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Abstract

Objective: Anti-Mullerian hormone (AMH) was highlighted as a valid marker of ovarian dysfunction in
women with anovulatory polycystic ovarian syndrome (PCOS) and was linked with cardiovascular
conditions. This study was designed to determine the circulating AMH levels in different phenotypes of
PCOS without additional risk factors for atherosclerosis in Bulgarian cohort.
Material and methods: A case-control single-center design was used. The levels of serum AMH were
analyzed in non-pregnant, pre-menopausal women with PCOS, smoker or non-smoker, without other
risk factors for atherosclerosis.
Results: Significant elevated levels of AMH were observed in all phenotypes of PCOS. However, there
are no significant differences between smokers and non-smokers. Serum levels of androgens in PCOS
were increased nearly twice. In phenotype C there was a positive correlation between АМH and the
androgens. The estradiol levels decreased significantly in the cases with polycystic ovaries. The
comparison of the ROC curves shows statistical significant diagnostic efficacy of the variables to
diagnose PCOS between AMH and testosteron (Z=4.586, P<0.001) as well as AMH and E2 (Z=6.450,
P<0.001).
Conclusion: Thus, AMH will be a more reliable diagnostic marker of PCOS than the well-known
nonconstant clinical and hormonal parameters in non-pregnant, pre-menopausal women with different
phenotypes of PCOS, smokers and non-smokers, without additional risk factors for atherosclerosis in
Bulgarian cohort.
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Introduction
Polycystic Ovarian Syndrome (PCOS) is a common endocrine
disorder and cause of anovulatory infertility, affecting 10% to
15% of women of reproductive age [1]. PCOS presents itself
with a wide spectrum of manifestations which may also
include obesity, hyperlipidemia, insulin resistance, diabetes
mellitus type II and possibly cardiovascular disease [2,3]. In
various parts of the world, PCOS is currently being diagnosed
on the basis of Rotterdam criteria which diagnosis the
syndrome on the presence of at least two of the following three
features: Hyperandrogenism (HA), Oligomenorrhea (OA), and
Polycystic ovaries (PCO) [4]. According to this definition,
there are four different phenotypes in PCOS: phenotype A (HA
+OA + PCO); phenotype B (HA+OA), phenotype C (HA
+PCO), and phenotype D (OA+PCO) [3,4]. In recent years, it

has been reported that, in women with PCOS, circulating anti-
Mullerian hormone (AMH) levels are elevated up to 2-3 times,
reflecting the load of growing follicles [5]. In the light of
current literature, AMH was highlighted as a valid marker of
ovarian ageing and correlates specifically with the other
clinico-laboratory parameters of PCOS [6-8]. The recent
studies have linked circulating AMH levels with
cardiovascular conditions and with the susceptibility to
experimentally induced atherosclerosis in rhesus monkey
females [6,9,10]. It seems that AMH will soon secure a place
in Rotterdam criteria as a diagnostic marker for PCOS [6].
Currently there are no studies in Bulgaria focusing on the
association between the phenotype of PCOS patients and
circulating AMH levels, as well as potential risk of
cardiovascular disease. Therefore, the main focus of the
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present study was to determine the circulating levels of AMH
in young, non-pregnant, pre-menopausal Bulgarian women,
smokers and non-smokers, with different phenotypes of PCOS
and normo ovulatory patients without additional risk factors for
atherosclerosis. Furthermore, we compared circulating levels
of AMH and other clinico-laboratory parameters to determine
the relationship between AMH and other hormonal markers as
well as its diagnostic efficacy in Bulgarian women with PCOS.

Materials and Methods

Study population
We performed a case-control analysis among non-pregnant,
pre-menopausal bulgarian women with established diagnosis of
PCOS, smokers and non-smokers, aged 18-35 (mean age 22 ±
4.3 years) with no history of cardiovascular disease and
without additional risk factors for atherosclerosis (n=120,
Table 1). The diagnosis of PCOS was made according to
conventional Rotterdam criteria 82-4). The participants were
averaged in four groups according to four different phenotypes
83-4). Menstrual cycles were recorded for ≥ 3 months and
oligomenorrhea was defined as irregular menstrual cycles at
intervals of at least >35 days. The smokers were defined as
women who smoked 10 or more cigarettes per day. For
controls, we selected a group of healthy women who remained
free of reported cardiovascular disease and are age and BMI-
matched with the group of women with PCOS. A control group
had no history of pregnancy or recent diseases and were
equivalent for blood pressure and the other traditional
cardiovascular risk factors included lipid profile and serum
glucose (n=99, Table 1). Other causes for hyperandrogenism
that mimic PCOS such as congenital adrenal hyperplasia,
Cushing syndrome, or androgen secreting tumors were
excluded from this study. All women were free of infection and
did not use any other medication at the time of blood
collection. The study was approved by the local ethic council
(date of issue January 2013 with registration number 11/2013)
and all subjects gave their informed consent to participate in
the study.

