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ABSTRACT

Objective: The aim of this study was to compare the endocrine and
phenotypic characteristics of women with polycystic ovary syndrome
(PCOS) with serum Anti-Mullerian Hormone (AMH) levels of 4-10 ng/mL
and >10 ng/mL, and to investigate the importance of high AMH levels in
the diagnosis of PCOS.

Materials and Methods: In this retrospective cohort study, the laboratory
and demographic characteristics of women with serum AMH 24 ng/mL
whose follow-up was initiated at the infertility outpatient clinic of a
tertiary health care institution were investigated. Fasting levels of
Homeostasis Model Assessment (HOMA), Luteinizan hormon (LH), Follkil
stimulan hormon (FSH), estradiol, androstenedione, total testosterone,
prolactin, 17- hydroxyprogesterone (170HP), dehydroepiandrosterone
sulphate (DHEAS), and AMH were recorded from hospital records. Age,
gravidity, BMI, infertility status, hirsutism, menstrual cycle and
ultrasonographic ovarian morphology were recorded. Patients were
divided into two groups, as those with serum AMH values of 4-10 ng/mL
and those with serum AMH values of >10 ng/mL. Women with AMH
>10 ng/mL were defined as the “high AMH group” and those with AMH
>14 ng/mL were defined as the “very high AMH group.” Women on
hormone-containing drugs, metformin, and/or chronic medication, as well
as women with endocrine organ tumors and/or who have had ovarian
surgery were excluded.

Results: The patients were between 21 and 38 years of age. Fifty-four
women with AMH values of 4-10 ng/mL, 12 women with 10-14 ng/mL and
16 women with >14 ng/mL were included in the study. Forty-four patients
were primary infertile, and 28 patients had clinical hirsutism. Women with
high AMH values had more primary infertility and hirsutism. Thirty-four
patients had menstrual irregularities, and there was no statistically
significant difference between the two groups in terms of menstrual
irregularities. Among laboratory values, total testosterone,
androstenedione, and the LH/FSH ratio were significantly associated with
high AMH. Primary infertility and hirsutism were more common in women
with high AMH. PCOM was seen in all the women with AMH >10 ng/mL.
There was no difference between the two groups in terms of HOMA and
BMI criteria. Other endocrine values were not associated with AMH levels.
Conclusion: There is a positive correlation between androgens and AMH
in women with high AMH values, with the possibility of high AMH being
an additional marker for the diagnosis of PCOS. We believe that women
with hirsutism and high amounts of androgens and especially women with
PCOM may have high AMH, and infertility treatments should be organized
by taking into account the related drug resistance.
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Amag: Bu ¢alismanin amaci serum Anti Mllerien Hormon (AMH) degeri
4-10 ng/ml ve >10 ng/ml olan polikistik over sendromlu kadinlardaki
endokrin ve fenotipik 6zellikleri karsilastirmak ve polikistik over sendrom
(PCOS) tanisinda ylksek AMH seviyesinin 6nemini arastirmaktir.

Gereg ve Yontem: Bu retrospektif cohort calismada tersiyer saghk kurulu-
sunda infertilite polikliniginde takipleri baslatilan, serum AMH degeri 24
ng/ml kadinlarin laboratuar, demografik 6zellikleri arastirildi. Hastane
kayitlarindan kadinlarin folikliler fazda aglik Homeostasis Model
Assessment (HOMA), Luteinizan hormon (LH), Folikil stimulan hormon
(FSH), ostradiol, androstenedion, total testosteron, prolaktin, 17 hidrok-
siprogesteron (170HP), dehidroepiandrosteron silfat (DHEAS) ve AMH
dizey sonuglar kaydedildi. Hastalarin yasi, gravidasi, BMI, infertilite duru-
mu, hirsutizm, adet dizeni ve ultrasonografik over morfolojisi kaydedildi.
Hastalar serum AMH degeri 4-10 ng/ml ve >10 ng/ml olanlar olarak 2
gruba ayrildi. AMH’I 10 ng/ml’dan yiksek olan kadinlar “ yiksek AMH
grubu”, AMH > 14 ng/ml olanlar da “gok yiiksek AMH grubu”’ olarak adlan-
dinldi. Hormon igeren ilag kullanan kadinlar, metformin kullanan kadinlar,
kronik bir ilag kullanan kadinlar, endokrin organ tiiméri tanisi olanlar ve
over cerrahisi gegirmis kadinlar ¢alismaya alinmadi.

