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Abstract
Purpose Bisphenol-A (BPA) is an endocrine-disrupting chemical that may affect the hormones and their receptors. The aim
of this study is to determine whether BPA has an effect on the development of nonfunctional adrenal incidentaloma (NFAI).
Methods Fifty patients who were admitted to endocrinology outpatient clinics and diagnosed as NFAI were included in the
study. Fifty healthy people without adrenal mass and adrenal pathology in the upper abdominal computerized tomography or
magnetic resonance imaging were also included as control group. Age, gender and body mass index of the study groups
were similar. The serum samples for BPA were stored at −80 °C in refrigerator until working in the lab. Serum BPA levels
were measured using ELISA technique.
Results Mean serum BPA level was 7.06 ± 3.96 ng/ml in NFAI patients and 4.79 ± 3.01 ng/ml in control group. Serum BPA
level was significantly higher in NFAI group than control group (p= 0.001). Serum BPA levels were also found to be
significantly higher in women with NFAI than in men with NFAI (p= 0.019).
Conclusions The mechanisms of NFAI development have not been clarified yet. Increased BPA exposure with developed
industrialization may play a role in NFAI formation. For the reduction of BPA exposure, the use of plastic prepacked
products, plastic containers, and safety measures are essential for public health.
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Introduction

Endocrine disruptors are naturally occurring or man-made
substances that can mimic or interfere with the endocrine
system at certain doses [1]. Bisphenol-A (BPA), an
endocrine-disrupting chemical (EDC), has capable of
binding to both estrogen receptor α (ERα) and estrogen
receptor β (ERβ) [2, 3]. BPA can generally be found in
polyvinyl chloride (PVC) plastics, compact disc, thermal
fax papers, paint, water, cola, fruit juice, milk bottles,
plastic film covering the inner surface of beer cans and in

baby bottle [4]. In addition, plastic containers used for
storing food and beverages, the inner surfaces of tin cans,
dental fillings, toys, clothes, and even household dust are
known to be places where BPA is detected [5]. Generally,
the food products are considered the main source of BPA
exposure. But, many studies have shown that BPA is
transferred from polycarbonate baby bottles and reusable
polycarbonate water bottles to the liquids contained in the
bottles [5, 6]. BPA production which is increased by
industrialization, leads to more BPA exposure. Increased
BPA levels can cause cancer, birth defects, reproductive,
immune, developmental and other organ disorders in
humans and other animals [1]. Increased BPA levels in
postmenopausal women have been associated with
increased inflammation and oxidative stress. Reduced
semen quality and sperm DNA damage have been reported
to related with increased BPA levels as well as ovarian
dysfunction [7]. One study reported high levels of BPA in
patients with obese and polycystic ovary syndrome [8].

There is only a few knowledge about exposure to BPA
on the adrenal gland [9]. In one study, BPA-containing food
(25 mg/kg) was given to pregnant rats until the end of
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pregnancy, and BPA was found to increase adrenal gland
weight in both male and female offspring [10]. Prenatal
exposure to BPA has been shown to cause high plasma
corticosterone levels by increasing dose-dependent levels of
steroidogenic acute regulatory protein (StAR) in adult
female mouse offspring. BPA has been shown to increase
StAR protein levels through an unknown mechanism [9].

Adrenal incidentaloma refers to incidentally detected
adrenal masses during radiological examinations or
abdominal surgical procedures in patients without any
symptoms or signs suggestive of adrenal mass [11, 12]. The
widespread use of noninvasive imaging methods has
increased the incidentally detected adrenal masses [13].
While the prevalence of nonfunctional adrenal incidenta-
loma (NFAI) is 1–8.7% in autopsy series, it reaches to 10%
especially in elderly population. NAFIs are mostly benign
and non-functional. Non-hormone-releasing benign adrenal
incidentalomas usually do not require surgery. Rarely, fatal
adrenal cancer or metastasis can potentially developed.
Functional adrenal incidentalomas as Cushing’s syndrome,
pheochromocytoma, primary hyperaldosteronismless fre-
quently observed [14, 15]. It is important to distinguish
between benign and malign masses or between functional
and non-functional masses.

