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ABSTRACT
Background:  Anti-Müllerian hormone (AMH) has recently emerged as a promising biomarker for the 
detection of polycystic ovarian morphology. In polycystic ovary syndrome (PCOS), an elevated level of AMH 
has been suggested to add value to the Rotterdam criteria in cases of diagnostic uncertainty. In this study, 
we evaluated the correlation between AMH and PCOS, and the potential role of AMH in PCOS diagnosis.
Methods:  A case-control study was performed on a total of 200 females, 100 of which were diagnosed 
with PCOS as per Rotterdam revised criteria (2003) and 100 as the control (non-PCOS group). Patient 
medical records were therefore retrieved for clinical, biochemical and ultrasound markers for PCOS diagnosis. 
Sensitivity, specificity, area under receiver operating characteristic (AUROC) curve, and multivariate linear 
regression models were applied to analyze our data.
Results: Mean serum levels of LH and AMH, and LH/FSH ratio were significantly different between compared 
groups. In the PCOS group, the mean serum AMH level was 6.78 ng/mL and LH/FSH ratio was 1.53 while 
those of controls were 2.73 ng/mL and 0.53, respectively (p < .001). The most suitable compromise between 
81% specificity and 79% sensitivity was obtained with a cutoff value of 3.75 ng/mL (26.78 pmol/L) serum 
AMH concentration for PCOS prediction, with an AUROC curve of 0.9691.
Conclusion:  Serum AMH cutoff level of 3.75 ng/mL was identified as a convenient gauge for the prediction 
of PCOS and an adjuvant to the Rotterdam criteria.

Introduction

Polycystic ovary syndrome (PCOS), the most common endocrine 
and gynecological disease in women of reproductive age, is a com-
plex disorder distinctively identified by the union of hyperandro-
genism (HA) and ovulatory dysfunction [1]. PCOS is associated with 
a range of disordered reproductive features including menstrual 
irregularities and infertility [2]. PCOS being the most common cause 
of oligo/amenorrhea (OA), makes it particularly correlated with pri-
mary infertility [2,3]. Additionally, patients with PCOS have been 
reported to express multiple metabolic manifestations including insu-
lin resistance (in 35% of patients), obesity (35%), and dyslipidemia 
(70%), that still manifest even post-menopause [2,4].

Being a multifaceted disorder, several hormonal disturbances 
are associated with PCOS. For instance, previous studies have 
reported high levels of luteinizing hormone (LH) in PCOS, 
which stimulates hyper-secretion of androgens by theca cells [5]. 
Likewise, numerous studies reported low levels of follicular stim-
ulating hormone (FSH) in PCOS, resulting in incomplete growth 
of and failure in selecting a dominant follicle for ovulation, lead-
ing to chronic anovulation [5,6].

Anti-Mullerian Hormone (AMH), a glycoprotein that belongs to 
the transforming growth factor (TGF-β) family, is exclusively 

synthesized by granulosa cells in women [7]. Besides its crucial 
embryonic role in sex determination by suppressing the Mullerian 
system to pave the way for male internal genitalia [8], AMH has also 
been considered responsible for the ovarian dysfunction in PCOS [9], 
and is thought to play a significant role in folliculogenesis [10]. 
Evidence suggests that AMH may hinder follicular maturation and 
ovulation by inhibiting pre-antral follicles growth [11], and 
FSH-stimulated aromatase enzyme expression [12], which is essential 
for ovarian steroidogenesis. Furthermore, research suggests that AMH 
production is increased in women with PCOS [13,14], though the 
underlying cause for this elevation remains unclear. Elevated serum 
AMH levels in individuals with PCOS were also linked to more unfa-
vorable clinical, endocrinological, and metabolic conditions [15].

