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Abstract
Purpose  To diagnose polycystic ovary syndrome (PCOS) in young infertile women using different diagnostic criteria. To 
define serum anti-Müllerian hormone (AMH) cutoff values for PCOS definition. To investigate the correlation between 
AMH and body mass index (BMI).
Methods  Retrospective case–control study. A total of 140 infertile women (age 21–35 years) were enrolled. PCOS was 
defined according to the National Institutes of Health (NIH) criteria, the Rotterdam consensus criteria and the Androgen 
Excess and PCOS Society (AE-PCOS) criteria. ROC curve analysis was performed to define AMH thresholds for PCOS 
definition according to the three different diagnostic criteria. Correlation between AMH and BMI was investigated.
Results  The prevalence of PCOS under the NIH criteria, the Rotterdam criteria and the AE-PCOS criteria was 27.1, 40 
and 29.3%, respectively. The optimal thresholds of AMH to distinguish NIH PCOS from infertile controls was 5.20 ng/ml 
(AUC = 0.86, sensitivity 79%, specificity 80%); the best cutoff to detect Rotterdam PCOS was 4.57 ng/ml (AUC = 0.85, 
sensitivity 78%, specificity 81%); a cutoff of 4.85 ng/ml (AUC = 0.85, sensitivity 80%, specificity 78%) defined PCOS 
women according to AE-PCOS criteria. The prevalence of the syndrome became 37.1, 44.3 and 39.2% according to the 
three criteria, respectively, using AMH threshold between 4.57 and 5.20 ng/ml as an alternative to antral follicle count and/
or hyperandrogenism.
Conclusion  Anti-Müllerian hormone may reconcile the three diagnostic criteria and allow the PCOS diagnosis in women 
with mild symptoms. No significant correlation was found between AMH and BMI in PCOS women and controls.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrine disorder in reproductive age women. It has 
important clinical features such as chronic anovulation 
and infertility [1], hyperandrogenism (HA) [2], pregnancy 

complications, long-term metabolic, cardiovascular and neo-
plastic risks [3–6]. The prevalence of PCOS differs accord-
ing to the diagnostic criteria used [2, 7, 8]. Polycystic ovar-
ian morphology (PCO), oligo-anovulation (OA), and HA are 
accepted diagnostic criteria for PCOS. The definition of pol-
ycystic ovarian morphology and clinical hyperandrogenism 
may be difficult because of technical characteristics of ultra-
sound devices, ultrasound operator dependence and inter-
observer variability of Ferriman–Gallwey hirsutism scor-
ing system [9]. Several studies showed evidence about the 
essential role of anti-Müllerian hormone (AMH) in PCOS 
diagnosis [10]. AMH synthetized by the granulosa cells 
of small antral and pre-antral ovarian follicles is higher in 
PCOS women than in controls. The excessive number of fol-
licles on ultrasound and/or the high AMH serum levels have 
been proposed as surrogate markers of HA in PCOS women 
[11]. Sahmay et al. [12] underlined that the combination of 
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AMH level with OA and/or HA increased accuracy in PCOS 
diagnosis but it is not clear if AMH should be used alone 
or in combination with clinical symptoms. However, due to 
the variability in AMH assays, it is difficult to define univer-
sally agreed thresholds for PCOS diagnosis. Moreover, age 
may play a confounding effect on the relationship between 
AMH and hormonal parameters, and some authors suggest 
avoiding diagnosing PCOS before 18 years of age [13]. Also 
BMI may act as a confounding factor; both in PCOS women 
and in controls the relationship between AMH and BMI is 
controversial [14–19]. In Kriseman’s study conducted on 
infertile women, the average AMH levels in the PCOS group 
were significantly higher in lean women (BMI ≤ 25), than in 
overweight subjects [14] and in a retrospective study con-
ducted on a large cohort of young infertile women, serum 
AMH levels were slightly but significantly lower in over-
weight women with PCOS [15]. It has not been observed 
any change of AMH level after body weight reduction in 
PCOS women [20].

The aim of the present study is to investigate the role of 
AMH in PCOS diagnosis according to the NIH, the Rotter-
dam and the AE-PCOS criteria, and to evaluate the correla-
tion between AMH and BMI.

