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Abstract                                                                                                                                  

Background: To diagnose fertility among women, the anti-Müllerian hormone (AMH) level 

has been recently used. Female fertilization issues can be caused by many reasons, one of them is 

the polycystic ovarian syndrome (PCOS), which can present in early ages. To detect the effect of 

PCOS treatment, AMH can be monitored.  

Objective: To evaluate the role of anti-müllerian hormone in diagnosis and follow up of 

patients with polycystic ovarian syndrome.  

Materials and methods: This was a cross-sectional study conducted among 100 women 

diagnosed as cases of PCOS (test group), attending Dr. El Sir-Abu Al Hassan Fertility Center 

(Khartoum). 50 of these patients were recently diagnosed with PCOS and did not receive any 

medication.                                                                                                                                                            

The other 50 patients were under medication for the PCOS. Also, 50 healthy, fertile women were 

included as control group participants. Blood samples were collected to determine the levels of 

regular fertility hormones: follicle stimulating hormone (FSH), luteinizing hormone (LH), and  

anti-Müllerian hormone (AMH). Women body mass index (BMI) was taken in consideration.   

Results: The mean of BMI among the 100 test group women was found as 29.9 kg/m2. 

Regarding AMH, 21 PCOS patients (21%) were found to have normal AMH levels; while 79 

PCOS patients (79%) had abnormal AMH.                                                                                                          

The mean concentration of FSH level was significantly decreased in PCOS  patients as compared 

to control group (p = 0.002). LH, AMH and LH/FSH ratio were found  significantly increased in 

PCOS patients as compared to control group participants (p = 0.006, p = 0.000, and p = 0.032 

respectively). Compared to LH/FSH ratio, the AMH had the highest area under the curve (AUC), 

i.e. the receiver operating characteristic curve (ROC), giving 0.697 for LH/FSH ratio and 0.991 

for AMH. 

Conclusion: Anti-müllerian hormone could be the best marker for the diagnosis of PCOS. 

AMH level was higher in patients with PCOS and had the highest area under the curve (AUC) as 

compared to other hormones. AMH had significantly deceased after drilling. 
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Introduction    
 

Anti- Müllerian hormone (AMH), also known as Müllerian inhibiting substance (MIS), has been 

mainly studied for its regulatory role in male sex differentiation. AMH, produced by the Sertoli 

cells of the fetal testis, induces the regression of the Müllerian ducts, the anlagen of the female 

reproductive tract. AMH is a homodimeric glycoprotein linked by disulfide bonds and a 

molecular weight of 140 kDa. The hormone belongs to the Transforming Growth Factor-β (TGF-

β) superfamily. The gene encoding AMH is located in the short arm of chromosome 19. AMH 

action is exerted through two receptors: type I receptor (AMHRI) and type II receptor (AMHRII) 

which are present on the AMH target-organs (gonads and Müllerιan ducts)1.                                               

AMH type II receptor (AMH-RII), which is encoded by a gene found on chromosome 12 p13 for 

an iconography of the gene). The receptor is a single trans-membrane protein with serine-

threonine kinase activity, and it is present on the cell membrane of target organs (including the 

mesenchymal cells of the Mullerian ducts, the granulosa cells of the ovary, and the Sertoli and 

Leydig cells of the testis). In women, AMH is produced by the granulosa cells of follicles. 

Specifically, granulosa cells produce AMH from the stage of the primary follicle to the initial 

formation of the antrum. In female neonates, AMH is virtually undetectable but increases 

gradually until puberty and remains relatively stable thereafter and throughout the reproductive 

period2.                                                                                                                                                                      

It is widely accepted that the reduction of AMH levels in serum is the first indication of a decline 

in the follicular reserve of the ovaries. AMH concentration remains stable throughout the 

menstrual cycle. Polycystic ovarian syndrome (PCOS) is a lifelong condition which may have 

effects at all ages, not just in the reproductive years.                                                                                          

Fetal life: The condition may have its origins in fetal life, with either intrauterine growth 

retardation or post-term birth. Researchers have claimed that these children are more prone to 

hyperinsulinism, premature puberties and signs of PCOS early in reproductive life.                             

Teenagers: will often have oligo- or amenorrhea, hirsutism, acne and weight disorders. It is 

controversial whether patients with PCOS suffer from a raised prevalence of bulimia and women 

seeking to become pregnant: will have difficulties because of anovulation and later may be 

concerned about overweight and hirsutism. It is controversial whether miscarriage is increased in 

PCOS, or whether pregnancy loss is a result of excess body weight3.  

