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Abstract

Objective: The aim of this study was to investigate the level of antimullerian hormone in patients with polycystic ovary
syndrome (PCOS) according to phenotypic characteristics.

Materials and Methods: This study was designed as a cross-sectional cohort study and included patients attending the
PCOS clinic of Etlik Zibeyde Hanim Gynecology Training and Research Hospital. Anti-mullerain hormone (AMH) levels were
recorded according to phenotype assessment.

Results: A total of 118 patients with PCOS participated in the study. Accordingly, 47 patients (39.8%) belonged to phenotype
A, 15 patients (12.7%) to phenotype B, 37 patients (31.3%) to phenotype C and 19 patients (16.1%) to phenotype D. The
mean age of the patients was 22.97+4.98 years. The mean body mass index was 26.1+ 4.26 kg/m2. The most common reason
for presentation to the PCOS outpatient clinic was irregular menstruation. The most common reason for presentation to the
PCOS outpatient clinic was irregular menstruation in phenotype A (80.9%) and phenotype D (84.2%). There was a difference
between the groups in the distribution of the presence of polycystic ovarian morphology (PCOM) and the frequency of
ovarian dysfunction by phenotype (p<0.001, p<0.001). A statistically significant difference was found between median AMH
levels (ng/ml) according to phenotype (p<0.001). The median value was 6.3 ng/ml in phenotype A, 2.4 ng/ml in phenotype
B, 6.1 ng/ml in group C and 6.6 ng/ml in phenotype D.

Conclusion: In our study, phenotype A was the most frequently observed group and AMH levels were significantly higher in
the phenotype D group than in the other groups.
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Oz
Amag: Bu calismanin amaci polikistik over sendromlu (PKOS) hastalarda fenotipik 6zelliklere gére antimullerian hormon
diizeyini arastirmaktir.

Gereg ve Yontemler: Bu galisma kesitsel bir kohort galismasi olarak tasarlandi ve Etlik Ziibeyde Hanim Kadin Hastaliklari
Egitim ve Arastirma Hastanesi PKOS klinigine basvuran hastalar dahil edilmistir. Anti-mullerain hormon (AMH) duzeyleri
fenotip degerlendirmesine gore kaydedilmistir.

Bulgular: Calismaya toplam 118 PKOS hastasi katilmistir. Buna gore 47 hasta (%39.8) fenotip A, 15 hasta (%12.7) fenotip
B, 37 hasta (%31.3) fenotip C ve 19 hasta (%16.1) fenotip D’dir. Hastalarin yas ortalamasi 22.97+4.98 yildir. Ortalama vicut
kitle indeksi 26.1+ 4.26 kg/m2’dir. PKOS poliklinigine en sik basvuru nedeni adet duzensizligidir. Fenotip A (%80.9) ve fenotip
D’de (%84.2) PKOS poliklinigine en sik basvuru nedeni adet diizensizligidir. Polikistik over morfolojisi (PKOM) varligi ve over
disfonksiyonu sikliginin fenotipe goére dagiliminda gruplar arasinda fark vardir (p<0.001, p<0.001). Fenotipe gbre ortanca
AMH duzeyleri (ng/ml) arasinda istatistiksel olarak anlamli bir fark bulunmustur (p<0.001). Ortanca deger fenotip A'da 6,3
ng/ml, fenotip B’de 2,4 ng/ml, grup C'de 6,1 ng/ml ve fenotip D’de 6,6 ng/ml’dir.

Sonug: Calismamizda fenotip A en sik gozlenen gruptur ve AMH diizeyleri fenotip D grubunda diger gruplara goére anlamli

olarak daha yuksektir.

