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Introduction
Polycystic ovary syndrome is a complex multifactorial 
endocrinopathy affecting a substantial population of 
reproductive aged women and is the most common 
cause of infertility. Genetics and lifestyle may develop 
the main features of PCOS. Women diagnosed with 
PCOS are usually presented with hyper androgenism, 
ovulatory dysfunction, and polycystic ovaries [1]. The 
main features of PCOS include androgenic features, 
menstrual dysfunction, and polycystic ovaries. PCOS 
diagnosis according to the National Institute of Health 
(NIH) consensus necessitates the existence of oligo- or 
amenorrhea and hyperandrogenaemia without a known 
disorder that explain the cause of hyperandrogenaemia. 
The Rotterdam criteria define PCOS by the presence of 
two of the three following features: hyperandrogenaemia, 
oligo-or amenorrhea and polycystic ovaries by ultrasound 
imaging [2,3].

Trace Elements have important role in PCOS. Many trace 
elements are important for optimum human metabolic 
function. These micronutrients serve a variety of functions 
including catalytic, structural and regulatory activities in 
which, they interact with macromolecules such as enzymes, 
prohormones, and biological membrane receptors [4]. 
Others play a crucial role in the immune system Trace 
elements are uniquely required for maintenance of life 
and health. Lack or inadequate supply of such nutrients 
produces a functional impairment or can result in disease 
[4]. Numerous studies had revealed the role of increment 
of oxidative stress which could result from excessive 
production of reactive oxygen species in pathogenesis of 
polycystic ovary [4,5]. Over production of Responsive 
Oxygen Species (ROS) is a typical component in women 
with polycystic ovary. Selenium is involved in many 
biological functions, such as, protection against oxidative 
stress, immune function and thyroid function [6]. Selenium 
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is most widely recognized as a substance that speeds up the 
metabolism of fatty acids and works together with vitamin 
E (Tocopherol) as antioxidant. Selenium also appears to 
work as an anti-inflammatory agent in certain disorders 
[7,8].

Copper, zinc and manganese are fundamental 
micronutrients which joined into numerous proteins 
and metalloenzymes and they are dependable in cell 
metabolic system and oxidative stress pathways which 
may contribute to oxidative stress [9,10]. Cu catalyzes 
the synthesis of highly Reactive Oxygen Species (ROS) 
that causes oxidative damage to proteins, lipids, DNA and 
other molecules, Copper has an antioxidant action that 
protect cells from damage and is also a component of many 
enzymes that is responsible for the release of energy from 
carbohydrates, fat and protein. Copper is also important 
for formation of red blood cells, bone and connective 
tissues. PCOS may result in dysregulation of systemic 
copper homeostasis. Another element of biological effect 
is magnesium and is essential to good health. As the 
second most abundant intracellular cation in the human 
body, magnesium is involved in more than 300 ATP 
and kinase dependent enzymatic reactions. Magnesium 
plays an essential physiological role in many functions 
of the body. It may play a role in glucose homeostasis, 
insulin action in peripheral tissues, and pancreatic insulin 
secretion, magnesium functions as a cofactor for several 
enzymes critical for glucose metabolism utilizing high 
energy phosphate bonds [8-10]. Zinc is directly involved 
in the synthesis, storage and secretion of insulin, as 
well as conformational integrity of insulintaste acuity 
and enhances the in vitro effectiveness of insulin. The 
function of zinc in the body metabolism is based on its 
enzymatic affinity and way of a zinc-enzyme complex or 
metalloenzymes. Zinc is required for insulin synthesis and 
storage and insulin is secreted as zinc crystals. It maintains 
the structural integrity of insulin. Zinc deficiency may 
play a role in the pathogenesis of polycystic ovarian 
syndrome and may be related with its long-term metabolic 
complications [11].

