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Background & Objective: The present study was conducted to determine testosterone and ferritin levels in women with
polycystic ovary syndrome (PCOS) and investigate its relationship with body mass index (BMI)

Materials & Methods: In this case-control study, 104 PCOS cases and 99 controls were included. The concentration of
testosterone, ferritin, lipid profile, insulin, glucose, and androgen was measured in fasting blood samples.

Results: Testosterone level was equal to 1.08 + 0.50 and 0.85 + 0.42 in the case and control groups, respectively (P<
0.001). Values of ferritin (123.45 + 18.21ng/dl vs. 92.14 + 17.74 ng/dl in control group, p< 0.001), insulin (11.41 + 3.84
pU/ml vs. 7.02 + 3.29 pU/ml in control group, p< 0.001), and insulin resistance (11.41 + 3.84 vs.7.02 + 3.29 in control
group, p< 0.001) was also measured. There was a significant relationship between serum concentration of testosterone and
ferritin with BMI (p<0.001). The role of ferritin to predict PCOS was significant (8:-1.1, P< 0.001).

Conclusion: According to the findings of the present study, the levels of testosterone and ferritin were increased in
patients with PCOS. Although elevated testosterone levels are effective in PCOS, ferritin concentration is an important

factor in predicting and exacerbating the disease.
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Introduction

Polycystic ovary syndrome (PCOS) is one of
the most common endocrine disorders in women,
affecting about 6 - 20 % of women of childbearing
age (1). In this syndrome, abnormalities of
reproductive glands, such as amenorrhea, infertility,
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hirsutism, and acne caused by the increased
androgen and metabolic disorders including
central obesity, insulin resistance, and metabolic
syndrome are seen (2). Recently, the etiology of
PCOS has been shown to be multifactorial due to
genetic and environmental factors (3). An increase
in the level of androgens is one of the main causes
of PCOS (4). Androgens are synthesized in a
variety of tissues. Synthesis of androstenedione
in the adrenal, gonad, and peripheral
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tissues, and synthesis of testosterone mainly occur in
the ovaries, as well as in adipose and other peripheral
tissues (5). Increased serum testosterone levels are
associated with obesity, especially abdominal obesity,
insulin resistance, and increased glucose tolerance
testing, as a result, increased androgen and insulin
resistance in the patients with PCOS increases
testosterone synthesis in the ovaries (6).

Studies have shown that about 50 % of women
with PCOS are overweight or obese (7). It has also
been shown that the distribution of fat changes in
women with PCOS and the amount of fat is higher
in visceral tissues (8). Increased levels of androgens
are associated with abdominal fat (9). Contradictory
findings have been reported regarding androgen
production in obese and non-obese people. In some
studies, levels of testosterone and androstenedione,
were similar in obese and non-obese people with
PCOS, and in others, the rate of testosterone was
increased in the obese patients with PCOS, and
some researchers have shown a reduction in the
androstenedione levels in the obese people with
PCOS (10).

Ferritin is an intracellular protein involved
in regulating iron homeostasis (11). Ferritin is a
part of insulin resistance syndrome and increases
in abdominal obesity (12). Studies have shown
that increased levels of androgens and menstrual
disorders are associated with ferritin (13). Studies
have also indicated that serum ferritin levels increase
in women with PCOS as well as obese patients with
PCOS (14).

Testosterone testing is important in the diagnosis
and management of PCOS, and there is a possibility
of an increased level of ferritin in obese people
and patients with PCOS. Therefore, this study was
conducted to evaluate the level of testosterone and
ferritin in people with PCOS and investigate its
relationship with body mass index (BMI).