Anahtar Kelimeler: Fenotip; polikistik over sendromu; anti millerian hormon; Ferriman Gallwey skoru

1. Introduction

(PCOS)
characterized by complex hormonal disorders affecting public
health (1). Stein and Levinthal described PCOS in 1935 with
the publication of seven cases and this was the beginning of
this syndrome that affects public health today (2). PCOS has a
lifelong negative impact on women'’s health and leads to anxiety,

Polycystic ovary syndrome is a health problem

depression, insulin resistance, abdominal obesity, hypertension
and dyslipidemia (3). Another negative effect seen in women
with PCOS is the increased rate of infertility. Its prevalence is
between 8 and 13% depending on the population studied (1,2).
In order to standardize the diagnosis of PCOS, 3 classification
systems based on phenotypic characteristics have been defined
and diagnostic criteria vary according to these classifications
which are still valid. The so-called Rotterdam criteria are as
follows; Oligo and/or anovulation, Clinical and/or biochemical
symptoms of hyperandrogenism, Polycystic ovary morphology
on ultrasound, Other conditions that cause androgen increase
or are associated with androgen increase should be ruled out
before the diagnosis of PCOS is made.

The main phenotypic characteristics of PCOS cases are based on
clinical symptoms and/or signs, laboratory findings or imaging
findings. Considering the diagnostic classifications and criteria,
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there are generally 3 main phenotypic features that make up
the clinical picture in PCOS cases of reproductive age;

1. Ovulatory and menstrual dysfunction (OD)

2. Clinical features of hyperandrogenemia and/or
hyperandrogenism (HA)

3. Morphology of polycystic ovaries (PCOM).

In PCOM, clinical manifestations such as hirsutism, oligo-
anovulation, hyperandrogenemia on biochemical tests and
ultrasonographic appearance of the ovaries can occur in very
different combinations. Hyperandrogenemia is the common
phenotypic feature found in all 3 diagnostic classifications. Some
clinical and laboratory phenotypic features that are notincluded
in the definition criteria for PCOS but complement the clinical
picture and influence disease severity and morbidity have also
been described. These include obesity, metabolic abnormalities
(insulin  resistance/hyperinsulinemia, glucose intolerance/
type 2 DM, metabolic syndrome, dyslipidemia), sleep apnea,
psychosocial problems and abnormal gonadotropin dynamics.
The most important factors influencing the phenotype in PCOS
are ethnic, racial and other cultural factors. These phenotypic
traits have similar inheritance patterns and cause similar
diseases. The severity of phenotypic traits is also highly variable.

Another importance of phenotypic traits is that treatment



needs, types and options differ according to these traits. The
OD+HA+PKOM phenotype is considered the complete (classic)
phenotype according to the Rotterdam classification and the
highest rate is seen in this phenotype. Clinical manifestations
(phenotype A: HA + OD + PCOM; phenotype B: HA + OD;
phenotype C: HA + PCOM and phenotype D: OD + PCOM).
According to the Rotterdam criteria, endocrine and metabolic
abnormalities are lowest in the OD+PCOM group among
these 4 different phenotypes. The prevalence and distribution
characteristics of metabolic abnormalities (insulin resistance,
metabolic disease pattern and glucose intolerance) did not
differ significantly between the 4 groups. Therefore, metabolic
abnormalities and distribution characteristics are not used to
distinguish between different clinical PCOS phenotypes.

Serum anti-Mdllerian hormone (AMH) can be used to identify
PCOS in adults (4). Serum AMH is used in accordance with the
PCOS diagnostic algorithm. AMH level is not required for the
diagnosis of PCOS in patients with irregular menstrual cycle
and hyperandrogenism findings. AMH level is not required
in adolescents. In the general population, serum AMH levels
usually peak at 20-25 years of age. In the general population,
serum AMH levels are lower in individuals with a higher body
mass index (BMI). Studies in patients with PCOS have shown that
phenotyping is necessary to better monitor clinical outcomes
(5). In our study, data were grouped according to phenotype
and the correlation of AMH results with phenotypes was tried
to be determined.

2. Material and Methods

This study was designed as a cross-sectional cohort study
involving patients treated at the Etlik Zibeyde Hanim
PCOS Clinic.
Approval for non-interventional studies was obtained from the

Gynecology Training and Research Hospital

Ethics Committee of Etlik Zibeyde Hanim Gynecology Training
and Research Hospital prior to the start of the study (approval
date: 20/03/2024, No.: 03/13). The study involved 118 subjects
who agreed to participate in the study and gave their verbal and
written informed consent.