The physical and psychological impact of PCOS on the patient 
necessitates the existence of a multi-disciplinary team approach 
for its diagnosis, treatment, and follow-up [5,16]. Presently, the 
Rotterdam 2003 criteria has been the benchmark for PCOS diag-
nosis [1]. One of its pitfalls, however, is the reliance on subjec-
tive input like ultrasound findings, patient’s recall of OA, and 
clinical hyperandrogenism [17]. Therefore, scoring for AMH bio-
marker levels, either solely or along with the Rotterdam 2003 
criteria, currently serves as a practical, quantitative, and effective 
approach for PCOS diagnosis [18]. The advantage of relying on 

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

CONTACT Moaz O. Moursi  mm1517881@qu.edu.qa  Department of Internal Medicine, Hamad General Hospital, Doha, Qatar
*These authors contributed equally to this paper and share first authorship

https://doi.org/10.1080/09513590.2023.2247098

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in 
a repository by the author(s) or with their consent.

ARTICLE HISTORY
Received 1 May 2023
Revised 26 July 2023
Accepted 6 August 2023
Published online 14 August 
2023

KEYWORDS
Polycystic ovary syndrome 
(PCOS); anti-Müllerian 
hormone (AMH); rotterdam 
criteria; hyperandrogenism; 
menstrual irregularities; 
oligo/amenorrhea

http://orcid.org/0000-0003-4405-6690
mailto:mm1517881@qu.edu.qa
https://doi.org/10.1080/09513590.2023.2247098
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/09513590.2023.2247098&domain=pdf&date_stamp=2023-8-11
http://www.tandfonline.com


2 M. O. MOURSI ET AL.

AMH levels over other reproductive hormones, such as inhibin 
B, estradiol (E2), LH, and FSH, is particularly attributed to its 
persistently high concentration throughout the menstrual cycle, 
pregnancy, and oral contraceptive usage. Moreover, unlike other 
hormones, it is an appropriate evocative of a female’s ovarian 
reserve [17,19].

In 2017, based on Rotterdam 2003 criteria, a meta-analysis by 
Ding et  al. reported the prevalence of PCOS in Middle Eastern 
Women to be 16% [20]. In Qatar, a study conducted on a cohort 
of 720 females reported 12.1% prevalence of PCOS [21]. Owing 
to this remarkable prevalence of PCOS, national, regional, and 
international efforts are now directed toward the establishment 
of better predictive and diagnostic tools for PCOS. In this study, 
we recorded AMH levels in a sample of patients with and with-
out PCOS to assess the correlation between AMH and PCOS, 
and to evaluate the sensitivity and specificity of using AMH as a 
potential biomarker to aid in PCOS diagnosis. We also studied 
the association between several other hormonal parameters 
including FSH, LH, E2, prolactin, thyroid stimulating hormone 
(TSH) and PCOS occurrence.

Methods

Participants and subject selection

The study population was selected from women who presented 
to the infertility clinic at Hamad Medical Corporation (HMC) in 
Qatar between January 2015 and December 2018. A total of 350 
patient records were reviewed and after applying exclusion and 
inclusion criteria, 100 PCOS diagnosed and 100 non-PCOS 
female patients between the ages of 18 and 44 inclusive, were 
selected to constitute our case and control groups. We used con-
venient sampling – all subjects recruited from the infertility 
clinic – as this is the only clinic in HMC that measures AMH 
routinely for all patients. The case subjects must be clinically 
diagnosed with PCOS according to Rotterdam 2003 consensus, 
while the controls must not have a clinical diagnosis of PCOS 
and must not satisfy the Rotterdam criteria. Moreover, women 
with any other endocrine etiologies such as androgen-secreting 
tumors, congenital adrenal hyperplasia, hyperprolactinemia, and 
Cushing’s syndrome, were excluded. Rotterdam 2003 consensus 
defines PCOS by presence of at least two of the following three 
features: (1) oligo/amenorrhea (OA); (2) hyperandrogenism (HA), 
defined as clinical and/or biochemical evidence of 
Hyperandrogenism (Ferriman-Gallwey score >8; free androgen 
index >4, respectively); (3) polycystic ovarian morphology 
(PCOM) by transvaginal or pelvic ultrasound examination 
defined as, minimum of 12 follicles with 2–9 mm diameters in 
each ovary and/or increasing ovarian volume with a minimum 
size of 10 mm3 [5].

