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ABSTRACT

 )Anti-Mullerian )AMH الأهداف: لمقارنة تركيزات هرمون
والنساء   )PCOS( الكيسات المبيض متعدد  بين مريضات متلازمة 
مع   )PCOM( المتعدد  المبيض  تكيسات  لديهم  الذين  الأصحاء 
 PCOS لنساء  التشخيص  قيمة  وتحديد   ، العادية  الطمث  دورات 

خلال فترة التناسل.

الطريقة: أجريت هذه الدراسة خلال الفترة من فبراير 2013 وأكتوبر 
2017 في قسم أمراض النساء والتوليد، إزمير كاتيب جلبي مستشفى 
جامعة أتاتورك للتدريب والبحث، أزمير، تركيا. اشتملت الدراسة 
على 70 من مرضى PCOS و PCOM 70 نساء مع دورات الطمث 
8 ساعات صوم  المريضات بعد  العادية. تم الحصول على عينات دم 
التناسلية،  الغدد  ومصل   ، البيوكيميائية  والتقييمات   AMH ل 

وقياسات الاندروجين.

للمصابات  المصل  في   AMH مستويات  متوسط  كان  النتائج:  
بمتلازمة تكيس المبايض أعلى من النساء PCOMمع دورات الطمث 
لتشخيص   AMH مصل  قطع  قيمة  كانت   .)p<0.01( الطبيعية 
خصوصية    ،72.8% )حساسية  نانوغرام/مل   PCOS 3.51

.)75.7%

 PCOS AMH أعلى بكثير في مرضى  الخاتمة:  كان تركيز مصل 
مستقلة من مورفولوجيا المبيض وعدد البصيلات لكل مبيض. القيم 
تشخيص  في   AMH على  العثور  تم  والسلبية  الإيجابية  التنبؤية 
PCOS لتكون  %75  و %73.6 ، على التوالي، مع قيمة القطع من 

3.51 نانوغرام/مل.

Objectives: To compare Anti-Mullerian hormone 
(AMH) concentrations between polycystic ovary 
syndrome (PCOS)  patients and  healthy women who 
have polycystic ovarian morphology (PCOM) with 
regular menstrual cycles, and to determine a diagnostic 
cutoff value for PCOS women during reproductive 
period.

Methods: This  study was carried out between February 
2013 and October 2017 at the Department of Obstetrics 

and Gynecology, İzmir Katip Çelebi University Atatürk 
Training and Research Hospital,  Izmir, Turkey. Seventy 
PCOS patients and 70 PCOM women with normal 
menstrual cycles were included in the study. Blood 
samples of the subjects were obtained following an 
8-hour fast for AMH and biochemical assessments, 
serum gonadotropin, and androgen measurements.

Results: The mean serum AMH levels of PCOS patients 
were found to be higher than PCOM women with 
normal menstrual cycles (p<0.01). The optimal serum 
AMH cutoff value for PCOS diagnosis was determined 
as 3.51 ng/ml (sensitivity 72.8%, specificity 75.7%).

Conclusion: Serum AMH concentrations are 
significantly higher in PCOS patients independent from 
the ovarian morphology and number of follicles per 
ovary. Positive and negative predictive values of AMH 
in PCOS diagnosis were found to be 75% and 73.6%, 
respectively, with a cutoff value of 3.51 ng/mL.
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Polycystic ovary syndrome (PCOS) is the most 
common endocrine disorder affecting 6-20% of 

women in reproductive age.1 The PCOS diagnosis 
is based on criteria adopted in 2004 and updated in 
2012, consisting of either clinical or biochemical 
hyperandrogenism, oligo/anovulation and polycystic 
ovarian morphology (PCOM) on ultrasound which 
is defined as the presence of more than 12 follicles, 
2-9 mm in diameter each, in an ovary or an ovarian 
volume greater than 10 cm3.2,3 The presence of at 
least 2 out of 3 aforementioned criteria is sufficient 
for PCOS diagnosis. However, since ultrasonographic 
imaging is user and device dependent, and current 
high resolution ultrasonography devices have increased 
the demonstrability of 2-9 mm follicles, the threshold 
value of follicles for PCOS diagnosis is controversial.4,5 
Another controversy concerning the subject is whether  
the PCOM in women is a clinically non-significant 
variation, or a predisposing or mild clinical form of 
PCOS.6