Bulgular: Hastalar 21- 38 yag araligindaydi. AMH degeri 4-10 ng/ml olan
54, 10-14 ng/ml arasi 12 ve >14 ng/ml 16 kadin ¢alismaya alinmisti. 44
hasta primer infertildi; 28 hastada klinik hirsutizm sikayeti vardi. Yiksek
AMH degeri olan kadinlarda daha ¢ok primer infertilite ve hirsutizm vardi.
34 hastada adet diizensizligi vardi ve iki grup arasinda adet diizensizligi
acisindan fark yoktu. Laboratuar degerlerinden total testosteron, andros-
tenedion, LH/FSH orani ile yiiksek AMH arasinda anlamli iliskili bulundu.
Yuksek AMH olan kadinlarda daha ¢ok primer infertilite ve hirsutizm vardi.
Tim >10 ng/ml AMH degeri olan kadinlarda PCOM gérilmisti. Adet
dlzensizligi agisindan iki grup benzerdi. 2 grup arasinda HOMA ve BMI
kriterleri agisindan fark yoktu. Diger endokrin degerler AMH diizeyi ile
iliskili degildi.

Sonug: Yiksek AMH degeri olan kadinlarda androjenler ile AMH arasinda
pozitif korelasyon vardir, AMH yiksekligi PCOS tanisi konulmasina ek bir
marker olabilir. Hirsutizm ve yiiksek androjen olan kadinlarda ve 6zellikle
PCOM olan kadinlarda yiiksek AMH olabilecegi ve infertilite tedavilerinde
buna bagh ila¢ direnglerinin dikkate alinarak tedavinin diizenlenmesi
gerektigini dustiniyoruz.

Anahtar Kelimeler: Antimullerien hormon, hirsutizm, PCOS, androjenler
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INTRODUCTION

Apart from the infertile patient population, the laboratory and
clinical effects of AMH in women have received little attenti-
on. AMH is a biomarker indicating ovarian reserve (1). There
are few studies describing which value of AMH leads to which
results. Studies mostly focus on polycystic ovary syndrome
(PCOS), responses to assisted reproductive technology (ART)
treatments and the relationship between AMH levels and me-
nopause prediction.

AMH is a glycoprotein produced in primary follicles and antral
follicles prior to FSH-dependent follicle selection. It functions
as an autocrine and paracrine regulator of follicular maturati-
on. Since the size of the residual follicular pool depends on the
number of small antral follicles and decreases over time, the
serum AMH level in women reaches its highest value at the age
of 25, plateaus for a while, and starts to decline. This decline
accelerates in menopause and becomes undetectable shortly
after menopause (2).

Ovarian folliculogenesis is mediated by the joint interactions
of FSH, AMH, estradiol and androgens. AMH inhibits follicle
recruitment and development and promotes follicle atresia. In
fact, AMH is an inhibitory factor that prevents folliculogenesis
from reaching a point of being difficult to impossible to control.
This inhibition may explain the anovulation that accompanies
the increased number of antral follicles in PCOS. In women with
PCOS, AMH increases ambient androgen and insulin resistance
by inhibiting FSH-induced aromatase. Therefore, weight loss
becomes difficult in these women and the response to ovu-
lation induction decreases. Patients’ clinical course recovered
with the lowering of AMH. This allows us to see that AMH has
an active role in PCOS, which is an example of exaggerated
folliculogenesis (3). Nevertheless, a number of studies show
that weight loss does not decrease AMH in obese women with
or without PCOS (4).

