patients who described the new 

onset of dysmenorrhea or pain for other reasons 

were not included in the group. All patients in 

control and endometrioma groups were 

married. One patient in the endometrioma 

group, despite being married for one year, did 

not have children and was accepted as infertile. 

Since this patient did not receive any hormonal 

therapy, the patient was included in the 

endometrioma group. 

ELISA 

After verbal consent was obtained from all of 

the patients in the study group, 10 ccs of venous 

blood were collected at the end of 8 hours of 

fasting to evaluate serum BPA levels on the 

morning of the operation. The blood taken was 

immediately taken into a glass tube after being 

centrifuged at 3000 rpm for 20 minutes. The 

tubes were paraffinized and stored at -80 ° C 

without exposure to any plastic material and 

sunlight. BPA levels in serum were analyzed 

with the sandwich ELISA detection method 

following the instructions prepared by the kit 

manufacturer (Pars BioChem NanjingG Pars 

BioChem CO, LTD). In ELISA analysis, 

samples were read in a Rayto microplate RT 

2100 C reading device. The kits have a 50 ng / 

L sensitivity, and the BPA threshold value was 

accepted as 150-4000 ng / L. 

Statistical analysis 

The numerical data measured were presented as 

mean and standard deviation (SD), median 

(median), minimum and maximum values. 

Kolmogorov-Smirnov and Shapiro-Wilk tests 

were used to determine whether the numerical 

values obtained from the measurement were 

compatible with the normal distribution. Since 

numerical values did not conform to the normal 

distribution, data belonging to independent 

groups were compared using the Mann-
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Whitney U test. Non-parametric Spearman 

correlation analysis was used for correlations 

between numerical values. Nominal or ordinal 

data obtained by census were presented as 

numbers and percentages. In statistical analysis, 

p value below 0.05 was considered statistically 

significant. 

 

Results 

47 age-matched female patients with 

endometriosis and 43 healthy women were 

included in the study as the endometrioma 

group and control group. The mean age of the 

endometrioma and control groups was 35 ± 2 

years, and no statistical difference was found 

between them (p = 0.127) (Table 2)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Menarche ages of the endometrioma group was 

found to be significantly lower than the control 

group (p = 0.001) (Table 2). No statistically 

significant difference was found between the 

endometrioma and control groups in terms of 

menstrual periods (6 ± 2 days and 6 ± 1 days, 

respectively, p = 0.739) (Table 4). 

Serum human BPA levels of the endometrioma 

group (1084 ± 1132 ng / L) were found to be 

significantly higher than the control group (269 

± 99 ng / L) (p <0.001) (Table 2). BPA levels 

showed a very wide range (minimum-

maximum: 236-4450 ng / L), especially in the 

endometrioma group (Table 2). 

When patients with endometriosis with and 

without bowel involvement were compared; it 

was observed that there was no significant 

difference between the two subgroups in terms 

of age, menarche age and duration of 

menstruation (p> 0.05 for each) (Table 3). 

However, endometrioma size was found to be 

significantly higher in patients with bowel 

involvement compared to those without 

involvement (p = 0.041) (Table 3). 

Serum BPA levels were observed to be very 

high in the group with bowel involvement 

compared to the non-involvement group 

(median values; 1805 ng / L and 464 ng / L,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

respectively), it was observed that the 

difference between the two groups could not 

reach a statistically significant level since 

because the distribution was too high due to 

extreme values and there were patients only 5 

with bowel involvement (Table 3). However, 

the size of endometrima was found to be 

significantly higher in patients with intestinal 

involvement compared to those without 

involvement (p = 0.041) (Figure 1). 

A weak negative correlation was found between 

serum BPA level    and     patient   age   in   the  

Table 2.  Comparison of the characteristic features between the endometrioma and control groups. 

Parameters  

Endometrioma group 

(n=47) 

Control group 

(n=43) 

 

P value 

Mean ± SD 

Median 

(Min-Max) Mean ± SD 

Median 

(Min-Max) 

Age (Year) 35 ± 2 35 (29-38) 35 ± 2 35 (32-38) 0,127 

Menarche age (Year) 12 ± 1 13 (11-15) 13 ± 1 13 (11-15) 0,001 

Menstruation (Day) 6 ± 2 6 (4-9) 6 ± 1 6 (4-8) 0,739 

Bisphenol A (ng/L) 1084 ±1132 488 (236-4450) 269 ± 99 233 (155-505) <0,001 
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endometrioma group (r=-0,307; p=0,036) 

(Tablo 4). However, there was no significant 

correlation between BPA and age in the control 

group (p=0,413). No significant correlation was 

found between serum BPA levels and menarche 

age, menstrual duration, and endometrioma size 

in both the endometrioma group and the control 

group (p>0,05) (Table 4). 

