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INTRODUCTION 

Polycystic ovary syndrome (PCOS) also known as Stein 

Leventhal syndrome is one of the most common 

endocrine abnormalities among premenopausal women, 

yet its diagnosis remains one of the most challenging 

issues in endocrinology and reproductive medicine.1 It 

has been recognized as the most frequent endocrinopathy 

among reproductive-aged women, with a prevalence of 6-

10% world-wide.2 There is a recent rise in PCOS cases in 

urban India because of westernization, modernization, 

stress and life style changes. It is a complex heterogenous 

multisystem condition characterized by elevated 

androgen levels, menstrual irregularities, and/or small 

cysts on one or both ovaries.3 The disorder can be 

morphological (polycystic ovaries) or predominantly 

biochemical (hyperandrogenaemia). Hyperandrogenism, 

a clinical hallmark of PCOS, can cause inhibition of 

follicular development, microcysts in the ovaries, 

anovulation, and menstrual changes.4 

It can present with wide spectrum of clinical features and 

delayed squeal like type 2 diabetes mellitus, 

cardiovascular diseases, metabolic syndrome and 

endometrial cancer which are preventable.4 It is caused 

by imbalance of sex hormones that leads to menstrual 

irregularities, infertility, anovulation and other metabolic 

disturbances.5 

ABSTRACT 

Background: PCOS has been recognized as the most frequent endocrinopathy among reproductive aged women. 

This study has been done to determine whether the measurement of serum AMH can be used to diagnose PCOS and 

as a tool to predict the prognosis of PCOS. 

Methods: This was a prospective case control study on a woman attending gynae OPD of LLRM Medical College, 

Meerut, from May 2018 to June 2019. Study comprised of 50 women diagnosed with PCOS using Rotterdam criteria 

and 50 controls. Clinical data were collected including history, oligomenorrhea, hirsutism, examination included 

BMI, FG score and blood investigations including serum FSH, LH, TSH, prolactin, estradiol and serum AMH level. 

USG was done for all women.  

Results: Both PCOS cases and controls were matched for age and BMI. Mean level of AMH in PCOS cases and 

controls was 7.1096 and 2.423 respectively, AMH was two to three times higher in women with PCOS than controls 

which was statistically significant (p<0.05). Most frequent phenotype of PCOS in this study was phenotype A (48%). 

Highest mean level of AMH was also found in phenotype A (OA+HA+PCOM), thus reflecting the severity of PCOS. 

Maximum diagnostic potential for PCOS was at cut off 4.22 ng/ml with sensitivity of 92.5% and specificity of 100%. 

Conclusions: AMH level can be used as diagnostic and prognostic modalities in PCOS. AMH value rises when 

hyperandrogenism is present therefore serum AMH levels also reflect the phenotype of PCOS and severity of PCOS. 
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Table 1: Diagnostic tools for polycystic ovarian syndrome. 

NICHD/NIH criteria (1990) 
ESHRE/ASRM Rotterdam 

criteria (2003) 

Androgen excess society (AES) criteria 

(2006) 

Hyperandrogenism Hyperandrogenism Hyperandrogenism 

Oligo-ovulation/anovulation Oligo-ovulation /anovulation Ooligo-ovulation/anovulation 

Exclusion of other related disorders Polycystic ovaries on ultrasound Polycystic ovaries on USG 

  Exclusion of others related disorders 

 

In 2003, the Rotterdam consensus included PCOM 

finding as a criterion, and defined that the presence of at 

least two out of the three main characteristics were 

necessary to confirm the diagnosis (Table 1).  

Therefore, the Rotterdam consensus expanded the 

possibilities of combinations of the three classic 

manifestations, allowing the characterization of four main 

phenotypes. 

Rotterdam criteria although worldwide accepted has 

following drawbacks with respect to PCOM criteria: 

1. Majority of PCOS are young obese females where 

TAS is difficult and TVS not possible as most of 

them are teenagers who are virgin 

2. Assessment of AFC is subjective and not 

standardized with interobserver variability6  

3. Phase of menstrual cycle and oral contraceptive use 

alter polycystic ovarian morphology and 

4. Technical advances in imaging have led to an 

artificial increase in PCOM resulting in confusion 

over its use as a diagnostic criteria7-9 

5. Diagnosis of hyperandrogenism is problematic 

clinically as calculation of Ferriman-Gallwey score is 

also subjective. 