According to our knowledge, there is no study to
investigate BPA levels in patients with NFAI in the litera-
ture. The aim of our study is to determine whether there is a
relationship between serum BPA levels and NFAI.

Materials and methods

Fifty patients who admitted to the our endocrinology out-
patient clinic between January 2018 and December 2018
and followed up with the diagnosis of NFAI were included
in the study. Fifty age- and sex-matched healthy subjects
with no adrenal mass or adrenal pathology on the upper
abdomen CT or MRI were included in the control group.

Written informed consent was obtained from all
participants.

Ethics committee approval was obtained from Kirikkale
University School of Medicine ethics committee on
06.03.2018 with the decision number 04/01.

Patients over 18 years old with nonfunctional adrenal
mass were included in the study.

Patients with diabetes mellitus, thyroid dysfunction,
acute or chronic infection, malignancy, coronary artery
disease, renal failure, liver failure, pregnancy, a history of
drug use affecting surrenal functions, insulin resistance,
antidepressants, antipsychotics or antiepileptics, use of
alcohol, smoking, a history of rheumatology illness were
excluded from the study.

The blood samples for fasting plasma glucose, fasting
insulin and serum BPA levels between 08.30–10.00 AM
(Ante Meridiem) were collected from the participants after
fasting period at least 8 h. All blood samples were cen-
trifuged at 4000 rpm for 10 min and their serum were
separated and stored at −80 °C until working in the lab.

Anthropometric measurements

Height was measured with a standard height scale without
hats and shoes. During the measurement, accessories (such
as coats, shoes) were removed. Body weight and fat dis-
tributions were measured by bioelectrical impedance ana-
lysis TANITA. Fat percentage (%), fat mass (kg), lean mass
(kg) were measured by using TANITA.

The systolic and diastolic blood pressure were measured
with a sphingomanometer from the left arm (F.Bosch
Medızıntech brand) after resting the patient in a sitting
position for half an hour.

Adopted criteria to define NFAI

Radiological imaging

The size and imaging features of the adrenal mass are very
important in determining whether the adrenal mass is
benign or malignant. The probability of adrenal masses
larger than 4 cm to be malignant increases significantly [16].
Initially, noncontrast (unenhanced) CT images were
obtained as a baseline. Subsequently, postcontrast and
delayed contrast-enhanced CT images were obtained.
Hounsfield unit (HU) scale is a quantitative method for
describing radiodensity. Radiograph attenuation was mea-
sured semiquantitatively with the Hounsfield scale in
unenhanced CT. Intracytoplasmic fat in adenomas causes
low attenuation on unenhanced CT, while non-adenoma
masses have higher attenuation. If HU < 10 on unenhanced
CT, it is very likely to be adenoma. However, up to 30% of
adenomas are not lipid-rich and cannot be distinguished
from non-adenoma masses in unenhanced CT scans [17].

According to delayed contrast-enhanced CT images,
absolute contrast washout rate was calculated. Adenomas
typically shows rapid contrast washout on delayed contrast-
enhanced CT. Ten minutes after the contrast administration,
having more than 50% contrast agent wash out in the mass
is 100% sensitive and specific for adenoma [18, 19].

Although the preferred imaging method for evaluating the
adrenal gland is CT, MRI can be performed in some patients
due to some clinical advantages, such as the absence of
radiation exposure. T1 and T2 weighted imaging can help in
benign malignant separation, moreover, MR with chemical
shift imaging method can be used for this purpose [20].
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Endocrine tests for adrenal hyperfunction

All patients diagnosed with adrenal incidentaloma were
evaluated with endocrine tests for three adrenal hyper-
function forms (Subclinical Cushing’s syndrome, pheo-
chromocytoma, primary hyperaldosteronism).