Materials & Methods

Two hundred and three women aged between
18 — 40 years old, including 104 patients recently
diagnosed with PCOS, and 99 healthy women were
included in the study as the case and control groups,
respectively. The patients were outpatients of the
Gynecology Clinic of Fatemieh Hospital affiliated

journal.fums.ac.ir

with Hamadan University of Medical Sciences.
Individuals were matched in terms of cultural
and social issues and lifestyles. PCOS was diag-
nosed according to the Rotterdam Criteria. The
subjects did not have any acute or chronic inflam-
matory disease and regarding the role of metabolic
factors in the development of the disease, the two
groups were matched in terms of age and BMI.
Information on demographic characteristics and
clinical presentations was collected by question-
naire. This study was approved by the Ethics
Committee of Hamadan University of Medical
Sciences with the ethics code of IR.UMSHA.
REC.1399.041. Informed written consent was
obtained from all the subjects before participat-
ing in the project.

Measurements

Bodyweight was tested to the closest 0.1kg
while wearing light clothing by a balanced-beam
scale. Moreover, height was computed by a stadi-
ometer to the nearest 0.5 cm. BMI was computed
based on the following formula: [weight (kg) /
[height (m)] 2. Waist circumferences between
the lowest rib and iliac crest in umbilicus level
were handled in duplicate to the nearest mm
utilizing an adaptable tape. Blood samples were
taken between days 3 and 6 of an unconstrained
menstrual cycle from all the women after night
fasting (8-12 h) and then, serum samples were
collected by centrifugation for 15 min at 3000
rpm. The serum was elucidated and stored at -80°C
for the next steps. In order to the laboratory blinded
in terms of control and case, the samples were
numbered and laboratory experts did not know the
nature of the samples. The serum concentration of
testosterone was measured using the Monobind kit
and enzyme-linked immunosorbent assay (ELISA)
method. Sensitivity of the ELISA kit was equal to
0.038 ng / ml. The serum concentration of ferritin
was measured using the Biovendor kit by ELISA
method. The sensitivity of the ELISA kit was equal
to 0.44 ng / ml. Insulin concentration in the serum
samples was measured using the chemiluminescent
immunoassay (CLIA) method and the LIAISON
apparatus. Serum glucose concentration and lipid
profile were determined using the Pars Azmoon kit.
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Insulin resistance was measured by the following
formula:

HOMA-IR (fasting plasma insulin (mU/l)
xfasting plasma glucose (mmol/1)/22.5) for insulin
resistance were calculated. Insulin resistance was
considered as HOMA index value of more than 2.1.

Statistical data analysis was done in SPSS
software (version 20). Descriptive statistics were
expressed as mean + standard deviation and
percentage for quantitative and qualitative variables,
respectively. Proportions were contrasted utilizing
the Chi-Square test. The differences between the
two groups were studied using the Student’s
t-test and Mann-Whitney U test. The Pearson and
Spearman correlation coefficients were utilized
to survey the correlations between the variables.
A bivariate correlation survey (calculation of
the Pearson coefficient) was utilized to evaluate
the relationship of serum levels of testosterone,
ferritin, and insulin with every parameter. Multiple
logistic regression analyses were used to assess
the independent effect of ferritin on the odds for
PCOS after adjustment for confounding factors.
Statistical significance was set at P<0.05.

Results
Description of the Patients

In the present study, 104 patients with PCOS
(average age: 25.82 + 4.16years old; average
BMI: 26.84 + 3.48) and 99 healthy individuals
(average age: 26.05 + 4.85 years old; average
BMI: 26.43 + 3.82) were evaluated. Table 1 shows
the general characteristics of women with PCOS
and healthy controls. As can be seen, the studied
women were matched in terms of age (p=0.775).
Also, regarding the effect of weight interference
on the cause of the disease, the study groups were
matched in terms of BMI. Although the two groups
did not differ significantly in terms of BMI, waist
circumference was much larger in the PCOS group
than in the control group. LH and lipid profile
were necessarily higher in the healthy controls
than the subjects with PCOS. Serum insulin and
HOMA-IR levels were significant in the control
and case groups (p<0.001). Serum testosterone
levels were evaluated between the patients with
PCOS and healthy individuals. According to the
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According to the results, there was a statistically
significant difference in the serum testosterone
levels between the patients with PCOS and
healthy individuals (p<0.001). The groups were
divided into two subgroups with normal weight
and overweight based on BMI, Table 2 showed
the serum ferritin level in women with PCOS
was significantly higher in overweight and obese
individuals than in normal-weight individuals
(p<0.001). Although both testosterone and
ferritin in the presence of BMI had an effect on
the incidence of PCOS, after the removal of the
BMI factor, the only increase in ferritin increased
the chance of developing PCOS by 1.1 times,
Table 3 and Table 4. The data also showed that
there is a direct relationship between ferritin and
testosterone with BMI (p<0.001).