These diagnostic challenges emphasize the need for 

objective and quantitative diagnostic measures to guide in 

diagnosis and treatment of PCOS. Due to limitations 

associated in Rotterdam criteria, new tool AMH can be 

used as a potential objective, quantitative and biological 

diagnostic marker for PCOS. 

Anti-mullerian hormone (AMH) has a glycoprotein dimer 

structure and is a member of the transforming growth 

factor-β (TGF-β) family. The gene which encodes for 

AMH is localized on the small arm of chromosome.19 

AMH in the female is produced exclusively by ovarian 

granulosa cells surrounding preantral and antral follicles, 

its concentration declines with age and become 

undetectable after menopause. The concentration of this 

hormone slightly fluctuates during different phases of the 

menstrual cycle but not significantly enough to affect its 

measurement and its level do not get altered due to oral 

contraceptive pills usage. 

During human folliculogenesis, AMH protein expression 

begins at the primary follicle stage, highest expression is 

detected in FSH-dependent pre-antral and small antral 

follicles of ≤4 mm in diameter, and AMH expression 

gradually declines in subsequent stages and is absent in 

follicles larger than 8 mm.  

AMH has an important role in the development and 

maturation of follicles.10 Higher AMH levels in PCOS 

patients turns the follicles more resistant to FSH action, 

culminating in inhibition of follicular maturation and 

ovulation, and in inhibition of aromatase expression, and 

consequently, leading to hyperandrogenism.  

METHODS 

This was a prospective case control study conducted 

among the patients visiting the obstetrics and gynecology 

outpatient department of LLRM Medical College, Meerut 

during a period from May 2018 to June 2019. 

Study comprised of 50 women with PCOS, diagnosed 

using Rotterdam criteria and 50 women as controls. 

Cases were women who met the diagnostic criteria for 

PCOS. Subjects who received hormonal therapy within 

three months before the beginning of the study were 

excluded. 

Diagnosis of PCOS was established based on Rotterdam 

2003 consensus, which is the finding of 2 out of the 3 

following criteria: 

• Oligo and/or anovulation; 

• Hyperandrogenism, defined as hirsutism (Ferriman-

Gallwey score>8), or minor signs such as acne, 

seboborrhea; and 

• Criteria for polycystic ovary by ultrasound 

examination (minimum of 12 follicles with 2-9 mm 

diameters in each ovary and/or increasing ovarian 

volume with a minimum size of 10 mm3).  

PCOS patients fulfilling the diagnostic criteria were then 

classified to their corresponding PCOS phenotypes 

(A/B/C/D). Informed consent was obtained from all 

women, and approval from the human ethics committee 

was obtained. 

The control group consisted of women without 

endometriosis, cysts, or other ovarian gynecological 

disorders; had regular menstrual cycles (26-35 days); did 

not have endocrine abnormalities (prolactin, FSH, and 

basal estradiol at normal levels and not in a state of 

hyperandrogenism); and had morphologically normal 
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ovaries according to ultrasound. Clinical data were 

collected from the participants including demographic 

details such as age, presenting complains (hirsutism, 

menstrual history, and symptoms of androgen excess). 

Clinical history included complaint of oligomenorrhea, 

hirsutism and examination included FG score and BMI. 

Oligomenorrhea was taken as fewer than eight menstrual 

cycles during the previous 12 months or menstrual 

interval of more than 35 days. Clinical hyperandrogenism 

was defined as Ferriman-Gallwey score of >8. PCOM 

was diagnosed when either ovary on ultrasound had more 

than 12 follicles with a diameter of 2-9 mm or when 

ovarian volume was more than 10 cucm. 

A detailed general examination was conducted for 

identification of acne, hirsutism and acanthosis nigricans. 

Blood sample was withdrawn and put in plain vials on 

day 2-3 of menses or after withdrawal bleeding. Samples 

were then centrifuged at 3000 rpm in centrifugation 

machine at the biochemistry laboratory for serum 

analysis. AMH levels were run on ELISA kit by immune 

concept bio-detect which consisted of 96 wells with six 

standards. Analysis was done using a competitive enzyme 

immunoassay technique utilizing a monoclonal anti-

AMH antibody and an AMH-HRP conjugate on an anti-

AMH-coated plate. The minimum detection level for the 

kit was 0.025 ng/ml. On the other sample, hormonal 

assays for serum TSH, FSH, LH, estradiol was performed 

using chemiluminescence immunoassay. Trans 

abdominal ultrasound was performed for all the women 

to detect PCOM. 

