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Abstract

This study aimed to determine the relationship between the metabolic and endocrinological pathologies in polycystic ovary syndrome
(PCOS) and the levels of arsenic, chromium, cadmium, lead, mercury, antimony, zinc, and copper to evaluate the relationship of these
toxic metals with inflammatory/oxidative parameters. This study included a total of 154 patients (84 with PCOS, 70 healthy volun-
teers). Metabolic and endocrine parameters and arsenic, chromium, cadmium, lead, mercury, antimony, zinc, and copper serum levels
of the patients were compared between the groups. Considering the action mechanism of toxic metals, serum malondialdehyde
(MDA), superoxide dismutase (SOD), serum total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index
(OSI), tumor necrosis factor-alpha (TNF), and high-sensitivity C-reactive protein (HsCRP) levels were determined. Serum TAS
(p =0.002), OSI (p =0.006), SOD (p = 0.006), zinc (p = 0.010), and copper (p = 0.030) values were statistically lower whereas TOS (p
=0.008), MDA (p <0.001), HSCRP (p < 0.001), TNF« (p < 0.001), antimony (p < 0.001), cadmium (p < 0.001), lead (p < 0.001), and
mercury (p < 0.001) levels were significantly higher in the PCOS group than those determined in the control group. Antimony was
positively correlated with fasting glucose (FG) and HOMA-IR while cadmium, in addition to FG and HOMA-IR, positively correlated
with insulin and lead had a positive correlation only with FG (p < 0.05). Also, these three heavy metals correlated positively with some
oxidative system and inflammatory parameters and negatively with the antioxidant system parameters (p < 0.05). In conclusion, heavy
metal exposures in PCOS may be related to insulin resistance and hirsutism through oxidative and inflammatory mechanisms. This
approach can be used to identify the risky patient group and to develop new treatment modalities.
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Introduction

PCOS is a common and important endocrinological disease of
which its metabolic effects can be progressive. International
prevalence rate ranges from 5 to 21% [1, 2]. In a study con-
ducted in Turkey, the prevalence has been reported as 19.9%
[3]. It is characterized by insulin resistance (IR), irregular and
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anovulatory menstrual cycles, and clinical and/or biochemical
hyperandrogenism. Insulin resistance is of importance regard-
ing the development and persistence of this disease [4]. The
cause of hyperinsulinemia, hyperandrogenemia, obesity, and
the changing hormonal course in PCOS is still unknown. This
metabolic course is associated with chronic low-dose inflam-
mation and oxidative stress [5]. However, the factors
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triggering these damage mechanisms remain unknown. So,
can these damage mechanisms in patients be triggered by
toxic metal exposure?

The metabolic effects of metals were first introduced in the
1970s, and it was suggested that cadmium inhibited the secre-
tion activity of pancreatic beta cells [6]. Over the years, nu-
merous heavy metals have been shown to increase body mass
index (BMI) and waist circumference and produce endocrine-
disrupting effects [7]. Examining the literature, it was seen
that these studies were carried out especially in patients having
type 2 diabetes mellitus (type II DM). Also, some heavy
metals were held responsible for the development of gesta-
tional diabetes (GDM) [8, 9]. Recent studies indicate that
these metabolic effects are associated with oxidative damage
mechanisms. Chen et al. have reported that heavy metals cat-
alyzed oxidative stress reactions, leading to the formation of
free oxygen radicals (ROS) and that ROS decreased insulin
gene promoter activity by pancreatic 3 cells with insulin
mRNA expression [10].

Today, PCOS is regarded as a complex, multifactorial dis-
order resulting from genetic, environmental, and life style in-
teractions [11]. Toxic metal exposure can be inevitable in
every period of life. The majority of heavy metals are toxic
even at low concentrations and are capable of entering the
food chain and inflict damage to living organisms in which
they accumulate [12]. Also, the degree of toxicity in the indi-
vidual depends on factors such as the route of exposure, the
number of exposures, the duration of exposure, the type of
metal ion, age, health status, nutrition, and the individual’s
genetic characteristics [13]. The studies on these exposures
suggest that mercury accumulation in the adrenal gland can
lead to enzymatic defects that cause hyperandrogenemia [14],
while arsenic, chromium, and zinc may impair insulin and
glucose metabolism [10] and the effects of the accumulation
of trace elements such as copper, zinc, iron, and oxidative are
associated with stress and cardiovascular disease cytokine
production, inflammation, and the immune system [15]. All
these metabolic changes are similar to the metabolic dysfunc-
tion seen in PCOS. However, the number of studies evaluating
these effects in PCOS is limited. The present study aimed to
evaluate the relationship between endocrine and metabolic
parameters in PCOS, considering the action mechanism of
some heavy metals (arsenic, antimony, cadmium, lead, mer-
cury, crom) and trace elements (zinc, copper).

