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INTRODUCTION 

Polycystic ovary syndrome (PCOS) is one of the 

commonest endocrinopathies affecting females and 

female infertility.
1
 It affects almost 5-10% of women 

during their reproductive age.
2
 It was first described by 

Stein and Leventhal in 1935 who found women with 

polycystic ovaries and amenorrhea where some 

complained of hirsutism and/or obesity.
3
 A significant 

number of PCOS patients are first presented by infertility 

as their main complaint, owing mainly to anovulation as 

the primary defect responsible for failure of conception.
4
 

Clomiphene citrate (CC) seems to be an efficient, low 

cost treatment for anovulatory PCOS with minimal 

adverse effects.
5
 Normally, 60-85% will ovulate using 

CC as first-line treatment.
6,7

 Still, almost 15-20% of 

women remain anovulatory where CC-resistance is 

usually diagnosed after 3-6 months of treatment.
8,9

 Earlier 

diagnosis of CC-resistance could spare the patients the 
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ABSTRACT 

Background: Anti-Müllerian hormone (AMH) is suggested as an important marker for women with polycystic ovary 

disease (PCOS). Several studies have found serum level of AMH correlate well to ovarian response to ovulation 

induction in women with PCOS. This study was conducted to assess the relationship between AMH in women with 

PCOS and response to ovulation induction with clomiphene citrate. 

Methods: Prospective observational cohort study conducted at Ain-Shams university maternity hospital from 

February 2013 to February 2014. 100 women with PCOS were recruited from the infertility outpatient clinic. Serum 

AMH levels were measured by enzyme linked immunosorbent assay in the early follicular phase (days 3-5). 

Ovulation induction by clomiphene citrate was started on day 5 as 50 mg daily tablet for 5 days. Ovulation was 

documented by transvaginal ultrasonography and women who failed to ovulate till day 35 were considered 

anovulatory. 

Results: 72 women ovulated within 12 to 33 days of the menstrual cycle, while 28 had undetectable ovulation till day 

35. The median serum AMH level was significantly higher in women with failed ovulation [4.05 ng/mL (3.7 - 4.4)] 

than in ovulating women [2.7 ng/mL (1.9 - 3.1)] (p<0.001). Receiver-operating characteristic (ROC) curve analysis 

found the best cutoff value of AMH for prediction of successful ovulation ≤3.6 ng/mL (sensitivity = 97.2%, 

specificity = 82.1%). 

Conclusions: Anti-Müllerian hormone is a very useful predictor of poor responders to clomiphene citrate among 

women with polycystic ovary disease. 
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psychological stress and allow them to shift to second-

line treatment. 

Anti-Müllerian hormone (AMH), one of the members of 

transforming growth factor-beta (TGF-β) superfamily is 

suggested as an important marker for women with PCOS 

being 2 to 3 folds higher than in healthy women.
10

 These 

elevated levels of AMH are directly related to the 

increased number of follicles in women with PCOS.
11

 

Indeed, several studies have found serum level of AMH 

correlate well to ovarian response to ovulation induction 

in women with PCOS.
12-14

 

This study was conducted to assess the relationship 

between AMH in women with PCOS and response to 

ovulation induction with CC. 

METHODS 

This prospective observational cohort study was 

conducted at Ain-Shams University Maternity Hospital 

from February 2013 to February 2014. 100 women were 

recruited from the infertility outpatient clinic with PCOS 

diagnosed according to androgen excess society (AES) 

guidelines 2006.
15

 Women with extremes of reproductive 

age (less than 20 years old or more than 35 years old), 

other causes of infertility, thyroid dysfunction, diabetes, 

using hormonal drugs within the previous 2 months and 

women presented with ovarian pathology (e.g. cysts, 

tumors etc.) were excluded from the study. The study was 

approved by the ethical committee of the department of 

Obstetrics and Gynecology, Ain-Shams university and 

informed written consents were obtained from all 

participants before commencement of the study. 

All patients were subjected to thorough history and 

examination, Body mass index (BMI) was calculated and 

body hair distribution was noted using modified 

Ferriman-Gallwey score where a score of 8 or higher was 

indicative of androgen excess.
16

 Serum FSH, LH, TSH, 

prolactin and free testosterone were obtained as part of 

the routine workup of patients with PCOS. 

