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Abstract

are not significantly different between groups.

Background: Understanding the global prevalence and phenotypic features of polycystic ovary syndrome (PCOS)
is important as geographic factors and ethnic variations can significantly alter the clinical syndrome. The aim of this
study was to determine and evaluate the luteinizing hormone/follicle-stimulating hormone ratio (LH/FSH) in women
with PCOS during therapy on selected endocrine and biochemical parameters.

Results: Women with PCOS were included in the study and were classified into two groups: women without therapy
(de novo) and women with therapy for PCOS. ESHERE/ASRM criteria that require the presence of two out of three
criteria: ovulatory dysfunction, hyperandrogenism, and morphological PCOS detected by ultrasound diagnostics.
Electrochemiluminescence immunoassay (ECLIA) was used for FSH and insulin analysis. The enzymatic method was
used to analyze the biochemical profile. There was a significant difference between the two groups in terms of the
LH/FSH ratio (2.56 vs. 2.41, P=0.043), glucose (6.23 vs. 5.12, P=0.003), insulin (19.21 vs. 7.35, P=0.000), IR (3.22 vs. 1.42,
P=0.000), cholesterol (5.97 vs. 4.92, P=0.002), and LDL (3.56 vs. 2.56, P=0.001). The data suggest that patients with
PCOS therapy have reduced hyperinsulinemia and insulin resistance. There was a significant correlation between the
LH and FSH in the de novo group, as well as the correlation between hormone levels and LH/FSH ratio in both groups.
Patients with PCOS therapy have a tendency for normal body weight and reduction of severe obesity compared to
patients without therapy. Clinical features such as regular menstrual cycle and the prevalence of acne and hirsutism

Conclusion: PCOS cause irregularities of the menstrual cycle, the appearance of clinical manifestations, especially
changes of LH/FSH ratio. Therapy for PCOS contributes to better regulation of endocrine and biochemical parameters,
especially in the reduction of hyperinsulinemia, insulin resistance, and reduced LH/FSH ratio.

Keywords: Polycystic ovary syndrome, Insulin resistance, Body mass index, Obesity, Cholesterol

Background

Polycystic ovary syndrome (PCOS) is an endocrine
disorder in reproductive women with variable preva-
lence (6-25%). The main clinical manifestations of
PCOS are represented by reproductive and metabolic
disorders that do not necessarily occur simultaneously
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[1]. Reproductive disorders include polycystic ovaries,
menstrual dysfunction, hyperandrogenism, hirsutism,
infertility, gestational diabetes, ovulatory disfunction,
neonatal complications, and pregnancy hypertension
[2]. Metabolic disorders are often associated with and
lead to the development of metabolic syndrome (MetS).
Its features include obesity, insulin resistance (IR),
hypertension, hyperlipidemia, and diabetes [3]. Meta-
bolic disorders stimulate the development of cardio-
vascular and oncological diseases. The short-term and
long-term health risks of such clinical manifestations of
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PCOS depend on race, ethnicity, geographical area, and
environmental factors (physical activity, diet, stress,
etc.) [4]. Insulin resistance is the main factor in the eti-
ology of metabolic and reproductive complications of
PCOS and is considered a multisystem endocrinopa-
thy [5]. Insulin resistance develops before puberty and
is a precursor for the development of polycystic ovary
syndrome. Clinical features include black acanthosis,
metabolic syndrome, sleep-disordered breathing, and
nonalcoholic fatty liver disease [6]. Sleep-disordered
breathing includes obstructive apnea and the most
common predictors are plasma insulin concentrations
and the glucose-insulin ratio [7]. Fatty liver disease
(nonalcoholic) is associated with insulin resistance and
dyslipidemia, and its prevalence is elevated in women
with polycystic ovary syndrome [6]. The incidence of
metabolic syndrome is due to the interaction of insu-
lin resistance, increased body weight, and age. Insu-
lin resistance, obesity, cardiovascular problems, and
psychological issues are co-morbidities [8]. Approxi-
mately 60% of women with PCOS are hirsute, the
most common clinical sign of hyperandrogenemia [9].
Hyperandrogenism encompasses clinical and biochem-
ical characteristics such as androgen excess, which is a
major endocrine disorder in PCOS [10, 11]. The symp-
toms of hyperandrogenemia are physiologically allevi-
ated and the incidence of ovulation is more frequent
after the age of forty. Thus, the incidence of the syn-
drome is reduced by 10% during perimenopause [12].
Gynecologically, PCOS includes reproductive organ
damage, reduced fertility, ovarian cancer, and the inci-
dence of preterm birth [13]. Irregularity in the secre-
tion of gonadotropin-releasing hormone (GnRH) is one
of the factors for the development of PCOS, due to the
reduced release of LH and FSH which causes a decrease
in egg production [14]. Amenorrhea develops during a
disturbed menstrual cycle [15].