Laboratory analyses
All subjects underwent a complete history and physical
examination, biochemical analyses and ultrasonography. To
obtain serum probes, blood was centrifuged at 3,000g for 20
min at room temperature, and the serum was frozen in aliquots
and stored at -70℃ until analysis. Routine blood chemistry,
lipids and serum glucose were analyzed using fresh blood
samples according to established enzymatic methods at the
local laboratories. The circulating levels of LH, FSH,
testosterone (T), androstendion (A), estradiol (Е2) and АМH
were measured during the early follicular phase (day 3-5) of
spontaneous menstrual cycle or progestin-induced uterine
bleeding in oligo/ amenorrhea women. Serum AMH was
determined by ELISA, according to manufacturer’s
instructions and expressed in ng/ml.

Transvaginal sonography
In all patients and control subjects ovarian morphology was
assessed using a transducer frequency of 8-10 MHz (GE
Voluson 730, Simens, Germany) so that the number of small
follicles (<10 mm) could be found. Ovarian morphology was
determined, as was the presence, size, and total number of
ovarian follicles.

Statistical analysis
Data are presented as mean ± standard deviation (SD). The
Mann-Whitney U-test was used to evaluate the differences of
circulating hormones between the groups. As the results were
not normally distributed, non-parametric Kruskal-Wallis test
was used. Correlations were carried out using the Pearson
method. ROC analysis was performed to assess the diagnostic
efficacy of the variables. A P value of 0.05 or less was
considered statistically significant. Statistical analyses were
carried out using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

Results
The clinical characteristics of the study population are listed in
Table 1. There were no significant differences between PCOS
group and the control group in the following categories: age,
incidence of adipositas, concentrations of total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides, and serum
glucose. The percentages of active smokers were similar in all
groups

Table 1. Baseline characteristics of study participants.

Parameters PCOS n=120 Control n=99 p-value

Age (years) 22 ± 4.3 24 ± 5.6 n.s.

BMI, kg/m2 27.21 ± 0.79 26.7 ± 2.18 n.s.

Systolic BP, mmHg 117 ± 8 110 ± 5 n.s.

Diastolic BP, mmHg 75 ± 8 75 ± 10 n.s.

Cholestrol, mmo/L 5.90 ±1.0 5.90 ± 0.7 n.s.

Triglycerides,mmol/L 1.45 ± 0.6 1.50 ± 0.8 n.s.

LDL cholesterol, mmo/L 3.4 ± 0.6 3.3 ± 0.8 n.s.

HDL cholesterol, mmo/L 1.4 ± 0.6 1.3 ± 0.5 n.s.

Serum glucose, mmol/l 4.634 ± 0.16 4.5890 ± 0.15 n.s.

Smokers, % 54 50 n.s.

BMI: Body Mass Index; BP: Blood Pressure; LDL: Low Density Lipoprotein;
HDL: High-Density-Lipoprotein. Values are mean ± SD. Data were compared
and p-values are calculated by Kruskal-Wallis test and indicate the difference
between a control group and patients group. ns (not significantly) versus control
group.

In this prospective, case-control study we obtained 120 young
women diagnosed with PCOS based on Rotterdam criteria
without any additional risk factors for atherosclerosis and 99
matched controls. Comparison of the mean values of the
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analyzed variables in women with PCOS and in healthy
women is presented in Table 2.

Table 2. Comparative analysis of the investigated parameters in the
PCOS and control group.

Parameters PCOS n=120 Control n=99 p-value

АМH ng/ml 15.126 3.753 ***

FSH mIU/mL 5.185 6.047 n.s.