AMH concentrations in women with PCOS were independently and positively correlated with 

testosterone, androstendione and free androgen index (FAI) values. It is known that AMH levels 

decrease with age in women with normal ovulatory cycles. A similar decline is observed in 

women with PCOS, but at a slower reduction rate. This could be interpreted as indicating that 

ovarian aging is slowed down in women with PCOS, possibly due to the negative effect of AMH 

on the recruitment of primordial follicles. High AMH levels were observed in adolescent girls, 

aged 12-18 years, with polycystic ovary syndrome compared to controls. Furthermore, increased 

AMH concentrations have been found in girls aged 4-7 years born of mothers with PCOS4.                               

In the ovary, AMH has an inhibitory effect on primordial follicle recruitment as well as on the 

responsiveness of growing follicles to Follicle-Stimulating Hormone (FSH). The ovary-specific 

expression pattern in granulosa cells of growing non-selected follicles makes AMH an ideal 

marker for the size of the ovarian follicle pool and also a prognostic factor for fertility potential.  
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A recent studies clearly indicated that blood and intrafollicular AMH levels are significantly 

higher in PCOS women comparing to the normovulatory population. So serum AMH level 

appears to be a good predictive marker for the risk ovarian hyperstimulation syndrome: thus, its 

evaluation should be recommended before starting a controlled ovarian stimulation for IVF5.   
 

Materials and methods                                                                                                                                                                                                                                        
 

This cross sectional, comparative, analytical study conducted among 100 women diagnosed with 

PCOS and attending Al Sir Abu Al Hassan Fertility Center. The study was ethically approved by 

the Ethical Committee of Al Neelain University. An informed consent was obtained from all 

study participants. Data, when obtained, was analyzed using the Statistical Package of Social 

Science (SPSS), version 21. Permission for specimens collection was granted by the authorities 

of Al Sir Abu Al Hassan Fertility Center (Khartoum); and permission to conduct the study was 

obtained from Al Neelain University.  

50 of these patients were recently diagnosed with PCOS and did not receive any medication.                                                                                                                                                            

The other 50 patients were under medication for the PCOS. Also, 50 healthy, fertile women were 

included as control group participants. They were at the reproductive age (30-31) years old. 

Women with PCOS were under treatment and those who were out of age range were excluded. 

Data were collected via a well-constructed direct questionnaire including age, duration of 

infertility, family history of PCOS, treatment program, and drilling surgery. Blood samples were 

collected from100 patients with PCOS, samples from each woman were doubled: before and 

after treatment. Under hygienic conditions, 5 ml of whole blood were collected, allowed to clot, 

serum was  separated, and then preserved at -20°C. Then AMH, LH and FSH hormones were 

measured for each woman’s sample before and after treatment.  

AMH assessment was performed by the Union Immunoanalyzer. The AMH assay was a three-

step sandwich immunoassay using the enzyme-linked immune sorbent assay (ELISA) 

technology. FSH and LH were analyzed by the Tosho 360 Immunoanalyzer, using the AIA-Pack 

technology and utilizing the original concept patented by Tosoh-based technology on individual 

test cups, each containing lyophilized and ready-to use reagents. AIA-Packs use the fluorescence 

kinetics as a measuring method. Together with the unique Tosoh cups, this maneuver provided   

a high assay sensitivity and long shelf life, and calibration stability. The reaction took place in 

the test cup, from the pipetting of the sample, the antigen / antibody reaction up to the signal 

detection.  
 

Results  
 

In this study, 100 women diagnosed with PCOS (based on exclusion criteria), in the 

reproductive age, and presenting with infertility were enrolled in the study. Also, 50 

healthy, fertile women were included as control group participants. The range of patients’ age 

was from 19-39 years, with a mean age 27.6 ± 5.15. The mean of infertility duration 
(years) was 3.57±1.60. The mean of BMI was 29.93 ± 4.2 kg/m2.                                                                   

As shown in Table (1), the descriptive statistics analysis shows that, 21patients (21%) of PCOS 

had normal AMH while 79 patients (79%) had abnormal AMH. The mean concentration of FSH 

level was significantly decreased in PCOS patients as compared to control group (p = 0.002).  
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LH, AMH and LH/FSH ratio were found  significantly increased in PCOS patients as compared 

to control group participants (p = 0.006, p = 0.000, and p = 0.032 respectively).  