Materials and methods

Subjects

Patients included in this study were selected from a database 
of 1349 infertile women referred to the Infertility Center 
of Tor Vergata University Hospital, Section of Gynecology 
and Obstetrics between October 2007 and December 2014. 
The Institutional Review Board of Tor Vergata University 
Hospital in accordance with Helsinki Declaration approved 
the present study for Medical Research involving Human 
Subjects. All patients gave their written informed consent. 
The exclusion criteria were congenital adrenal hyperplasia, 
androgen-secreting tumors, Cushing’s syndrome, galactor-
rhea, hyperprolactinemia, thyroid dysfunctions and other 
endocrinological disorders, autoimmune diseases, hypotha-
lamic amenorrhea, premature ovarian failure, age < 18 or 
> 35 years, serum FSH levels > 12 mIU/ml, use of hormo-
nal contraceptive, pregnancy, puerperium, ovarian cysts or 
ovarian tumors, endometriosis, previous ovarian and uterine 
surgery or chemotherapy. The inclusion criteria were the 
presence of both ovaries and their adequate visualization 
on transvaginal ultrasonography. The diagnosis of PCOS 
was made according to three criteria; the National Institutes 
of Health (NIH) criteria: oligo-anovulation (OA) and clini-
cal and/or biochemical signs of HA in the absence of other 
endocrinopathies [7], the Rotterdam criteria, i.e. presence 
of at least two of the following criteria: OA, clinical and/or 

biochemical signs of HA and polycystic ovarian morphology 
(PCO) in the absence of other etiologies [8], and the AE-
PCOS criteria (the mandatory presence of hyperandrogen-
ism associated with ovarian dysfunction, defined by OA and/
or PCO) [2]. PCO was defined using a threshold of 12 folli-
cles (2–9 mm in diameter) per whole ovary and/or increased 
ovarian volume (> 10 ml). These cutoffs are explained by the 
use of an ultrasound probe frequency of 6.5 MHz.

Investigations

Menstrual irregularity was assessed as the presence of 
chronic amenorrhea, or a cycle length of less than 21 days or 
more than 35 days. Anovulation was attested by a serial trans-
vaginal ultrasound monitoring. Clinical definition of hyper-
androgenism was determined by the presence of hirsutism 
(modified Ferriman and Gallwey score > 6) or severe and 
diffuse acne/seborrhea. Biochemical HA was established by 
TT serum level > 0.76 ng/ml (normal range 0.14–0.76 ng/ml), 
and/or A serum level > 2.2 ng/ml (normal range 0.21–2.2 ng/
ml) and/or free testosterone (FT) serum level > 4.1 pg/ml 
(normal range 0.3–3.18 pg/ml). Women underwent AMH, 
FSH, LH, 17βestradiol (E2), inhibin B, TT, FT, A blood test 
and a pelvic ultrasound examination after a spontaneous or 
progesterone-induced bleeding within the fifth day of cycle. 
From 2007 to 2013, AMH blood levels were measured using 
the enzyme immunoassay AMH-EIA (reference A11893, 
Immunotech, Beckman Coulter company from Marseille, 
France) while from 2013 onwards AMH Gen II ELISA kit 
was applied (reference A79765 Beckman Coulter). Serum 
E2, FSH and LH, and TT levels were determined by immuno-
assay systems (ADVIA Centaur, Siemens Healthcare Diag-
nostic Inc.); Δ4 androstenedione was measured by automatic 
immunoassay systems (Immulite/Immulite 1000, Siemens 
Medical Solutions Diagnostics, Malvern, PA). Serum FT 
levels were tested by RIA (DIA source Immunoassay SA, 
Nivelles, Belgium), inhibin B was determined by Inhibin 
Gen II enzyme-linked immunosorbent assay kit (reference 
A81303, Beckman Coulter, Inc., Brea, CA). The ultrasound 
device used was Hitachi H21 HI Vision (probe frequency was 
6.5 MHz). Through a slow and careful scanning from one 
margin of the ovary to the other, all follicles between 2 and 
9 mm were considered to define antral follicle count (AFC). 
Ovarian volume was calculated by the formula: V = 0.526 × 
length × height × width. Metabolic syndrome was defined by 
the National Cholesterol Education Program Adult Treatment 
Panel III of 2001 (NCEP ATP III) criteria by the presence of 
at least three of the following five criteria: abdominal obesity 
(waist circumference—WC) > 88 cm, triglycerides ≥ 150 mg/
dl, high-density lipoprotein cholesterol (HDL-C) < 50 mg/dl, 
blood pressure ≥ 130/≥ 85 mmHg, fasting glucose > 110 mg/
dl [21]. Total cholesterol, HDL-C, triglycerides and glucose 
were measured with the use of standard enzymatic methods 
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(Dimension Vista System, Siemens Healthcare Diagnostic 
Inc.); LDL-C was mathematically derived.