 

Discussion 

In the world, 10-15% of women of reproductive 

age are affected by endometriosis, and 

endometriosis is considered a significant cause 

of morbidity 27. Considering the 

demographic characteristics, it is known that  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

endometriosis is diagnosed in the reproductive 

period 28 and that early menarche age is a risk 

factor for endometriosis 29, and that 

menstrual bleeding is prolonged. In the study, 

the average age of endometrioma group with 

endometriosis being in the reproductive period 

and not being different from controls 30 and 

the early menarche age compared to controls 

30, 31 are consistent with the literature. The 

information that the duration of menstrual 

bleeding is long in patients with endometriosis 

32 is not compatible with the result of the 

study, but similar studies are encountered when 

evaluated daily (6 days) 33. 

Table 3.  Comparison of the variables for endometrioma group with and without bowel involvement. 

Parameters  

Bowel Involvement (-) 

(n=42) 

Bowel Involvement (+) 

(n=5) 

 

P Value 

Mean ± SD 

Median 

(Mean-Max) Average ± SD 

Median 

(Min-Max) 

Age (Year) 35 ± 2 35 (29-38) 36 ± 2 36 (33-37) 0,429 

Menarche age (Year) 12 ± 1 13 (11-15) 12 ± 1 12 (11-13) 0,603 

Duration of menstruation (Day) 6 ± 2 6 (4-9) 5 ± 1 6 (4-7) 0,390 

Endometrioma  (mm) 7 ± 1 8 (5-9) 8 ± 1 8 (8-9) 0,041 

Bisphenol A (ng/L) 978±1071 464 (250-4450) 1973±1366 1805 (236-3950) 0,190 

 

 

Figure 1. a) Graph of serum bisphenol A values of endometrioma and control groups. b) Graph of serum 

bisphenol A values of endometrioma group with and without bowel involvement. c) Endometrioma size graph 

of the endometrioma group with and without intestinal involvement. 
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Many risk factors have been identified for 

endometriosis, such as genetics, age, race, 

obesity, exposure to the hormone, and 

environmental conditions. BPA is also 

considered one of the most widely used 

environmental factors today, and that can be 

considered a risk factor in the formation of 

endometriosis. Due to the E2-like nature of 

BPA, it binds to α-receptors in vivo and in vitro 

and weakly to β-estrogen receptors (ER), 

demonstrating estrogenic effects 17. 

Although BPA binds to nuclear estrogen 

receptors with lower affinity than 17 β-estradiol 

(E2), it binds to non-nuclear estrogen receptors 

with similar affinity to E2 18. BPA could act 

as an anti-estrogen that blocks the estrogenic 

response by competing with endogenous E2 

and binding directly to androgen receptors 19, 

blocking endogenous androgen activity and 

showing an antiandrogenic effect 19,20. In 

recent years, it has been known that BPA can 

negatively affect the endocrine system even at 

low doses 21. In our study, serum BPA levels 

were significantly higher, although there was an 

extensive distribution in the endometrioma 

group. Although a weak negative correlation 

was observed between serum BPA levels and 

patient age in the endometrioma group, no 

correlation was found    between   serum  BPA  

 

 

 

 

 

 

 

 

 

 

 

 

levels and menarche age, menstrual duration, 

and endometrioma size in the endometrioma 

group and the control group. The detection of 

the high amount of BPA in the serum of patients 

with endometriosis in accordance with the 

study of Cobellis et al. 34 suggests that BPA 

is involved in the pathophysiology of 

endometriosis. The difference of between 

Cobellis et al. and the present study is BPA 

analysis method. Cobellis et al. assessed serum 

BPA levels by chromatography but our method 

is ELISA. 

The area that extragenital endometriosis most 

commonly observed is the bowels 6 and 3.8-

37% of patients with endometriosis have bowel 

endometriosis 35. As the ethiopathogenesis of 

intestinal endometriosis is multifactorial 

(retrograde menstruation, coelomic metaplasia, 

lymphatic dissemination, etc.) 36, the bowel 

contact of endocrine disrupting chemicals taken 

with food gives BPA a position in terms of 

pathogenesis. In our study, patients with 

endometriosis with and without intestinal 

involvement were compared; the size of 

endometrioma was significantly larger in 

patients with bowel involvement compared to 

those without involvement. Serum BPA levels 

were observed to be very high in the group with 

bowel involvement compared to the group 

Table 4.  Spearman’s correlation coefficients (r) and significance levels (p) between serum Bisphenol A level 

and other variables in the endometrioma and control groups. 