Results of the above laboratory investigations and 

imaging studies were recorded along with clinical data of 

the patient in a proforma 

Patients were classified as PCOS cases and controls 

according to the inclusion and exclusion criteria 

mentioned above 

Data were entered in MS excel spreadsheet, and 

statistical analysis was done using statistical package for 

social sciences (SPSS) version 21.0.  

The values are expressed in mean±SD. Statistical 

significance of differences between PCOS and non PCOS 

were carried out by unpaired t-test or non-parametric test. 

Multivariate analysis was done by using regression 

analysis and Pearson’s coefficient of correlation. The 

level of significance was considered as p<0.05. 

Receiver operating characteristic curve was used to find 

out the cut off of AMH for predicting PCOS. Diagnostic 

test was used to find out the sensitivity, specificity, 

negative predictive value (NPV) and positive predictive 

value (PPV) of AMH for diagnosing PCOS. 

RESULTS 

In this study 50 patients of age group 18 to 39 years with 

PCOS (based on Rotterdam criteria) and 50 patients of 

same age group as controls (non PCOS) were selected 

from OPD of obstetrics and gynecology department of 

LLRM medical college Meerut during the period May 

2018 to June 2019. In this study among PCOS cases 

oligomenorrhea was found in 80% of patients, hirsutism 

in 48% of patients and polycystic ovaries on ultrasound 

was found in 88% of PCOS cases but none of controls 

had PCOM as it was the exclusion criteria for controls. 

Age group was comparable among the PCOS cases and 

NON PCOS controls. Age range for both groups was 

from 18 to 39 years with majority of patients in age group 

of 21-30 years (cases 70% and controls 58%). The mean 

age of PCOS cases and controls was 26.26 and 30.48 

years, respectively, and the difference was not 

statistically significant. The mean BMI of PCOS cases 

was comparable with the control group. Mean BMI of 

cases was 25.29 kg/m2 and controls was 24.98 kg/m2 and 

there was no statistically significant difference between 

the two groups (p=0.39), majority of PCOS cases (56%) 

and controls (54%) were overweight (p=1.278). 

Regarding different phenotypes of PCOS most frequent 

phenotype found in this study was phenotype A (48%) 

i.e., 24 out of 50 PCOS patients were having 

OA+HA+PCOM i.e., having all the three features of 

Rotterdam criteria. Highest mean level of AMH found in 

phenotype A (8.44 ng/ml). 

The mean level of serum FSH in PCOS cases was 6.6704 

and in non PCOS group was 7.483, (p value=0.09) this 

shows no statistically significant difference in cases and 

controls. The mean level of serum (LH)luteinizing 

hormone in PCOS cases was 12.9204 and in non PCOS 

group was 8.735, (p value=0.000001) which shows 

statistically significant difference of LH levels in cases 

and controls in this study. Mean level of AMH in PCOS 

cases and controls was 7.1096 and 2.423 respectively, 

serum level of AMH in women with PCOS were two to 

three times higher than the levels in women without 

PCOS (p<0.05) which is statistically significant. 

On applying receiver operating characteristic curve (ROC 

curve) analysis, area under the curve was 0.98 [95% CI 

0.929 to 0.998); p value <0.0001]. In present study the 

maximum diagnostic potency of AMH alone for PCOS 

was at cut-off of 4.22 ng/ml with sensitivity of 92% (95% 

CI 80.8 to 97.8) and specificity of 100% (95% CI 92.9 to 

100). 

The positive predictive value is 100% (95% CI 92.3 to 

100.0) and negative predictive value is 92.6% (95% CI 

82.1 to 97.9) (Figure 1). 
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Table 2: AMH levels of the four groups based on PCOS related phenotypes. 

Phenotypes OA HA PCOM Frequency (%) Mean AMH (ng/ml) 

A + + + 48 8.44 

B + + - 12 6.28 

C - + + 4 5.84 

D + - + 36 5.72 

Table 3: AMH as a diagnostic tool for PCOS in various studies. 