Statistical analysis

Statistical analysis was performed by SPSS software (v. 13.0 
SPSS, Inc., Chicago, IL). Comparisons between the groups 
were performed with multivariate general linear model-
based one-way analysis of variance (ANOVA), and Bonfer-
roni’s post hoc test was applied whenever appropriated. Cat-
egorical data were analyzed by chi-square test. Univariate 

analysis was performed using the Spearman’s correlation 
test. Receiver operating characteristic (ROC) curves were 
constructed to examine the diagnostic test performance. Sta-
tistical significance was defined as p < 0.05.

Results

A group of 140 women meeting the inclusion criteria com-
pleted the diagnostic work-up and was included in the pre-
sent study. The prevalence of PCOS under the NIH criteria, 

Table 1   Clinical, hormonal, metabolic and ultrasound features of women according to the NIH criteria

Values are expressed as mean ± SD (min–max) or n (%) °ANOVA ONE WAY *Chi-square test
AMH anti-Müllerian hormone, FSH follicle stimulating hormone, LH luteinizing hormone, E2 estradiol, BMI body mass index, WC waist cir-
cumference

NIH criteria Group A
PCOS

Group B
Suspected PCOS

Group C
Controls

p

Group Bx
Suspected PCOS 
AMH ≥ 5.2 ng/ml

Group By
Suspected PCOS 
AMH < 5.2 ng/ml

Number of women 38 (27.1%) 14 (10%) 32 (22.9%) 56 (40%)
Age (years) 30.6 ± 3 (23–35) 29.2 ± 3 (23–34) 30.7 ± 3 (21–35) 31.7 ± 3 (24–35) NS
AMH (ng/ml) 8.4 ± 4.8 (1.5–24.5) 7.7 ± 3.3 (5.5–15.6) 2.6 ± 1.3 (0.2–5) 2.8 ± 2.2 (0.1–10.2) A vs C 0.001

Bx vs By 0.001
Bx vs C 0.001
A vs By 0.001°

Oligo-anovulation 38 (100%) 8 (57.1%) 15 (46.9%) 0 0.001*
Clinical and/or biochemi-

cal HA
38 (100%) 6 (42.8%) 17 (53.1%) 0 0.001*

Clinical HA 27 (71%) 2 (14.3%) 17 (53.1%) 0 0.001*
Biochemical HA 0 0 0 0 NS
Clinical and biochemical 

HA
11 (28.9%) 4 (28.6%) 0 0 0.001*

FSH (mIU/ml) 5.4 ± 1.5 (1.1–8.3) 5.7 ± 1.6 (3.7–9.5) 6.7 ± 2.8 (3–12) 7.5 ± 3.4 (0.8–12) A vs C 0.003°
LH (mIU/ml) 9.1 ± 6.2 (1.1–22.2) 6.6 ± 2.6 (1.4–10.6) 5.2 ± 3 (0.6–14.5) 4.3 ± 2.1 (0.1–11.5) A vs C < 0.001

A vs By 0.001°
E2 (pg/ml) 44.0 ± 17.2 (11–80) 45.4 ± 6.3 (10.8–85.5) 41.5 ± 23.6 (14.6–123) 49.1 ± 31.8 (9–206) NS
Inhibin (pg/ml) 70.1 ± 54.3 (11–288) 60.4 ± 45.7 (8.2–135.5) 59.4 ± 36.9 (0.1–135.4) 72.4 ± 49.9 (3.7–221) NS
Free testosterone (pg/ml) 1.66 ± 1.23 (0.4–6.8) 1.6 ± 0.81 (0.4–2.9) 1 ± 0.9 (0.3–3) 0.72 ± 0.39 (0.16–1.7) A vs C 0.001