The two opposite poles in the clinical reflection of folliculoge-
nesis are polycystic ovary syndrome and menopause. The nor-
mal range for AMH is not clear; however, serum AMH levels are
high in women with PCOS and unmeasurable in menopause.

In women with PCOS, both the number of pre-antral and the
number of antral follicles increase and serum AMH is high be-
cause of the increased production per follicle (due to increased
granulosa cells) (5). Different results can be found in the litera-
ture related to AMH-secreting cell sizes (4, 6, 8 and 9 mm) (6).
In the literature, abnormalities secondary to increased AMH are
variable. We still therefore cannot predict which hormones are
affected in women, the development of clinical abnormalities
independent of hormone levels, and the phenotype changes of
women based on the AMH level. Conversely, we do not know
what changes occur in problems such as menstrual irregularity
and hirsutism that should, but cannot, be measured in the labo-
ratory and whether AMH changes can explain this abnormality
despite normal hormone levels.

The main aim of this study was to investigate the association of
AMH with PCOS phenotypes and laboratory tests in addition to
discussing the role of AMH in the diagnosis of PCOS.

MATERIALS and METHODS

The study was initiated after obtaining detailed verbal and writ-
ten consent from all participants following the approval of the
ethics committee. Non-interventional clinical trials were appro-
ved by the ethics committee (Date: 10.11.2022, No: 950). This
study was conducted in full accordance with the guidelines of
the Declaration of Helsinki. The data of women who applied
to the infertility clinic of a tertiary health institution betwe-
en January 2019 and May 2023 were reviewed from hospital
records and files by obtaining the verbal and written consent
from the patients.

Age, menstrual cycle, hirsutism (Ferriman-Gallwey score >8
points), primary or secondary infertility status, BMI, and the
presence of polycystic morphology in the ovaries were recor-
ded in 81 women aged 20 to 40 years who applied at the in-
fertility outpatient clinic and did not receive any treatment.
Homeostasis Model Assessment (HOMA), (fasting glucose x
fasting insulin +405), Luteinizan hormone (LH), Follicle stimu-
lating hormone (FSH), prolactin, AMH, androgens (androstene-
dione, 17- hydroxyprogesterone (170HP), total testosterone,
dehydroepiandrosterone sulphate (DHEAS) measured in the
morning blood on the second, third, and fourth day of mens-
truation were recorded.

Serum AMH levels were measured using the Elica technique
(Roche E411, USA).

Every patient underwent morning transvaginal ultrasonography
(TVUSG) on the second, third and fourth days of menstruation.
Polycystic ovarian morphology (PCOM) was defined as > 12
follicles in either ovary, measuring 2-9 mm in diameter and/
or increased ovarian volume for each ovary >10 mL on the
ultrasound scan (7).

Women who were taking hormone-containing drugs for any
reason, women with known ovarian mass and disease, and
women with a history of adnexal surgery were excluded. Wo-
men with congenital adrenal hyperplasia, thyroid dysfunction
and diabetes mellitus were also excluded.

Statistical analysis

Mean, Standard Deviation and Median IQR values were given
in the descriptive statistics for the continuous data, and the
number and percentage values were given in the discrete data.
The Shapiro-Wilk test was used to examine the conformity of
continuous data to the normal distribution.

An independent samples t test was used to compare patient
ages in the AMH groups, and the Mann Whitney U test was
used to compare the laboratory values.

The relationships between the AMH values and ages and la-
boratory values were analyzed using Spearman’s correlation
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Table 1: Patient characteristics

(n=81)

Age Mean+SD (Min-Max) 28.89+3.88; (21-38)

BMI n (%)
18-25 39 (48.1%)
25-30 16 (19.8%)
>30 26 (32.1%)

Menstruation n (%) (n=78)
Irregular 34 (42.0%)
Regular 47 (58.0%)

Infertility n (%)

Primary 44 (54.3%)

Secondary 37 (45.7%)
PCOM

No 13 (16%)

Yes 68 (84%)

Hirsutism (n=78)

No 53 (65.4%)

Yes 28 (34.6%)
HOMA index

<25 44 (54.3%)

2.5 37 (45.7%)

BMI: Body mass index, PCOM: Polycystic ovarian morphology,
HOMA: Homeostasis Model Assessment

coefficient.