The Rotterdam criteria were used for the diagnosis of
PCOS (6). Hyperandrogenism was determined clinically by
Ferriman-Gallwey score (>8) and biochemically by serum total
testosterone (>1.5 nmol/L) and free androgen index (FAI) (>4).
Ovulatory dysfunction was defined as patients with menstrual
cycles lasting longer than 38 days (oligomenorrhea).
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Inclusion criteria

Between 14 and 40 years after menarche,

No underlying metabolic disease (type 2 diabetes, hypertension,
diagnosed anemia),

We have one patient with AMH levels in our hospital,

Female patients attending the PCOS clinic will be included.

Exclusion criteria

Age > 40 years;

Menopause, pregnancy or breastfeeding within the last 6
months;

Hyperandrogenism and/or biochemical hyperandrogenemia
due to secondary etiologies, including congenital adrenal
hyperplasia, androgen-secreting tumors, Cushing’s syndrome,
hyperprolactinemia, thyroid dysfunction and adrenal disease),

Pre-existing systemic diseases.

Demographic characteristics, laboratory results and hospital
records were obtained. Age, PCOS phenotype, age at first
menstruation, menstrual cycle pattern and birth weight were
routinely recorded. Body weight (kg) and height (m), body mass
index (kg/m2), systolic and diastolic blood pressure (mmHg) and
Ferriman & Gallwey (FG) score for hirsutism (mean hirsutism
of 7 or more points) were recorded. The cycle length was
recorded. The phenotypic characteristics of the PCOS patients
were recorded according to the “Hyperandrogenemia and PCOS
Association”. They were categorized according to the PCOS
criteria: Phenotype A: oligomenorrhea + hyperandrogenism
+ polycystic ovaries (PCO), Phenotype B: oligomenorrhea +
hyperandrogenism, Phenotype C: hyperandrogenism + PCO,
Phenotype D: Oligomenorrhea + PCO.

In routine practice at the PCOS clinic, around 7 ml of blood
is taken in a vacuum gel tube for hormonal and biochemical
analysis by medical staff. The blood samples are centrifuged
by the examiners at 1000 x g for 20 minutes. In the next step,
the supernatant part is separated and transferred to 3 mL
Ependorfs. These samples are used to determine the levels of
anti-Mdllerian hormone (AMH), oestradiol, luteinizing hormone
(LH) and follicle stimulating hormone (FSH), which are routinely
tested at the PCOS clinic. In addition, patients attending the
PCOS outpatient clinic are routinely examined by transvaginal
ultrasound (TV-USG) for the number of antral follicles and
ovarian volume. Patients are examined transvaginally by the
same experienced gynecologist using a Samsung HS70A and
the number of antral follicles in both ovaries and the volume
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of the right and left ovary are recorded. The Orsini formula
(length x depth x width x 0.5235)-[transverse, anteroposterior,
longitudinal axes] is used to measure the volume of the ovaries.

Statistical analysis

The data were analyzed using the IBM SPSS V23 program. The
Shapiro-Wilk test was used to analyze the data. The Fisher-
Freeman-Halton test was used to analyze categorical data and
multiple comparisons were performed using the Bonferroni-
corrected Z-test. One-way analysis of variance was used to
compare the variables that fit the normal distribution with
the groups. The Kruskal Wallis test was used to compare the
variables that did not conform to the normal distribution
with the groups. The results of the analyzes were presented
as frequency (percentage) for categorical variables, mean *
standard deviation and median (minimum - maximum) for
quantitative variables. The significance level was set at p<0.050.

The power analysis was performed with the program G*POWER
3.1 to determine the sample size. The power analysis for
sample size calculation was based on the previous study by
Barrea et al. (3). Participants who met the inclusion criteria
were included in the study. After analyzing the 95% confidence
(1-a), 95% test power (1-B) and d= 1.5915486 effect size one-
sided independent samples t-test, the number of samples to be
taken was set at 80. Since our sample size is above this number,
we assume that the test power is higher.