Inclusion criteria:

1.	 All patients are females given the nature of the disease.
2.	 All patients are between the age of 18–44 years.

Exclusion criteria:

1.	 Patients with other endocrine diseases (e.g. 21-hydroxylase 
deficiency, hyperprolactinemia, Cushing’s disease and 
androgen-secreting tumors).

2.	 Presence of ovarian gynecological disorders.

Determining sample size

A sample of 66 from the positive group (people with the disease) 
and 66 from the negative group (people without the disease) 
would achieve 80% power to detect a difference of 0.08 between 
the area under receiver operating characteristic (AUROC) curve 
under the null hypothesis of 0.75 and an AUROC curve under 
the alternative hypothesis 0.83 using a two-sided z-test at a sig-
nificance level of 0.05.

Data collection

For this study, information about the nationality, age, body mass 
index (BMI), levels of vitamin D, AMH, LH, FSH, E2, prolactin, 
TSH, presence of oligo/amenorrhea, ultrasound findings of 
PCOM, clinical evidence of hyperandrogenemia (hirsutism and 
acne), were extracted from the medical records at the infertility 
clinic of HMC.

Data analysis

AUROC curve was applied to determine the minimum cutoff with 
the best sensitivity and specificity of AMH in order to assess the 
diagnostic strength of AMH as a biomarker for PCOS. Multivariable 
logistic regression models were carried out to adjust for any con-
founding variables. All values are given as mean ± Standard error 
(SE) and 95% confidence interval (CI) unless otherwise specified. 
A p-value of <.05 was considered statistically significant. All 
Statistical analysis was performed in the College of Medicine at 
Qatar University using STATA 16.0 software.

Results

Demographic, clinical and endocrine characteristics of 
participants

We identified 200 subjects aged 18–44, 100 were PCOS cases and 
100 were controls. The mean age of cases was slightly lower than 
that of controls. The majority of subjects (66% of cases and 57% 
of controls) were below 35 years of age. Additionally, participants 
were divided into four groups according to their BMI. One hun-
dred fifty-eight participants were either overweight or obese and 
approximately half of them were PCOS cases. In terms of clinical 
features, 68 participants reported hirsutism, among which 82% 
were cases. Also, participants who reported having menstrual 
irregularities were mostly PCOS patients. Additionally, 14% of 
those who had PCOM on ultrasound did not satisfy the Rotterdam 
criteria for PCOS diagnosis, and hence, were classified as controls. 
Overall, there was no significant difference between cases and con-
trols in all baseline characteristics, except PCOS clinical features. 
Demographic, clinical and endocrine characteristics of the PCOS 
group and non-PCOS group are summarized in Table 1.

Comparison of hormone levels

The mean AMH level in cases was 6.80 ng/mL (CI: 5.99–7.60) 
compared to 2.72 ng/mL (CI: 2.19–3.25) in controls, which rep-
resents a 150% increase in the PCOS group. This difference was 
found to be statistically significant (p < .001). Figure 1 illustrates 
the distribution of AMH levels in cases and controls. Additionally, 
the mean LH level was significantly higher in cases compared to 
controls (6.17 mIU/mL, CI: 5.05–7.29 vs. 4.06 mIU/mL, CI: 
3.62–4.50; p < .001). Mean levels of FSH, E2, and prolactin were 
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lower in patients with PCOS compared to controls. However, the 
differences in the mean levels of these hormones were not statis-
tically significant. The mean hormone levels in cases and con-
trols are summarized in Table 2.