Discussion

PCOS is an important disease as it affects
fertility and is the most common cause of ovarian
dysfunction (15). PCOS is the most common cause
of infertility in approximately 5 - 10% of women
of childbearing age. According to the research
conducted on PCOS, the outcomes of dysfunction
are not limited to a local defect or a specific center
because, the previous findings have shown that
several hormonal changes, such as androgens
and 17 alpha-hydroxyprogesterone also play a
role in the development of this syndrome (16).
There are similar reports on elevated serum lutein
levels in the women with PCOS (17). Increased
secretion of luteinizing hormone (LH), expressed
as the ratio of follicle-stimulating hormone (FSH)
to LH is correlated with an increase in the level
of free estradiol (18). Serum concentrations of
FSH in non-ovulatory women with PCOS are
similar to those in the middle follicular phase of
the normal menstrual cycle but, they are less in
women who are in the early stages of follicular
development (19). This difference may be related
to the mechanism of infertility and is unlikely to
be the main cause (20). Serum concentrations of
testosterone and androstenedione are 50 — 150 %
higher in women with PCOS than normal women
but, like LH, there are individual differences in the
women (21). More than half of women with PCOS are
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Tablel. Biochemical indexes and clinical characteristics of the women with PCOS and their control group (mean+SD).
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Variable Control group (n=99) PCOS group (n=104)
Age(year) 26.05+4.85 25.82+4.16 0.775
BMI’(Kg/m?) 26.43+3.82 26.84+3.48 0.420
Waist(cm) 86.44+10.95 91.57+11.12 0.003
TC(mg/dl) 162.994+34.26 172.63+33.85 0.044
TG(mg/dl) 124.18+22.96 151.21+58.34 0.002
LDL(mg/dl) 92.76+22.53 101.34+22.04 0.007
HDL(mg/dl) 48.77+9.36 47.3349.34 0.261
FBS(mg/dl) 82.75+7.18 84.03+5.82 0.163
Testosterone(ng/dl) 0.85+0.42 1.08+0.50 <0.001
Ferritin(ng/dl) 92.14+17.74 123.45+18.21 <0.001
Insulin(uU/ml) 7.02+3.29 11.41+£3.84 <0.001

journal.fums.ac.ir

BMI: Body Mass Index; FBS: Fasting Blood Sugar; TC:Total Cholesterol,TG: Triglyceride; LDL : Low Density
Lipoprotein, HDL: High Density Lipoprotein; FSH: Follicle-Stimulating, Hormone; LH: Luteinizing Hormone. The
results are reported as mean + SD and statistical

Table2. Differences in Waist, Insulin and HOMA-IR, Ferritin, Testosterone in the subjects with and without PCOS based
on their BMI

Case group (n=104)

Control group (n=99)

Parameter N 1 N 1
orma q orma q
) Overweight(76) ) Overweight(60)
WC(cm) 80.00 + 6.08 95.62+£9.52 0.001 79.92 +7.79 90.68 +£10.66 0.001
Insulin(uU/ml)  9.06 = 3.24 1223 +3.72 0.001 6.03£2.52 7.54+3.64 0.037
HOMA-IR 1.82 4 0.66 2.57+0.79 0.001 126+ 0.56 1,58 +0.81 0.019
L 105.61 +

Ferritin(ng/dl) 1295 130.01 £ 15.47 0.001 90.45+ 17.24 93.23+ 18.12 0.443
TeStOStZrl"ne(“g/ 0.71 £0.18 1214051 0.001 0.69+0.29 0.95 +0.45 0.002

significance was set at P<(.05.