3. Results

The number of patients admitted to our PCOS outpatient clinic
between November 2023 and April 2024 was 118. The average
age of the patients was 22.97+4.98 years. The mean body mass
index was 26.1+ 4.26 kg/m2. These data are shown in Table
1, which describes the demographic characteristics. The most
common reason for presentation to the PCOS outpatient clinic
was irregular menstruation. The most frequently observed
phenotypic group was group A. The analysis of clinical
characteristics by phenotype is shown in Table 2. According to
this, there was no significant difference between the phenotypic
groups in terms of age, BMI and FG score median (p=0.773
p=0.501, p=0.985). There was a difference between groups in
reasons for use when assessing reasons for use (p<0.001). The
most common reason for use was irregular menstruation in
phenotype A (80.9%) and phenotype D (84.2%). There were also
differences between groups in the distribution of the presence
of PCOM and the frequency of ovulatory disorders according to
phenotype (p<0.001, p<0.001).
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The laboratory parameters according to phenotype are shown
in Table 3. No statistically significant difference was found
between FSH (mIU/ml), LH (mIU/ml) and FSH/LH median
values according to phenotype (p=0.566, p=0.171, p=0.217).
A statistically significant difference was found between the
median values of 17-hydroxyprogesterone (ng/ml) (p=0.032).
The median value was 0.94 ng/ml in phenotype A, 0.45 ng/
ml in phenotype B, 1.5 ng/ml in phenotype C and 0.5 ng/ml
in group D. There was no statistically significant difference
between the median values of dehydroepiandrosterone
sulfate (DHEAS) (ng/L) by phenotype (p=0.899). There was a
statistically significant difference between the median levels of
AMH (ng/ml) according to phenotype (p<0.001). The median
value was 6.3 ng/ml for phenotype A, 2.4 ng/ml for phenotype
B, 6.1 ng/ml for phenotype C and 6.6 ng/ml for phenotype D.
There was no statistically significant difference between the
median values of insulin and HOMA-IR according to phenotype
(p=0.170, p=0.535).

Tablo 1. Demographic characteristics of the PCOS patients

Study Group n:118
Age (years) 22.9744.98
Body Mass Index (kg/m?) 26.1+4.26
Reason for applying n (%)
Menstrual irregularity 66 (55%)
Increased hair growth 40 (33%)
Acne 4 (3%)
Child counselling 1(0.8%)
Failure to lose weight 7 (5.9%)
Polycystic ovarian morphology n (%)
Yes 103 (87.2%)
No 15 (12.7%)
Oligo/anovulation n (%)
Yes 80 (67.7%)
No 38 (32.2%)
Phenotypes n (%)
A 47 (39.8%)
B 15 (12.7%)
c 37 (31.3%)
D 19 (16.1%)
The Ferriman-Gallwey score 15.52+6.47
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Table 2. Clinical characteristics of patients according to PCOS phenotypes
Phenotypes
T-test p
A B C D

Age (years) 23,5%+4,9 22,916,2 22,65 22,4+4,3 1,119 0,773*
Body Mass Index (kg/m?) 26,8+ 6,6 28+4,7 25,6 £5,3 26,6 £5,4 2,363 0,501*
Ferriman Gallwey score 15 (5-28) 15 (5-29) 15 (5 - 34) 14 (5-30) 0,050 0,985**
Reason for applying n (%)

Menstrual irregularity 38 (80,9)? 7 (46,7)® 5(13,5)° 16 (84,2)?

Increased hair growth 6 (12,8)? 7 (46,7)° 27 (73)° 0 (0)?