References Year Study design No. of patients 
Mean AMH 

values (ng/ml) 

Cut off value of 

AMH (ng/ml) 

Siow et al 2005 Prospective 31 4.1  

Pigny et al 2006 Prospective 73 11.42 8.4 

Wachs et al 2007 Prospective 16 7.2  

Dewailly et al 2010 Retrospective 270 7.88 4.90 

Hart et al 2010 Prospective 64 3.08 4.20 

Park et al 2010 Prospective 153 5.28  

Li et al 2010 Retrospective 47 9.85 8 

Skalba et al 2011 Retrospective 87 10.2  

Woo et al 2012 Retrospective 140 11.58 7.82 

Sahmay et al 2013 Retrospective 419 7.34 3.94 

Wiweko et al 2014 Case control 71 9.50 4.45 

Saxena 2017 Prospective case control 90 4.32 3.44 

Present study 2019 Prospective case control 100 7.1096 4.22 

Table 4: Differences of basal hormone levels, age and BMI between PCOS and non PCOS patients. 

Variables PCOS Non PCOS P value 

Age 26.26±4.44 30.48±2.76 1.278 

BMI 25.29±1.92 24.98±1.64 0.39 

AMH 7.10±3.73 2.42±0.79 <0.05 

FSH 6.67±2.04 7.48±2.70 0.09 

LH 12.92±5.68 8.73±3.19 <0.05 

 

 

Figure 1: Receiver operator characteristic curve. 

DISCUSSION 

The use of ultrasound to diagnose PCOS can be 

problematic, the interpretation of ultrasound results may 

demand subjective judgments and is subjected to inter-

observer variability. Moreover, the vast majority of the 

target population are teenagers and women of 

reproductive age, and they may be unavailable for 

transvaginal ultrasound evaluation because of their 

virginal status or obesity. In addition to unclear 

diagnostic criteria, the presence of different phenotypes 

with PCOS further complicates the diagnosis. 

The technical advances in imaging have led to an 

artificial increase in PCOM resulting in confusion over its 

use as diagnostic criteria. 

The diagnosis of PCOS requires an objectives and 

quantitative criteria to help clinicians to diagnose and 

treat patients suffering from this complex endocrine 

disorder. 

The present study investigated the serum level of AMH 

as a diagnostic marker for PCOS and showed that the 

serum level of AMH in women with PCOS were two to 
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three times higher than the levels in women without 

PCOS (p<0.05). Authors found significantly higher 

serum AMH level in PCOS women compared to the 

controls. This finding has consistently been reported in 

numerous studies. 

Age group was comparable among the PCOS cases and 

NON PCOS controls in this study, this finding correlates 

with the study of Saxena et al, in which no statistically 

significant difference was found between age groups of 

PCOS cases and control groups however different result 

was found in study of Wiweko et al, Rousseau et al, 

Johnstone et al, in which the average age of PCOS 

patients was significantly younger than non PCOS 

patients (p=0.008), they concluded that the proportion of 

women with PCO decreased with age.11-14 

The mean BMI of PCOS patients was comparable with 

the control group, this was in agreement with previous 

studies of Wiweko et al, Saxena et al, Sezai et al in which 

BMI was comparable between both the groups and no 

significant differences was found among the two groups. 

 

Figure 2: Frequency of different phenotypes. 

Most frequent phenotype in this study was phenotype A 

(Figure 2). 

However, in Wiweko et al study the most frequent PCOS 

phenotype was phenotype D (OA+PCOM) which was the 

next most frequent PCOS phenotype after phenotype A in 

this study. Phenotype C was the most frequent phenotype 

observed in Bozdag et al, study however their study 

showed the highest mean AMH level in phenotype A 

(patients having all the three features of syndrome).15 

Highest level of serum AMH (11.1 ng/ml) was also found 

in phenotype A in Wiweko study. This is in line with this 

present study in which highest mean level of AMH found 

in phenotype A (8.44 ng/ml), this can correlates with 

severity of disease i.e., patients having all the three 

features of syndrome (OA+HA+PCOM) have highest 

AMH level, this shows that the concentrations of serum 

AMH correlate with the severity of symptoms (Table 2). 

The same result was also found in an Indian study of 

Saxena in which highest level of serum AMH was found 

in phenotype A. 

Several studies have reported increased serum AMH 

levels in women with PCOS compared with controls, and 

the role of AMH as a diagnostic marker has been 

evaluated in previous studies (Table 3). 

However, both mean serum AMH levels and suggested 

cut-off values for AMH were inconsistent among the 

studies, probably because of differences in sample size, 

sample selection criteria, and specified PCOS phenotypes 

among the studies. Such difference in the cut off value 

might be because of different types of AMH kits being 

used. ELISA in these studies was by diagnostic system 

laboratories (DSL) whereas authors used kit from 

immune concept bio detect. 

The results of the present study are compatible with 

previous results only in terms of an elevated serum AMH 

level in women with PCOS. 