LH IU/mL 10.725 5.218 **

Testosterone ng/ml 0.789 0.431 *

Androstenedione ng/ml 2.794 1.964 *

Estradiol pmol/ L 198.458 318.37 **

LH/FSH 2.154 0.894 *

АМH: Anti-Mullerian Hormone; FSH: Follicle Stimulating Hormone; LH:
Luteinising Hormone. Samples were analyzed in triplicates. *p<0.05, **p<0.01,
***p<0.01, ns (not significantly) compared to age- and gender-matched controls.

A significant increase in AMH levels was observed in the
group with PCOS compared to the control group (Table 2,
p<0.001). Serum levels of androgens in PCOS were increased
nearly twice (p<0.05). The estradiol (E2) levels decreased
significantly in the cases with polycystic ovaries compare to

healthy women (p<0.01). Mean value of LH in the group with
PCOS was significantly higher compare to the controls
(p<0.01). LH/FSH ratio were also significantly higher in the
group with PCOS compare to the control group (p<0.05).

Phenotypic correlations in investigated
clinicolaboratory parameters
The highest AMH values were observed in phenotype C
(p=0.541, Table 3). The lowest values of E2, FSH as well as
androgens were observed in phenotype C and D, respectively,
compare to the other phenotypes (Table 3). This particular
hormonal constellation resulted in a distinct intraovarian
hyperandrogenism despite the lowest serum androgen levels in
phenotype C, compare to the other phenotypes. In phenotype A
(classical phenotype of PCOS) the changes in the hormonal
levels were similar to the established mean values in all
patients with PCOS (Table 3).

The mean values of AMH and E2 in this phenotype group were
completely comparable with the mean values of the two
hormones in all the examined patients with PCOS (Table 3).
However, there were no significant differences in AMH levels
as well as in the level of the other hormones between smokers
and non-smokers (Table 3).

Table 3. Phenotypic distribution of the mean values of the investigated parameters.

 Parmeters

 

Phenotype A (n=30)

 

Phenotype B (n=30)

 

Phenotype C (n=30)

 

Phenotype D (n=30)

 

p-value

 

Smokers Non-smokers Smokers Non-smokers Smokers Non-smokers Smokers Non-smokers

АМH ng/ml 14.99 ± 1.1 15.23 ± 0.9 12.78 ± 1.2 13.51 ± 1.0 15.88 ± 1.1 16.03 ± 0.7 14.88 ± 1.7 15.30 ± 0.1 n.s.

FSH mIU/Ml 5.32 ± 0.11 5.22 ± 0.13 4.98 ± 0.22 5.19 ± 0.18 5.5 ± 0.02 5.20 ± 0.05 5.05 ± 0.1 4.95 ± 0.15 n.s.

LH IU/mL 11.23 ± 0.3 10.43 ± 0.7 9.97 ± 0.8 10.11 ± 0.5 9.87 ± 0.55 10.57 ± 0.15 11 ± 0.2 10.96 ± 0.5 n.s.

Testosterone ng/ml 0.88 ± 0.07 0.95 ± 0.04 0.83 ± 0.1 0.91 ± 0.07 0.39 ± 0.05 0.43 ± 0.01 0.94 ± 0.06 1,23 ± 0.01 ***

Androstenedione ng/ml 3.15 ± 0.09 3.05 ± 0.11 2.69 ± 0.14 3.03 ± 0.09 1.75 ± 0.15 2.05 ± 0.10 3.20 ± 0.08 3.5 ± 0.06 ***

Estradiol pmol/l 188.2 ± 18.5 190.7 ± 17.7 209.5 ± 25.3 211.9 ± 20.1 187.3 ± 17.3 190.9 ± 19.3 190.2 ± 17.9 187.2 ± 18.9 n.s.

АМH: Anti-Mullerian Hormone; FSH: Follicle Stimulating Hormone; LH: Luteinising Hormone. Values are mean ± SD. Data were compared and p values are calculated by
Kruskall-Wallis test and indicate the difference between all groups. ***p<0.001 and ns (not significantly) versus phenotype C.