C vs Bx 0.055°
Androstenedione (ng/ml) 2.8 ± 1.3 (1.1–6.1) 2.5 ± 0.9 (0.5–3.5) 2.2 ± 0.7 (1–3.7) 1.8 ± 0.7 (0.34–3.31) A vs C 0.016°
Follicle number (2–9 mm) 

right ovary
22.2 ± 11.6 (5–55) 16.5 ± 9.8 (4–37) 10.24 ± 7.4 (1–37) 6.8 ± 3.3 (1–12) A vs C 0.001

Bx vs C 0.002
A vs By 0.001°

Follicle number (2–9 mm) 
left ovary

19.8 ± 9.2 (5–45) 15.9 ± 9.9 (6–39) 9.8 ± 5.8 (1–25) 6.6 ± 3.0 (1.1–12) A vs C 0.001
Bx vs C 0.002
A vs By 0.001°

Right ovarian volume (ml) 10.7 ± 9.6 (1.4–48.0) 7.5 ± 5.6 (2–19.0) 6.0 ± 2.8 (1.6–11.7) 4.6 ± 1.9 (2–9.1) A vs C 0.001°
Left ovarian volume (ml) 9.7 ± 6.7 (3.85–34.0) 7.7 ± 4.7 (1.3–16.0) 7.1 ± 3.1 (1.2–11.6) 5.4 ± 3.2 (0.8–9.7) A vs C 0.001°
BMI (kg/m2) 28.4 ± 6 (19.2–44) 24 ± 4 (19.4–32) 26 ± 4.3 (19.4–35) 23.4 ± 3.2 (17.1–36.7) A vs C < 0.001°
BMI ≥ 25 26 (68.4%) 4 (28.5%) 17 (53.1%) 15 (26.7%) 0.001*
WC (cm) 91.9 ± 13.4 (71.4–126.2) 82 ± 8.8 (71.8–99.8) 86.6 ± 9.6 (71.8–108) 80.8 ± 9.6 (67–110) A vs C 0.001°
Metabolic syndrome 8 (21%) 0 5 (15.6%) 1 (1.8%) 0.007*
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the Rotterdam criteria and the AE-PCOS criteria was 27.1, 
40 and 29.3%, respectively (Tables 1, 2, 3). The distribu-
tion of the four phenotypes according to the NIH 2012 
extension of the Rotterdam classification [22] was pheno-
type a (HA + PCO + OA) 34 women (24.3%), phenotype b 
(HA + OA) 4 women, phenotype c (HA + PCO) 5 women, 
and phenotype d (PCO + OA) 13 women (Table 4). The preva-
lence of metabolic syndrome in PCOS women was 21, 17.8 
and 17.1% under the three criteria, respectively. Significant 
differences were found between PCOS and controls regard-
less of the criterion used (Tables 1, 2 and 3) and between 
phenotype a and controls (Table 4). A ROC curve analysis 
was performed to evaluate the diagnostic potency of AMH 
serum levels for the diagnosis of PCOS, HA and OA (Fig. 1). 
The optimal thresholds of AMH to distinguish NIH PCOS 
from infertile controls was 5.20 ng/ml (AUC = 0.86, sensitiv-
ity 79%, specificity 80%); the best cutoff to detect Rotterdam 
PCOS was 4.57 ng/ml (AUC = 0.85, sensitivity 78%, speci-
ficity 81%); a cutoff of 4.85 ng/ml (AUC = 0.85, sensitivity 
80%, specificity 78%) defined PCOS women according to AE-
PCOS criteria. ROC curve analysis showed a good diagnostic 
potency of AMH serum levels for the prediction of biochemi-
cal HA and OA (AUC was 0.84 and 0.80, respectively). For 