Serum AMH levels were measured by enzyme linked 

immunosorbent assay (AMH Gen II ELISA kit; 

Immunotech A Beckman coulter company, Brea, CA, 

U.S.A.). Blood samples were obtained during the early 

follicular phase (days 3-5) and in case of amenorrhoeic 

women, 2 tablets (10 mg) oral medroxy-progesterone 

acetate (Provera®, Pharmacia, Egypt) was given for 7 

days to induce withdrawal bleeding.
17

 CC (Clomid®, 

Aventis, Egypt) was started on day 5 as 50 mg daily 

tablet for 5 days. Folliculometry was started on day 11 

using trans-vaginal ultrasound (Medison, sonoscape A6 

model, 6.5 MHz endovaginal probe) and continued till 

ovulation was confirmed by ultrasonography where the 

date of ovulation was documented. Women who failed to 

ovulate till day 35 were considered anovulatory. 

The required sample size has been calculated using 

PASS© version 11 (NCSS, LLC. Kaysville, Utah, USA). 

The primary outcome measure was the incidence of 

ovulation after attempted induction of ovulation with CC 

in patients with PCOS in relation to serum AMH level. It 

has been estimated that a sample size of 100 patients 

would achieve a power of 95% (type II error = 0.02) to 

detect a difference of 0.2 in the area under the curve 

(AUC) for prediction of successful ovulation. The AUC 

was assumed to be 0.5 under the null hypothesis and to be 

0.7 under the alternative hypothesis. An AUC of 0.7 was 

selected as it is regarded as denoting fair predictive value 

of the test hormone.
18

 The true positive rate (i.e., 

successful ovulation) has been assumed to be 50% and 

the true negative rate (i.e., failed ovulation) to be 50%. 

These rates have been based on the figures reported by.
19

 

The type I error was set at 0.05 corresponding to a 

confidence level of 95%. 

Statistical analysis was done using IBM© SPSS© 

Statistics version 21 (IBM© Corp., Armonk, NY, USA) 

and MedCalc© version 12.5 (MedCalc© Software bvba, 

Ostend, Belgium). The D’Agostino-Pearson test was 

performed to test the normality of numerical data 

distribution. Non-normally distributed numerical 

variables were presented as median and interquartile 

range and between group differences were compared 

using the Mann-Whitney U test. Qualitative variables 

were presented as number and percentage and differences 

between two groups were compared using the Pearson 

chi-square test. Receiver-operating characteristic (ROC) 

curve analysis was used to determine the value of AMH 

level for prediction of ovulation. Multivariable logistic 

regression was used to determine independent predictors 

of ovulation including AMH. Possible confounders that 

might affect the outcome of interest were adjusted for in 

the regression model to determine the independent effect 

of AMH. Kaplan-Meier analysis was used to examine the 

relation between the level of AMH and the time to 

ovulation. Separate curves were plotted for women with 

or without high AMH level and both curves were 

compared using the log-rank (Mantel-Cox) test. Hazard 

ratio for ovulation was estimated using the Mantel-

Haenszel test. P <0.05 was considered statistically 

significant. 

RESULTS 

A total of 100 women with PCOS participated in the 

study; their mean age was 25.55±3.54 years (SD). 51 

ranged from 20 to 25 years, 39 from 26 to 30 years and 

the remaining 10 ranged from 30 to 32 years. 39% of 

patients had optimal weight (BMI 20.1-25 kg/m
2
), 48% 

of patients were overweight (BMI 25.1-30 kg/m
2
) and 

13% of patients were obese (BMI 30.1-35 kg/m
2
). 14% of 

patients were amenorrhoeic, 79% of patients had 

oligomenorrhea and 7% had cycles of normal frequency. 

70 patients had primary infertility while the other 30 

complained of secondary infertility. 45 had hirsutism 

with modified Ferriman-Gallwey score ranging from 9 to 
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30 indicating androgen excess. The majority of patients 

(74) showed PCOS morphology on ultrasonography. 

Successful ovulation was obtained in 72 women ranging 

between days 12 to 33 of the menstrual cycle with 

median of 21, while 28 patients had undetectable 

ovulation till day 35. Comparison between ovulated and 

non-ovulated women in relation to patients’ 

characteristics is shown in Tables 1 and 2. There was a 

strong correlation between most of the parameters of the 

hormonal profiles of patients and the incidence of 

ovulation (Table 3). 

 

Table 1: Comparison between ovulated and non-ovulated women in relation to patients’ characteristics. 

