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Abstract 

Background: Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder in women of reproductive age. Irisin 
is defined as a myocin released from skeletal muscle that protects individuals from metabolic diseases when exercised regularly.  
Zinc is thought to play an active role in the pathophysiology of PCOS in relation to insulin resistance. Copper has been stated 
to contribute to oxidative stress and insulin resistance in PCOS patients. The aim of this study was to evaluate the relationship 
between serum irisin, copper and zinc levels and insulin resistance in PCOS patients and control cases.

Methods: Our study consists of a patient group of 45 individuals diagnosed with PCOS and a healthy control group of 45 
individuals. 2003 Rotterdam diagnostic criteria were used for the diagnosis of PCOS. Serum copper, zinc and irisin levels were 
measured and evaluated with regard to Body Mass Index and insulin resistance.

Results: Serum zinc and copper levels were found to be higher in PCOS patients compared to controls (p<0.05), however no 
statistically significant differences were found between the groups with regard to HOMA-IR and serum irisin levels.

Conclusions: It was evaluated that the data obtained from the patient group in this study may have been effected due to patients’ 
use of some medications like metformin, multivitamin supplements and oral contraceptives.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex 
endocrinopathy most prevalent in women of reproductive 
age with an incidence of approximately 5-10%. PCOS 
is a condition characterized by hyperandrogenism, 
oligomenorrhea, amenorrhea and polycystic ovaries. 

Clinical reflection is often in the form of menstrual 

dysfunction, cosmetic problems, or infertility. PCOS is 

considered as an important public health issue due to the 

risks it poses for a long period of time (1-3). PCOS can 

be defined as a frequent syndrome that is encountered 

as a result of interaction of complex, environmental and 
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genetic factors, although its etiology is not fully known. 
In the pathophysiology of PCOS, the effects of insulin 
and its secretion disorders, gonadotropin changes, as 
well as genetic factors are at the forefront (4-6). Insulin 
resistance (IR) is believed to play an important role in 
the pathophysiology of PCOS. Despite numerous clinical 
and experimental studies, its etiology is still unclear  (7, 
8). Moreover, IR plays a critical role in the development 
of metabolic syndrome and cardiovascular diseases 
in women with PCOS. IR increases susceptibility to 
long-term dyslipidemia, type 2 diabetes, hypertension, 
cardiovascular heart diseases (8).

Obesity has attracted attention in recent years as a global 
public health problem (9, 10). Overweight and obese 
individuals constitute approximately 65% of the world 
population. Inadequate energy homeostasis is the main 
cause of obesity. High energy intake and/or low energy 
consumption cause inadequate energy homeostasis 
(11). Obesity negatively affects IR and triggers the risk 
of diabetes mellitus (DM) and cardiovascular diseases. 
Considering these, treating obesity should be the primary 
target for women with PCOS. Thus, long-term health 
problems may be prevented (12). 

Irisin, a protein hormone consisting of 112 amino acids 
is secreted from adipose tissue (13). Irisin, a thermogenic 
protein, turns white adipose tissue into brown adipose 
tissue, thereby causing energy expenditure and is thought 
to play an important role in reducing fat mass (11, 14). 
Studies have shown that serum irisin level is associated 
with metabolic diseases including type 2 diabetes, obesity 
and metabolic syndrome (15). Some cytokine secretions 
are irregular in PCOS which may be playing a role in IR 
pathophysiology. The role of irisin in PCOS development 
is still uncertain. Although human and animal studies 
suggest a correlation between irisin and obesity and IR-
related metabolic parameters, the results are inconsistent. 
In particular, the relationship between the circulating 
irisin and the different features or phenotypes used for the 
diagnosis of PCOS remains uncertain. It has been stated 
that more studies are needed to understand the direct 
relationship between irisin and IR in women with PCOS 
(16-21).