OA the best compromise between specificity and sensitiv-
ity was obtained with a threshold of 4.25 ng/ml (0.73–0.85, 
95% CI; sensitivity 75%, specificity 76%); for biochemical 
HA the cutoff was 5.57 ng/ml (0.73–0.95, 95% CI; sensitiv-
ity 86%, specificity 76%). AMH positively correlated with 
AFC and ovarian volume in both women with PCOS and con-
trols, regardless of the criterion used to define the syndrome 
(Table 5). AMH positively correlated with FT in PCOS group 
defined according to the Rotterdam criteria (r 0.47, p = 0.001) 
and in control group defined by the AE-PCOS criteria (r 0.32, 
p = 0.01). No significant correlation was found between AMH 
and BMI in PCOS women and in controls, regardless of the 
criterion used. The prevalence of the syndrome became 37.1, 
44.3 and 39.2% according to the three criteria, respectively, 
using AMH threshold between 4.57 and 5.20 ng/ml as an 
alternative to antral follicle count and/or hyperandrogenism.

Discussion

The present study confirms that PCOS prevalence differs 
depending on the diagnostic criteria used for its definition 
[23] and that there is a significant AMH level increase in 

Table 2   Clinical, hormonal, metabolic and ultrasound features of women according to the Rotterdam criteria

Values are expressed as mean ± SD (min–max) or n (%) °ANOVA ONE WAY *Chi-square test
AMH anti-Müllerian hormone, FSH follicle stimulating hormone, LH luteinizing hormone, E2 estradiol, BMI body mass index, WC waist cir-
cumference

Rotterdam criteria Group A1
PCOS

Group C1
Controls

p

Number of women 56 (40%) 84 (60%)
Age (years) 30 ± 3.5 (23–35) 31 ± 3.2 (21–35) NS
AMH (ng/ml) 7.4 ± 4.6 (1–24.5) 2.9 ± 2.1 (0.1–10.2) A1 vs C1 < 0.001°
Oligo-anovulation 54 (96.4%) 7 (8.3%) 0.001*
Clinical and/or biochemical HA 43 (76.8%) 18 (21.4%) 0.001*
Clinical HA 32 (57.1%) 14 (16.6%) 0.001*
Biochemical HA 0 0 NS
Clinical and biochemical HA 11 (19.6%) 4 (4.76%) 0.001*
FSH (mIU/ml) 5.5 ± 1.6 (1.1–9.5) 7.3 ± 3.3 (0.8–11.9) A1 vs C1 0.004°
LH (mIU/ml) 8.0 ± 5.5 (0.6–22.2) 4.6 ± 2.3 (0.10–12.3) A1 vs C1 < 0.001°
E2 (pg/ml) 44.9 ± 21.17 (11–123) 46.0 ± 28.8 (10.8–106) NS
Inhibin (pg/ml) 67.1 ± 49.7 (8.2–288) 67.9 ± 47.1 (1.3–21.4) NS
Free testosterone (pg/ml) 1.5 ± 1.1 (0.29–6.8) 0.9 ± 0.6 (0.16–3) A1 vs C1 0.036°
Δ4 Androstenedione (ng/ml) 2.6 ± 1.2 (0.48–6.10) 2.0 ± 0.8 (2–3.55) A1 vs C1 0.055°
Follicle number (2–9 mm) right ovary 21 ± 10.5 (5–55) 6.5 ± 3.2 (1–12) A1 vs C1 < 0.001°
Follicle number (2–9 mm) left ovary 18.6 ± 8.5 (5–45) 6.3 ± 2.7 (1–12) A1 vs C1 < 0.001°
Right ovarian volume (ml) 9.5 ± 7.9 (1.4–48) 4.8 ± 2.4 (1.3–11.7) A1 vs C1 0.004°
Left ovarian volume (ml) 9.3 ± 5.9 (1.4–34) 4.8 ± 2.6 (0.9–11.6) A1 vs C1 0.004°
BMI (kg/m2) 27.2 ± 5.7 (19.2–43.4) 24.1 ± 4.4 (17.2–36.7) A1 vs C1 < 0.001°
BMI ≥ 25 36 (61%) 26 (31%) 0.001*
WC (cm) 89.2 ± 12.7 (71.4–126.2) 82.4 ± 9.8 (67–110.2) A1 vs C1 < 0.001°
Metabolic syndrome 10 (17.8%) 4 (4.8%) 0.019*
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women with PCOS compared with controls, supporting 
our previous work on this topic [24]. ROC curve analy-
ses showed that the AMH threshold for the definition of 
PCOS does not change significantly among the three cri-
teria used: 5.20, 4.57 and 4.85 ng/ml, respectively. These 
AMH cutoff are close to the one found by Iliodromiti et al. 
[25] in a meta-analysis on ten studies (AMH = 4.7 ng/ml, 
83% sensitivity and 79% specificity). Our study showed 
a positive correlation between AMH and AFC in both 
PCOS and controls, regardless of the criterion used; these 
data validate the appropriate use of high AMH levels as 
an objective marker of PCO [26, 27]. To define univer-
sally agreed AMH threshold, Pigny et al. [28] compared 
five commercial assays for AMH measurements and they 
showed that performance is comparable in PCO and PCOS 
diagnosis (4.2 ng/ml with the automatic assays and 5.6 ng/
ml with the manual assays). In our study, even if there was 
a statistically significant difference in FT and Δ4 andros-
tenedione between PCOS and controls, regardless of the 
criterion used, the correlation between AMH and FT was 
significant only when the syndrome was defined by the 
Rotterdam criteria. These controversial results may be 