WC, Waist circumference; The results are reported as mean = SD and statistical significance was set
at P<0.05.
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Table3. logistic regression analyses of BMI and other confounding variables to predict PCOS.

independent

Dependent Variables Variables

Odds Ratio (Exp (B))

CI for Exp (B)

BMI 0.847

Ferritin 1.100

PCOS Testosterone 2.385
Insulin 0.678
HOMA-IR 43.548

0.743 - 0.967

1.069 - 1.132

0.880 - 6.468

0.295 - 1.559

0.138 -13782.272

BMI: body mass index; HOMA index: homeostasis model assessment index

Table 4. logistic regression analyses of ferritin and other confounding variables to predict PCOS.

independent Odds Ratio (Exp

Dependent Variables DI ()]

CI for Exp (B)

0.014

0.001

0.088

0.360

0.199

Ferritin 1.094
Testosterone 2.385
PCOS
Insulin 0.677
HOMA-IR 40.034

HOMA index: homeostasis model assessment index

journal.fums.ac.ir

1.064 - 1.124

0.880 - 6.468

0.290 - 1.577

0.116 - 13824.142

0.001

0.088

0.366

0.216
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obese and have an extra burden of insulin resistance
due to their excess fat (22). Most studies have
supported the prevalence of obesity in this disease.
Obesity, especially central obesity, is specifically
identified as the cause of insulin resistance in
PCOS because; obesity worsens the endocrine
and metabolic profile in this disease, and leads
to the increased levels of androgens including
total testosterone through various mechanisms
and may reduce the response to treatment (19).
Free testosterone levels also increase in obese
people with PCOS due to the decreased level of
sex hormone-binding globin (SHBG) (23). On
the other hand, insulin inhibits SHBG production
in the liver and thus, hyperinsulinemia directly
increases testosterone secretion from the ovaries
(24). Amate et al., reviewed and analyzed clinical
findings, sex hormones, fasting glucose, hemostatic
model of insulin resistance, and insulin-sensitive
index by studying 130 patients with PCOS. PCOS
women with hirsutism had significantly higher
levels of testosterone, free testosterone, DHEA-s,
and 4-androstenedione. They had similar BMI and
were significantly less sensitive to insulin than the
women without hirsutism (5). In our study, people
with PCOS showed a significant difference in their
testosterone levels compared to the control group.
The relationship between testosterone and BMI
was also studied and these two parameters were
significantly related to each other.

Thozhukat Sathyapalan et al., (2017) measured
testosterone and androstenedione levels in the
saliva of healthy women and those with PCOS in
the UK. Salivary testosterone and androstenedione
levels were significantly higher in people with
PCOS than normal people (P <001) (25). Elisabeth
Lerchbaum et al., (2014) studied the relationship
between levels of androstenedione, testosterone,
and free testosterone, and metabolic parameters
in the patients and healthy controls in Australia.
The results showed that women with PCOS had
higher levels of free testosterone (26). In our
study, people with PCOS showed significant
testosterone levels compared to the controls.
The relationship between testosterone and BMI
was also studied and these two parameters
were significantly related to each other.

journal.fums.ac.ir

Recent studies have shown that the body’s iron
stores determined by serum ferritin levels are part
of the insulin resistance syndrome. Serum ferritin
level is associated with abdominal obesity and other
obesity criteria (27). Iron levels are also associated
with the incidence of type 2 diabetes, gestational
diabetes, and metabolic syndrome (28). Increased
iron stores have also been reported in overweight or
obese women with polycystic ovaries. The elevated
level of iron in these patients can lead to insulin
resistance and dysfunction of pancreatic beta cells
(14). Iron has a significant effect on oxidative
stress. Oxidative stress is higher in patients with
PCOS. Oxidative stress increases the synthesis
of ferritin. However, the increase in the level
of ferritin in the body of these patients prevents
further oxidative damage by neutralizing highly
toxic iron. Iron deposition in some tissues increases
insulin resistance, which in turn increases ferritin
production, thus completing a vicious cycle of iron
deficiency, exposing the patients to the impaired
glucose tolerance and metabolic syndrome (29).