Anti-Mullerian hormone (AMH)’s serum 
concentration is significantly correlated with the 
amount of pre-antral and small follicles.7 Thus, AMH is 
used as an effective marker of ovarian follicular reserve 
and ovarian senility.8,9 Although there are several studies 
reporting a strong correlation between AMH elevation 
and PCOS phenotype as well as ovulatory dysfunction, 
whether morphological alterations in the ovary or 
biochemical-hormonal interactions play a major role 
in the hormone level elevation is still controversial.10,11 
Studies claiming that AMH is strongly correlated with 
standard diagnostic criteria and that serum AMH 
elevation is an objective predictor of PCOS diagnosis 
are abundant in the literature.12,13 Although different 
cutoff values for PCOS diagnosis have been defined by 
various studies, no AMH cutoff value is yet generally 
accepted for PCOS diagnosis.14,15 

The aim of this study is to compare the AMH 
concentration and other biochemical parameters of 
otherwise healthy PCOM women with that of PCOS 
patients, and to determine an AMH cutoff value that 
can support PCOS diagnosis.

Methods. This cross-sectional study was carried 
out between February 2013 and October 2017 at the 
Department of Obstetrics & Gynecology, İzmir Katip 
Çelebi University Atatürk Training and Research 
Hospital, Izmir, Turkey. The study protocol was 
accepted by the Izmir Katip Celebi University local 
ethics  committee (IRB 2013-111). The study was 
registered on Clinical Trials Gov. (NCT01878955). 
Ethical principles of Declaration of Helsinki for 

medical research involving human subject was applied 
in the study. Verbal or written informed consent 
confirmed by all participants. The power of the study 
was calculated using G-Power software (version 3.1).16  
In order to determine the difference between the AMH 
values between 2 groups by using the mean effect size d 
= 0.05 suggested by Cohen (1988), with type 1 error = 
0.05, and statistical power = 0.80, the sample size was 
determined at 64 patients.17 

Seventy women aged between 15 and 45 years 
diagnosed as PCOS according to Rotterdam criteria, 
and 70 otherwise healthy, non-hirsute women in the 
same age group who had normal menstrual cycles and 
PCOM on ultrasonography were included in the study. 
Patients with diabetes, adrenal or thyroid dysfunction, 
previous history of ovarian surgery or endometriosis, 
and patients using drugs altering endocrine functions 
were excluded (Figure 1). 

Physical and gynecological examinations of the 
subjects were performed as well as body mass index 
and modified Ferriman Gallwey (MFG) scores were 
calculated. Serum glucose, insulin, lipid and AMH 
levels of the patients were assessed in venous blood after 
an 8-hour fast. Follicle stimulating hormone (FSH), 
luteinizing hormone (LH) and  total testosterone 
measurements were performed during the early 

Figure 1 - Flowchart of the study design. PCOS - Polycystic ovary 
syndrome, PCOM - polycystic ovarian morphology, AMH - 
Anti-Mullerian hormone
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follicular phase. Ultrasonographic examinations were 
performed either with a 7 MHz transvaginal probe or 
with a 5 MHz convex probe and a full bladder (The 
SonoAce X8 Ultrasound System Samsung Medison, 
S.Korea). The number of follicles per ovary (FNPO) 
was calculated by dividing the total number of follicles 
in both ovaries by 2.