 

Table (1): Mean concentrations hormonal profile                                                                                                    

of test and control groups investigated  

 

 

Parameter 

 

Test  group         

(Mean ± SD) 

 

 

Control group 

(Mean ± SD) 

 

p - value 

FSH (μIU/ml)    
 

6.85±4.38 9.43±5.75 0.002 

LH (μIU/ml)    
 

9.18±4.21 6.09±4.86 0.006 

AMH (ng/ml)    
 

14.21±6.49 2.07±0.51 0.000 

LH/FSH    
 

1.74±1.11 1.40±0.77 0.032 

 

The AMH level was found significantly decreased in PCOS patients after (5.5 ng/ml) drilling 

surgery when compared to the state prior (13.6 ng/ml) to start of the treatment program (p = 

0.000).  

The receiver operating characteristic curve (ROC curve) was used to investigate the diagnostic 

potential of AMH, FSH, LH and LH/FSH levels. The areas under the curve (AUC) were found 

0.991, 0.895, 0.781, and 0.697 respectively. Optimal AMH cut-off level was 18.5ng/ml, yielding 

99 % sensitivity and 98 % specificity. With optimal FSH cut-off level was 10.15μIU/ml, yielding 

83 % sensitivity and 88% specificity. Optimal cut off 12.5 μIU/ml, LH yielding 70 % sensitivity 

and 69% specificity. AMH also provided the highest sensitivity and specificity compared to 

other markers. ROC analysis also showed that FSH had 83% and 88%and LH had 70% and 69% 

sensitivity and specificity (Table 2).    

 
Table (2): AUC, sensitivity, specificity, and cutoff points                                                                                       

of AMH, FSH, LH and LH/FSH ratio 
 

Parameter  AUC Sensitivity Specificity Best Cutoff value  

AMH      
 

0.991 99% 98% 18.5 ng/ml 
FSH     

 

0.895 83%  88% 10.15μIU/ml 
LH      

 

0.781 70% 69% 12.5 μIU/ml 
LH/FSH 

Ratio  

   

 

0.697 69% 68% 2.9 μIU/ml  
 

 
Pearson correlation showed a positive correlation of AMH levels with age (R=0.376, p = 0.008). 

AMH level showed an inverse correlation with body mass index (R= -0.346, p = 0.032). Also, 

there was a positive correlation of LH levels with FSH levels (R= 0.419, p = 0.000).      
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Discussion                                                                                                                                            
 

Anti müllerian hormone a glycoprotein hormone in embryonic stage, is secreted by Sertoli cells 

of testes and is responsible for regression of müllerian ducts. Thus absence of AMH during 

embryogenesis allows the development of female sexual organs. After birth, AMH is produced 

in small amounts by ovarian granulosa cells. AMH levels in serum do not vary significantly 

either during menstrual cycle or between consecutive cycles. Previous studies showed that AMH 

levels decline over time as the available oocytes and surrounding granulosa cells decreases with 

age. This suggested that there was a direct correlation between serum AMH and granulosa cell 

numbers. Thus AMH can be considered as a convenient and useful measure of assessing 

follicular reserve. Antral follicle count was previously demonstrated to be very useful in 

predicting the outcome but this procedure is technically challenging and user dependent, these 

features do not effect AMH testing and as AMH and FSH provide a view of the pool of 

primordial follicles6.                                                                                                                            

PCOS women enrolled in this study had been followed up in their way to gain fertile status. their 

AMH levels were measured prior to treatment by drilling surgery and other medications. After 

treatment AMH was also measured. AMH revealed a decreased concentration as compared with 

concentration before treatment, showing an increased significant difference (p = 0.000). This 

finding supports the fact that that serum AMH level is a useful diagnostic marker for PCOS; and 

it is correlated with the conventional diagnostic criteria. Thus it can be introduced as a possible 

objective criterion for the diagnosis of PCOS. Other studies found the AUC of AMH level was 

0.870 (95 % CI 0.81–0.92) and optimal AMH cut-off level was 4.45 ng/ml, yielding 76.1 % 

sensitivity and 74.6 % specificity. AMH also provided the highest sensitivity and specificity 

compared to other variables. Another study showed a 99% AMH sensitivity and a 98% 

specificity with best cut off (18.5 AUC value). FSH level was found significantly lower in PCOS 

patients when compared to controls (p < 0.001) in a study assaying many hormones among 