Zinc is an essential trace element required as a structural, 
catalytic, and regulatory ion for many enzymes, proteins 
and transcriptional factors activities. As a result, zinc 
plays an important role in many homeostatic response of 
the body (e.g. oxidative stress) and in many biological 
functions (e.g. immune deficiency). Zinc also demonstrated 
multiple roles as a modulator of inflammation in cell 
cultures and animal model. Zinc supplementation 
improves inflammatory reaction in PCOS patients [12]. 
Copper is an essential trace element that is important to 
the proper functioning of organs and metabolic processes. 
Copper has an antioxidant action that protects cells from 
damage, and is also a component of many enzymes that is 
responsible for the release of energy from carbohydrates, 
fat and protein. Copper is also important for formation of 
red blood cells, bone and connective tissues. PCOS may 

result in dysregulation of systemic copper homeostasis. 
Mg has been identified as a necessary nutrient for energy 
production and synthesis of nucleic acids. Selenium plays 
a significant vital role in the undisturbed functioning of 
the reproductive system which proves to the correlations 
between the Se intake and the fertility as well as disorders 
of procreation processes [12,13]. So, the present study was 
designed to evaluate the impact on certain trace elements 
such as ferritin, zinc, copper, selenium, magnesium levels.

Materials and Methods
The present study was carried out on 35 of PCOS 
patients. These PCOS women patients were recruited 
from both rural and urban areas of Punjab State. 
PCOS women were recruited based on the diagnostic 
criteria as per 2003 Rotterdam Revised Consensus 
Meeting i.e. Oligomenorrhea, Clinical or Biochemical 
Hyperandrogenemia and the presence of polycystic 
ovaries [3]. Each recruited participant had at least two 
symptoms of the disease were considered as PCOS patient. 
The subjects with conditions like prolactinoma, congenital 
adrenal hyperplasia, Cushing’s syndrome and virilizing 
ovarian or adrenal tumors were excluded from the study 
and 35 healthy subjects in the control group were selected 
from a population with the same socioeconomic condition 
who referred to the clinic for check-up and had normal 
ovulating cycles and no signs of hyperandrogenism. 
Ultrasonography confirmed that these women did not have 
clinical features of hyperandrogenism or PCOS. They 
were matched for age and Body Mass Index (BMI) to the 
affected cases. The subjects in the control group didn’t have 
any systemic diseases, and they didn’t use any medications 
that might affect their reproductive physiology or iron 
status. All people with anemia (Hemoglobin concentration 
of less than 12 g/dl) were excluded from the study.

Inclusion criteria 

Inclusion criteria were all the patients attend PCOS clinic 
of infertility OPD with following criteria age 20-40 years 
and diagnosed as PCOS according to the 2003 Rotterdam 
revised consensus meeting.

Exclusion criteria 

Exclusion criteria were recent H/O blood transfusion 
or intake of iron, history of heavy menstrual bleeding, 
diabetes, known chronic inflammatory conditions 
e.g.; chronic cough, asthma, tuberculosis and anemia: 
hemoglobin <11 g/dl was excluded, which is frequently 
associated with iron deficiency.

All subjects recruited for the study were vegetarian, non-
smokers and non-alcoholic, with no positive family history 
of non-communicable chronic diseases like diabetes, 
Cardiovascular Diseases (CVD). Data was obtained from 
subjects using an interviewer-based questionnaire where 
the detailed information on their lifestyle, medical history, 
diet etc. and after obtaining the written consent these were 
considered for the study. Blood Pressure was measured 3 
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times every 2 minutes after an initial 10-minute rest period 
to the nearest of 2 mm Hg in the sitting position, using 
a mercurial sphygmomanometer and appropriately sized 
cuffs.

Study design

This study was a case control cross-sectional prospective 
study. This study protocol was approved by the Institution 
Ethical Committee. A detailed history, physical, and 
systemic examination, including measurement of height, 
weight, heart rate, blood pressure in the sitting position, 
Body Mass Index (BMI), fasting glucose along with 
HbA1C and certain trace elements such as Ferritin, Zinc, 
Copper, Magnesium was carried out in every subject 
who entered the study as per a pre-designed performa for 
assessing the signs of diabetes, heart failure and also the 
presence of any exclusion criteria.

Data collection

Measurements of anthropometric parameters: Height 
(m) and Weight (kg) were measured while subjects were 
wearing light clothing without shoes. Blood Pressure (BP) 
was measured using an automatic manometer with an 
appropriate cuff size on the right arm after a resting period 
of 5 min.