However, elevated serum iron in patients with
PCOS may not be a primary phenomenon. Insulin
resistance-induced hyperinsulinemia in these
patients can influence food intake and increase
absorption of iron from the intestine by increasing
the activity of some intestinal factors, such as
hypoxia-inducible factor-1 (30). Decreased blood
flow due to complete cessation or reduction of
normal menstrual frequency in these patients can
also be effective in increasing their iron stores (14).

Agnieszka Adamska et al., (2020) investigated
the relationship between serum concentration of
ferritin and visceral (abdominal) fat in women with
PCOS. The results showed that in women with
PCOS, serum concentration of ferritin (p = 0.002),
basal insulin p = 0.03), insulin resistance test (p =
0.03), visceral fat content (p = 0.0001) were higher
than the control group. There was a relationship
between ferritin concentration and basal insulin
concentration and insulin resistance and a correlation
was observed between serum concentration of
ferritin and visceral adipose tissue (VAT). They
found that the increased serum concentration of
ferritin is associated with insulin resistance as well
as visceral fat and body fat in the women with
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PCOS and may be a sign of metabolic dysfunction(31).
In our study, an increase was observed in the serum
concentration of ferritin in the patients with PCOS,
also a significant relationship was observed between
serum concentration of ferritin and BMI, ferritin
was found to be an effective factor in predicting
and exacerbating the disease. our result showed
that ferritin was higher in women with PCOS and
overweight.

Po-Chun Ko et al., (2015) in a review study
investigated serum ferritin levels and complications
associated with PCOS in obese and non-obese
women. They demonstrated that elevated serum
ferritin levels are associated with the increased insulin
resistance and risk of diabetes in obese women, and
high serum concentrations of ferritin are associated
with an increased risk of hyperglyceridemia in
obese and non-obese women. Therefore, the
elevated level of triglycerides in women with
PCOS may be associated with iron metabolism (32).

Faranak Sharifi et al., (2011) measured BMI,
waist circumference, blood pressure, androgen,
gonadotropin, insulin, glucose, cholesterol,
triglyceride, C-reactive protein (CRP), and ferritin
in healthy women and those with PCOS in Iran.
In women with PCOS, serum ferritin (P = 0.03)
and insulin (P = 0.017) levels were increased
compared to control women. No association was
found between ferritin, BMI, blood pressure,
waist circumference, fasting glucose, and
CRP confirming the results of our study (33).

In our study, concentrations of ferritin, blood
sugar, cholesterol, insulin, HDL-C, and triglyceride
were measured in the patients with PCOS and
were compared with a control group of similar
age, sex, and BMI. In these patients, the mean
level of serum ferritin and serum testosterone was
higher than the control group. This increase was
statistically significant. The relationship between
both parameters and BMI was investigated. There
was a significant relationship between serum
concentration of testosterone and BMI with P =
0.047, but no significant relationship was found
between ferritin level and BMI with P = 0.987.

Although the present study for the first time

journal.fums.ac.ir

showed that high ferritin is more effective on PCOS
independent of BMI, but taking into account the
limitations present in our study, we believe that
measurement of ferritin-dependent analytes, such as
iron, transferrin, and hemosiderin, may strengthen
the results.

Conclusion

The results of the present study showed that
PCOS is associated with high serum concentrations
of testosterone, ferritin, insulin, and insulin
resistance. A significant correlation was observed
between serum concentration of testosterone and
ferritin with BMI. The increase in the ferritin
level may be due to the increased levels of insulin
and insulin resistance. In this study, it was first
observed that ferritin is a more aggravating factor
in polycystic ovary syndrome than testosterone.
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