Hypothalamic insensitivity to progesterone contrib-
utes to abnormal GnRH and gonadotropin secretion,
reduced follicle development, and increased andro-
gen production in the ovaries [16]. The initial disor-
der in PCOS can occur during fetal intrauterine life,
and its consequences are present in postmenopause
[17]. PCOS is caused by many factors, such as thyroid
dysfunction, androgen-related tumors, exposure to
chemicals, and overuse of cosmetics [18]. Genetic and
epigenetic factors are involved in theca follicle dysfunc-
tion and adrenal steroidogenesis. 11B-Hydroxysteroid
dehydrogenase type 1 (11B-HSD type 1) deficiency dis-
ables the conversion of cortisone to cortisol, increasing
adrenocorticotropic hormone (ACTH) which stimu-
lates androgen production and leads to expression of
the PCOS phenotype [19]. This study presents the first

Page 2 of 9

data for women diagnosed with PCOS in Bosnia and
Herzegovina.

The study aims to first determine serum levels of bio-
chemical parameters in de novo patients and patients
with therapy for PCOS, and second, determine the inci-
dence of abnormal luteinizing hormone/follicle-stimu-
lating hormone (LH/FSH) ratio and therapeutic effects in
the regulation of hormone levels in PCOS patients.

Methods

Study participants and inclusion criteria

This study included 150 fertile women with a diagnosed
polycystic ovary syndrome (PCOS). The diagnosis was
determined by ESHERE/ASRM criteria [10]. Participants
were divided into two groups of 75 participants. The
first group (group I, G,) is a control group with de novo
diagnosed PCOS, without therapy involved. The sec-
ond group (group II, G,) consists of patients with PCOS
therapy. Metformin 500 mg (2x1) and myoinositol 1000
mg (2x1) are recommended. In the case of HOMA-IR
2.9, the recommended dose of metformin is 3x1. Dur-
ing therapy, patients underwent regular check-ups every
4 months. At the end of the fourth month of therapy
(group II), patients were included in the study. Diagnosed
PCOS and informed consent of all participants are crite-
ria for inclusion in the study.

Database pre-screening and polycystic ovary syndrome
diagnostic criteria

Demographic and clinical parameters for patients in
these studies were taken from the database of the Agram
Polyclinic in Sarajevo (Bosnia and Herzegovina). Com-
pleted blood tests to measure hormone levels, transvagi-
nal ultrasound to imaging of the ovaries, and a thorough
personal and family history were required to confirm the
PCOS diagnosis.

PCOS was diagnosed using ESHERE/ASRM crite-
ria that require the presence of two out of three criteria
(according to the Rotterdam consensus): ovulatory dys-
function, hyperandrogenism, and morphological PCOS
detected by ultrasound diagnostics [10].

Body mass index measurements

Body mass index (BMI) was defined as the ratio of body
weight to body height squared, expressed in kg/m? BMI
was determined with a standard BMI calculator (Espa-
nola). After the measurement, BMI categories were
determined according to the manufacturer: underweight
< 18.5, normal weight 18.5-24.9, overweight 25-29.9,
and obesity = BMI of 30 or greater.
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Insulin resistance measurements

A homeostatic model (HOMA-IR) was used to assess
insulin resistance. HOMA-IR is calculated as HOMA-IR
= insulin (mU/L) X glucose (mg/dL). The homeostatic
model calculates beta-cell function (% B) and insulin sen-
sitivity (% S) as a percentage. A healthy range is 0.5-1.4.
Less than 1.0 means the patient is insulin-sensitive, above
1.9 indicates early insulin resistance, and above 2.9 indi-
cates significant insulin resistance.