Zinc is an essential trace element and is necessary for 
many cellular functions. The role of metalloproteins 
in the function of inducing members of the hydrolase, 
ligase, oxidoreductase and lyase family is important. It 
functions as a cofactor for many enzymes (more than 300) 
and as a transcription factor in the body. Zinc is involved 
in many metabolic processes, including carbohydrate, 
lipid, protein and nucleic acid synthesis and degradation. 
Zinc deficiency causes many chronic diseases (22-25). 
Zinc, which is an antioxidant, prevents the formation of 
free radicals and has a protective role against oxidative 
stress. Moreover, zinc plays a role in the pathogenesis of 
rheumatological inflammatory diseases, alcoholism, liver 
cirrhosis and cardiovascular diseases caused by oxidative 
damage (26, 27). Scientific research shows that plasma 
zinc levels are low in obese individuals. Zinc deficiency 
can cause glucose intolerance and insulin resistance (28). 
Many studies have investigated serum zinc levels in 
patients with PCOS, but the results of these studies have 
been insufficient (29). Some studies have demonstrated 
that serum zinc levels in women with PCOS are higher 
than healthy women (30). Other studies have reported 
that circulating zinc levels in women with PCOS are lower 
(30-32).

Copper acts as a biocatalyst in human metabolism and is 
found in the structure of many metalloenzymes and some 
natural pigments (32, 33). It has been stated in some studies 
that the increase of oxidative stress may be effective in the 
pathogenesis of PCOS (34). Copper has been found to 
induce oxidative stress as a catalyst in the formation of 
reactive oxygen species while reducing glutathione levels. 
Copper, which normally binds to proteins, can also be 
released to perform Fenton-type reactions where hydroxyl 
radicals are produced. Oxidative stress can also increase 
due to hyperglycemia, insulin resistance and higher levels 
of free fatty acids. The induction of oxidative stress causes 
an increase in the production of reactive oxygen species  
(35-37).

The aim of this study was to evaluate the relationship 
between serum irisin, copper and zinc levels and insulin 
resistance in normal weight, overweight and obese PCOS 
patients and the control group.
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MATERIALS AND METHODS

This study was approved by the Selcuk University 
Medical Faculty Ethics Committee (Date: 08.05.2019, No: 
2019/114) where the study was conducted. The study was 
explained to the patients and informed written consents 
were obtained from all participants.

In our study, 16 obese, 10 overweight and 19 normal 
weight PCOS patients were included in the patient 
group (n=45) and 12 obese, 14 overweight and 19 normal 
weight healthy individuals were included in the control 
group (n=45). A total of 90 individuals were included in 
our study. For the diagnosis of PCOS, 2003 Rotterdam 
diagnostic criteria were used. The patients were between 
15-44 years old and Body Mass Index (BMI) values were 
18.5-40 kg/m2. Overweight is defined as a BMI of 25-29.9 
kg/m², while a BMI ≥ 30 kg/m² defines obesity. If BMI was 
below 25 kg/m², it was considered normal weight. Patients 
included in the study did not have accompanying chronic 
diseases. Patients with previously diagnosed Cushing’s 
disease, hypertension and cardiovascular diseases were 
not included in the study. Serum copper and zinc levels 
were measured by an Atomic Absorption Spectrometer 
(Varian AA240FS), serum irisin levels were measured 
by a commercial ELISA kit (Elabscience, Catalog No: 
E-EL-H6120). Glucose and insulin measurements were 
done with routinely used methods. Insulin resistance 
was estimated by homeostasis model assessment of 
insulin resistance (HOMA-IR). HOMA-IR was calculated 
according to the following formula: [Fasting insulin (µU / 
ml) X fasting glucose (mg/dl)] / 405. BMI values (kg/m2) 
were calculated as the ratio of the body weight (kg) to the 
height squared (m2). 

STATISTICAL ANALYSIS

Data were analyzed by using statistical SPSS 25 software 
(IBM Corp. Released 2017. IBM SPSS Statistics for 
Windows, Version 25.0. Armonk, NY: IBM Corp). The 
homogeneity of variances was checked with the “Levene 
test”. The distribution of the variables was analyzed 
with the “Shapiro–Wilk test”. “Independent Student’s 
t-test” was used for comparing differences of normally 
distributed variables between two groups. Mann Whitney 

U test was used for non-parametric distributed values. 
Data were presented as mean ± standard deviation (SD) 
for normally distributed variables. Correlation analysis 
was carried out with Pearson’s and Spearman’s correlation 
tests. “p” values lower than <0.05 was considered to be 
statistically significant.