Materials and Method
Study Population
This study was carried out prospectively between December

2019 - March 2020 at Bozok University Faculty of Medicine
Obstetrics and Gynecology Department. The study was
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approved by the Yozgat Bozok University Clinical Research
Ethics Committee (2017-KAEK-189 2019.12.11 15), and an
informed consent was obtained from all participants.

According to the Rotterdam criteria, patients were diagnosed
with PCOS in cases where at least two of the following criteria
exist: oligo/amenorrhea, clinical or biochemical
hyperandrogenism, and PCO in ultrasonography [16]. Clinical
hyperandrogenism was defined as the presence of hirsutism
(Ferriman-Galwey score [FGS > 8]) and/or acne and/or alopecia.
Menstrual cycle duration less than 24 days and longer than 35
days were regarded as abnormal. Cycles lasting more than 35
days were defined as oligomenorrhea while menstrual absence
within 6 months was defined as amenorrhea. Anovulation was
defined as the serum progesterone level < 3 ng/mL on days 21—
24 of the menstrual cycle. From the patients who applied to
gynecology outpatient clinics, those who met the criteria of
Rotterdam diagnosis criteria constituted the study group.
Patients who admitted for routine control, without oligo-
amenorrhea and who did not meet the PCOS diagnostic criteria,
were included in the control group. Clinical and ultrasonograph-
ic evaluations of the patients were carried out by two researchers
appointed from the research team (DAK-EB). Information on
age, menstrual cycle patterns, gravidity, parity status, personal
and family medical history, and drug use status of all the patients
were provided from the subjects. The height, weight, and waist
and hip circumference measurements of the participants were
carried out by the same researcher. Waist circumference was
measured at the narrowest point between the costal margin and
the iliac crest during normal breathing while the hip circumfer-
ence was measured at the widest point on the hips. The waist-hip
ratio (WHR) was calculated.

The patients with the following cases were excluded from
the study, pregnancy; hypertension; smoking; drugs (such as
fertility drugs, oral anti-diabetic agents, and oral contraceptive
pills); and endocrinal disorders such as diabetes,
hypo/hyperthyroidism, hyperprolactinemia, Cushing syn-
drome, androgen-secreting neoplasms, and other adrenal dis-
orders. Also, patients with psychiatric disorders and those
using antioxidants (vitamin C, etc.) and food supplements
were excluded from the study.

Metabolic Analysis

Blood samples for metabolic analysis were taken between 8
and 9 AM following 12-h fasting. Fasting glucose (FG),
fasting insulin, and lipid in serum measurements were carried
out. Glucose and lipid profile assay, the levels of FG, total
cholesterol (TC), HDL cholesterol (HDL-C), and triglyceride
(TG) were analyzed using e assay kits (Abbott®, IL, USA)
with an autoanalyzer (Aeroset®, Abbott®, IL, USA). LDL
cholesterol (LDL-C) was calculated by the Friedewald formu-
la. Insulin resistance was determined using the homeostatic
model assessment insulin resistance index (HOMA-IR).
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HOMA-IR formula: fasting plasma glucose (mg/dL) x fasting
serum insulin (mU/mL)/405 [17].

Hormonal Assay

Blood samples were collected on the 2nd or 3rd days of the
menstrual cycle. Serum insulin, luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and estradiol (E,) were
measured by the electrochemiluminescence immunoassay
(ECLIA) using commercial kits (Abbott Laboratories) suit-
able for the autoanalyzer (Architect i2000; Abbott
Laboratories, Abbott Park, IL, USA).

Analysis of Tumor Necrosis Factor-a and High-
Sensitivity C-Reactive Protein

Elisa Kits were utilized to determine TNFx serum levels
(Bioassay Technology, People’s Republic of China) and
HsCRP (DRG International, Inc., USA). Measurements of
ELISA kits were carried out using an ELISA microplate read-
er (Spectrostar Nano, BMG, Labtech, Allmendgriin,
Ortenberg, Germany).