To exclude subclinical Cushing syndrome, baseline
serum dehydroepiandrosterone sulfate (DHEAS) level was
measured and overnight 1 mg of dexamethasone suppres-
sion test (DST) was performed. Low DHEAS is important
in that it reflects chronic suppression of ACTH secretion.
1 mg dexamethasone is administered orally between 11 PM
(Post Meridiem) − 12 PM and blood samples were taken
for serum cortisol levels the next morning between 8 and 9
AM. The value of 1.8 mcg/dl (50 nmol/l) was chosen as cut-
off because it significantly increased diagnostic sensitivity
[21, 22] and autonomous cortisol production was excluded
in patients with serum cortisol below 1.8 mcg/dl.

To exclude pheochromocytoma, 24-h urinary fractio-
nated metanephrines [23] and valin mandelic acid levels
were measured. If clinical suspicion is low in patients with
normal results, no further tests were performed. In patients
with high clinical suspicion and spells, a urine sample was
collected during the spell and the test was repeated, and if
normal, the diagnosis of pheochromocytoma was excluded.

In patients with adrenal incidentaloma with hypertension,
plasma aldosterone (ng/dl) / renin (ng/ml/hour) ratio was
examined to exclude primary aldosteronism [24], and if the
ratio was greater than 20, confirmation tests were per-
formed. On the other hand, no further investigation was
performed in patients with a ratio below 20.

The exclusion of adrenal hyperfunctional forms (sub-
clinical Cushing’s syndrome, pheochromocytoma, primary
hyperaldosteronism) according to the results of the above
endocrine tests, and also the features compatible with ade-
noma according to size and radiological imaging char-
acteristics were defined as NAFI.

Laboratory analysis

Serum BPA levels were measured with the MyBiosource
General Bisphenol A ELISA Kit. (MyBiosource, Inc. San
Diego, USA). Serum samples were incubated at 37 °C for
90 min. The layers were washed, working solution with
biotinylated antibody was added and incubated at 37 °C for
60 min. After three washes, the enzyme solution was added
and incubated for 30 min at 37 °C. After washing five times,
color reagent solution was allowed to stand at 37 °C for
30 min and color reagent C was added.

The standard BPA detection range of the BPA kit used in
the study was 200–3.12 ng/ml and had a minimum detect-
able serum BPA level of up to 0.6 ng/ml. Intra-test sensi-
tivity is 8 8% and inter-test sensitivity is ≤12%. BPA values

were calculated from the absorbances obtained by plotting
the graph curve according to the standards.

The Homeostatic Model Assessment Insulin Resistance
(HOMA-IR) index was calculated from records for each
patient using the formula as [fasting plasma insulin (μIU/
ml) X fasting plasma glucose (mmol/l)/22.5], and HOMA-
IR ≥ 2.7 were considered insulin resistance [25].

Statistical methods

In the statistical analysis of this study, Statistical Package
for the Social Science (SPSS 20) program was used. The
significance limit value was taken as p < 0.05. Descriptive
statistics are expressed as mean ± standard deviation for
numerical variables and as numbers and percentages for
nominal variables. In numerical data without normal
distribution, median (IQR) was used. In order to inves-
tigate the normal distribution of numerical variables,
Kolmogorov–Smirnov and Shapiro–Wilks tests were
used. In comparison of two independent groups for a
numerical variable, t-test (Student’s t test) in independent
groups and Mann–Whitney-U test were used in normal
groups according to whether they fit to normal distribu-
tion or not. Chi-square test was used to compare nominal
variables between groups. Spearman’s correlation ana-
lysis was used to investigate the relationship between two
numerical variables. Logistic regression analysis was
performed with variables with statistically significant
results and p values less than 0.25 [26].