Electrochemiluminescence immunoassays

Luteinizing hormone (LH), follicle-stimulating hormone
(FSH), and LH/FSH ratio were measured when consider-
ing a PCOS diagnosis. Electrochemiluminescence immu-
noassay (ECLIA) was used for FSH analysis. The Elecsys
LH assay employs two monoclonal antibodies specifically
directed against human LH [20]. The results were meas-
ured on a calibration curve using a Cobas e 411 analyzer
(Roche Diagnostics, Germany).

Elevated LH/FSH ratio

The luteinizing hormone/follicle-stimulating hormone
(LH/ESH) ratio is often requested to help diagnose PCOS
despite a recent consensus recommending against its use.
In healthy women, the ratio between LH and FSH usu-
ally lies between 1 and 2, and in PCOS women, this ratio
becomes reversed, and it might reach as high as 2 or 3
[21].

Glucose levels and insulin profile

Serum glucose levels were measured using the enzy-
matic UV method with hexokinase. Glucose-6-phosphate
formed from glucose and ATP by hexokinase is oxidized
by NAD in a reaction catalyzed by glucose-6-phosphate
dehydrogenase to create NADH, which is quantitated
spectrophotometrically at 340 nm. An Olympus AU400
automated chemistry analyzer was used to measure
serum glucose levels and commercial kits (Roche, Man-
heim, Germany)

Serum insulin level was measured using commercial
kits and an electrochemiluminiscence device (Elicsys,
Roche Diagnostics). The method is based on the bind-
ing of insulin to a specific monoclonal antibody labeled
with ruthenium with the addition of streptavidin-coated
microparticles. The application of voltage to the elec-
trodes induces chemiluminescent emission measured by
a photomultiplier.

Glucose and insulin levels were measured in venous
blood on an empty stomach and the second evaluation
120 min after taking 75 g of glucose.
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HDL and LDL cholesterol measurements

Women with PCOS have a greater tendency to have high
cholesterol (lower levels of high-density lipoproteins
or HDL and higher levels of low-density lipoproteins or
LDL) [22]. Besides, triglyceride levels, another compo-
nent of cholesterol, tend to be high in women with PCOS.
Cholesterol esterase is mainly used in clinical studies to
determine the level of cholesterol in human blood. The
determination is based on the method of Allain et al.
[20] that monitors generated free cholesterol in the reac-
tion catalyzed by cholesterol oxidase. Color intensity is
directly proportional to the amount of cholesterol, with
maximum absorption at the wavelength of 500 nm.

Enzymatic hydrolysis of serum triglycerides by lipopro-
tein lipase generates free fatty acids and glycerol, with an
absorbance maximum at 540 nm.

HDL and LDL cholesterol are measured directly in the
serum. Sulfated alpha-cyclodextrin in the presence of
Mg**, which forms complexes with apoB. This complex
contains lipoproteins and polyethylene glycol-coupled
cholesterol esterase and cholesterol oxidase to measure
HDL-cholesterol. LDL-cholesterol is calculated from
measured values of total cholesterol, triglycerides, and
HDL-cholesterol according to the relationship:

LDL-chol = total chol — HDL-chol — [TG]/5

Where [TG]/5 is an estimate of VLDL-cholesterol, and
all values are expressed in mmol/L.

Cholesterol components and triglycerides were ana-
lyzed using an Olympus AU400 analyzer.

Statistical Analysis

Statistical analysis of serum constituents was performed
by variance analysis (ANOVA) using the IBM SPSS (Ver-
sion 20.0, SPSS, Inc., Chicago, IL, USA). Differences
between means were determined by a range test (p<0.01).
The Pearson correlation coefficient is a measure of the
strength of the linear association between two variables.

Results
The mean age of patients in the control group (32.10 £
3.25) and the group of patients with therapy included
(31.93+4.02) did not differ significantly. Also, BMI was
similar between the two groups. Table 1 presents the
percentage of participants by BMI category. 55% of par-
ticipants (G;) and 58% of participants (G,) had an ideal
body weight. Obesity was noted in 18.66% of G, partici-
pants and 17.33% of G, participants. Moderate obesity
is present in 5.33% of G, participants and 4% of G, par-
ticipants. 2.66% of G; and 1.33% of G, participants had
severe obesity.