Evaluation of Inflammatory and Oxidant Parameters

Serum MDA level was determined according to Gocmen et al.
[18]. Total superoxide dismutase (SOD) activity was examined
utilizing the SOD Activity Assay kit (Rel Assay Diagnostics kit;
Mega Tip, Gaziantep, Turkey), according to the manufacturer's
instructions. The TAS and TOS values were measured using
commercial kits (Rel Assay Diagnostics kit; Mega Tip,
Gaziantep, Turkey) and calculated according to the method by
Erel and OSI. The TOS:TAS ratio was used as the OSI and was
calculated according to the following formula: OSI (arbitrary
units) = [(TOS, umol H,O,/L)(TAS, mmol Trolox equiv./L)].

Toxicological Analysis

Blood samples were transferred to Yozgat Bozok University
Science and Technology Application and Research Center
(BILTEM) under cold chain conditions. The arsenic (As), chro-
mium (Cr), cadmium (Cd), antimony (Sb), mercury (Hg), lead
(Pb), copper (Cu), and zinc (Zn) analyses were performed in the
toxicology laboratory. All blood samples (by taking 1 mL
blood) were treated with acid (5 mL nitric acid and 5 mL water)
in the microwave incinerator (Milestone, Start D, USA) before
analysis. Analyzes were performed on inductively coupled plas-
ma mass spectrometry (ICPMS, ICAPQc Thermo Scientific,
USA). An 11-point (0.1-500 ppb) calibration curve was formed
for all trace elements and heavy metals. Method validations
were performed with the Whole Blood Label-2 (Seronorm) cer-
tified standard material. A minimum /* value of 0.9955 was
calculated for all calibrations.

Statistical Analysis

The statistical package software SPSS 20 (IBM Corp. released
2011. IBM SPSS Statistics for Windows, version 20.0,
Armonk, NY: IBM Corp.) was used to evaluate the data.
Data was expressed as mean + SD and in percentages.
Continuous variables were investigated using analytical
methods (Kolmogrov-Simirnov/Shapiro-Wilk’s test) to deter-
mine whether or not they are normally distributed. The Man-
Whitney U test was utilized for the non-parametric numerical
data while the Student 7 test was adopted for the parametric
numerical data. Relationships between categorical variables
were analyzed by the chi-square test. Bivariate correlations
were investigated by the Spearman’s correlation analysis. p
< 0.05 were accepted as statistically significant.

Results

A total of 154 participants who met the criteria of the study were
included in the study. The control group consisted of 70 healthy
(45.5%) patients while the study group consisted of 84 PCOS
(54.5%) patients. Group properties are shown in Table 1.

Group Comparisons

There were statistically significant differences in BMI, WHR,
gravidity, parity, FGS FG, FSH, E2, insulin, and HOMA-IR
values between the groups. BMI, WHR, FGS, FG, insulin,
HOMA-IR, and E2 values in the PCOS group were signifi-
cantly higher than the control group (»p < 0.05). Gravidity,
parity, and FSH values were significantly lower in the PCOS
group (p < 0.05). Among the groups, other demographic prop-
erties and metabolic values were similar (p > 0.05).

Markers

The values of oxidative, antioxidative, and inflammatory system
markers between the groups are given in Table 2. The mean
TAS, OSI, and SOD values showing the capacity of the antiox-
idant system were significantly lower in the PCOS group (p =
0.002, p = 0.006, p = 0.006, respectively). The median values of
TOS and MDA showing oxidative system capacity were signif-
icantly higher in the PCOS group (p = 0.008, p < 0.001, respec-
tively). Inflammatory markers (HsCRP and TNF ) were signif-
icantly higher in the PCOS group (p > 0.05).

Relationship of Heavy Metals with PCOS
In the present study, the relationship of heavy metals and trace
elements with PCOS is given in Table 2. Plasma Sb, Cd, Pb,

and Hg levels were found to be significantly higher in the
PCOS group compared with those in the control (p < 0.05),
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Table 1 Comparison of clinical,

endocrine, and metabolic Control PCOS P 95% CI of the difference
characteristics among groups
n=70 n=2384 Lower Upper