RESULTS

In our study, a statistically significant difference was 
found with regard to serum zinc and serum copper levels 
in PCOS patients compared to the control group (p <0.05). 
Serum zinc and serum copper levels were found to be 
higher in patients with PCOS compared to individuals in 
the control group  (Table 1).

Table 1. Comparison of Parameters in Patient and 
Control Groups.

Parameter 
Patient Group 

(n=45)
(Mean±SD)

Control Group 
(n=45)

(Mean±SD)
p

Irisin
(pg/ml) 191.48±180.97 237.32±221.54 0.327

Zinc 
(µmol/L) 15.90±3.45 13.34±3.58 0.001

Copper 
(µg/dL) 147.72±40.28 118.13±41.65 0.001

Glucose 
(mg/dl) 81.98±13.39 83.58±14.08 0.805

Insulin 
(µU/mL) 9.75±4.28 8.99±3.65 0.369

HOMA-IR 2.02±1.0 1.9±0.95 0.580

Homa-IR: homeostasis model assessment of insulin 
resistance 

According to the results obtained in the study, negative 
correlation between copper and irisin (r: -0,215, p<0.05) 
and positive correlation between zinc and copper (r: 0,483, 
p<0.01) were found. There was a negative correlation 
between insulin and irisin (r: -0,235, p<0.05); positive 
correlation between glucose and insulin (r: 0,320, p<0.01), 
negative correlation between HOMA-IR and irisin (r: 
-0,241, p<0.05); positive correlation between glucose and 
HOMA-IR (r: 0,593, p<0.01) were observed. A positive 
correlation between insulin and HOMA-IR (r: 0,938, 
p<0.01) was also identified (Table 2).

http://www.endmemo.com/sconvert/micromol_liter.php
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Table 2. Correlation analysis results between all variables for all patients

n=90 Irisin
(pg/ml) Zinc (µmol/L) Copper (µg/

dL) 
Glucose (mg/

dl)
Insulin
(µU/mL)

Zinc (µmol/L)
r -0.123

p 0.246

Copper 
(µg/dL) 

r -.215* .483**

p 0.042 0.001

Glucose (mg/dL)
r -0.122 -0.003 0.115

p 0.251 0.975 0.279

Insulin
(µU/mL)

r -.235* -0.007 0.161 .320**

p 0.026 0.946 0.130 0.002

HOMA-IR
r -.241* -0.007 0.157 .593** .938**

p 0.022 0.946 0.140 0.001 0.001

*p<0.05. **p<0.01.

When obese individuals in the PCOS and control groups 

were compared, a statistically significant difference 

between serum zinc and serum copper levels were 

found (p<0.05). Serum zinc and serum copper values 

were higher in obese individuals with PCOS than those 

in the control group (Table 3).

Table 3. Comparison of parameters in obese patients 

and controls. 

Parameter
Obese Patient 
Group (n=16)

Mean±SD

Obese Control 
Group (n=12)

Mean±SD
p

Irisin
 (pg/ml) 194.75244.5 107.869.31 0.486

Zinc 
(µmol/L) 16.694.17 10.953.39 0.001

Copper
 (µg/dL) 141.5333.53 93.5832.47 0.001

Glucose
 (mg/dl) 85.1312.92 94.017.33 0.226

Insulin
(µU/mL) 13.333.73 11.953.75 0.345

HOMA-IR 2.841.00 2.791.03 0.898 

According to the results obtained in obese PCOS 

patients and control individuals, positive correlation 

between copper and zinc (r: 0,644, p<0.01), positive 

correlation between insulin and copper (r: 0,432, p<0.05), 

positive correlation between HOMA-IR and copper (r: 0,391, 

p<0.05), positive correlation between glucose and HOMA-

IR (r: 0,591, p<0.01), and positive correlation between insulin 

and HOMA-IR (r: 0,881, p<0.01) were observed (Table 4).

Table 4. Correlation analysis results between all variables 
for obese individuals

n=28 Irisin
(pg/ml)

Zinc
(µmol 

/L)

Copper
(µg/dL) 

Glucose 
(mg/dl)

Insulin 
(µU/
mL)

Zinc
(µmol/L)

r -.086        
p .662        

Copper 
(µg/dL) 

r .118 .644**      
p .551 .001      

Glucose
(mg/dl)

r -.124 .054 .148    
p .528 .786 .451    

Insulin
(µU/
mL)

r .139 -.023 .432* .164  

p .482 .909 .022 .403  

HO-
MA-IR

r .067 .008 .391* .591** .881**

p .734 .967 .040 .001 .001
*p<0.05. **p<0.01.