PCOS and normal participants.  The same FSH low level end point was detected among PCOS 

patients showing no significant difference (p = 0.02); and ROC for FSH was 83% sensitivity and 

88% specificity and 0.895 AUC. The same study involved LH among assessment of PCOS 

subjects, it found LH has significant difference and AUC 0.7367.                                                             

Likewise LH was found to have 70% sensitivity, 69% specificity and 0.781 AUC. LH/FSH ratio 

found in the present study had a mean of 1.53, revealing it as 2.9 which indicated significant 

difference among the PCOS patients, with 0.697 AUC. This finding was in agreement with 

another study finding of LH/FSH ratio, and it gained its significance via its 0.906 AUC 

indicating more positive results. However, this finding disagrees with data obtained for PCOS 

patients and obesity as point of detection. An adverse proportion between the FSH and AMH. 

Decline of AMH with increasing age was consistent with the concept of adverse proportion.        

However, the finding was in agreement with several studies conducted in the same manner with 

different objectives8.  

Among women involved in this study, AMH used as an alternative diagnostic criterion for PCOS 

patients with a cut-off value as AUC 0.991 ng/ml. A study conducted among Indonesians,  

suggested that AMH can be used as an alternative diagnostic criterion for PCOS patients with a  
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cut-off value of 4.45 ng/ml. the other one mentioned that AMH levels reflect with high accuracy 

the ovarian follicle reserve, and this has been demonstrated in numerous studies. Therefore, 

AMH evaluation has great clinical importance in predicting the success of IVF cycles. AMH 

levels represent the most sensitive marker for the inevitable decline in the number of primordial 

follicles related to aging. Furthermore, AMH determination can be used in the diagnosis or the 

follow-up of women with tumors of granulosa cell origin. Additionally, AMH could be used as a 

supplementary marker of polycystic ovary syndrome in cases where the ultrasonography 

examination of the ovaries is not feasible. Finally, the recently revealed relation between AMH 

and obesity will be a future research target in pathogenetic mechanisms linking obesity and 

gonadal dysfunction9.                                                                                                                            

Other studies revealed that AMH has also demonstrated its utility in the treatment of infertility. 

But the absence of an international standard for serum AMH assay and the inability to define 

thresholds makes application of serum AMH more difficult. Another concept of AMH levels 

measurement among certain groups of PCOS women before and after surgery taken in a study, 

divides PCOS women into 4 group groups according to benign cysts, age, ovarian cyst’s size and 

multiple bilateral types to assess the diminished ovarian reserve. This revealed that serum AMH 

level was significantly lower in endometrioma group, especially in patients aged 30 to 39 years 

(p = 0.035). Some workers studied post-operative PCOS women to evaluate the surgical impact 

of benign ovarian mass on anti-Müllerian hormone (AMH) levels. They found that the median 

level of serum AMH was significantly decreased from 5.48 ng/mL before cystectomy to 2.56 

ng/mL 3 months after operation (p < 0.05)10 .  

Some authors studied the AMH level in pre- and post-operative patients. They found 30 infertile 

patients with PCOS had not responded to the initial treatment with drugs. They assessed the 

serum levels of AMH before laparoscopic surgery and 1 week, 3 months, and 6 months after the 

surgery. The average levels of AMH were 8.4±4.7 ng/ml before laparoscopic surgery and 

7.5±4.5 ng/ml, 7±4.5 ng/ml, and 7.7±4.4 ng/ml one week, 3 months, and 6 months after surgery 

respectively. No significant difference was found. This revealed that the laparoscopic ovarian 

puncture didn’t change anti-müllerian hormone serum in women with PCOS and hence has no 

adverse effects on the ovarian reserve. Another study was conducted among PCOS patients by 

measuring AMH level mean among pre-operative and post-operative patients.  The AMH mean 

levels were 13.6 ng/ml and 5.5 ng/ml respectively. This finding had detected a decreased 

significant difference (p = 0.000)11.  

Recommendation: AMH should be considered a routine test to evaluate and set proper 

treatment of PCOS patients even when pregnancy is not a target, and to help women to plan for 

fertility at an early age.  

Conclusion: Anti-müllerian hormone could be the best marker for the diagnosis of PCOS. AMH 

level was higher in patients with PCOS and had the highest area under the curve (AUC) as 

compared to other hormones. AMH had significantly deceased after drilling. 
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