Age (years) 30 (21-39) 29 (22-36) 0.356 —1.000 2.000
BMI (kg/m?) 23.4 (16.5-36.9) 27.1 (18-45.2) 0.001 —4.247 —1.249
WHR 0.75 +0.06 0.79 +£0.07 <0.001 —0.061 —0.018
Gravidity 2 (0-5) 0(0-3) <0.001 1.000 2.000
Parity 1(04) 0(0-2) <0.001 1.000 1.000
Hirsutism, FGS > 8 (%) 13 (18.6) 52(61.9) <0.001 3.872 20.661
Fasting glucose (mg/dL) 89.2+10.2 95.9+10.3 <0.001 -9.924 —3.386
Insulin (nIU/mL) 51.6 (30-83) 56 (34-81) <0.001 —3.400 —1.160
HOMA-IR 2.3(0.64.8) 3.0 (0.9-7.0) <0.001 —0.726 —1.001
Cholesterol (mg/dL) 168.3 +35.6 177.1 £25.9 0.102 —19.188 1.753
Trigliserid (mg/dL) 80 (40-241) 87 (36-254) 0.266 —23.000 6.000
HDL-C (mg/dL) 51.6 (30-83) 56 (34-81) 0.362 —7.200 2.800
LDL-C (mg/dL) 95+325 103.3 £24.1 0.107 —18.387 1.830
FSH (mIU/mL) 6 (4.5-8.6) 5(2.8-10) 0.014 0.190 1.880
LH (mIU/mL) 3.7(3-9) 6.4 (0.7-19) 0.139 —3.690 0.310
E2(mIU/mL) 28 (14-73) 37 (2.3-125) 0.010 —21.000 —3.100

Unless otherwise specified, results are presented as mean + SD/median (min-max)

PCOS, polycystic ovary syndrome; BMI, body mass index; WHR, waist-hip ratio; FGS, Ferriman-Gallway score;
HOMA-IR, homeostatic model assessment insulin resistance index; HDL-C, HDL cholesterol; LDL-C, LDL
cholesterol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol

and Cd were positively correlated (»=0.250 and p = 0.002, =
0.363 and p < 0.001, respectively) and there was no significant
relationship between As, Cr, Hg, and Pb (Table 3). Examining

and there were no significant relationships between the groups
in terms of Crand As (p > 0.05). Examining the relationship of
these heavy metals with HOMA-IR, it was found that only Sb

Table2 Comparison of oxidative, antioxidative, inflammatory parameters, heavy metals, and trace elements between the groups

Control PCOS p 95% CI of the difference

n=70 n=2_84 Lower Upper
TAS (mmol Trolox equiv./L) 1.15+0.15 1.06 +0.20 0.002 0.033 0.147
TOS (pmol H,O,/L) 10.6 (7.5-16.5) 12.4 (8.4-20.2) 0.008 —2.000 —0.270
OSI_index 13.6+1.8 12.7+2.1 0.006 0.258 1.518
MDA (umol/L) 0.8 (0.6-1.4) 1(0.5-1.3) < 0.001 —0.230 —0.120
SOD (IU/mL) 13.6+1.8 12.7+2.1 0.006 0.258 1.518
HsCRP (ug/L) 3 (2.3-6.6) 3.9 (1.7-4.6) <0.001 -0.610 —0.190
TNF« (pg/mL) 25.5(16.3-44.5) 37.2 (18.1-59.9) <0.001 —13.120 —6.780
As (ppb) 6.4 (3.7-14.1) 6.5 (2.5-10) 0.525 —0.240 0.490
Cr (ppb) 7.9 (5.9-9) 7.3 (4.1-11.4) 0.209 —0.090 0.580
Cd (ppb) 0.7 (0.4-4.5) 1.2 (0.7-6) <0.001 —0.580 —0.400
Sb (ppb) 2.9 (1.84.7) 3.1 (24-13.3) <0.001 —0.750 —0.250
Hg (ppb) 1.3 (0.4-2.5) 2.2(0.6-3.8) <0.001 —1.050 —0.740
Pb (ppb) 15.5 (9.3-56.7) 23.1 (11.6-90.1) < 0.001 —8.590 —3.860
Cu (ppb) 1103.9 (573.6-1609.7) 1025 (272.7-1436.5) 0.030 6.400 143.520
Zn (ppb) 1598.4 (1070.3-2781.9) 1350 (115-3557.5) 0.010 41.840 284.420