Chi-Square and Fisher’s Exact test were used for compa-
risons of nominal variables between the AMH groups (in
cross-tabulations).

The IBM SPSS version 20 (Chicago, IL, USA) program was used
in the evaluations, and p<0.05 was accepted as the limit of
statistical significance.

In the study including 54 patients with AMH values <10 ng/mL
and 27 patients with AMH values >10 ng/mL, and comparing
the presence of hirsutism as the primary outcome, the po-
wer of the test was found to be power=0.88 (88%) with Type |
error=0.05.

In the study examining the relationship between AMH values
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Table 2: Laboratory findings of the patients

MeantSD Median (IQR)

Estradiol 81 46.83+17.55 43 (34-55)
LH/FSH 81 1.39+0.67 1.26 (0.96-1.80)
Androstenedione 81 2.47+1.33 2.19 (1.35-3.50)
Testosterone 81 0.50+0.27 0.41 (0.32-0.64)
170HP 81 1.40+1.52 0.85 (0.63-1.50)
DHEAS 81 248.53+104.90 229 (161.30-317.0)
AMH 81 10.11+8.48 7.52 (4.97-11.88)
Prolactin 81 19.17+8.59 18 (6.5-48)

IQR:Inter quantile range, LH: Luteinizan hormone, FSH: Follicle stimulating
hormone, DHEAS: dehydroepiandrosterone sulphate, AMH: Anti-Mullerian
Hormone, 170HP: 17 hydroxyprogesterone

Table 3: AMH distribution (ng/mL)

AMH n (%)
<10 54 (66.7%)
>10 27 (33.3%)

AMH: Anti-Mullerian Hormone

and LH/FSH values as the primary outcome in 81 patients inclu-
ded in the study, the power of the test with Type | error=0.05,
power=0.99 (99%).

The calculation was performed using the ‘GPower 3.1.9.2’
program.

RESULTS

A total of 81 infertility patients with AMH levels of 4 ng/mL and
above were included in the study. The mean age of the patients
was 28.89+3.88 years (minimum 21 and maximum 38 years).
Patients with serum AMH>10 ng/mL were younger than pati-
ents with AMH<10 ng/mL (p<0.01) (Table 1).

AMH values were found to be >10 ng/mL in 33.3% of the pa-
tients (Table 3).

Approximately half of the patients (48%) had a normal body
mass index (BMI 18-25 kg/m?), and there was no significant
difference in the BMI levels between the two groups (p>0.05)
(Table 1).

Primary infertility was found in 54.3% of the patients and se-
condary infertility in 45.7%. Primary infertility was found more
frequently in patients with AMH >10 ng/mL (p<0.05) (Table 1).

Menses were regular in the majority of the patients (58%), and
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Table 4: Comparison of the characteristics of patients with
an AMH value <10 ng/mL and patients with an AMH value
>10 ng/mL

AMH <10 AMH >10 p value
Age (year)
29.80+3.92 27.07+£3.16 0.0022

Mean+SD
BMI n (%)
18-25 29 53.7 10 37.0
25-30 11 20.4 5 18.5 0.224¢
>30 14 25.9 12 44.4
Menstruation
n (%)
Irregular 19 35.2 15 55.6

0.080¢
Regular 35 64.8 12 44.4
Infertility n (%)
Primary 24 44.4 20 74.1

0.012¢
Secondary 30 55.6 7 25.9
PCOM n (%)
No 13 24.1 0 0

0.004¢
Yes 41 75.9 27 100
Hirsutism n (%)
No 42 77.8 11 40.7

0.001¢
Yes 12 22.2 16 59.3
HOMA n (%)
<2.5 28 51.9 16 59.3

0.528°
22.5 26 48.1 11 40.7

AMH: Anti miller hormone, a: Independent samples t test, c: Chi-square
Test/Fisher’s Exact test, BMI: Body mass index, PCOM: Polycystic ovarian
morphology, HOMA: Homeostasis Model Assessment

there was no statistically significant difference between the two
groups in terms of menstrual irregularity (p>0.05). Polycystic
ovarian morphology was seen in 84% and all the patients with
an AMH value >10 ng/mL had PCOM (p<0.01) (Table 1).