Serum total testosterone levels were maesured 
by using ELISA technique (Beckman-Coulter, 
Villepinte, France). A total testosterone level ≥76 ng/
dL was defined as biochemical hyperandrogenemia, 
whereas a MFG score ≥8 was defined as clinical 
hyperandrogenism. The  homeostatic model assessment 
for insulin resistance (HOMA-IR) score was calculated 
to assess the glucose metabolism (fasting glucose x 
fasting insulin/450). Homeostatic model assessment for 
insulin resistance  scores >2.5 were considered insulin 
resistant. Subjects with serum AMH <1 ng/mL and 
serum FSH >12 mU / mL were excluded from the study. 
Serum AMH levels were measured by ELISA using an 
appropriate commercial kit (Beckman Coulter, Chaska, 
MN, USA), mean inter- and intra-assay  Coefficient of 
Variability (CVS) of 4.5% and 3.6%, respectively. Serum 
glucose, cholesterol and triglyceride measurements 
were performed with the appropriate kits suggested by 
the manufacturer (Cobas 8000, Roche Diagnostics, 
Mannheim, Germany). Serum insulin, FSH and LH 

levels were assessed by ELISA (DRG International, Inc., 
USA). The intra- and inter-assay coefficients of variation 
were below 10%. Data were evaluated in the statistical 
package program IBM SPSS Statistics 25.0 (IBM 
Corp., Armonk, New York, USA) Normal distributions 
of the numerical variables were evaluated by Shapiro 
Wilk normality test and Q-Q graphs. Comparison of 
the groups were performed by independent 2-sample t 
test and Mann-Whitney U test for normally distributed 
variables and non-normally distributed variables, 
respectively. Anti-Mullerian hormone comparison 
between the groups was performed by covariance 
analysis after correction for confounding factors. 
Receiver operating characteristic (ROC) analyses was 
used to determine cutoff, sensitivity, specificity, positive 
and negative predictive values. The relationships 
between numerical variables were evaluated by Pearson 
correlation coefficient or Spearman correlation analysis. 
Fisher Chi-square exact test was used for RXC tables 
to compare categoric variables. P<0.05 was regarded as 
statistically significant.

Results. Groups were similar in terms of fertility 
status, mean number of deliveries, fasting serum glucose, 
and FSH levels. The mean age of the PCOS group was 
found to be significantly lower than PCOM women. 
The mean serum AMH levels of patients with PCOS 

Table 1 - Clinical and biochemical characteristics of the groups.

Characteristics Gorup A
PCOM
(n=70)

Group B
PCOS
(n=70)

P-value

Age (year) 29.9 (15-43) 26.3 (15-42)  0.032
Gravity 1 (0-6) 0 (0-4)  0.047
Parity 0 (0-5) 0 (0-4)  0.188
Fertility  0.214

Fertile (%)  43 (61.4) 25 (35.7)
İnfertile (%) 18 (25.7) 18 (25.7)

MFG     7.05 ± 0.38       9.5 ± 3.5 <0.001
BMI (kg/m2)   23.27 ± 4.3   25.28 ± 4.5   0.010
AMH (ng/mL)     2.95 ± 1.99     5.34 ± 2.74     0.012*
Follicle number per ovary   10.57 ± 3.35   17.88 ± 3.18 <0.001
Total testosterone (ng/dL)   43.96 ± 16.8   53.09 ± 20.6   0.010
Total cholesterole (mg/dL) 163.23 ± 35.04 179.01 ± 46.12   0.023
Triglyceride (mg/dL)     84.9 ± 40.36   111.9 ± 59.1   0.002
Glucose (mg/dL)   92.15 ± 1.16   93.75 ± 1.98   0.375
İnsuline (uIU/mL)       7.9 ± 1.30     13.4 ± 1.44   0.004
HOMA-IR     1.39 ± 2.7       3.3 ± 4.7   0.033
FSH  (mIU/mL)     6.59 ± 2.22     6.54 ± 2.14   0.182
LH  (mIU/mL)       5.3 ± 3.41       8.3 ± 6.9   0.007