PCOS, polycystic ovary syndrome; 7AS, serum total antioxidant status; 7OS, total oxidant status; OSI, oxidative stress index (arbitrary units) = [(TOS,
pumol H,O,/L)/(TAS, mmol Trolox equiv./L)]; TNFa, tumor necrosis factor-alpha; HsCRP, high-sensitivity C-reactive protein; MDA, malondialdehyde;
SOD, total superoxide dismutase; Zn, zinc; Cu, copper; As, arsenic; Sh, antimony; Cd, cadmium; Pb, lead; Hg, mercury
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Table 3  The correlation of heavy metal and trace elements with oxidative, antioxidative, inflammatory markers, and glucose metabolism parameters
TAS (mmol TOS OSI index MDA SOD HsCRP TNFa FG Insulin HOMA-IR
Trolox equiv./L) (umol H,O,/L) (umol/L) (IU/mL) (ug/L)  (pg/mL) (mg/dL) (nlU/mL)
Hg (ppb) » —0.105 0.118 —0.283 0.130 —0.283 0.199 0.219 0.064 —0.085 —0.047
p 0.194 0.145 0.000 0.108 0.000 0.013 0.006 0.431 0.293 0.563
Pb (ppb) » —0.220 0.204 —0.186 0.299 —0.186 0.292 —0.084 0.189 0.070 0.126
p 0.006 0.011 0.021 0.000 0.021 0.000 0.300 0.019 0.387 0.119
Cd (ppb) » —0.231 0.040 —0.105 0.262 —0.105 0.207 0.089 0.293 0.307 0.363
p 0.004 0.619 0.193 0.001 0.193 0.010 0.272 0.000 0.000 0.000
Sb (ppb) r —0.255 0.063 —0.284 0.199 —0.284 0.034 0.189 0.588 0.100 0.250
p 0.001 0.434 0.000 0.013 0.000 0.675 0.019 0.000 0.219 0.002
Cu (ppb) » 0.230 —0.098 0.091 -0.017 0.091 —0.056 —0.131 0.036 0.013 0.013
p 0.004 0.227 0.263 0.839 0.263 0.487 0.106 0.661 0.874 0.874
Zn (ppb) r 0.057 —0.084 —0.028 -0.178 —0.028 —0.027 —0.276 —0.235 —-0.116 —0.116
p 0482 0.302 0.733 0.028 0.733 0.735 0.001 0.003 0.152 0.152

TAS, serum total antioxidant status; 70S, total oxidant status; OSI, oxidative stress index (arbitrary units) = [(TOS, pmol H>O,/L)/(TAS, mmol Trolox
equiv./L)]; TNFa, tumor necrosis factor-alpha; HsCRP, high-sensitivity C-reactive protein; MDA, malondialdehyde; SOD, total superoxide dismutase;
Zn, zinc; Cu, copper; As, arsenic; Sh, antimony; Cd, cadmium; Pb, lead; Hg, mercury; FG, fasting glucose; HOMA-IR, homeostatic model assessment

insulin resistance index

the levels of trace elements, Zn and Cu were found to be
statistically significantly lower in the PCOS group compared
with those in the control group (Table 2). There was a signif-
icant positive correlation between Cu and TAS (r = 0.230 and
p = 0.004), whereas there was a significant negative correla-
tion between Zn and MDA and TNFa (» = — 0.178 and p =
0.028,=—0.276 and p = 0.001, respectively). There were no
significant relationships between Zn and Cu and other oxida-
tion and inflammatory parameters (p > 0.05). Also, there was a
negative correlation between serum Zn levels and FG (r = —
0.235 and p = 0.003) (Table 3). It was determined that Sb was
positively correlated with MDA and TNFo (»=0.199 and p =
0.013, » = 0.189 and p = 0.019, respectively) whereas it was
negatively correlated with TAS, OSI, and SOD (r = — 0.255
and p =0.001, r=—0.284 and p < 0.001, r=—0.284 and p <
0.001, respectively). It was determined that Cd was positively
correlated with MDA and HsCRP (» = 0.262 and p = 0.001,
=0.207 and p = 0.010, respectively) and negatively correlated
with TAS (r = — 0.231 and p = 0.004). Also, there was a
positive correlation between Cd and plasma FG and insulin
levels (» = 0.293 and p < 0.001, » = 0.307 and p < 0.001,
respectively). Sb had a positive correlation with FG (r =
0.58 and p < 0.001). A statistically significant positive corre-
lation was found between Pb and FG (» = 0.189 and p =
0.019). Pb was positively correlated with MDA, TOS, and
HsCRP (= 0.299 and p < 0.001, » = 0.204 and p = 0.011,
=0.292 and p < 0.001, respectively) whereas it was negatively
correlated with TAS, OSI, and SOD (»r = — 0.220 and p =
0.006, » = — 0.186 and p = 0.021, » = — 0.186 and p =
0.021, respectively) (Fig. 1). In the Spearman correlation anal-
ysis between heavy metals and hormone (FSH, LH, and E2)

and lipid (LDL-C, HDL-C, TC and TG) levels, no significant
correlations were found (p > 0.05). WHR was positively cor-
related with Cd, Hg, Pb, and Sb (» = 0.219 and p = 0.006, r =
0.249 and p = 0.002, » = 0.242 and p = 0.002, » = 0.222 and p
= 0.006, respectively) while BMI was positively correlated
only with Cd (» = 0.250 and p = 0.002) (Table 4). Also, Cd,
Pb, TNF«, and HsCRP levels were significantly higher in
patients with hirsutism compared those without (p < 0.05)
(Fig. 2).