Pigny et al evaluated serum AMH levels in the diagnosis 

of PCOS; they reported a satisfactory specificity of 92% 

but a low sensitivity of 67% with an AMH cutoff of 8.4 

ng/mL (60 lmol/L) and a mean serum AMH of 11.42 

ng/mL (81.6 lmol/L).16 Both the mean AMH and AMH 

cut-off values were higher than the values in the present 

study, possibly due to their small patient population. 

Li et al, reported that serum AMH levels were elevated in 

adolescent young adult Chinese women with PCOS, but 

the serum AMH measurements offered a relatively poor 

diagnostic power, with a sensitivity of 61.7% and a 

specificity of 70% at a cut-off of 8 ng/mL.17 They 

suggested that the low specificity and sensitivity in their 

study was attributable to the lower prevalence of 

hyperandrogenism, obesity, and insulin resistance in their 

cohort owing to racial differences. 

Hart et al, found the most effective cut-off value of AMH 

to be 4.2 ng/mL (30 lmol/L), which is close to this study 

findings. Pellat et al, reported that AMH production 

increases approximately 75 times higher in each 

polycystic ovarian granulosa cell.18,19 This finding is also 

supported by Catteau-Jonard et al who found increased 

mRNA expression of AMH in ovarian granulosa cells. 

Weerakiet’s et al stated that AMH plasma levels can be a 

marker of the degree to which folliculogenesis is 

impaired in patients with PCOS.20 A study by Dewailly et 

al indicated that AMH may also be used as a surrogate 

marker of classical hyperandrogenism.21 Several other 

studies emphasize that the concentration of AMH is 

associated with the severity of morphological and 

hormonal changes in PCOS patients. 

On applying receiver operating characteristic curve (ROC 

curve) analysis, area under the curve was 0.98 (95% CI 

0.929 to 0.998); p value <0.0001) (Figure 1). In present 

study the maximum diagnostic potency of AMH alone for 

PCOS was at cut-off of 4.22 ng/ml with sensitivity of 

92% (95% CI 80.8 to 97.8) and specificity of 100% (95% 

CI 92.9 to 100). 

24

48%

6

12%

2

4%

18

36%

TYPE A TYPE B
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The positive predictive value is 100% (95% CI 92.3 to 

100.0) and negative predictive value is 92.6% (95% CI 

82.1 to 97.9). 

This result of ROC curve was similar to study of an 

Indian study Saxena in which area under the curve is 

0.778 (95% CI 0.678 to 0.859: p value <0.0001). 

Maximum diagnostic potency of AMH was at cut off of 

3.44 ng/ml in Saxena study with a sensitivity of 77.78% 

and specificity of 68.89%. 

Similar cut-off of AMH of 3.34 ng/ml with higher 

sensitivity of 98% and specificity of 93% was reported by 

an Indian study of Saikumar et al this was also in 

congruence with previous studies.22 

Woo et al and Lin et al reported low sensitivity and 

specificity than the present study but at higher cut-off 

level of 7.82 ng/ml and 7.3 ng/ml respectively.23,24 

Dewailly et al observed a higher sensitivity and 

specificity of 92% and 97% respectively at a cut-off of 

4.9 ng/ml.21 However, Homburg et al reported high 

specificity 98.2% but low sensitivity 60% of AMH at cut-

off of 6.7 ng/ml. 

Based on these findings, If at sometimes, ultrasound 

cannot provide accurate data, the levels of AMH may be 

used to replace the number of follicles as a diagnostic 

criterion. Serum AMH measurement is very valuable in 

the diagnosis of PCOS women. The serum AMH level in 

women with hyperandrogenism or oligo-anovulation 

could indicate the diagnosis of PCOS when reliable 

ultrasonography data are not available or when typical 

clinical and laboratory findings are not available. The 

serum AMH level is a new and useful diagnostic tool in 

PCOS diagnosis. 

Though no single cut-off of AMH is diagnostic but still it 

is a promising diagnostic tool for PCOS as AMH is not 

affected by the day of menses or OCP intake, hence can 

be used as a biological, objective, quantitative marker for 

diagnosing PCOS. So, in future, more studies should be 

undertaken to validate its role as diagnostic tool for 

PCOS. 

Further research will be needed to evaluate the 

relationship of AMH levels with lipid profiles and 

metabolic syndromes and to evaluate AMH as a tool for 

monitoring the success of PCOS treatment. 
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