due to the heterogeneous hyperandrogenic phenotype of 
PCOS subjects in our sample: more than 70% of PCOS 
women had clinical hyperandrogenism, but only 20–30% 
of them showed biochemical hyperandrogenism. A group 
of women with suspected PCOS was identified into the 
NIH control group by the presence of either HA or OA; 
AMH threshold of 5.20 ng/ml allowed us to distinguish, 
within the control group, women affected by a mild form 
of PCOS from true controls (Table 1). We observed that 
women affected by mild form of PCOS could be detected 
using AMH as a surrogate of AFC or HA, regardless of 
the criterion used to define the syndrome. Including these 
women into the PCOS group, the prevalence of the syn-
drome became 37.1, 44.3 and 39.2%, respectively. This 
method may reconcile Rotterdam criteria with the other 
definitions of the syndrome [11]. Pellat et al. [29] have 
shown that the mean AMH concentration in granulosa 
cells was 75 times higher in anovulatory women with 
PCO and 4 times higher in ovulatory women with PCO 
than the one observed in women with normal ovaries. This 
observation allows us to consider AMH as one of the main 
criteria for the diagnosis of PCOS.

Table 3   Clinical, hormonal, metabolic and ultrasound features of women according to the AE-PCOS criteria

Values are expressed as mean ± SD (min–max) or n (%) °ANOVA ONE WAY *Chi-square test
AMH anti-Müllerian hormone, FSH follicle stimulating hormone, LH luteinizing hormone, E2 estradiol, BMI body mass index, WC waist cir-
cumference