The mean values of serum biochemical parameters of
the participant for both groups are presented in Table 2.
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Table 1 Body weight features of the study participants
Group | Group Il Total
Age (year) X 32.1043.25 31.934+4.02 -
N 75 75 150
BMI (kg/m?) X 25.1742.83 24924263 -
BMI Normal body weight (20-24.9) N 55(57.4242.31) 58 (56.6942.72) 113
% 73.33 7733 7533
Overweight (25-29.9) N 14 (71.254+241) 13 (70.6942.34) 27
% 18.66 17.33 18
Serve obesity (30-39.9) N 4 (84.13+1.30) 3(83.55£2.14) 7
% 533 40 4.66
Extreme obesity (40) N 2 (98.4441.22) 1(98.27) 3
% 266 133 20
Total N 75 75 150

Data are expressed as number (N) and percentage (%)

Table 2 Overview of serum biochemical parameters in patients
with therapy (G,) and without therapy (de novo, G,). Data are
presented as mean =+ SD

Parameters Group Mean Range Sig.

LH (IU/mL) G, 13.57+£6.54  3.30-4300 0.125
G, 1237+6.16  1.68-31.10

FSH (IU/mL) G, 6294297  204-1390 0244
G, 5.9942.30 1.20-10.69

LH/FSH G, 2.56%1.71 0.62-9.75 0.043*
G, 241172 0.27-8.09

Glucose (mmol/L) G, 6.23£122  3.86-1021 0.003*
G, 5124062 3.23-6.71

Insulin (ulU/mL) G, 19.21£743  6.22-4400  0.000**
G, 7.35+£4.21 3.26-15.20

R G, 3224145 1.90-6.60  0.000**
G, 1424053 0.35-2.30

Cholesterol (mmol/L) G, 597£1.13 3.00-7.68  0.002*
G, 4924182  264-662

Tryacilglycerol (mmol/L) G, 1.574£0.92 043-3.95 0471
G, 1224048  042-3.70

HDL (mmol/L) G, 1424037  073-222 0769
G, 1.39+£043 0.59-2.20

LDL (mmol/L) G, 3.56£0.45 1.27-490  0.001*
G, 2.5610.63 1.05-4.20

Sig. indicate differences between groups (G, vs G,)
*Statistically significant at 0.05 (P<0.05) and ** at 0.001 (P<0.001)

De novo patients had higher values of serum bio-
chemical parameters compared to group II. Although
intergroup differences were found for all parameters,
statistically significant differences were found for LH/
ESH ratio, glucose, insulin, IR, cholesterol, and LDL
levels.

Table 3 presents the correlation for LH, FSH, and LH/
FSH ratio between groups. PCOS patients without ther-
apy had a positive significant correlation of LH with FSH
and LH/FSH ratio. A negative significant correlation was
observed between FSH and LH/FSH ratio. However,
PCOS patients with therapy did not have a significant
correlation between LH and FSH, but a significant cor-
relation was found for the LH/FSH ratio: positive correla-
tion with LH and negative correlation with FSH.

As presented in Table 1, no significant differences
were observed for LH, FSH and LH/FSH ratio. Although
higher values of hormone and LH/FSH ratio were found
in G;, the interpolation curve represents a discontinuity
for LH and continuity for FSH and LH/FSH ratio (Fig. 1).
The discontinuity of LH values could contribute to the
change of LH/FSH ratio and significant correlations
between hormone levels presented in Table 3.

The regularity of menstrual cycle (see Table 4) is sig-
nificantly affected by LH, FSH hormones and the ratio
between them. This is exclusively a characteristic of
patients in group II, which was not recorded in group L.
Participants with a regular menstrual cycle had a lower
LH/FSH ratio compared to participants who did not have
a regular menstrual cycle (¢ =— 2.125; P=0.029).

Analysis of clinical features (Fig. 2) showed that 64% of
G1 participants and 56% of G2 participants had regular
cycles (P=0.589). The prevalence of acne and hirsutism
was approximately equal. Comparison of both groups
did not show significant differences between the clinical
characteristics of women with PCOS.