AMH and other possible predictors in correlation with 
PCOS

A logistic regression model was utilized to investigate the cor-
relation between PCOS and multiple possible predictors, includ-
ing age, BMI, AMH, LH/FSH ratio, LH, FSH, E2, prolactin, TSH 

and vitamin D levels. Using a univariable logistic regression, we 
found that for every unit increase in AMH, a 5.7% increase in 
the odds of being a PCOS case is expected at any value of AMH 
(OR: 1.057, CI: 1.039–1.075; p < .001). This model also showed 
that LH level and LH/FSH ratio were significantly correlated 
with PCOS (Table 3). Further investigation with a forward mul-
tivariable logistic regression revealed that AMH and LH/FSH 
ratio were the only significant predictors associated with PCOS 
(Table 4).

Anti-Müllerian hormone cutoff value

In an attempt to determine the value of AMH in predicting 
PCOS or as an additional criterion for PCOS diagnosis, a receiver 
operator curve was generated (Figure 2). AUROC curve yielded 
a satisfactory result of 0.9691, with AMH cutoff value of 3.75 ng/
mL (26.78 pmol/L) signifying a satisfactory specificity and sensi-
tivity of 81% and 79%, respectively.

Discussion

Characteristics of cases and controls

In the present study, there was no significant difference between 
the mean age of PCOS cases and controls, which is in congruence 
with the findings of other studies [22,23]. However, surprisingly, 
about 79% of the women in our study were obese or overweight 
as seen in Table 1. Moreover, our results, in consistency with oth-
ers [24–26], showed a significant linear association between 
women with PCOS with a BMI of 24 kg/m2 or more during their 
reproductive age, and the risk of anovulatory infertility. Thus, a 
healthy and controlled lifestyle with a maintained BMI of 18.5–
24 kg/m2 can improve the ovulatory cycles of PCOS women or at 
the very least decrease the severity of the disease [27,28].

It has been well established that the clinical features of PCOS 
have been shown to be attributed to the excessive androgens in 
women [6,29]. One of the features, hirsutism, which is defined as 
excessive hair growth in a male pattern, is believed to be linked to 
the hair follicle receptors responding to hormonal changes, mainly 
the increasing levels of free testosterone in PCOS women [30]. 
This would explain the high response seen in PCOS women to 
anti-hirsutism medications and creams [31]. Similarly, acne, 
another androgen related feature of PCOS, is believed to be due 
to the hormonal imbalance expected in PCOS women, resulting in 
the excessive production and accumulation of sebum, thus, mani-
festing as acne. In one study [32], acne was explained by the divi-
sion of adipose gland cells and the synthesis of intracellular fat 
due to stimulation by increased androgen levels. In addition to 
hirsutism and acne, menstrual irregularities, another clinical fea-
ture in PCOS women, has been shown to be due to the high 

Table 1. D emographic and clinical characteristics of PCOS group and non-PCOS 
group.

Variable
PCOS group

n (%)
Non-PCOS group

n (%) p-Value*

Age (years) .075
  <35 66 (54%) 57 (46%)
  35–39 32 (48%) 34 (52%)
  >40 2 (18%) 9 (82%)
Mean age (years) 31.75 32.96 .082
BMI (kg/m2) .547
  Underweight <18.5 0 (0%) 2 (100%)
 N ormal 18.5–24.9 21 (53%) 19 (47%)
 O verweight 25–29.9 32 (49%) 33 (51%)
 O bese 30–34.9 47 (50.5%) 46 (49.5%)
Mean BMI (kg/m2) 29.59 29.37 .770
Hirsutism 56 (82%) 12 (18%) <.001
Acne 51 (65%) 28 (35%) .001
Oligo/Amenorrhea 55 (83%) 11 (17%) <.001
Polycystic ovaries on US 86 (86%) 14 (14%) <.001
*p-value < .05 is statistically significant. BMI: body mass index; US: ultrasound.

Table 2.  Hormone levels in PCOS group and non-PCOS group.