AE-PCOS criteria Group A2
PCOS

Group C2
Controls

p

Number of women 41 (29.2%) 99 (70.71%)
Age (years) 31 ± 3.6 (23–35) 31 ± 3.3 (21–35) NS
AMH (ng/ml) 8.1 ± 4.7 (1–24.5) 3.4 ± 2.7 (0.1–15.6) A2 vs C2 < 0.001°
Oligo-anovulation 36 (25.6%) 25 (17.8%) 0.001*
Clinical and/or biochemical HA 41 (100%) 20 (14.3) 0.001*
Clinical HA 31 (75.6%) 15 (15.1%) 0.001*
Biochemical HA 0 0 NS
Clinical and biochemical HA 10 (24.3%) 5 (5.05%) 0.003*
FSH (mIU/ml) 5.3 ± 1.5 (1.1–8.3) 7.1 ± 3 (0.8–11.6) A2 vs C2 < 0.001°
LH (mIU/ml) 8.9 ± 6 (1.1–22.2) 4.8 ± 2.5 (0.1–12.3) A2 vs C2 < 0.001°
E2 (pg/ml) 47.5 ± 20.7 (15–123) 44.8 ± 27.5 (9–206) NS
Inhibin (pg/ml) 71.4 ± 54.8 (11–288) 65.8 ± 4 (0.1–221) NS
Free testosterone (pg/ml) 1.6 ± 1.2 (0.4–6.8) 0.9 ± 0.6 (0.16–3) A2 vs C2 0.001°
Δ4 Androstenedione (ng/ml) 2.7 ± 1.3 (1.12–6.10) 2.1 ± 0.7 (0.34–3.76) A2 vs C2 0.024°
Follicle number (2–9 mm) right ovary 21.4 ± 11.0 (5–55) 9 ± 7.0 (1–37) A2 vs C2 < 0.001°
Follicle number (2–9 mm) left ovary 19.1 ± 8.8 (5–45) 8.7 ± 6.4 (1–39) A2 vs C2 < 0.001°
Right ovarian volume (ml) 10.04 ± 9.3 (1.4–48) 6.66 ± 4.8 (1.32–21) A2 vs C2 0.002°
Left ovarian volume (ml) 9.3 ± 6.6 (2.7–34) 6.48 ± 5.1 (0.9–29.4) A2 vs C2 0.004°
BMI (kg/m2) 28.0 ± 6.1 (19.2–43.9) 24.3 ± 4.4 (17.19–36.7) A2 vs C2 < 0.001°
BMI ≥ 25 27 (65.8%) 35 (35.3%) 0.001*
WC (cm) 91.0 ± 13.7 (71.4–126.1) 82.9 ± 9.7 (67–110) A2 vs C2 < 0.001°
Metabolic syndrome 7 (17.1%) 7 (7.1%) NS
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The correlation between AMH and BMI is controversial 
in literature; in our study we could not find any significant 
correlation between AMH and BMI both in PCOS women 
and in controls. Literature heterogeneity may be explained 
by the different age range used in various studies: age may 
play a confounding effect in the relationship between AMH 
and BMI. Skalba et al. [16] in a study conducted on 87 
PCOS women and 50 normal controls aged 18–35 years did 
not find any correlation between BMI and AMH in all study 
groups. In contrast Cui et al. [17] in a large cohort study on 
304 PCOS women and 1896 infertile control women aged 
20–47 years reported a slight negative correlation between 
AMH and BMI both in PCOS group (r = − 0.148; p = 0.01) 
and in infertile controls (r = − 0.064; p = 0.006). According 
to these data Feldman et al. [18], in a study conducted on 
252 PCOS women aged 18–46 years, described a significant 
negative correlation between AMH and BMI (r = − 0.33, 
p < 0.0001) and a metabolic syndrome prevalence of 23.8% 
was reported. However, in these latter studies a high age 
range was considered. Our data suggest that AMH seems 

independent of BMI and demonstrated decreased fecundity 
in overweight women [30] may not be related to AMH. The 
relationship between obesity and reproductive health is com-
plicated and the influence of BMI on fertility could depend 
on dysfunction of hypothalamic–pituitary–ovarian axis, ano-
vulation or endometrial receptivity rather than on AMH, 
marker of ovarian reserve [31]. Anovulation is more frequent 
in obese women and, particularly in PCOS women, weight 
loss improves ovulatory dysfunction and fertility [30]; how-
ever, it does not change AMH level [20]. The relationship 
between AMH, BMI and metabolic syndrome needs to be 
further clarified in longitudinal multicenter studies charac-
terized by properly defined age range.

A limitation of the present study is the small number of 
patients and its retrospective design. The strength of our 
study is the use and comparison of the three main classi-
fication criteria for the diagnosis of PCOS, the age range 
(21–35 years) of our sample and the case–control study 
design. Analyzing the four phenotypes proposed by the 
NIH 2012 extension of the Rotterdam criteria, we found that 

Table 4   Clinical, hormonal, metabolic and ultrasound features of women according to the NIH 2012 extension of the Rotterdam criteria

Values are expressed as mean ± SD (min–max) or n (%) °ANOVA one-way *Chi-square test
AMH anti-Müllerian hormone, FSH follicle stimulating hormone, LH luteinizing hormone, E2 estradiol, BMI body mass index, WC waist cir-
cumference

NIH 2012 extension of the Rot-
terdam criteria

Phenotype a HA + PCO + OA Phenotype d PCO + OA Group C1
No PCOS

p

Number of women 34 (24.2%) 13 (9.3%) 84 (60%)
Age (years) 30 ± 3.7 (23–35) 29 ± 3.0 (23–35) 31 ± 3.3 (21–35) NS
AMH (ng/ml) 8.9 ± 4.8 (2.4–24.5) 6.5 ± 4.3 (2.7–15.6) 2.9 ± 2.1 (0.1–10.2) C1 vs a < 0.001