Specimen collection, specimen (serum/plasma) 
preparation and storage: A volume of 5 ml of peripheral 
venous blood was collected by vein puncture using a dry, 
disposable syringe between 8 and 9 AM after an overnight 
fast from both groups (Control and PCOS subjects) in 
potassium oxalate and sodium fluoride vial (2 ml) and 
plain (3 ml) vial. The blood of potassium oxalate and 
sodium fluoride vial was immediately centrifuged at 
4000 rpm for 10 minutes for the preparation of plasma 
and the blood collected in plain vial was kept at 37ºC for 
half an hour after that the blood samples were centrifuged 
at 4000 rpm for 15 minutes for the separation of serum. 
The plasma and serum was used for various biochemical 
assays as under:

Biochemical assays

Estimation of plasma glucose levels: Fasting plasma 
glucose levels were estimated spectrophotometrically 
using an enzymatic test kit based on GOD-POD method 
supplied by Transasia Biomedical Private Limited, 
Mumbai (India).

Estimation of glycosylated Hemoglobin (HbA1C): 
HbA1C was analyzed by using kit supplied by Transasia 
Bio-Medicals Ltd. Solan (HP) in Technical collaboration 
with ERBA agnostic Mannheim, Germany based onion-
exchange resin method in which a hernolyzed preparation 
of the whole blood is mixed continuously for 5 ruin with 
a weak binding cation exchanges resin. During this time, 
non-HbAlc binds to the resin. After the mixing period a 
filter is used to separate the supernatant containing the 
glycohemoglobin from the resin. The glycohemoglobin 
percent is determined by measuring the absorption at 

415 nm of the glycohemoglobin fraction and the total 
hemoglobin fraction. The ratio of the two absorbances 
gives the percentage glycohemoglobin.

Estimation of trace elements: The trace elements such as 
Ferritin, Zinc, Copper, Magnesium and selenium in serum 
was estimated spectrophotometrically using a standardized 
test kit supplied by Transasia Biomedical Private Limited, 
Mumbai (India) by colorimetric method in ERBA-XL-360 
fully autoanalyzer.

Statistical analysis

The data was expressed as Mean ± SD and analyzed with 
the SPSS 16.0.7 statistical software package. Differences 
between the obese and control subjects were evaluated 
using the Student’s independent samples “t” test. 
Differences were considered statistically significant at 
P<0.05.

Results
Anthropometric parameters: The Anthropometric 
measurements of both type-2 diabetic patients and normal 
healthy control subjects are summarized in the Table 1. 
The body weight, height, BP systolic and BP-diastolic was 
83.48 ± 5.11 kg, 172.02 ± 5.21 cm, 120.27 ± 3.19 mmHg 
and 98.99 ± 3.78 mmHg respectively in PCOS patients 
w. r. t. 69.89 ± 5.90 kg ; 170.21 ± 5.31 cm, 81.98 ± 3.73 
mmHg and 78.89 ± 3.71 mmHg respectively of healthy 
control subjects (Table 1).
Table 1. General characteristics of PCOS patients and healthy 

control subjects.

Anthropometric 
assays

Normal healthy 
control subjects 

(n=35)

 PCOS patients 
(n=35) 

Subject Number 35 35

Gender (Male/
Female) 18/17 20/15

Height (cm) 170.21 ± 5.31 172.02 ± 5.21 
(+1.06) 

Weight (kg) 69.89 ± 5.90 83.48 ± 5.11 
(+19.44) 

Age (years) 42.12 ± 5.72 43.99 ± 4.49 
(+4.43) 

Blood pressure 
systolic (mmHg) 81.98 ± 3.73 120.27 ± 3.19 

(+46.70)

Blood pressure 
diastolic (mmHg) 78.89 ± 3.71 98.99 ± 3.78 

(+25.47)

Glucose and HbA1c levels: A nominal increase was 
observed in fasting glucose and HbA1C levels by 17.80% 
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(from 80.92± 4.75 to 195.32 ± 7.08 mg/dL) and 1.59% 
(from 5.67 ± 0.34 to 5.76 ± 0.29 g%) respectively (Table 2).
Table 2. Alterations in plasma fasting blood glucose and blood 
HbA1 C levels in PCOS patients and healthy control subjects.