Acne 2(4,3) 0(0) 2(5,4) 0(0) 62,108 <0,001%**

Child counselling 0(0) 0(0) 1(2,7) 0(0)

Failure to lose weight 1(2,1) 1(6,7) 2 (5,4) 3 (15,8)
Polycystic ovarian morphology n (%)

No 0 (o) 15 (100) 0 (o) 0 (o)

78,204 <0,001%**

Yes 47 (100) 0 (0) 37 (100) 19 (100)
Oligo/anovulation n (%)

No 0 (0)® 0 (0) 37 (100) 1(5,3)

128,029 <0,001***

Yes 47 (100) 15 (100) 0(0) 18 (94,7)
*Kruskal Wallish H test, **One-Way Analysis of Variance, ***Fisher Freeman Halton Test; a-b: No difference between groups
with the same letter; Mean * standard deviation, Median (minimum-maximum).

4. Discussion

In our study, adolescent and adult PCOS patients were examined
with regard to clinical and biochemical parameters. In summary,
it was found that the most frequently observed group was
phenotype A and AMH levels were significantly higher in the
phenotype D group than in the other groups.

With the 2023 ESHRE guideline, elevated AMH levels in the
adult group were included in the diagnostic criteria (4). Given
the difficulty of ultrasound diagnosis of PCOS, even years
after menarche, serum anti-Mdllerian hormone (AMH) has
been proposed as an alternative marker for PCOM. AMH is a
polypeptide. It belongs to the transforming growth factor beta
(TGF-B) family and is secreted exclusively by granulosa cells
in preantral and small antral follicles. The AMH serum level
is significantly higher in women with PCOS than in women
with normal ovulation. A strong correlation between the
circulating AMH level and the number of antral follicles has
been demonstrated (7,8). When we compared AMH levels
by phenotype in our study, we found that AMH levels were
significantly higher in the phenotype D group compared to the
other groups.

In 2009, Piouka et al. found that AMH levels reflect the
severity of PCOS (9). Sahmay et al. showed that AMH levels
differed between phenotypes and were significantly higher in
phenotype A (10). Subsequently, many studies have shown that
AMH levels were higher in the phenotype A group than in other
groups (11-14). However, in our study, we found that AMH
levels were high in the phenotype D group and particularly low
in the phenotype B group. We believe that we determined the
result in this way because we studied not only the adult group
but also the adolescent group.