Discussion

In the present study, it was seen that inflammatory and oxida-
tive damage in PCOS patients was significantly higher than
that in the control group. In these patients, plasma Cd, Sb, Hg,
and Pb levels were found to be significantly higher whereas
Zn and Cu were significantly lower than those in the control
group. It was found that Sb was positively correlated with FG
and HOMA-IR while Cd, in addition to FG and HOMA-IR,
was positively correlated with insulin, whereas Pb had a pos-
itive correlation only with FG (p < 0.05). Also, these three
heavy metals were determined to be correlated positively with
some oxidative system and inflammatory parameters whereas
negatively with the antioxidant system parameters.

The endocrinological effects of metals are based on oxida-
tive stress. Toxic metals cause the production of ROS and
reactive nitrogen species. These radicals cause damage to
membrane lipids, proteins, and DNA and activate apoptosis
and tissue degradation [12]. Researches indicate the existence
of similar processes in PCOS. However, it is still not clear
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Fig. 1 The relationship between Cd, Sb, and Pb with oxidative, antioxidative, and inflammatory system parameters, HOMA-IR, and fasting blood

glucose levels

whether this process is a cause or an effect. However, there
has been an increase in studies in recent years reporting that IR
and hyperandrogenemia occur due to oxidative damage in
PCOS [19-21].

In 2005, Gonzales et al. have stated that, regardless of
obesity, high blood glucose increased the release of TNFo
and ROS from mononuclear cells in these patients. Also, in
these patients, again, regardless of obesity, an increase in in-
flammatory parameters such as HsCRP was determined.
However, there have been no studies examining the relation-
ship between metabolic and endocrine problems in PCOS
with heavy metals, oxidative, and inflammatory systems. In
the present study, two basic parameters were used to show
possible damage mechanisms. The first was the parameters
associated with inflammation (TNFo and HsCRP), and the
second were those associated with an oxidative pathway
(MDA, SOD, TAS, TOS, OSI).

IR is an important “upstream” driver for the reproductive
and metabolic abnormalities in numerous cases with PCOS
predisposing the population to the development of glucose
intolerance and ultimately type 2 DM [22]. In experimental
studies, IR and diabetogenic effects of heavy metals were
attributed to the damage they cause in pancreatic 3 cells

@ Springer

[23]. Also, it has been stated that environmental estrogens or
xenoestrogens may also play a role in type 2 DM etiology
[24]. Antimony is a metal estrogen showing both mechanisms
of action [23, 25]. This metal was thought to ultimately cause
oxidative damage and reduce insulin transcription and secre-
tion [ 23]. There are no studies evaluating Sb and related
metabolic problems in PCOS patients. In the present study,
Sb showed a positive correlation with HOMA-IR and FG.
Also, the relationship of Sb with TAS, TOS, HsCRP, and
TNF o suggests that it forms IR through oxidative and inflam-
matory pathways. Menke et al. have reported that there was a
significant relationship between Sb and HOMA-IR in both
diabetic and non-diabetic patients [26]. Zhang et al., in their
study assessing 2093 pregnant women with GDM, have re-
ported that there was a significant relationship between uri-
nary Sb and GDM [27].

It was seen that studies on Sb were often focused on the
evaluation of urinary levels. Although the urinary level of this
heavy metal, which has a half-life of more than 30 days, does
not reflect the present situation, the significant statistical data
found in these studies may prove that antimony is indeed an
effective endocrine disruptor. In the present study, serum
levels of Sb and all other heavy metals were evaluated.
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Table 4 Correlation of heavy