PCOS Non-PCOS group p-Value*

Variable Mean (CI) Standard Error Mean (CI) Standard Error

AMH (ng/mL) 6.80 (5.99–7.60) 0.40 2.72 (2.19–3.25) 0.28 <.001
Vitamin D (ng/mL) 16.95 (15.42–18.48) 0.77 17.21 (15.31–19.11) 0.96 .83
LH (mIU/mL) 6.17 (5.05–7.29) 0.56 4.06 (3.62–4.50) 0.22 <.001
FSH (mIU/mL) 4.82 (3.37–6.28) 0.73 5.19 (4.52–5.86) 0.34 .65
LH/FSH 1.53 (1.30–1.76) 0.12 0.88 (0.78–0.98) 0.05 <.001
Estradiol (pmol/L) 168.49 (140.87–196.12) 13.92 191.94 (162.66–221.22) 14.76 .25
Prolactin (ng/mL) 14.02 (12.43–15.60) 0.80 15.34 (13.67–17.01) 0.84 .26
TSH (mIU/L) 2.31 (1.96–2.66) 0.18 2.55 (1.54–3.55) 0.51 .66
*p-value < .05 is statistically significant. CI: confidence interval; AMH: anti-Müllerian hormone; LH: luteinizing hormone; FSH: follicle stimulating hormone; TSH: thyroid 

stimulating hormone.

Figure 1.  Two box plots representing the distribution of AMH levels in PCOS 
group and non-PCOS group. The minimum, median and maximum values of 
AMH are higher in the PCOS group compared to the non-PCOS group.
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androgen levels which in turn stimulate dysfunctional ovulation by 
preventing the maturation of ovaries, thus manifesting as oligo-
menorrhea or amenorrhea, and ultimately leading to infertility 
[33,34]. Our findings are in congruence with Stein and Leventhal 
[35], who, in 1935, were the first to describe the correlation of 
hirsutism and oligo/amenorrhea in PCOS and for this reason, 
PCOS is also known as Stein – Leventhal Syndrome.

AMH role in the detection of PCOM and PCOS

AMH has been emerging recently as a viable alternative to ultra-
sound. In addition to its low cost and independency of operator 

ultrasound skills, AMH has been well established to be a signif-
icant correlator and a biologic marker for the antral follicle 
counts (AFC), thus reflecting the ovarian reserve in the female 
population. Therefore, it can potentially replace the ultrasound in 
the detection of PCOM and hence it may play a role in the diag-
nosis of PCOS [14,36]. Moreover, these benefits may be particu-
larly useful in the adolescent and reproductive age population 
and in certain cultures since evaluation of the ovaries by trans-
vaginal ultrasonography may not be considered or even possible 
due to virginal status. In addition, the imaging quality of abdom-
inal ultrasound is often impaired by obesity, which is prevalent 
in women with PCOS, as discussed before.

The strong involvement of AMH in the pathophysiology of 
PCOS has promoted the conduction of more research to assess 
the correlation between AMH and PCOS, and whether this bio-
marker could potentially be involved in facilitating the diagnosis 
of PCOS. According to the most recent PCOS guidelines, serum 
AMH levels should not yet be used as an alternative for PCOM 
detection or as a single test for PCOS diagnosis [37]. Nonetheless, 
the authors left the door open for future contributions in this 
area. They stated that AMH tests are likely to become more 
accurate in the identification of PCOM with enhanced assay 
standardization, specified cutoff levels, and large-scale validation 
in populations of all ages and ethnicities [37]. Therefore, our 
present study attempts to contribute to these efforts by showing 
that serum AMH level is strongly associated with PCOS (Figure 
1; Tables 2–4) and 150% higher in PCOS patients compared with 
the non-PCOS subjects (p < .001). Our findings also are consis-
tent with several studies [14,38–40] which reported increased 
serum AMH levels in women with PCOS compared with con-
trols, and proposed AMH as a diagnostic marker in PCOS. 
Moreover, AMH levels can also serve as a valuable tool to guide 
in understanding treatment response, enable personalized man-
agement, and predict both reproductive and long-term metabolic 
outcomes [15].