When overweight individuals in the PCOS and control 
groups were compared with regard to all parameters, there 
was no statistically significant difference between the two 
groups.

http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
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According to the results we obtained in overweight PCOS 
patients and control individuals, a positive correlation 
between insulin and copper (r: 0,434, p<0.05), HOMA-IR 
and glucose (r: 0,606, p<0.01), and insulin and HOMA-IR 
(r: 0,949, p<0.01) were observed (Table 5).

Table 5. Correlation analysis results between all 
variables for overweight individuals

n=24
Irisin
(pg/
ml)

Zinc
(µmol/ 

L)

Copper
 (µg/dL)

Glucose
(mg/dl)

Insulin
(µU/
mL)

Zinc
(µmol/L)

r .146        

p .495        

Copper
 (µg/dL) 

r -.024 -.075      

p .911 .728      

Glucose
(mg/dl)

r .221 -.106 .086    

p .300 .622 .691    

Insulin
(µU/mL)

r -.206 -.093 .434* .357  

p .333 .665 .034 .087  

HO-
MA-IR

r -.124 -.091 .355 .606** .949**

p .563 .671 .089 .002 .001
*p<0.05. **p<0.01.

When normal-weight PCOS patients and control 
individuals were compared, a statistically significant 
difference in serum copper levels were determined (p 
<0.05). Serum copper values were found to be higher in 
PCOS patients compared to controls (Table 6).

Table 6. Comparison of parameters in normal-weight 
patients and controls.

Parameter

Normal Weight 
Patient Group 

(n=19)
Mean±SD

Normal Weight 
Control Group 

(n=19)
Mean±SD

p

Irisin
 (pg/ml) 178.01140.28 289.79245.9 0.204

Zinc
 (µmol/L) 15.283.03 13.493.18 0.084 

Copper
(µg/dL) 163.3445.80 117.6348.57 0.005 

Glucose 
(mg/dl) 81.1113.28 80.4710.45 0.871 

Insulin 
(µU/mL) 7.693.15 7.543.18 0.99

HOMA-IR 1.570.63 1.520.73 0.805

According to the results obtained in patients with normal-
weight PCOS and control individuals, negative correlation 
between zinc and irisin (r: -0,389, p<0.05), negative 
correlation between copper and irisin (r: -0,546, p<0.01); 
positive correlation between zinc and copper (r: 0,592, 
p<0.01), negative correlation between insulin and irisin 
(r: -0,379, p<0.01), negative correlation between HOMA-
IR and irisin (r: -0,433, p<0.01), positive correlation 
between copper and HOMA-IR (r: 0,335, p<0.05), positive 
correlation between glucose and HOMA-IR (r: 0,435, 
p<0.01) and positive correlation between insulin and 
HOMA-IR (r: 0,926, p<0.01) were observed (Table 7).

Table 7. Correlation analysis results between all variables for normal-weight individuals

n=38 İrisin
(pg/ mL)

Zinc
(µmol/L)

Copper
(µg/dL) 

Glucose (mg/
dl)

İnsulin (µU/
mL)

Zinc
(µmol/L)

r -.389*        
p .016        

Copper
 (µg/dL) 

r -.546** .592**      
p .001 .001      

Glucose
(mg/dl)

r -.205 .074 .254    
p .217 .659 .124    

İnsulin
(µU/mL)

r -.379* .177 .263 .122  
p .019 .287 .111 .464  

HOMA-IR
r -.433** .171 .335* .435** .926**

p .007 .305 .040 .006 .001
*p<0.05. **p<0.01.

http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
http://www.endmemo.com/sconvert/micromol_liter.php
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DISCUSSION

PCOS, although its etiology is not fully known, can be 
defined as a frequently encountered syndrome that occurs 
as a result of the interaction of complex, environmental 
and genetic factors. In the pathophysiology of PCOS, the 
effects of insulin and its secretion disorders, gonadotropin 
changes, as well as genetic elements are considered very 
important (5, 6)