Approximately one-third of the patients (34.6%) had hirsutism,
which was significantly more common in patients with AMH
values >10 ng/mL (p<0.01) (Table 1).

It was found that 45.7% of the patients had HOMA values 32.5
(Table 1). However, there was no statistically significant diffe-
rence between the two groups in terms of HOMA elevation
(p>0.05) (Table 1).

Table 5: Comparison of laboratory values of patients with
AMH <10 ng/mL and patients with AMH >10 ng/mL

Median (IQR) AMH <10 AMH >10 p value

Estradiol 40 (34-53.2) 44,3 (35-59) 0.300°

LH/FSH 0.52 (0.81-1.57) 1.54 <0.001°
(1.24-2.20)

Androstenedione 2.0 (1.19-3.09) 2.98 0.020°
(1.88-3.86)

Testosterone 0.36 (0.29-0.52) 0.68 <0.001°
(0.46-0.86)

170HP 0.88 (0.67-1.43) 0.78 0.227°
(0.45-1.83)

DHEAS 251.5 216.0 0.648°

(158.7-317.0) (162.6-323.0)
Prolactin 18.5(11.8-24.0) 18.0 0.722°

(12.2-26.0)

IQR: Inter quantile range, AMH: Anti muller hormone, b: Mann
Whitney U test, DHEAS: dehydroepiandrosterone sulphate, 1770HP: 17-
hydroxyprogesterone

Table 6: Correlations between AMH, age and laboratory
parameters

AMH
r* p
Age (year) -0.453 <0.001
Estradiol 0.128 0.255
LH/FSH 0.471 <0.001
Androstenedione 0.140 0.212
Testosterone 0.458 <0.001
170HProgesterone -0.156 0.166
DHEAS -0.090 0.422
Prolactin 0.068 0.548

AMH: Anti miller hormone, *Spearman’s correlation coefficient, LH:
Luteinizan hormone, FSH: Follicle stimulating hormone, 170HP: 17-
hydroxyprogesterone, DHEAS: dehydroepiandrosterone sulphate

LH/FSH, androstenedione and testosterone values were higher
in patients with AMH>10 ng/mL (p<0.001) (Table 2).

There was a negative correlation between the ages of the pati-
ents and AMH values (r=-0.453 p<0.001) (Table 6).

Positive correlations were found between LH/FSH values, tes-
tosterone values and AMH (r=0.471 and r=0.458, respectively,
p<0.001) (Table 6).

No difference could be seen between the E2, 170HP, DHEAS,
and PRL values of the patients with AMH <10 ng/mL and pati-
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ents with AMH >10 ng/mL (p>0.05) (Table 5).
DISCUSSION

According to the results of our study, we found androgenic
effects correlated with AMH, therefore making AMH possibly
one of the diagnostic markers of PCOS.

Unlike the publications showing that AMH does not change
intra- and inter-cyclically, the lowest level of AMH is measured
in the luteal phase immediately after ovulation (8). Considering
these differences, we included women in the study in whom
AMH was measured in the follicular phase. In this study, a se-
rum AMH level >4 ng/mL was accepted as the optimal cut-off
for the diagnosis of PCOS (9).

In a study conducted on IVF patients, relationships were fo-
und between AMH>5.7 ng/mL and hyperandrogenism, PCOM,
menstrual irregularity and high LH/FSH. Accordingly, the LH/
FSH ratio may increase in women with high AMH because in
PCOS, FSH is secreted normally, while LH is secreted at nor-
mal or increased levels. However, it would not be correct to
diagnose PCOS only by looking at this ratio. In the same study,
a correlation between menstrual irregularity and the LH/FSH
ratio was also reported (10). We also found a higher LH/FSH
ratio in the high AMH group (>10 ng/mL).