Sensitivity and specificity

Our study showed that the best diagnostic potential of AMH was 
observed at a cutoff of 3.75 ng/mL (26.78 pmol/L), with a sensi-
tivity and a specificity of 79% and 81%, respectively. A compa-
rable AMH cutoff of 3.34 ng/mL was found in another study [41] 
conducted in India, with a sensitivity and specificity of 98% and 
93%, respectively. Our cutoff value was consistent to that of oth-
ers in previous studies. In a study by Woweiko et  al. [42], which 
was conducted on a Taiwanese female population, a cutoff of 
3.5 ng/mL yielded a respectable sensitivity and specificity of 74% 
and 79%, respectively. Similarly, another study by Dewailly et  al. 
[23], showed that the best compromise between sensitivity and 
specificity (76.1% and 74.6% respectively) was at a cutoff of 
4.9 ng/mL. In addition, one study observed a higher sensitivity 
and specificity of 92% and 97%, respectively, at the same cutoff 
of 4.9 ng/mL. They concluded that AMH not only reflects AFC 
but also the degree of hyperandrogenism offering AMH as a bet-
ter marker than follicle numbers per ovary [43].

Other correlates in PCOS

LH/FSH ratio
Our study’s findings, in consistency with others [44,45], showed 
a statistically significant elevation in the LH/FSH ratio. However, 
in a study by Taylor et  al. [46], it was revealed that only 45.4% 
of the PCOS diagnosed women had an elevated LH/FSH ratio, 

Table 3.  Possible predictors of PCOS (univariate model).

Variable Odds ratio Standard error 95% CI p-Value*

Age 0.945 0.028 0.892−1.002 .057
BMI 1.001 0.027 0.950−1.054 .975
AMH 1.057 0.009 1.039−1.075 <.001
LH/FSH 2.973 0.713 1.858−4.757 <.001
LH 1.183 0.059 1.073−1.304 .001
FSH 0.987 0.027 0.936−1.040 .619
Estradiol 0.999 0.001 0.999−1.001 .178
Prolactin 0.999 0.001 0.998−1.001 .312
TSH 0.983 0.039 0.909−1.06 .67
Vitamin D 0.990 0.016 0.959−1.023 .557
*p-Value < .05 is statistically significant. CI: confidence interval; AMH: 

anti-Müllerian hormone; LH: luteinizing hormone; FSH: follicle stimulating hor-
mone; TSH: thyroid stimulating hormone.

Table 4.  Possible predictors of PCOS after adjustment.

Variable Odds ratio Standard error 95% CI p-Value*

Age 0.949 0.035 0.883−1.020 .157
BMI 1.046 0.037 0.976−1.120 .201
AMH 1.054 0.010 1.034−1.074 <.001
LH/FSH 4.560 2.565 1.514−13.734 .007
LH 0.808 0.092 0.647−1.010 .062
FSH 1.046 0.041 0.968−1.130 .252
Estradiol 0.999 0.001 0.996−1.001 .359
Prolactin 0.999 0.001 0.996−1.001 .189
TSH 1.003 0.045 0.918−1.095 .953
Vitamin D 0.999 0.022 0.958−1.043 .973
*p-Value < .05 is statistically significant. CI: confidence interval; AMH: 

anti-Müllerian hormone; LH: luteinizing hormone; FSH: follicle stimulating hor-
mone; TSH: thyroid stimulating hormone.

Figure 2. R eceiver operating characteristic (ROC) curve for evaluating the diag-
nostic strength of anti-müllerian hormone (AMH) as a biomarker for polycystic 
ovary syndrome (PCOS). Area under the ROC curve = 0.9691. Cutoff value of 
AMH for predicting PCOS diagnosis = 26.8 pmol/L with specificity and sensitivity 
of 81% and 79% respectively.
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showing that not all women with PCOS will have an elevated 
ratio. Subsequently, this study and others revealed that other fac-
tors, such as insulin, serve as the main drivers for the androgen-
esis witnessed in PCOS women [46–48]. Additionally, the LH/
FSH ratio’s variability during the menstrual cycle and with BMI 
also support the fact that an elevated ratio is not necessarily a 
sensitive diagnostic tool nor a predictor for PCOS [45,49].