metals with hormones, metabolic As(ppb) ~ Cr(ppb) ~ Cd(ppb) ~ Sb(ppb) ~ Hg(ppb)  Pb (ppb)
measurements, and parameters
FSH (mIU/mL) r —0.156 -0.16 0.218 0.077 -0.115 0.105
p 0.190 0.180 0.066 0.518 0.168 0.381
LH (mIU/mL) r 0.132 —0.088 0.254 0.218 0.103 0.298
)4 0.268 0.461 0.057 0.066 0.387 0.011
E2 (mIU/mL) r —0.142 —-0.073 0.145 0.189 0.013 0.065
p 0.234 0.540 0.072 0.111 0911 0.586
Cholesterol (mg/dL) r —0.105 -0.07 0.013 0.005 0.018 0.025
)4 0.193 0.419 0.884 0.951 0.836 0.770
TG (mg/dL) r —0.111 -0.012 —0.036 —0.004 —0.057 -0.119
p 0.171 0.892 0.678 0.961 0.514 0.173
HDL-C (mg/dl) r 0.131 —0.061 —0.092 —0.006 0.054 0.045
P 0.131 0.481 0.288 0.945 0.537 0.601
LDL-C (mg/dL) r —0.149 —0.099 0.113 0.081 0.056 0.105
)4 0.065 0.255 0.197 0.353 0.519 0.231
BMI (kg/m?) r —0.209 -0.137 0.250 0.041 -0.072 0.054
p 0.009 0.091 0.002 0.615 0.377 0.502
WHR r —-0.020 0.109 0.219 0.222 0.249 0.242
P 0.804 0.177 0.006 0.006 0.002 0.002

BMI, body mass index; WHR, waist-hip ratio; TG, trigliserid; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol;
FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; Cr, crom; As, arsenic; Sh, antimony;
Cd, cadmium; Pb, lead; Hg, mercury

Therefore, it was thought that these values, especially Sb,
reflected the present levels more accurately.

Cd is not physiologically or biochemically required but its
exposure level is high [10]. It cannot directly produce free
radicals but indirectly contributes to the formation of ROS
[28]. Cadmium-induced cellular toxicity was studied in vari-
ous targets including metalloenzymes interference, thiol
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Fig. 2 Parameters that have a significant relationship with hirsutism.

protein alterations, energy metabolism inhibition, DNA and
membrane structure/function alterations, and excessive oxida-
tive damage [10]. Numerous researches have reported that
cadmium-induced hyperglycemia was related to increased lip-
id peroxidation, decreased insulin release, and increased acti-
vation of gluconeogenic enzymes and impaired insulin recep-
tors [29-31]. Studies also report that there is a relationship
between urinary Cd levels and type 2 DM [32, 33], as well
as studies suggesting the opposite [34]. In a study evaluating
Cd levels, no significant differences were found between the
cases with PCOS and healthy volunteers [35]. However, in the
study, it was seen that there were few patients and the param-
eters related to insulin resistance were not evaluated. A similar
result was reported by Zheng et al [27]. The researchers did
not evaluate the oxidative and inflammatory system markers.
In the current study, in the PCOS group, Cd was correlated
with FG and HOMA-IR. It was determined that this was also
related to oxidative and inflammatory system parameters.
Therefore, it can be suggested that Cd causes damage through
these pathways and this damage is related to metabolic prob-
lems in PCOS, particularly IR.

There are studies in the literature reporting that Pb was
associated with high blood glucose and impaired glucose tol-
erance [36]. In the present study, Pb was not associated with
HOMA-IR; however, it was found to have a positive correla-
tion with FG. Experimental studies have associated this effect
of Pb with delta-aminolevulinic acid synthase and catalase
activation by increasing MDA and oxidized glutathione and
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ROS levels, causing the reduction of plasma reduced glutathi-
one levels [37]. In the present study, Pb was found to be
correlated with the oxidative system and inflammatory system
parameters.

Evaluating the studies on the Zn and Cu levels in PCOS
patients, it was seen that the results showed variations. In the
present study, these two trace element levels were found to be
low in PCOS patients. As reported in a previous study, this
was associated with increased chronic inflammation in PCOS
and its increased use due to increased oxidative stress [38]. Cu
and Zn are trace elements that contribute to many biological
reactions. SOD is also a co-factor of catalase and cytochrome
c oxidase enzymes. Zn also plays an active role in insulin
release and modulation of the inflammatory system and re-
duces TNFx and IL-1 release by inhibiting the pro-
inflammatory response. In the present study, a negative corre-
lation was found between Zn and MDA and TNF«, and a
positive correlation between Cu and TAS. Also, similar to
our study, clinical and epidemiological studies showed that
low Zn levels were associated with FG [39]. Zn maintains this
effect by increasing antioxidant capacity, affecting the insulin
synthesis and secretion [40]. An improvement was reported in
insulin resistance in patients with PCOS after zinc supplemen-
tation [41, 42]. It has been reported that hirsutism also im-
proved in PCOS patients with Zn replacement [43, 44].
These results and the results of the present study suggest that
low Zn levels in PCOS patients may be associated with insulin
resistance and hyperandrogenemia.