Discussion

Polycystic ovary syndrome is present in 6-10% of women
of reproductive age, but the prevalence may be twice
as high as the Rotterdam criteria. Studies suggest that
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Table 3 Spearman’s rho coefficient corellation
Groups G, G,
Parameters Corell. LH FSH LH/FSH LH FSH LH/FSH
LH R - 3072 486° - 162 736°
Sig. . .007 .000 . 165 .000
FSH R 3078 - —.600° 162 - —457°
Sig. 007 . .000 165 . .000
LH/FSH R 486° —.600° - 7367 — 4571° -
Sig. .000 .000 .000 .000
2 Correlation is significant at the 0.01 level
20.007
15.00 “I"
10.00
13.58
1237 il ac
5.004 N
6.29 599 \:
= —1=
256
0.00 T T T T T T
LH(G1) LH(G2) FSH (G1) FSH (G2) LHFSH (G1) LHFSH (G2)
Fig. 1 Linear interpolation results in discontinuities of LH

congenital abnormalities of ovarian steroidogenesis and
follicle development play a role in the development of
PCOS [11, 23, 24]. In our study, women with therapy for
PCOS had higher predispositions for ideal body weight
and reduced severe obesity compared to women with-
out therapy. McCartney and Marshall [11] reported the
presence of obesity in 50-80% of women with PCOS, and
the risk increases with age and development of diabetes.
Obesity worsens metabolic and reproductive outcomes
in PCOS, such as insulin resistance, squamous cell sensi-
tization to LH stimulation, and functional ovarian hyper-
androgenism, by regulating androgen production in the
ovaries [25]. Wiweko et al. [26] reported that 50.4% of

patients were obese, which is similar to our results, but
women had a lower mean age compared to our results.
Chen et al. [27] investigated the body mass index for
women with PCOS and compared metabolic abnormali-
ties between women with PCOS and control women in
southern China. They found that 34.63% of women have
a BMI above 23 kg/m?, which we also found in our study.

Szosland et al. [28] did not note any differences in the
IR and lipid profile between women diagnosed with
PCOS and those without PCOS. However, our results
show significant differences between the two groups of
participants, as well as lower values of serum markers
in women with therapy. Levels of LH and FSH did not
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Table 4 Regression model for normal menstrual cycles compared to independent variables
Groups Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
G, (Constant) 0.509 0.553 0.943 0.367
BMI —0.019 0.013 —0.184 — 1371 0.182
LH/FSH 0.049 0.059 0.123 0.865 0.382
Glucose 0.104 0.071 0.320 1.638 0.076
Insulin 0.020 0.032 0.375 0.541 0.590
IR —0.252 0273 — 0674 —0.900 0.359
G, (Constant) 0429 0.720 0.560 0.531
BMI 0.001 0.016 0.020 0.072 0.923
LH/FSH —0.119 0.054 — 0.290 —2.125 0.029*
Glucose 0.121 0.076 0.195 1.182 0.292
Insulin 0.064 0.079 0.603 1.113 0.395
IR — 0.640 0.586 — 0.640 — 1520 0.192
Clinical features
P=0247
100 P=0432 %

Yes

Normal menstrual cyde

Acne

EGroupI ®mGroup II

Fig. 2 Observed individual parameters including menstrual cycle, acne, and hirsutism in the study participants

36 89

differ significantly between groups, except for the LH/
FSH ratio. Malini and George [29] reported that there
was a difference in the range of LH and FSH production,
as well as a higher LH/FSH ratio as the most common
clinical manifestation of women diagnosed with PCOS.
Nath et al. [30] found an elevated LH/FSH ratio in 70.58%
of women diagnosed with PCOS. Therefore, the authors
suggest that the LH/FSH ratio is one of the characteris-
tic attributes of women with PCOS. However, Esmaeilza-
deh et al. [31] did not observe an association between
LH and FSH levels with the LH/FSH ratio. In our study,
we recorded a significant relationship between hormone
levels and the LH/FSH ratio. This correlation is more

present in the group of patients without therapy. No cor-
relation between LH and FSH was found in the group of
patients treated with PCOS, but it was significantly dif-
ferent for the LH/FSH ratio. The reason for this may be
an effective therapy in regulating serum hormone levels.
However, the results suggest the presence of LH level dis-
continuity as indicated by the interpolation curve. These
LH levels are a possible reason for the positive correla-
tion with LH and the negative correlation with FSH. The
neuroendocrine feature of PCOS is rapid LH pulsatility,
which favors the pituitary synthesis of LH over that of
FSH and contributes to the increased LH levels and LH/
FSH ratio typical of PCOS [16].
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Esmaeilzadeh et al. [31] found a large number of par-
ticipants diagnosed with PCOS, among whom patients
with acne were 31.4%, while the incidence of hirsutism
among patients was high at 78.9%. The previous values
are higher compared to our study. Also, the irregularity of
the menstrual cycle, the frequency of acne, and hirsutism
are lower in patients with therapy for PCOs. However,
no significant differences were found. We believe that
a study with a larger number of patients would provide
significant statistical differences, especially if long-term
therapy and continuous control of patients.