Results

Demographic characteristics

Fifty patients with NFAI and 50 healthy volunteers parti-
cipated in our study. 70.0% (n= 35) of the 50 individuals in
the NFAI group were female and 30.0% (n= 15) were
male. 64% (n= 32) of the 50 subjects in the healthy control
group were female and 36% (n= 18) were male. There
were no statistically significant difference between the two
groups in terms of gender (p= 0.523) and age (51.9 ± 8.5
years vs. 49.6 ± 11.3 years, respectively, p= 0.252).

Anthropometric characteristics and blood
pressure profile

(a) Mean body mass index (BMI) was 31.6 ± 5.7 kg/m2 in
the patient group and 30.7 ± 4.9 kg/m2 in the control
group. The mean fat percentage was 33.0 ± 8.3% in
the patient group and 31.7 ± 8.3% in the control
group. The mean fat mass was 27.4 ± 9.7 kg in the
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patient group and the mean fat mass in the control
group was 27.6 ± 9.6 kg. The mean lean mass was
49.8 ± 8.4 kg in the patient group and the mean lean
mass in the control group was 48.4 ± 10.1 kg. There
were no statistically significant difference between the
two groups in terms of BMI (p= 0.642), fat
percentage (p= 0.414), fat mass (p= 0.699) and lean
mass (p= 0.530).

(b) The mean systolic blood pressure was 127.7 ±
8.7 mmHg in the NFAI group and 129.1 ± 6.9 mmHg
in the control group. The mean diastolic blood

pressure was 79.6 ± 4.8 mmHg in the NFAI group and
79.9 ± 4.4 mmHg in the control group. There were no
statistically significant difference between the groups
in terms of systolic blood pressure (p= 0.584) and
diastolic blood pressure (p= 0.967).

Serum BPA levels of the study population

The serum BPA levels were 7.06 ± 3.96 ng/ml in patients
with NFAI and 4.79 ± 3.01 ng/ml in control group. The
mean BPA level in NFAI group was higher than their
control group (p= 0.001). Table 1 shows the serum BPA
levels of study population.

Serum BPA levels in women were significantly higher
than men in NFAI group (7.9 ± 4.2 vs. 5.0 ± 2.3 ng/ml, p=
0.019). On the other hand, there was no significant differ-
ence in BPA values of patients with BMI < 30 and BMI ≥
30 in the NFAI group (6.6 ± 3.2 vs. 7.3 ± 4.4 ng/ml, p=
0.768, respectively).

Characteristics of adrenal adenoma in NFAI group

In abdominal CT or MRI, 56% (n= 28) of the NFAIs were
located in the left adrenal gland, 34% (n= 17) in the right
adrenal gland, and 10% (n= 5) were bilaterally. The mean
adenoma size was 18.4 ± 6.8 mm. The average HU was
3.02 ± 15.13. The mean BPA level in adenomas located left
adrenal gland was 7.16 ± 3.29 ng/ml, the mean BPA level in
adenomas located in the right adrenal gland was 6.30 ±
3.20 ng/ml and the mean BPA level in bilateral adrenal
adenomas was 9.07 ± 8.44 ng/ml. No statistically significant
differences were found between BPA levels by location

(p= 0.552). Table 2 shows adenoma characteristics of
patients with NFAI.

The results of fasting plasma glucose, fasting
plasma insulin, and HOMA-IR

In the NFAI group, the mean fasting plasma glucose was
99.1 ± 13.8 mg/dl, the mean fasting plasma insulin was
12.6 ± 7.5 μIU/ml and HOMA-IR was 3.08 ± 1.77. In the
control group, the mean fasting plasma glucose was 89.3 ±
7.8 mg/dl, the mean fasting plasma insulin was 9.9 ±
4.2 μIU/ml and HOMA-IR was 2.19 ± 0.94. Fasting plasma
glucose (p < 0.001) and HOMA-IR (p= 0.007) values were
significantly higher in the NFAI group than their control
subjects. There was no statistically significant difference
between the patient and control groups in terms of fasting
plasma insulin levels (p= 0.087) (Table 3).