The idea that heavy metals may affect reproductive hor-
mones was introduced in the 2000s. The studies showed that
every 1-ug/L increase in Cd levels may be associated with a
21% increase in early follicular phase E2 levels, and, in wom-
en aged 35-60 years, serum FSH and LH concentrations in-
crease as the blood Pb levels increase [45, 46]. In the present
study, no relationship was found between hormone levels and
heavy metals. This can be associated with the fact that the
patients in the study were young. There are studies in the
literature supporting this result. In a study in which premeno-
pausal 252 women were evaluated, no relationship was found
between heavy metals and ovulatory functions [47]. In another
study, it was shown that chronic Cd exposure in women aged
42-60 may be associated with increased FSH levels [48]. If
we could make a long-term follow-up of patients included in
the present study, we would have possibly seen changes in
hormone levels.

In the present study, hyperandrogenemia was evaluated
clinically. In patients with hirsutism, TNFx and HsCRP and
Cd and Pb were found to be significantly high. TNF secre-
tion may enhance serine phosphorylation to increase the ac-
tivity of the 17,20-lyase arm of CYP17 [48]. TNF« also stim-
ulates the proliferation of ovarian theca cells in PCOS [49,
50]. Also, insulin resistance is known to contribute to
hyperandrogenemia [20]. All these data suggest that Cd and
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Pb, which have a high effect on glucose metabolism, may also
contribute to hirsutism. Also, the effects of toxic metals appear
as a separate research subject for the patient group who were
followed up with idiopathic hirsutism diagnosis.

It has been stated that weight gain or weight loss, depend-
ing on the toxic metal, is usually seen at much lower levels of
exposure of metals compared with that making animals or
humans ill. The contribution of heavy metals to obesity was
associated with the replacement of essential micronutrients
with essential metals or their ability to induce oxidative stress
[51]. In the present study, the BMI values of the PCOS group
were significantly higher; however, not all of these patients
were obese (26.2%). Evaluating the heavy metal relationships,
there was a significant positive correlation between WHR and
Cd, Hg, Pb, and Sb, while there was a relationship of BMI
only with Cd. In a study based on the data of the National
Health and Nutrition Examination Survey (NHANES) in
which the relationship of the levels of some toxic metals with
waist circumference and BMI were examined, it was found
that molibden, antimony, and tungsten had no significant re-
lationships with waist circumference and BMI. While barium
and thallium were positively associated with BMI and waist
circumference, cadmium, cobalt, cesium, and lead were found
to have a negative correlation [51]. The positive correlation of
some toxic metals (barium and thallium) with obesity can be
explained with the fact that these toxic metals induce oxidative
stress, increasing lipogenesis in a way that inhibits energy
production [52]. However, even if it is known that metal-
induced oxidative stress causes obesity as the major factor,
the fact that how some metals, such as barium and thallium,
positively associated with obesity, whereas other metals, such
as lead, cadmium, and cesium, negatively associated with
obesity, remains unknown [51]. Differently organized pro-
spective studies are required to evaluate the relationship be-
tween heavy metals and obesity.

In the present study, the relationship between serum lipids
and heavy metals and other parameters were not significant.
The fact that all of the patients in the present study were not
obese (17.5%) and were young may have affected the results.
It is known that there is a relationship between inflammatory
processes and dyslipidemia in PCOS. Studies are stating that
lipid-induced inflammation may be a powerful stimulator of
dyslipidemia in PCOS especially in the presence of obesity,
with the combined effects of inflammation and derangements
in lipids leading to the early onset of atherogenesis [20].

The most important limitation of the present study was that
long-term monitoring of heavy metal exposures could not be
carried out. Some metabolic problems, for which no relation-
ships were determined, may show improvement after a certain
exposure period, as indicated in the literature. Although serum
levels provided an accurate assessment, determining the levels
in other body components such as urine and hair could allow
us to conduct a stronger analysis. However, since it was
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thought that the patients in the study had environmental expo-
sures to metals possibly through inhalation and diet, their
short-term biomarker levels may represent a steady state of
exposure.

As a result, environmental heavy metal exposures, espe-
cially Sb, Cd, and Pb, may trigger metabolic problems asso-
ciated with PCOS, which progress with oxidative damage and
low-dose inflammation. The present study presented results
regarding the multifactorial risk factors related to PCOS and
may contribute to identifying cases with high-risk PCOS. In
this manner, the study will shed light on the formation of
better management and preventive strategies.
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