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Original Article

Polycystic ovarian syndrome is a complex heterogeneous disorder of unknown etiology and 

shows mild to severe degree of signs and symptoms affecting the reproductive, endocrine and 

metabolic functions. Anti-mullerian hormone, a dimeric glycoprotein belonging to the 

transforming growth factor–beta superfamily, is produced by the pre and small antral follicles. 

In polycystic ovarian disease, the hormonal imbalances occur, mainly in anti-mullerian 

hormone, androgens, and other sex hormones. AIM: The aim of the present study is to estimate 

and correlate serum levels of testosterone, anti-mullerian hormone and other sex hormones in 

polycystic ovarian disease patients. METHOD: After initial screening, baseline hormonal study 

and gynecological ultrasound, the patients were diagnosed for polycystic ovarian syndrome on 

the basis of Rotterdam consensus and grouped according to the level of serum testosterone. 

Moreover, the control group has also been included. The results thus obtained were compared 

amongst the three groups and applied the student's t-test. RESULT: Women with polycystic 

ovarian syndrome have higher serum anti-mullerian hormone levels and luteinizing 

hormone/follicle stimulating hormone (LH/FSH) ratio. Increased serum testosterone is 

associated with additional increase in anti-mullerian hormone, luteinizing hormone, estradiol, 

dihydroepiandrostenidione and LH/FSH ratio, whiles serum FSH shows a decreasing pattern 

that further justifies the increase of LH/FSH ratio. CONCLUSION: Serum anti-mullerian 

hormone shows a significant increase in polycystic ovarian syndrome as compared to women 

of similar age with normal ovarian morphology, hence its inclusion in the diagnostic criteria for 

polycystic ovarian syndrome is therefore recommended. The correlation of anti-mullerian 

hormone with hyperandrogenism requires additional studies for females undergoing in vitro 

fertilization treatment, because anti-mullerian hormone could be a predictor of ovarian 

stimulation outcome in polycystic ovarian syndrome. 
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1. Introduction
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Polycystic ovarian syndrome (PCOS) is the most common 

endocrine disorder in women of reproductive age and is thought to 

be one of the leading causes of female subfertility. Strong evidences 

shows that it may be classified as a genetic disease. The main 

symptoms of polycystic ovaries are anovulation; resulting in 

irregular menstruation, amenorrhea and infertility, excessive 

release of androgenic hormones; resulting in acne and hirsutism, 

insulin resistance; often associated with obesity, diabetes type-2, 

and hypercholesteremia [1-7]. Moreover, it is the most common 

cause of anovulation in women with normal serum Follicle 

Stimulating Hormone (FSH) and Estradiol (E ) levels [8].2

The diagnostic criteria for PCOS has been defined time and 

again; in 1990, a consensus workshop sponsored by NIH/NICHD 

suggested that a patient is suffering from PCOS if she has oligo-

ovulation, signs of androgen excess (by measuring serum 

testosterone levels) and other entities that would cause polycystic 

ovaries are excluded [9,10].Recently in 2003, a consensus 

workshop sponsored by ESHRE/ASRM in Rotterdam indicated 

that a patient is suffering from PCOS if she has any two of the 

following three criteria; oligo and/ or anovulation, excess 

androgenic activity and polycystic ovaries (by gynecologic 

ultrasound) while, other entities are excluded that would cause the 

same [11]. The Rotterdam definition is wider, including more 
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patients with or without androgen excess. Moreover, the findings obtained from the study of patients with androgen excess can not 

necessarily be extrapolated to patients without androgen excess [12, 13].

Besides androgenic excess during PCOS, studies suggest that imbalance of some other hormones also occur. PCOD patients have higher 

serum Anti-mullerian hormone (AMH) levels than normal ones [14-16]. AMH, also known as Mullerian inhibiting substance, is a dimeric 

glycoprotein and a member of the transforming growth factor-β superfamily. In male, AMH is produced during fetal sex differentiation by 

sertoli cells and where it induces Mullerian duct inhibition, while in female, it produces only post-natally by granulosa cells from pre-antral 

and small-antral follicles [17-19]. Women with PCOS have both increased serum androgens and higher number of small-antral follicles. 

Although serum AMH levels have been positively correlated with the numbers of small-antral follicles but controversies exist with its 

correlation to serum androgens [19, 20]. 

There is no correlation study in patients of PCOD amongst serum levels of AMH, testosterone, follicle stimulating hormone (FSH), 

luteinizing hormone (LH), FSH/LH ratio, estradiol (E2) and dihydroepiandrosteinidione (DHEAS) hitherto.