In our study, no correlation was found between AMH and insu-
lin resistance (HOMA) in accordance with a number of studies
in the literature (11).

In a study conducted with a small group of cases in the litera-
ture, it was reported that women with high AMH levels were
thinner, had higher androgen levels and suffered more from
amenorrhea. According to the results of our study, testoste-
rone is positively correlated with AMH levels (12). Although
we did not find a correlation between androstenedione and
AMH, we did find a correlation between androstenedione levels
of <10 ng/mL and >10 ng/mL (see Tables 5 and 6). These two
androgens are expected to cause clinical hyperandrogenism
and changes in body fat distribution. In a study conducted on
a small number of patients, the garnered data reported that
there was no correlation between BMI and LH/FSH (13). Altho-
ugh the BMI of the patients was similar in our study, we were
not able to compare the waist/hip ratio with fat distribution,
so we cannot comment on the fat distribution.

It is natural that high AMH and accompanying androgen le-
vels make some changes in the phenotype. Although obesity
is common in women with PCOS, women with very high AMH
have been shown to be leaner. In a study conducted by divi-
ding 134 patients into three groups according to AMH value,
Tal et al. reported that PCOS was present in a large proportion
of women at AMH >10 ng/mL. These women were thinner with
AMH levels and PCOS severity being correlated (14). Among the
women in our study, being overweight was more common in
those with high AMH (about half of the patients). However, in
those with AMH <10 ng/mL, half of the patients were of nor-

mal weight. As a result, we did not find a relationship between
elevated AMH levels and BMI.

A positive correlation between serum AMH levels and andro-
gens has been previously reported. It has been reported that
hyperandrogenism is an intrinsic defect of thecal cells in wo-
men with PCOS and is positively associated with testosterone
levels and ovarian volume (15). In our study, a relationship was
found between hirsutism and AMH, but we observed that the
frequency of menstrual cycle abnormalities did not increase
with high AMH (Table 4). This is directly related to serum AMH
levels in patients with oligo-/amenorrhea and increased AFC
(PCOM) (16). Although menstrual irregularity is common in wo-
men with PCOS, menstrual irregularity in women in our two
groups was seen in half of the patients with AMH>10 ng/mL.

In our study, PCOM was observed in all of our patients with
AMH>10 ng/mL. We also detected 2/3 PCOM in women with
an AMH of 4-10 ng/mL. Patients with accepted PCOS also have
PCOM or increased ovarian volume. In our study, we compared
the clinical changes associated with AMH by comparing women
with high AMH levels and two groups with far higher AMH
(such as 63 ng/mL and 34 ng/mL).

In this study, we grouped not according to the presence of
PCOS but according to the AMH level. We accepted a limit of
4 ng/mL, which is believed to mark the onset of PCOS patho-
logy, and thus included all women with normal and abnormal
conditions. We believe that our classification of clinical and
laboratory features with AMH in a mixed group similar to that
in the general population is the strength of our study and will
provide more information than working with a selected group
with PCOS. However, the most important limitation is that it
was not performed with a higher number of age groups and
patients. The absence of a control group was a limitation, but
it is very difficult to find similarities in AMH <4 ng/mL in and of
itself and between different age groups. There will already be
a known and incomparable difference between women with
high AMH and those without.

It should not be forgotten that the phenotypic appearance in
PCOS does not change only with measurable values. The age,
activity status and diet of the woman are also having effects.
In this study, data are limited due to the fact that, with the
exception of age, we do not have any information about these
factors. Moreover, there are a small number of patients and
they are not age-matched.

As a result, we believe that high AMH can be used in the diag-
nosis of PCOS in accordance with ovarian appearance on ultra-
sonography and clinical and/or laboratory hyperandrogenism.
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