According to HOMA-IR values, it was found that 58%
(n= 29) of 50 patients had insulin resistance and 42% (n=
21) did not have insulin resistance. Mean adenoma size of
patients without insulin resistance was 16.1 ± 5.7 mm. The
mean adenoma size of patients with insulin resistance was
19.1 ± 7.5 mm. There was no statistically significant dif-
ference between patients with and without insulin resistance
in terms of adenoma size (p= 0.234). The mean BPA of
patients without insulin resistance was 7.46 ± 3.28 ng/ml
and the mean BPA of patients with insulin resistance was
6.77 ± 4.43 ng/ml. There was no statistically significant
difference between patients with and without insulin resis-
tance in terms of BPA (p= 0.302). Table 4 shows the
adenoma size and BPA values according to the insulin
resistance status in the NFAI group.

Correlation analysis

There were not statistically significant correlation between
age, fat percentage, fat mass, lean mass and BPA levels in
patients with NFAI and control group.

No statistically significant correlations were found
among with BPA and adenoma size and HU in the patients
with NFAI. There were not significant correlations between

Table 1 Serum BPA levels of the study groups

NFAI group
(n= 50)

Control group
(n= 50)

p value*

BPA (ng/ml) 7.06 ± 3.96 4.79 ± 3.01 0.001

*p < 0.05 was statistically significance

Table 2 Characteristics of adrenal adenoma in NFAI group

Adenoma placementa % (n)

Left adrenal placement %56 (n= 28)

Right adrenal placement %34 (n= 17)

Bilateral adrenal placement %10 (n= 5)

Adenoma size (mm)a 18.4 ± 6.8

HUa 3.02 ± 15.13

aNumerical variables were expressed as mean ± standard deviation,
categorical variables were expressed as percentage and frequency
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BPA and fasting plasma glucose, fasting insulin and
HOMA-IR.

According to logistic regression in univariate analysis
elevated serum BPA level was increase adenoma risk by
1.23 fold [RR: 1.23 (1.07–1.42); p= 0.003], and elevated
HOMA-IR was increase adenoma risk by 1.65 times [RR:
1.65 (1.16–2.36); p= 0.005]; in addition, high BPA was
increase adenoma risk by 1.24 times [RR: 1.24 (1.07–1.45);
p= 0.004], and high HOMA-IR was increase adenoma risk
by 1.63 times [RR: 1.63 (1.10–2.43); p= 0.014] in multi-
variate analysis. Table 5 shows the results of logistic
regression analysis.

BPA exposure of the patient and control group,
subgroup analysis

We prepared a questionnaire form based on the work of
Nomura et al. (1) [27] to examine BPA exposure of the
patient and control group. 20 participants from the patient
group and 20 participants from the control group were
examined in this respect. Questions were asked to the

participants in both groups about canned meals, plastic-
packaged food, beverages in cans, beverages in plastic,
water in plastic containers, microwave meals, meals at
restaurants, fast food consumption and frequency, and the
answers were compared. No significant difference was
found between the patient and control groups (p > 0.05)
(Table 6). In addition, the participants were asked whether
the products consumed pay attention to whether they con-
tain BPA or not, and it was observed that both the patient
and the control group did not pay attention to the BPA
content of the products consumed (Table 6).