*Adjusted for bdoy mass index (BMI), follicles per ovary (FNPO), luteinizing hormone (LH) 
and insuline, MFG - modified Ferriman Gallwey, AMH - Anti-Mullerian hormone FSH - follicle 

stimulating hormone, HOMA-IR - homeostatic model assessment for insulin resistance
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were found to be higher than PCOM women with 
normal menstrual cycles. The groups were significantly 
different from each other in terms of FNPO, BMI, 
modified Ferriman Gallwey score, HOMA-IR score, 
serum AMH, lipid and LH levels (Table 1). Evaluation 
of the groups in terms of fertility status revealed 12.9% 
(n=9) of healthy women with PCOM and 38.6% (n=27) 
of women with PCOS to be virgin and the number of 
patients diagnosed with infertility in both groups to be 
equal. Approximately 68.3% of healthy PCOM women 
and 39.3% of PCOS women were found to be fertile. 
Groups were found to be similar in terms of fertility 
after the exclusion of virgin cases.

Assessment of the independent variables’ correlations 
according to the AMH dependent variable revealed 
that the variables age, BMI, insulin level, LH and 
FNPO are confounding factors among the groups. 
All variables with differences between the groups were 
modeled with group variables in general linear models 
to eliminate the effects of confounding factors. While 
AMH was negatively correlated with age and BMI, it 
was positively correlated with LH and fasting glucose 
level, and moderately positively correlated with FNPO. 
Evaluation of the intergroup correlations of independent 
variables showed that age and BMI in healthy PCOM 
women were correlated with AMH, whereas in PCOS 
women only age was correlated with AMH (Table 2).

Groups were compared in terms of AMH with 
covariance analysis after correction for the confounding 
factors and serum AMH level was  found to be 
significantly higher in PCOS patients. Positive and 
negative predictive values of AMH in PCOS diagnosis 
were found to be 75% and 73.6%, respectively, with 
a cutoff value of 3.51 ng/mL. In the ROC analysis 
performed for the optimal serum AMH level for 
PCOS diagnosis, the area under the curve was 0.781, 
sensitivity for cutoff value 3.51 was 72.8% (95% CI 
60.9 - 82.8) and specificity was 75.7% (95% CI 64.0 
- 85.2) (Figure 2).

Discussion. In the current study, serum AMH 
concentrations of PCOS women were found to be 
significantly higher than healthy PCOM women after 
correction for confounding factors such as age, BMI, 

Table 2 - Correlations between Anti-Mullerian hormone (AMH) and 
other variables.

Variables Total               PCOM PCOS
Age
r
P-value

-0.304
<0.001

-0.262
0.028

-0.250
0.037

BMI
r
P-value

-0.253
0.003

-0.377
<0.001

-0.030
0.805

HOMA-IR
r
P-value

0.074
0.388

0.216
0.075

0.110
0.364

Glucose
r
P-value

0.009
0.917

0.075
0.535

-0.078
0.519

İnsüline
r
P-value

0.169
0.047

0.211
0.81

-0.039
0.748

FSH
r
P-value

-0.061
0.472

-0.36
0.764

0.018
0.879

LH
r
P-value

0.240
0.004

0.171
0.158

0.158
0.193

Ttestesterone
r
P-value

0.180
0.049

0.277
0.032

0.321
0.013

FNPO
r
P-value

0.488
<0.001

0.182
0.135

0.233
0.052

Cholesterol
r
P-value

0.099
0.243

0.048
0.696

-0.017
0.892

Triglyceride
r
P-value

0.158
0.062

0.143
0.237

-0.015
0.903

Parity
rho
P-value

0.044
0.607

0.075
0.535

0.103
0.396

MGF
rho
P-value

0.153
0.607

0.046
0.704

-0.125
0.304

BMI - body mass index, FSH - follicle stimulating hormone, 
FNPO - follicle number per ovary, LH - luteinizing hormone, 

MFG - modified fermann gallway Score, Rho - correlation coefficient, 
HOMA-IR - homeostatic model assessment for insulin resistance

Figure 2 - Receiver operating characteristic curve of the predictive 
value of AMH for polycystic ovary syndrome. AMH - Anti-
Mullerian hormone
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insulin level, LH, and FNPO. Comparison of PCOS 
patients and PCOM women with regular menstrual 
cycles revealed a significant difference among the groups 
in terms of hirsutism scores, BMI, FNPO, serum lipid 
concentrations, insulin resistance and LH levels, while 
no difference was detected in serum glucose levels and 
fertility status (p>0,05).  