Variable Variable sub-type 
Undetectable ovulation 

till day 35 (n=28) 

Ovulated group 

(n=72) 

 

p-value 

Age (years)  26 (23.5 - 29.5) 24 (22.5 - 29) 0.066 

Duration of infertility (year)  2 (1.75 - 2.5) 1.75 (1.0 - 2) 0.010 

Data are presented as median (inter-quartile range) 

BMI 

20.1-25 kg/m
2
 1 (3.6%) 38 (52.8%) 

<0.001 25.1-30 kg/m
2
 14 (50%) 34 (47.2%) 

30.1-35 kg/m
2
 13 (46.4%) 0 (0%) 

Cycle regularity 
Regular 7 (25%) 35 (48.6%) 

0.032 
Irregular 21 (75%) 37 (51.4%) 

Cycle frequency 

Amenorrhea 5 (17.9%) 9 (12.5%) 

0.266 Oligomenorrhea 23 (82.1%) 56 (77.8%) 

Normal cycles 0 (0%) 7 (9.7%) 

Type of infertility 
Primary 19 (67.9%) 51 (70.8%) 

0.771 
Secondary 9 (32.1%) 21 (29.2%) 

Data are presented as number (%) 

 

Table 2: Comparison between ovulated and non-

ovulated women in relation to hirsutism score and 

presence of PCOS morphology by U/S. 

Variable 
Variable 

sub-type 

Undetec

-table 

ovula-

tion till 

day 35 

(n=28) 

Ovulated 

group 

(n=72) 

p-value 

Hirsutism 

score 

Score 0 
5 

(17.9%) 

35 

(48.6%) 

<0.001 
Score  

1-8 
0 (0.0%) 

15 

(20.8%) 

Score  

9-30 

23 

(82.1%) 

22 

(30.6%) 

PCOS 

morpholo

gy by 

U/S 

No PCO 

by U/S 

11 

(39.3%) 

13 

(18.1%) 
0.026 

PCO by 

U/S 

17 

(60.7%) 

59 

(81.9%) 

Data are presented as number (%) 

The median serum AMH level was significantly higher in 

women with failed ovulation [4.05 ng/mL (3.7 - 4.4)] 

than in ovulating women [2.7 ng/mL (1.9 - 3.1)]                           

(p <0.001). The best cutoff value of AMH for prediction 

of successful ovulation was ≤3.6 ng/mL (sensitivity = 

97.2%, specificity = 82.1%) (Figure 1). With a highly 

significant correlation between successful ovulation and 

AMH level ≤3.6 ng/mL (Figure 2). AMH level and 

hirsutism score were found to be highly significant 

determinants of successful ovulation (p <0.01 and p 

<0.05 respectively) (Table 4). Also, there was a highly 

significant correlation between AMH level and time to 

ovulation with shorter time from induction of ovulation 

till documented ovulation in women with AMH ≤3.6 

ng/mL (p <0.0001) (Figure 3). 

 

Figure 1: Receiver-operating characteristic (ROC) 

curve for the value of AMH level in prediction of 

successful ovulation. Area under the ROC curve = 

0.97 (95% CI = 0.91 - 0.99, P <0.0001). 
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Table 3: Comparison of the hormonal profile in ovulated women and those with undetectable ovulation till day 35. 

Variable Undetectable ovulation till day 35 (n=28) Ovulated group(n=72) p-value 

Free testosterone (ng/dL) 639.15 (574.7 - 663.5) 540.5 (485.5 - 618.0) 0.003 

FSH (mIU/mL) 6 (5.0 - 7.7) 7 (6.0 - 8.15) 0.031 

LH (mIU/mL) 9.5 (8.0 - 14.0) 8 (6.0 - 9.4) 0.001 

LH/FSH Ratio 1.67 (1.23 - 2.30) 1.16 (0.89 - 1.42) <0.001 

TSH (mIU/mL) 1.75 (1.5 - 2.1) 2 (1.5 - 2.4) 0.330 

Prolactin (ng/mL) 19 (16.0 - 21.0) 17 (14.0 - 19.0) 0.032 

Data are presented as median (inter-quartile range) 

 

 

Figure 2: Percentage of women with AMH level >3.6 

ng/mL or ≤ 3.6 ng/mL among those who had 

successful ovulation and those who did not ovulate till 

day 35. 

 

 

Figure 3: Kaplan-Meier curve for the time to 

ovulation in women with AMH level ≤3.6 ng/mL and 

those with AMH level >3.6 ng/mL. Hazard ratio = 

6.12 (95% CI = 3.69 to 10.14, P <0.0001). 

 

Table 4: Multivariable logistic regression model for determinants of successful ovulation. 