Discussion

According to our knowledge, we firstly demonstrated that
serum BPA levels in patients with NFAI were significantly
higher than in healthy controls in our study. To date, there
has been no study on serum BPA levels in patients with
NFAI in the medical literature. BPA is an organic com-
pound that disrupts endocrine and neuroendocrine systems

Table 3 Fasting plasma glucose,
fasting plasma insulin and
HOMA-IR results of the
study groups

NFAI group (n= 50)a Control group (n= 50)a p value*

Fasting plasma glucose (mg/dl) 99.1 ± 13.8 89.3 ± 7.8 <0.001

Fasting plasma insulin (μIU/ml) 12.6 ± 7.5 9.9 ± 4.2 0.087

HOMA-IR 3.08 ± 1.77 2.19 ± 0.94 0.007

*p < 0.05 was statistically significance
aMean ± standard deviation

Table 4 Adenoma size and BPA
values according to the insulin
resistance status in the
NFAI group

Patients without insulin resistance
(n= 21)a

Patients with insulin resistance
(n= 29)a

p value*

Adenoma size (mm) 16.1 ± 5.7 19.1 ± 7.5 0.234

BPA (ng/ml) 7.46 ± 3.28 6.77 ± 4.43 0.302

*p < 0.05 was statistically significance
aMean ± standard deviation

Table 5 The results of logistic
regression analysisa

Independent variablesb Univariate Multivariate

RRc (95% Confidence
Interval)

p value RRc (95% Confidence
Interval)

p value

BPA 1.23 (1.07–1.42) 0.003 1.24 (1.07–1.45) 0.004

HOMA-IR 1.65 (1.16–2.36) 0.005 1.63 (1.10–2.43) 0.014

HDL Cholesterol 0.97 (0.94–1.01) 0.179 0.98 (0.94–1.02) 0.411

Creatine 0.67 (0.05–8.20) 0.755 0.69 (0.04–11.8) 0.802

AST 1.00 (0.96–1.04) 0.821 0.98 (0.93–1.03) 0.614

aThe dependent variable is the presence of adenoma. 0: no adenoma, 1: adenoma exists
bThe variables with p < 0.25 were included in the model in patient and control comparisons (fasting plasma
glucose and fasting insulin values were not included in the model because they were included in the HOMA-
IR formula)
cRelative risk
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by affecting various hormones and hormone receptors
[28, 29]. We consider that high serum BPA level may
associate with development of NFAI, because it has been
previously reported that BPA may affect gene expression
and increase sensitivity to neoplastic transformations in
experimental studies [10, 28, 30].

The factors affecting the development of NAFI are not
well understood yet. In a previous study, it was reported that
BPA disrupts the hypothalamus-pituitary-adrenal axis [28].
On the other hand, limited experimental studies have been
conducted on the effects of BPA levels on adrenal tissue.

Medwid et al. were tried to determine whether prenatal
exposure to BPA would alter adrenal steroid synthesis in
adult mouse offspring. Pregnant rats were fed food con-
taining BPA at a dose of 25 mg/kg until the end of preg-
nancy, then the adrenal glands of the mice were examined.
They found that the exposure of BPA was associated with
increase of weight of adrenal gland and high plasma corti-
costerone levels in both male and female mice, but plasma
ACTH levels were not different between groups [10].

In another previously study, exposure to prenatal BPA in
mouse offspring has been shown to increase levels of the

Table 6 Comparison of the
NAFI and control group in terms
of BPA exposure

NAFI groups
(n= 20)

Control groups
(n= 20)

P value

Canned meals

Monthly 12 13 0.403

1 time/Week 6 6

2–4 time/Week 2 1

Plastic-packaged food

Monthly 5 3 0.154

1 time/Week 13 12

2–4 time/Week 2 5

Microwave meals

Monthly 17 17 0.452

1 time/Week 1 2

>5 time/Week 2 1

Beverages in cans

Monthly 7 6 0.404

1 time/Week 11 11

2–4 time/Week 2 3

Beverages in plastic

Monthly 8 7 0.500

1 time/Week 8 10

2–4 time/Week 3 3

>5 time/Week 1 0

Water in plastic containers

Monthly 3 4 0.424

1 time/Week 1 1

>5 time/Week 16 15

Meals at restaurants

Monthly 16 13 0.240

1 time/Week 4 7

Fast food

Monthly 17 14 0.378

1 time/Week 2 6

2–4 time/Week 1 0

Attention to BPA

Yes 0 0 No statistics are computed because
attention to BPA is a constantNo 20 20