C1 vs d 0.005°
Clinical and/or biochemical 

HA
34 (100%) 0 18 (21.4%) 0.001*

Clinical HA 24 (70.6%) 0 14 (16.6%) 0.001*
Biochemical HA 0 0 0 NS
Clinical and biochemical HA 10 (29.4%) 0 4 (4.76%) 0.001*
FSH (mIU/ml) 5.3 ± 1.6 (1.1–8.3) 5.7 ± 1.7 (3.7–8.1) 7.3 ± 3.3 (0.8–11.9) C1 vs a 0.004°
LH (mIU/ml) 9.2 ± 6.4 (1.1–22.2) 5.5 ± 3.0 (0.6–10) 4.6 ± 2.3 (0.10–12.3) C1 vs a < 0.001

a vs d 0.05°
E2 (pg/ml) 46.4 ± 16.3 (15–80) 40.9 ± 24.1 (11.8–85.5) 46.0 ± 28.8 (10.8–106) NS
Inhibin (pg/ml) 73.3 ± 56.3 (15.5–288.3) 61.4 ± 28.7 (22.2–120) 67.9 ± 47.1 (1.3–21.4) NS
Free testosterone (pg/ml) 1.8 ± 1.2 (0.6–6.8) 1.1 ± 0.9 (0.3–2.9) 0.9 ± 0.6 (0.16–3) C1 vs a 0.001°
Δ4 Androstenedione (ng/ml) 2.9 ± 1.3 (1.12–6.1) 2.6 ± 0.8 (1–2.6) 2.0 ± 0.8 (2–3.55) C1 vs a 0.024°
Follicle number (2–9 mm) right 

ovary
23.2 ± 11.3 (12–55) 21.3 ± 8.8 (12–37) 6.7 ± 3.2 (1–12) C1 vs a < 0.001; C1 vs 

d < 0.001°
Follicle number (2–9 mm) left 

ovary
20.6 ± 8.8 (8–45) 18.9 ± 8.8 (12–39) 6.8 ± 3.3 (1–12) C1 vs a < 0.001; C1 vs 

d < 0.001°
Right ovarian volume (ml) 11.4 ± 9.8 (3.3–48) 8.0 ± 4.0 (3.9–16.0) 5.1 ± 2.6 (1.3–11.7) C1 vs a 0.001°
Left ovarian volume (ml) 10.2 ± 6.9 (4.5–34.0) 9.7 ± 4.7 (2.5–19.9) 5.0 ± 2.8 (0.9–11.6) C1 vs a 0.002°
BMI (kg/m2) 28.4 ± 6.2 (19.2–43.9) 24.4 ± 3.7 (19.4–31) 24.1 ± 4.4 (17.2–36.7) C1 vs a 0.001°
BMI ≥ 25 24 (70.5%) 6 (40%) 26 (31%) 0.003*
WC (cm) 92.0 ± 13.7 (71.4–26.2) 83.1 ± 8.4 (71.8–97.6) 82.4 ± 9.8 (67–110.2) C1 vs a 0.001°
Metabolic syndrome 6 (17.1%) 1 (7.1%) 4 (4.8%) NS
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AMH was significantly higher in phenotypes characterized 
by the contemporary presence of OA and impaired ovarian 
morphology (phenotype a 24.3% and phenotype d 9.3%) 
than in controls. In conclusion, our findings indicate that 
AMH is an excellent marker of ovarian reserve and PCOS in 
young infertile women, and it does not seem to be influenced 
by BMI. AMH may reconcile all the criteria proposed for 
the classification of the syndrome, and it may help in PCOS 
diagnosis especially in women with mild symptoms. Fur-
ther studies are needed to confirm universally agreed AMH 
thresholds to define PCOS. Prospective longitudinal studies 
are needed to investigate the follow-up of young women with 
PCOS to clarify their metabolic and cardiovascular risk in 
peri- and postmenopausal period.
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