Variable B SE OR 95% CI for OR p-value 

AMH (ng/mL) -6.55 2.34 0.00 0.00 to 0.14 0.005 

Age (years) -0.66 0.36 0.52 0.26 to 1.05 0.067 

Secondary
 
infertility*

 
3.14 2.32 23.20 0.25 to 2194.26 0.176 

Duration of infertility (years) 0.79 1.29 2.2 0.17 to 27.83 0.542 

Hirsutism score -0.35 0.16 0.7 0.52 to 0.95 0.024 

PCO changes by U/S† -1.15 1.87 0.32 0.01 to 12.27 0.537 

LH/FSH ratio 1.00 1.51 2.73 0.14 to 52.57 0.506 

Constant 41.28 

B = regression coefficient; SE = standard error; OR = odds ratio; *Referenced to primary infertility; †Referenced to no PCO changes 

by U/S. 

 

DISCUSSION 

In the current study, we found that baseline serum AMH 

levels to be negatively correlated with the response to 

ovulation induction with CC. We have identified a cutoff 

level of AMH (3.6 ng/mL), above which the chances of 

ovulation were significantly reduced (97.2% of ovulated 

women had AMH ≤3.6 ng/mL). The influence of AMH 

levels on ovarian response to ovulation induction with 

CC in this study could reflect the correlation between 

serum AMH levels and severity of PCOS. Granulosa 

cells (GCs) of PCOS secrete much higher levels of AMH 

than those of normal ovaries, this suggests inhibition of 

ovulation and follicle maturation in PCOS.
20

 

Women with PCOS could be divided into ovulatory and 

anovulatory depending on their GCs whether were low or 

high AMH producers. Ovulatory PCOS have 

significantly higher AMH production than normal women 

yet still anovulatory PCOS have GCs producing almost 

18 times higher AMH than those of ovulatory PCOS.
21

 

Thus, this rise of AMH in PCOS appears to be an 

intrinsic property of the GCs as confirmed by the 

presence of increased levels of AMH mRNA in these 
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GCs, and this property even persists after stimulation for 

IVF.
22

 

These studies implies that the increased AMH levels are 

actually due to increased production of by each follicle 

rather than being secondary to increased follicle count.
21

 

All this give rise to a very important question about the 

importance of decreasing this GCs AMH production in 

order to achieve successful ovulation in non-responder 

PCOS. 

Other studies found AMH to be a useful marker for the 

prediction of ovarian response to ovulation induction in 

PCOS, one of them found almost the same cutoff value 

(3.4 ng/mL) to be a useful predictor of anovulation.
23

 

Another study found serum AMH levels significantly 

higher in PCOS not responding to CC, yet a much lower 

cutoff level was proposed (1.2 ng/mL) which could be 

attributed to the high BMI used where all patients were 

above 30 kg/m
2
 unlike this study which included only 2% 

above this figure.
24

 

Others reported conflicting results; one study found 

PCOS women with AMH levels >7.7 ng/mL less likely to 

ovulate with CC induction, yet these values didn’t reach 

significance.
13

 Others found AMH to be of limited value 

in the prediction of PCOS response to ovulation induction 

with CC.
25,26

 However, many other studies using other 

protocols for induction of ovulation in PCOS.
12,20,27

 have 

found AMH to be a very useful predictor of poor 

responder PCOS and even to be to be the most significant 

independent predictor for the FSH dosage needed to 

reach mono-follicular development for ovulation. Amer 

et al, found PCOS with high AMH levels to have a 

reduced chance to ovulate following laparoscopic ovarian 

diathermy (LOD).
13

 All this support the hypothesis of this 

study about the importance of AMH as a predictor of 

anovulation in women with PCOS in response to different 

modalities of treatment including ovulation induction 

with CC. Some studies even suggested AMH to be a 

possible predictor of pregnancy in IVF cycles done for 

women with PCOS, with the women producing relatively 

lower levels of AMH having the best outcome.
28

 

These results drove the attention of many researchers to 

the possibility that the reduction of AMH levels in 

women with anovulatory PCOS might be essential in 

their treatment. Amer et al found AMH concentration 

significantly decreased following LOD and remained low 

at 3- and 6-month follow-up.
13

 Others found AMH levels 

to lower down following long-term treatment with 

metformin.
29,30

 Women treated with recombinant human 

FSH had lower serum AMH levels after treatment, also 

significant reduction of AMH protein in conditioned 

medium from GCs of women with PCOS after FSH 

treatment has been observed.
31,32

 

 

 

CONCLUSIONS 

The role of AMH in PCOS remains a key question that 

needs to be answered. Finding an anti-AMH therapy 

seems to be the upcoming quest in the management of 

anovulatory PCOS. Still the research in literature about 

the relation between AMH and PCOS is insufficient and 

invites further studies to find better solutions for the 

management of this disease. 
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