Bozdag et al. studied 392 women to determine diagnostic AMH
levels and found that the AMH levels of women with phenotype
A PCOS were significantly higher and the most appropriate
AMH threshold for the diagnosis of PCOS was 4.86 ng/mL (15).
Dewailly et al. proposed a simplified diagnosis of PCOS based on
an AMH threshold of 5 ng/mL (16). Another study determined
an AMH value of 6.095 ng/ml for phenotype-A with a sensitivity
of 69.2% and a specificity of 86.7% (17). The average of our
values is also close to this threshold. Since it may not be easy
to perform an ultrasound and examine the ovaries in virginal
and obese patients or in regions where an ultrasound is not
easily accessible, the AMH level can be used to determine the
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Table 3. Results of laboratory outputs obtained according to PCOS phenotypes
Phenotypes
T test p*
A B C D
4,66 1,35 4,69+1,01 4,55 12,28 4,89 + 1,38
FSH (1U/L) 2,031 | 0,566
4,58 (2 - 8) 5(3-6) 4,56 (1-12) 5,13(2-7)
9,25 £ 4,98 6,75 £ 4,56 9,85 £ 6,68 8,94 £ 6,33
LH (1U/L) 5,012 | 0,171
8,06 (2 - 22) 5,46 (3 - 18) 8,76 (1-31) 6,81 (2 - 25)
0,74 £ 0,52 0,91+0,47 0,79 £ 0,66 1+0,76
FSH/LH 4,443 | 0,217
0,59 (0 - 3) 0,8(0-2) 0,6 (0-3) 0,75 (0 - 3)
47,82 + 25,78 34,15 £ 19,49 50,45 £ 28,25 53,75 £ 30,45
Estrodiol (pg/ml) 5,394 | 0,145
43 (2 - 162) 35,6 (5 - 85) 43 (5 - 115) 46,4 (5 - 112)
2,1+1,26 1,98+0,73 2,69 +1,98 2,11 +1,48
TSH (1U/L) 1,945 | 0,584
1,72 (0-6) 1,97 (1-4) 2,15(0-9) 2(0-6)
1,69+2,44 0,6+0,42 1,91+1,75 1,1+1,26
17-hydroxyprogesterone (ng/ml) 8,835 | 0,032
0,94 (0-11)*® 0,45 (0-1)® 1,5(0- 8)° 0,5 (0-5)*
17,16 £ 7,56 22,03 £21,94 17,52 £9,08 20,17 £ 11,14
Prolactin (ng/ml) 0,63 0,889
16,7 (6 - 31) 17 (7 - 98) 18 (4 - 39) 18,6 (7 - 45)
250,22 £ 97,46 250,67 £ 138,25 | 245,76 £113,13 251,58 £ 98,14
DHEA-SO4 (ng/ml) 0,588 | 0,899
245 (83-461) | 245(102-625) | 205(97-587) | 242 (100 - 451)
7,66 + 4,25 2,79 £1,47 7,52 +5,19 8,03 + 3,67
AMH (ng/ml) 26,496 | <0,001
6,3 (1-21) 2,4 (1-8)° 6,1 (1-24) 6,6 (3-17)°
4,02 +4,13 6,19 £ 3,98 5,37 £6,94 5,23 £4,38
Insulin (ng/ml) 5,029 | 0,170
3,03 (0,01-18) | 7,7(0,28-13,7) | 3,78 (0,09 - 40,3) | 4,39 (0,02 - 17,4)
4,74 + 4,71 4,04 +2,71 3,69 +2,63 4,64 +2,25
HOMA-IR 2,182 | 0,535
3,96 (0,01 - 23,5) | 2,86 (0,86 - 9,09) | 3,14 (0,01 -9,09) | 4,14 (1,52 -8,5)
*Kruskal Wallish H test, a-b: No difference between groups with the same letter; FSH: follicle-stimulating hormone; LH:
Luteinizing hormone; TSH: thyroid stimulating hormone; DHEA-SO4: dehydroepiandrosterone sulfate; AMH: Anti-millerian
hormone; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance

PCOS phenotype. As women with PCOS phenotype A should
be counseled about the lifelong effects on metabolism and
lifestyle changes with healthy eating habits and regular exercise
should be strongly recommended, such a quantitative test may
be more reliable and accessible than a transvaginal ultrasound.
Many morbidities occur in this patient group, from obstetric
complications to complications such as cancer and heart
disease, that affect menopausal life (18).

Obesity and insulin resistance (IR) are interrelated parameters
in the pathophysiology of PCOS (19,20). PCOS phenotype A is
usually associated with obesity and IR and is considered the
most severe form of PCOS (21). Phenotype B has similar but
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milder metabolic consequences. Phenotype C is milder as the
predominant problem is subfertility. Phenotype D is the mildest
form with less obesity, IR or metabolic side effects (22). PCOS
phenotypes A and B are more prone to obesity and insulin
resistance (20). Since our study only selected patients who
presented to the PCOS outpatient clinic and had a diagnosis,
their metabolic status was found to be similar and there was no
difference between the phenotypes.

The retrospective design and limited number of patients studied
is one of the limitations of the study, and the lack of grouping
of comparative data by age group is another limitation. In this
study, we have no data on the number of antral follicles in the



patients. Secondly, the values for the area under the curve and
the ROC analysis for the AMH values according to phenotype
could not be provided.

PCOS
worldwide and can affect women of any age. Although many

is one of the most common endocrine disorders

genetic, environmental and hormonal factors are thought to be
responsible, the etiopathogenesis is still not fully understood.
According to the phenotypic characteristics of the patients
presentingin our study, the most common group was phenotype
A. The AMH level was significantly higher in the phenotype D
group than in the other groups. In group B, the AMH cut-off
value, which was considered high, was below 3.32 ng/ml. Our
results may shed light on the etiopathogenesis of PCOS. The
development of PCOS in adolescence and adulthood could be
due to different mechanisms and hormonal changes. Large
prospective series of studies are needed to make a definitive
statement on this topic.
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