Prolactin
Unlike the LH/FSH ratio, our study did not show a statistically 
significant correlation between the levels of prolactin and PCOS 
diagnosed women. This finding was not surprising as it was con-
sistent with other studies [45,50]. In one study by Filho et  al. 
[51], where bromocriptine was given to a 100 PCOS patients, 
there was a significant decrease in prolactin levels but no effect 
on LH, FSH, ovulation and fertility. Moreover, another study by 
Li et  al. [52], revealed that the high levels of prolactin in women 
with PCOS, were explained by either exogenous medicinal intake 
or the presence of organic causes such as pituitary adenomas or 
macroprolactinomas. Similarly, another study by Parsanezhad 
et  al. [50], showed that, out of all the recruited women with 
PCOS, 16% had elevated prolactin levels, and out of the 16%, all 
were found to have an identifiable underlying cause for this ele-
vated prolactin. The findings of these articles, in addition to our 
findings, suggest that a high prolactin level is neither a manifes-
tation nor an association of PCOS.

Vitamin D
The findings of our study, in congruence with others [53,54], 
showed no statistically significant difference between Vitamin D 
levels and PCOS occurrence. However, although some studies 
did report an association, there was no clinical justification to be 
determined. The studies that did show an association, suggested 
that a possible explanation for the high prevalence of vitamin D 
deficiency in PCOS, is its association with insulin resistance, 
rather than with the disease itself [55,56]. Two articles [57,58] 
attempted to prove a correlation between vitamin D and PCOS 
by administering vitamin D supplements to PCOS patients and 
monitoring their hormonal parameters such as insulin levels. 
However, the attempts of these articles were also contradicted by 
other studies [59,60]. The discrepancies in results presented 
weaken the possible existence of a correlation between vitamin D 
and PCOS occurrence.

Study limitations

Potential perceived limitations of this study include the fact that 
all the analyzed data were from the infertility clinic at HMC, pos-
sibly contributing to selection bias. As explained previously, this is 
the only clinic in HMC that measures AMH routinely for all 
patients, which made it convenient for us to retrospectively recruit 
a sufficient number of cases and controls. Secondly, the metrics 
that we used to define PCOM relied on the Rotterdam 2003 con-
sensus since the population of this study was selected from 
women who presented to the infertility clinic between 2015 and 
2018. The definition of PCOM was revised in the latest PCOS 
guidelines (2018) and redefined as ‘a follicle number per ovary of 
≥20 and/or an ovarian volume ≥10 mL on either ovary, ensuring 
no corpora lutea, cysts or dominant follicles are present’ [37]. 
Changing the cutoff of the minimum number of follicles from 12 
to 20 in the new guidelines is likely to make this criterion less 
sensitive and more specific. Thus, it is possible that some of the 

subjects that we classified as cases using the 2003 consensus (in 
whom we established that AMH is significantly higher) would be 
now classified as controls according to the new cutoff, given that 
they do not satisfy the other two criteria. Consequently, the 
observed associations may be dampened if the new cutoff was to 
be used. Thirdly, AMH interpretation is laboratory assay-dependent 
and there is no international standard to interpret its levels so far.

Conclusion

In conclusion, the findings of our study confirm the strong cor-
relation between AMH and PCOS, and support the utilization of 
AMH as a screening test or an adjuvant to the Rotterdam crite-
ria for PCOS diagnosis. Its linear relationship with PCOS and 
steadily elevated level throughout the course of the disease, 
makes it a valuable tool that deserves attention. Our findings, 
along with others, widen the possibilities for further research to 
be done using larger sample sizes for reliability, validation, and 
determination of a globally accepted AMH threshold for PCOS 
diagnosis. Consistency in results regarding this emerging bio-
marker will offer a feasible solution for challenges faced by the 
clinicians and researchers managing PCOS.
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