Irisin is a cleavage protein of fibronectin type III domain 5 
(FND5). It significantly reduces activity in skeletal muscles 
in women with PCOS. In a meta-analysis by Wang et al., 
irisin levels were found to be higher in PCOS patients than 
in control individuals, but they did not report a significant 
correlation between circulating irisin levels and IR in their 
population (18). In the studies by Gao et al. and Pukajło 
et al., no significant difference with regard to serum irisin 
levels were found between PCOS patients and control 
individuals (19, 20). In our study, serum irisin levels of 
patients with PCOS were lower than the control group (the 
difference was not statistically significant). There was also 
a negative correlation between insulin and HOMA-IR, and 
irisin levels. Serum irisin levels of obese PCOS patients 
were higher than the obese control group (the difference 
was not statistically significant). Serum irisin levels in 
normal-weight PCOS patients were lower than control 
group participants (the difference was not statistically 
significant). A negative correlation was observed between 
HOMA-IR and irisin. In women with PCOS, the function 
of the receptor-gamma coactivator 1 alpha (PGC 1-a), 
which is activated by degraded peroxisome proliferator 
is considerably repressed. This leads to changes in the 
expression and function of irisin. The (statistically non-
significant) low irisin levels in PCOS patients observed in 
this study are thought to be caused by the repression of 
PGC-1a.

Copper (Cu) acts as a biocatalyst in human metabolism 
and is found in the structure of many metalloenzymes and 
some natural pigments (32). It has been reported in some 
studies that an increase in oxidative stress levels may play 
a role in the pathogenesis of PCOS (38). In the studies by 
Kurdoğlu et al., Kanafchian et al. and Celik et al. serum 
Cu levels of PCOS patients were found to be significantly 
higher than the control group (36). High Cu levels have 
been shown to be associated with an increased risk of early 
cardiovascular diseases (36, 37, 39). In the present study, 
serum Cu levels were higher in PCOS patients than in the 

control group. Cu levels were found to be higher in PCOS 
patients regardless of BMI. A positive and statistically 
significant correlation was found between HOMA-IR and 
Cu. Increased IR may cause increased oxidative stress, 
which may lead to increased Cu levels in individuals 
with PCOS. Further studies that include reactive oxygen 
species as a parameter may be useful in order to clarify 
the relationship between high Cu levels in PCOS patients.

Zinc (Zn) is an essential trace element that is fundamental 
for many cellular functions. Zn is involved in many 
metabolic processes, including carbohydrate, lipid, protein 
and nucleic acid synthesis and degradation. Zn deficiency 
causes many chronic diseases (22, 36, 39). In a study 
conducted by Kurdoğlu et al, zinc levels of PCOS patients 
were found higher than the control individuals. However, 
these values remained within the reference range (10,7-
17,5 µmol/L) (39). In the study conducted by Chakraborty 
et al, although zinc levels of PCOS patients were higher 
than the control individuals, no statistically difference was 
found (32). In a study by Kulhan et al. values also remained 
within the reference range (10,7-17,5 µmol/L). In another 
study by Kanafchian et al. significantly lower results were 
found in patients with PCOS compared to the control 
group (30, 31). In the present study, serum zinc levels were 
higher in PCOS patients compared to the control group. In 
addition, zinc levels in obese PCOS patients were higher 
than the obese individuals in the control group and there 
was a statistically significant difference which remained 
in the reference range (10.7-17.5 µmol/L). No relationship 
was found between HOMA-IR and zinc levels. The higher 
zinc levels may be specific to women in Turkey as an 
ethnic difference. Serum zinc levels being in the reference 
range may be the reason for HOMA-IR and zinc levels not 
to be correlated.

In conclusion, serum Zn and Cu levels were found to be 
higher in PCOS patients compared to controls, however 
no statistically significant differences were found between 
the groups with regard to HOMA-IR and serum irisin 
levels. Data obtained from the patient group in this 
study may have been effected due to their use of some 
medications like metformin, multivitamin supplements 
and oral contraceptives.

Further studies with higher number of participants may 
improve the distinction of the variables like irisin and 
HOMA-IR between the PCOS patients and controls.
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