 Groups 

Age Menarche age 

Duration of 

menstruation 

Size of 

endometrium 

Endometrioma Bisphenol A 

r -0,307* 0,030 -0,206 0,070 

p 0,036 0,840 0,165 0,641 

Control  Bisphenol A 

r 0,128 0,027 -0,012 - 

p 0,413 0,862 0,939 - 
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without involvement (median values; 1805 ng / 

L and 464 ng / L, respectively), measurement of 

extreme values, too much distribution width, 

and the presence of only five patients with 

bowel involvement caused the difference 

between the two groups to not reach a 

statistically significant level. The high presence 

of BPA, which enters the body with food intake, 

in those with intestinal involvement is 

significant in terms of the place where BPA is 

absorbed into the body. Especially for the 

endometrioma group with bowel 

endometriosis, avoiding BPA may affect the 

course of the disease. Our study is original in 

terms of showing bowel involvement and 

serum BPA values. 

BPA taken in various ways is mainly 

metabolized in the liver glucuronidation 

pathway and loses its estrogenic effect when 

BPA is sulfated. The half-life of BPA is 6 

hours, and although it is rapidly metabolized, 

BPA can accumulate in tissues for a long time 

and be included in the conjugation-

deconjugation cycle. Although almost all of the 

BPA is excreted in the urine in 24 hours 22, 

high urinary BPA levels in patients diagnosed 

with laparoscopic endometriosis 37, and 

significantly higher total urinary BPA levels in 

patients diagnosed with non-ovarian 

endometrioma 38 indirectly support the 

results of our study. On the other hand, there are 

other studies in the literature in which the 

urinary BPA values in endometriosis were 

examined, and no significant results were 

obtained 39, 40. However, the evaluation of 

these studies in patients diagnosed with 

endometriosis radiologically limited the 

discussion. Studies showing how exposure to 

BPA causes changes in the organism shed light 

on the pathophysiology of BPA endometriosis. 

In the study in which BPA was given to an 

endometriotic animal model created by 

injecting uterine tissue into the pelvis, and its 

effects were examined, it has been shown that 

BPA increased distal lesion volumes (300 and 

900 ppm BPA), increased the number of atretic 

and dead follicles (30, 300 and 900 ppm BPA), 

activate estrogen receptor genes and disrupt 

ovarian functions 41. In another study 

investigating the effects of BPA in the in 

vitro endometriosis model, it was reported that 

BPA showed agonistic activity against estrogen 

receptor alpha and beta 42. In another study 

conducted to investigate the role of BPA in the 

pathophysiology of endometriosis, it was 

observed that high urinary BPA levels and high 

thiobarbituric acid-reactive products were 

associated with each other in women diagnosed 

with endometriosis. It was stated that BPA 

could achieve its effects by increasing oxidative 

stress in the formation of endometriosis 43. 

Since liver detoxification enzymes have not 

developed yet, it suggests that exposure to the 

toxic effects of BPA, especially in the 

intrauterine and neonatal period, reveals the 

effects of BPA through this period 44. It has 

been determined that BPA given to pregnant 

Balb-C mice starting from the 1st day of 

pregnancy and up to the 7th postpartum day 

causes endometriosis-like structures in the 

adipose tissue surrounding the genital areas of 

the offspring. In addition, cystic ovary, cystic 

endometrial hyperplasia, atypical hyperplasia, 

and adenomatous hyperplasic structures were 

seen more in animals exposed to BPA than 

controls 26. Although endometriosis is 

diagnosed in the reproductive period, the fact 

that the effects of BPA are shown as a result of 

chronic exposure and through estrogenic 

receptors does not change the fact that it creates 

the primary pathology at a very early stage of 

life. 
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As a result of our study, endocrine disrupting 

chemicals have gained importance regarding 

the pathogenesis of endometriosis. The present 

study is a clinical study but should been 

supported the effects of BPA in experimental 

studies, besides it should be investigate that 

what is relationship between BPA and bowel 

endometriosis. Studies aimed at enlightening 

the pathogenesis of endometriosis could create 

new treatment options and prevent infertility 

and cancers due to endometriosis.  
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