Biochemical 
assays

 Normal healthy 
control subjects 

(n=35)
PCOS patients (n=35) 

Fasting Blood 
Glucose (mg/dL) 80.92 ± 4.75a  95.32 ± 7.08 (+17.80)b NS

HbA1C (g%) 5.67 ± 0.34a 5.76 ± 0.29 (+1.59)b NS

a-Values expressed as Mean ± SD of 150 observations.
b-Values in parentheses representing the percentage change w. 
r. t healthy control subjects.
NS= Not Significant

Serum trace elements: The status of trace elements 
such as Ferritin, Magnesium, Copper and Calcium in the 
serum of PCOS patients and healthy control subjects are 
summarized in the Table 3. The serum Ferritin and Copper 
was 202.91 ± 13.18 ng/ml and 99.99 µg/dL respectively 
in PCOS patients and 110.19 ± 8.14 ng//ml and 99.99 
µg/dL μg/dL respectively in healthy control subjects was 
observed. A significant increase in the levels of serum 
ferritin and copper by 84.14% (P ≤ 0.001.) and 35.33% 
(P ≤ 0.05) respectively was recorded in PCOS patients in 
comparison to healthy subjects (Table 3) while a significant 
fall in zinc (P ≤ 0.05), magnesium (P ≤ 0.05) and selenium 
(P ≤ 0.05) was found in PCOS patients respectively in 
PCOS patients with respect to normal healthy control 
subjects (Table 3).

Table 3. Alterations in serum Ferritin, Zinc, Copper, 
Magnesium and Selenium in PCOS patients and healthy control 

subjects.

Biochemical 
Assays

Healthy Control 
Subjects (n=35)

 PCOS Patients 
(n=35) 

Ferritin (ng/ml) 110.19 ± 8.14 202.91 ± 
13.18(+84.14)** 

Zinc (μg/dL) 91.89 ± 6.23 56.61± 4.59 
(-38.39) 

Copper (μg/dL) 99.99 ± 5.32 135.32±8.52 
(+2.05)NS

Magnesium (mEq/
dL) 19.11± 1.88 11.97 ± 0.22 

(-37.36) 

Selenium (ng/ml) 61.74 ± 2.36  29.15 ± 1.56 
(-52.78)* 

NS= Not Significant; *(P<0.01) Significant; **(P<0.001) 
Highly Significant

Discussion
Ferritin 

A significant (P ≤ 0.01) increase in serum ferritin, a 
reflector of body iron stores was observed in PCOS patients 
by 88.92% (from 107.92 ± 9.34 ng/ml to 203.89 ± 15.38 

ng/ml)(Table 3). A significant increase in iron indices, 
especially ferritin indicates a high availability of iron in 
different tissues of patients with PCOS [13] Increases in 
iron store and ferritin levels in PCOS may be attributed 
to the absence of regular menstrual blood loss, leading to 
iron overload, as serum ferritin levels have been observed 
to be higher in oligoamenorrheic patients compared with 
regularly menstruating women. Oxidative stress induces 
ferritin synthesis to reduce further oxidative damage, 
given that ferritin neutralizes highly toxic unbound iron. 
Previous literature reports [13-15]. Research has also 
shown that oxidative stress may be increased in women 
with PCOS. Hyperinsulinemia may also account for 
this phenomenon. Insulin resistance, which is prevalent 
in patients with PCOS, may likewise contribute to 
increased serum ferritin and body iron stores, because 
insulin may stimulate intestinal iron absorption by up 
regulating the activity of hypoxia-inducible factor-1α and 
down regulating hepcidin expression [13,15]. Moreover, 
hyperandrogenemia, which affects erythropoiesis, is 
widely known as a critical component of PCOS.

Copper (Cu)

A significant increase in Cu concentration by 35.33% from 
99.99 ± 5.32 to 135.32 ± 8.52 µg/Dl (Table 3) was observed 
in PCOS patients in comparison to healthy control subjects 
(Table 3). Cu, an essential trace element in the human body 
for the production of energy and required as a cofactor for 
many enzymes in critical metabolic pathways including 
cytochrome oxidase, superoxide dismutase, ascorbic acid 
oxidase, and tyrosinase. Recently, it has been reported that 
Cu interacts with key neuropeptides in the hypothalamic-
pituitary-gonadal axis, notably, Gonadotropin-Releasing 
Hormone (GnRH) and neurokinin B, and promotes 
anovulatory menstruation [16]. Excessive levels of Cu 
induce oxidative stress via Fenton and redox reactions, 
resulting in increased production of Reactive Oxygen 
Species (ROS), a hallmark for the pathophysiology of 
many non-communicable diseases[17,18] and can alter the 
steroid genesis process in the ovary, leading to increased 
androgen levels, disturbance in follicular development, 
and infertility. Moreover, insulin resistance is reported to 
be linked with oxidative stress, which may mediate PCOS 
occurrence through facilitating secretion of excessive 
levels of androgens from ovaries and adrenal glands [18].