Anti-Mullerian hormone cutoff value that can be 
used to distinguish healthy PCOM women and PCOS 
cases is found to be 3.51 ng/mL. In the literature, AMH 
cutoff value results have been reported, such as 8 ng/mL 
for Chinese young adults (17-24 years), 8.4 ng/mL for 
European patients in the same age group and 3.8 ng/mL 
for young adults from northwestern Turkey.18-21 Despite 
being slightly lower than the threshold value determined 
for foreign populations, our result is quite close to 
the cutoff value reported from in Turkey.12,19,23 The 
difference of our results from the literature might be 
explained by racial differences as well as the age range 
(15-43 years) of our study group, which covers almost 
the entire fertile period unlike other studies composed 
merely of young adults.
      Several studies have reported that AMH is strongly 
correlated with the baseline phenotypic characteristics of 
PCOS as well as the number of small antral follicles.19,20 
Similarly, AMH level correlated significantly with age, 
fasting insulin, BMI, FNPO and LH in our study. 
Reduction in serum AMH levels with age has been 
shown and suggested as a marker for menopause 
prediction in several clinical trials.10,22  Concordant 
with the literature, we found that AMH is negatively 
correlated with age in both PCOS patients and healthy 
PCOM women. 

Comparison of groups in terms of serum glucose, 
insulin levels and HOMA-IR scores revealed a 
significant difference among HOMA-IR and insulin 
levels. Different results have been obtained by various 
studies conducted in 2 different regions of our country. 
While Tokmak et al24 defined a significant correlation 
between AMH and insulin resistance (IR) among 
non-obese adolescents, Şahmay et al25 reported no 
correlation between AMH and IR. Although there was 
a weak positive correlation between insulin level and 
AMH in our study, no correlation between IR, serum 
fasting glucose and AMH was detected. The presence of 
hyperinsulinemia in PCOS cases has been proposed to 
be due to increased AMH release from granulosa cells 
via androgen uptake.26

A strong positive correlation between AMH levels, 
FNPO, LH levels and hyperandrogenism was detected 
in our study. Studies have reported a positive correlation 
between AMH and the number of small antral follicles 

in both healthy women and PCOS cases. Luteinizing 
hormone elevation is reported to increase AMH secretion 
from granulosa cells in PCOS cases.27,28 We detected 
a negative correlation between AMH and BMI. The 
results of other studies are controversial; however,29-31 
despite the ambiguous relationship between obesity and 
AMH, the effect of obesity on AMH levels is suggested 
to be due to the inflammatory and oxidative stress that 
develops in the ovarian follicular microenvironment.32,33 

The limitations of the study were the AMH 
measurement was carried out by different methods 
in different studies in the literature. Furthermore, the 
participants of the PCOM group consisted of women 
who had primary dysmenorrhea or healthy women 
whom  were counseling requests. The heterogeneity of 
this group may have been a selection bias.

There was no significant difference in fertility between 
the groups in our study. Polycystic ovary syndrome is a 
major cause of infertility due to anovulation.34 The lack 
of difference in fertility between the groups in our study 
might be due to more than one third of PCOS cases 
being excluded from fertility status evaluation because 
they were virgins.

In conclusion, PCOM and PCOS differ in 
their clinical and metabolic characteristics. Anti-
Mullerian hormone plays an important role in the 
pathophysiology of PCOS and can be used as an adjunct 
to other metabolic variables in PCOS diagnosis and 
differentiation. However, there is a need for multicenter 
studies to determine a cut-off value for AMH level.
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