Fisher Freeman Halton test was used
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steroidogenic acute regulatory protein, which is the rate-
limiting step in steroid synthesis, and also lead to associated
high plasma corticosterone levels. There was also reported
that BPA increased StAR protein levels in a dose-dependent
manner [9]. BPA has been shown to increase StAR protein
levels through an unknown mechanism independent of
StAR gene transcription, translation and/or half-life. In the
same study, no difference was found between the protein
levels of cytochrome p450 11A1 and 3β-hydroxysteroid
dehydrogenase enzymes [9]. In addition, Medwid et al. also
demonstrated that BPA stimulated adrenal cell proliferation
via ERβ and Shh signaling pathway which may promotes
cell proliferation by directly activating the proliferation
factors cyclin D1 and cyclin D2 [31].

On the other hand, in animal studies examining the effects
of carbohydrate metabolism of BPA, increased insulin content
in β cells was observed in male mice exposed to 100mcg/kg
of BPA for four days. Impaired glucose tolerance was
observed when these mice underwent glucose tolerance test
[32]. In our study, no significant correlation was found
between serum BPA levels and fasting plasma glucose and
HOMA-IR levels and there were no patients diagnosed with
diabetes. However, our patients with NFAI had significantly
increased fasting plasma glucose levels and increased
HOMA-IR levels compared to the control group. Moreover,
there were more prediabetic patients in the NFAI group than
in control group. Increased fasting plasma glucose and
increased HOMA-IR levels may be associated with NFAI.
Ermetici et al. reported that the increase in proinflammatory
cytokines such as TNF-α, IL-6, monocyte chemoattractant
protein-1 may cause subclinical inflammation that asso-
ciated with insulin resistance and metabolic syndrome in
patients with NFAI [33]. Further studies are needed on this
subject. In vitro studies have shown that BPA may causes
obesity. BPA has been shown to stimulate adipocyte dif-
ferentiation by stimulating adipogenic transcription factors,
thereby increasing lipid accumulation [34]. In another
study, generalized obesity, abdominal obesity and insulin
resistance prevalence was found higher in individuals with
high urinary BPH [35]. In our study, both of NFAI group
and control group had similar BMI and body fat distribution
parameters. Moreover, we didnot found any correlations
among with serum BPA, BMI and fasting insulin levels.

Different analytical techniques have been used to mea-
sure conjugated BPA concentrations in human serum [36].
The gas chromatography-mass spectrometry, high perfor-
mance liquid chromatography and ELISA are considered
reliable methods to measure trace levels of BPA in biolo-
gical samples [36]. In our study, we used ELISA method for
the measurement of serum BPA.

Our study has some limitations, firstly, we could not
measure BPA in direct adrenal tissue samples. Another lim-
itation is that we do not know exactly how often our patients

use polycarbonate plastic containers as eating, drinking and
storage containers and how much they are exposed to BPA-
containing products. We prepared a questionnaire form to
examine BPA exposure of the patient and control group.
However, we could not reach a significant part of the parti-
cipants from the patient and control groups due to the COVID
19 pandemic. We were not able to directly measure BPA
levels in drinks and foods consumed. On the other hand,
where our study has been conducted is an industrial area.
Factories related to oil refinery and defense industry are
localized in this area, so we think that exposure may occur
through other ways we cannot measure, such as breathing air.
As the third, BPA levels were measured cross-sectionally in
our study, but it would be better to use the mean values by
making serial measurements.

As a conclusion, the mechanisms of NFAI development
have not been fully elucidated yet, and increasing BPA
exposure with developing industrialization may be impor-
tant in NFAI subjects. In order to reduce BPA exposure,
limiting the use of plastic prepackaged products, plastic
containers and taking safety precautions are necessary for
public health.
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