There was a marked negative correlation between AMH and
FSH in the groups with phenotype A (r=-0.754, р<0.01) and B
(r=-0.674, р<0.01), which resulting in oligoanovulation. In the
phenotype A there was a strong positive correlation between
AMH and LH/FSH ratio (r = 0.864, р<0.01) as well as LH
(r=0.747, р<0.01), which is responsible for the high
intraovarian androgenemia. There was a significant inverse
correlation between AMH and E2 (r=-0.588, р<0.01) for the
whole group with PCOS. In phenotypes A and B there was a
much stronger correlation between the high levels of AMH and
the low levels of E2 (rphenotype А=-0.916, р<0.01,
rphenotype B=-0.879, р<0.01, respectively). In the group of
phenotype D we found a straight correlation between AMH
and LH (r=0.485, р<0.01) as well as AMH and LH/FSH ratio

(r=0.185, р=0.056). In this group there was no oligo/
anovulation and no correlation between AMH and FSH
(r=-0.254, р=0.074). However, in phenotype D there was a
strong inverse correlation between AMH and E2 (r=-0.605,
р<0.01). In phenotype C, the group without hyperandrogenism,
there was a straight correlation between AMH and the serum
levels of androgens (r=0.403, р<0.05). The measured value of
testosterone in this group was close to the reference values
(Table 3). There was no correlation between AMH and the
following parameters: E2, LH, FSH, LH/FSH ratio and serum
glucose in phenotype C group.

To better characterize the joint association between all
investigated parameters/ hormones and their clinical efficacy to
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diagnose PCOS, we constructed ROC that includes the
interaction of AMH and serum levels of E2, LH, testosterone
in both smokers and non-smokers. The comparison of the ROC
curves shows statistical significant diagnostic efficacy of the
variables to diagnose PCOS as follows: between AUC of AMH
and LH (Z=2.985, р<0.001); between AMH and testosteron
(Z=4.586, P<0.001); AMH and E2 (Z=6.450, P<0.001).

Discussion
The recent studies was highlighted the circulating AMH as a
valid marker of ovarian ageing and have linked it with
cardiovascular conditions [2,3]. In this case-control study of
non-pregnant, pre-menopausal Bulgarian women with
established diagnosis of PCOS with no history of
cardiovascular disease and without additional risk factors for
atherosclerosis we observed a strong trend towards high
circulation levels of AMH. In PCOS we found no
proportionality in the increase of AMH and androgens despite
their high serum levels.

A positive correlation between AMH, testosteron and
androstenedione, was found in healthy women and in the
normoandrogenic patients with phenotype C. However, the
higher level of LH in women with phenotype C, stimulating
androgen synthesis, leads to a marked intraovarian
hypeandrogenism despite the lowest serum androgen levels
and highest level of AMH.

Furthermore, in the context of hypoestrogenemia with the low
values of FSH and Е2 there was an unfavorable proportional
interaction between the hormones. We may conclude that
according to our results androgens demonstrated a proportional
positive correlation with AMH when their values were close to
the physiological levels. This was also demonstrated in the
group with healthy women, where androgens were within
reference range, the correlation coefficients were: rАMH and
Тestoterone=0.208, р=0.039; rАMH and
androstenedione=0.265, р=0.008, respectively.

In hyperandrogenic types A, B and D we found no significant
correlation between AMH and androgens. Thus, in the present
study we confirmed the arguable correlations between
androgens and AMH, reported by other researchers [3,4].
Circulating AMH decreases in transsexual women becoming
male after therapy with testosterone [11,12]. Thus, an artificial
increase in the serum level of testosterone may decrease
circulating AMH, instead of increasing it as expected [12].

However, ultrasound is not a reliable diagnostic method in
PCOS in adolescence and in overweight women, in contrast to
AMH which is easily measurable. The high level of AMH is a
constant diagnostic criterion in all four phenotypes and thus it
is more reliable for diagnosing PCOS than the traditional non-
constant criteria.

The correlation coefficients between AMH and the other
parameters in the different phenotypes of PCOS demonstrated
some specific characteristics of the hormonal interactions. Our
results showed that AMH was a better diagnostic marker than

testosteron from practical point of view, as AMH was
increased in all phenotypes in contrast to testosteron. An
important finding in the study is that we confirmed a
statistically significant higher diagnostic reliability of AMH
compare to testosteron to diagnose PCOS. However, contrary
to our expectations, there were no significant differences
between smokers and non-smokers in AMH levels [13].

Conclusion
We conclude that smoking do not alter the AMH circulating
levels and therefore AMH could be used as a reliable
alternative diagnostic criterion in young women with PCOS,
smokers and non-smokers, without any additional risk factors
for atherosclerosis. Thus, it is possible that with growing age
and cigarette consumption in smokers the progressive AMH
up-regulation takes place. The results in the combination of
other cardiovascular risk factors could be differing from the
expected outcome and that must be confirmed in larger
randomized studies.
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