It is estimated that about 50-80% of patients with
PCOS develop insulin resistance, which correlates with
insulin production [32]. Dunaif and Thomas [33] sug-
gested that insulin resistance associated with PCOS has
a different genetic basis than that associated with obesity
or the presence of insulin-independent diabetes. Rosen-
baum et al. [34] reported that IR was associated with a
reduction in the GLUT-4 transporter in adipocytes in
patients with PCOS, but was independent of obesity and
not related to a reduction in insulin receptors. Fruzzettti
et al. [35] noted that treatment of patients with met-
formin and inositol leads to decreased glucose levels and
increased insulin sensitivity. Also, in our study, patients
with PCOS were treated with metformin, which caused
lower glucose levels and insulin sensitivity. Although
health improvements were noted during treatment,
no differences in the presence of acne and hirsutism
between treated and untreated patients were observed.
Hyperinsulinemia in obese and normal weight women
with PCOS shows insulin resistance and increased LDL
levels and decreased HDL [36].

Our de novo group of women had significantly higher
cholesterol and LDL values compared to G,. Ng et al. [37]
reported that the waist-to-hip ratio and high triglycerides
were associated with PCOs progression to type 2 diabetes
mellitus. Triglyceride levels may be age-related because
older women (54.1 £ 6.7) were included in the study,
which was not the case in our study. Also, we did not find
significant differences in triglycerides between groups.
Sharma et al. [38] examined the effect of metformin on
insulin, blood sugar, and body mass index. They found
that metformin significantly lowered insulin levels in
patients with PCOS in both obese and normal-weight
individuals, suggesting its usefulness in the treatment of
PCOS. These results were also confirmed in our study. In
comparison with women with PCOS and normal choles-
terol levels, women with mild hypercholesterolemia had
a higher BMI, higher insulin concentration, and presence
of IR [39]. Also, no correlation was found between hor-
mone levels and cholesterol concentrations. Although
clinical signs were present, no statistically significant dif-
ferences were found in the presence of acne, hirsutism,
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and irregular cycle in our study. Fonseka et al. [40] have
not found an association between hirsutism and visceral
adiposity, but the incidence of acne and hirsutism occurs
in equal proportions in women with PCOS in India [41].
Hyperandrogenemia, in addition to the presence of hir-
sutism (60—83%), is characterized by the appearance of
acne in 11-43% of women [42]. In a study by Ramanand
et al. [41] a total of 12.5% of patients reported abnormal
hair growth; clinically 44.16% of women had hirsutism. In
a study by Sharma et al. [38], 62% of patients had a posi-
tive family history of diabetes mellitus and obesity, which
is much higher than in our study. In a study by Battalgia
et al. [43], a high prevalence of 93% was found in daugh-
ters with PCOS whose mothers also had PCOS. Such a
high prevalence may be due to the specific selection of
participants. Similarly, Dunaif and Thomas [33] reported
that PCOS and hyperandrogenemia were present in
approximately 50% of the sisters of affected women.
Using linear regression, it was found that in patients tak-
ing therapy for PCOS the regularity of menstrual cycles
significantly depends on the LH/FSH ratio. The LH/FSH
ratio in women with a regular menstrual cycle was lower
than in women without a regular menstrual cycle.

Conclusions

PCOS cause irregularities of the menstrual cycle, the
appearance of clinical manifestations, especially changes
of LH/FSH ratio. De novo patients which are not included
in therapy had significantly higher levels of glucose, insu-
lin, IR, cholesterol, LDL, and LH/FSH ratio. There was a
positive or negative correlation between LH and FSH, as
well as the correlation between hormone levels and LH/
FSH ratio in the de novo patients. No significant corre-
lation was found between LH and FSH in patients with
therapy. Hormone therapy has a positive effect on serum
hormone levels and insulin resistance. Also, the correla-
tion between the hormone and the LH/FSH ratio changes
significantly. However, long-term treatment and ordinary
control of patients, as well as the involvement of a large
number of participants might give significant differences,
which is a limitation of this study.
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