Zinc (Zn)

Zn acts as a stabilizer and cofactor for many enzymes 
and is an essential element for hormonal function was 
decreased significantly (P ≤ 0.05) by 49.27% (from 
91.89 ± 6.23 µg/dL to 46.61 ± 4.59 µg/dL) in PCOS 
patients in comparison to healthy control subjects (Table 
3).In the state of physiochemically, Zn is able to act to 
act as antioxidant by protecting the sulfhydryl groups 
of different proteins and enzymes against free radicals 
and inhibits the oxidative stress. Zn is one of the trace 
elements crucial for normal insulin hormone response 
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especially in the downstream insulin signaling and it is 
essential for normal insulin hormone synthesis, storage 
and release as well as it may be has an insulin like activity 
upon binding to insulin receptor [17,19]. A significant 
higher level of Cu in PCOS patients may directly affect 
infertility rate by lowering progesterone levels resulting in 
anovulation, implantation failure or luteal phase deficit. It 
is also uncertain that whether high levels of Cu are related 
to   hidden  inflammatory   conditions  or   not?   Because 
ceruloplasmin, acute phase protein may have the ability 
to increase in the serum Cu and decrease Zn levels [19]. 
This imbalance between the levels of Cu and Zn could be 
the major cause of infertility. The excessive amounts of 
Cu may interfere with neuronal signaling in central nerve 
system, which are good responsible for the neuroendocrine 
regulation of fertility.

Magnesium (Mg)

Mg has been identified as a necessary nutrient for energy 
production and synthesis of nucleic acids was decrease 
by 52.32% (from 25.11 ± 2.88 mEq/dL to 0.97 ± 0.221 
mEq/dL) in PCOS patients w. r. t. healthy control subjects. 
Decreased levels of Mg have been shown in various 
reproductive events like infertility, spontaneous abortions, 
congenital anomalies, preeclampsia, placental abruption, 
premature rupture of membranes, still births and low birth 
weight [20]. Furthermore, decreased level of Mg can 
paradoxically increase the risk factor of oncogenesis. It has 
been reported that Mg is central in the cell cycle, and that 
its deficiency is an important conditioner in precancerous 
cell transformation. 

Selenium (Se)

A significant decrease (P<0.05) by 52.78% (from 61.74 ± 
2.36 ng/ml to 29.15 ± 1.56 ng/ml) was recorded in Se level 
in PCOS patients w. r. t. healthy control subjects (Table 
3). A significant (P<0.05) decrease in Se levels in PCOS 
patients might be due to expose the women to oxidative 
stress, which is a responsible for the pathophysiology of 
many diseases [17,18]. A significant fall in Se levels in 
PCOS patients might give an indication of increased free 
radical production or highly scavenging activity of either 
selenium or glutathione peroxidase enzyme might fall in 
PCOS women’s. Also, there are some scientific reports 
have demonstrated that selenium plays a significant vital 
role in the undisturbed functioning of the reproductive 
system which prove to the correlations between the Se 
intake and the fertility as well as disorders of procreation 
processes [12]. In the present study, a significant decrease 
in Se levels in PCOS patients are agreement with the 
literature reports.

Conclusion
All the for mentioned observations of overload of 
essential trace elements such as ferritin, Cu while fall in 
Se, Zn and Mg levels are an important etiological role in 
the pathogenicity and increased complication of PCOS. 

The therapeutic interventions with these trace elements 
as supplement in a suitable formula may be beneficial to 
improve the conditions of PCOS patients. The therapeutic 
interventions with these trace elements as supplement 
in a suitable formula might be beneficial to improve the 
conditions of PCOS patients.
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