The aim of the present study is to estimate and correlate serum levels of testosterone, AMH and other sex hormones (FSH, LH, LH/FSH 

ratio, E  and DHEAS) in PCOD patients.2

Three hundred and eleven female patients aged 25-45 years, visited the infertility clinic (Jaipur Fertility Centre, Jaipur, India) of Mahatma 

Gandhi Medical College & Hospital (MGMC&H), Jaipur, India and were investigated for the infertility due to PCOD. These patients were 

subjected to initial screening that included complete history, physical examination, routine clinical investigations, hormonal and other 

immunoassays. After initial screening, patients were further subjected to baseline study on day third (day 3rd) of the menstrual cycle that 

included estimation of serum LH, FSH, E2 and testosterone by enzyme linked fluorescent assays (ELFA) technique using VIDAS instrument 

and kits (Biomerieux, France). Serum DHEAS and AMH were estimated by enzyme linked immunosorbent assay (ELISA) technique using 

Monobind and Beckman Coulter gen II kits respectively. 

A total of forty eight patients were diagnosed for PCOS, on the basis of Rotterdam consensus, from initial screening and baseline 

hormonal study. These patients were grouped into group-A and group-B on the basis of the level of serum testosterone; group-A included 

twenty five patients (n=25) suffering from PCOS with normal S. testosterone levels, while group-B included remaining twenty three patients 

(n=23) with elevated S. testosterone levels (>0.9 ng/ml). Moreover, LH/FSH ratio was also calculated in each case.

Another twenty five women of similar age with no evidence of tubal blockage, normal ovulation and having normal morphology were 

selected as the control group, called group-C (n=25).

The results were compared amongst these three groups; A versus C, B versus C, A versus B and applied student's t-test. A p value of <0.05 

was considered statistically significant.

The endocrine data obtained from the patients in three groups has been tabulated in Table 1; a perusal of the data reveals that the 

patients of group-B were significantly different from the remaining two groups in their hormonal profile.

Serum AMH levels were significantly different amongst three groups; highest in group-B and lowest in group-C.

Serum DHEAS levels show statistically significant change on comparison of group-B and group-A, and also with the control group-C, 

while the serum androgens (S. testosterone & S. DHEAS) are similar in group-A versus group-C comparison.

A significant rise is also occurring in serum LH and E2 levels in group-B as compare to group-A and group-C, while serum FSH shows a 

decreasing pattern amongst the groups. Serum FSH levels are highest in the control group (group-C) and the lowest in the group-B, but the 

changes are not significant.

The rise in LH and fall in FSH with increasing levels of AMH is clearly reflected by the significant rise in the LH/FSH ratio. This ratio is 

lowest in the control group, slightly higher in the group-A, and highest in group-B.

2. Materials and Methods

3. Results
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Table 1: Comparison of hormone levels in normal and PCOS patients

a) Values are presented as mean + SD.

b) Group A= PCOD patients with normal Testosterone; Group B= PCOD patients with raised testosterone; Group C= Normal controls;

c) NS = Non-Significant

Group-A (n=25) Group-B (n=23) Group-C (n=25) A vs. C B vs. C
(p Values)

A vs. B

30.8 + 5.69

0.56 + 0.21

4.88 + 0.88

4.57 + 1.74

5.79 + 1.20

0.81 + 0.33

45.04+10.02

283.4+35.65

27.96 + 4.26

1.65 + 0.59

12.50 + 3.57

6.29 + 1.37

5.22 + 0.83

1.24 + 0.37

65.57 + 9.58

348.7+51.86

31.48 + 5.36

0.55 + 0.19

1.62 + 0.58

3.89 + 1.45

6.72 + 2.33

0.62 + 0.28

39.36+ 10.81

279.44+35.65

NS

NS

<0.0005

NS

NS

<0.05

NS

NS

NS

<0.0005

<0.0005

<0.0005

<0.005

<0.0005

<0.0005

<0.0005

NS

<0.0005

<0.0005

<0.0005

NS

<0.0005

<0.0005

<0.0005

Age (years)

Testosterone (ng/ml)

AMH (ng/ml)

LH (mIU/ml)

FSH (mIU/ml)

LH/FSH

E2 (pg/ml)

DHEAS (mcg/dl)

4. Discussion

5. Conclusion

PCOS exhibit a broad spectrum of clinical and biochemical 

characteristics and the most distinctive feature is the failure of 

follicular maturation despite initial recruitment. 

The role of intra-ovarian androgens is still debated; AMH is 

synthesized in the small antral follicles and it inhibits FSH 

sensitivity. It is an important parameter that can play a pivotal role 

in the diagnosis of PCOD. The result of the present study shows that 

the patients with PCOD have significantly higher serum AMH levels; 

similar as the other studies support the same.  Moreover, it reveals 

that the elevated serum testosterone leads to an additional rise in 

serum AMH levels; similar as the previous finding that showed the 

hyper-androgenism was associated with an additional increase in 

serum AMH, furthermore, also showed that serum testosterone 

was independently related to levels of serum AMH. Significant 

correlations amongst serum AMH and androgens in PCOS have 

been reported, while on the contrary, no such correlations found in 

either PCOS or in normal women [15-23].

The present study shows a positive relationship between 

serum AMH and serum E2 levels; these are significantly higher in 

PCOD patients with increased serum testosterone level. Serum E2 

levels of PCOD patients with normal testosterone level are also 

higher than the control group, though the rise is non-significant. 

These findings are similar as previous study that shows an increase 

in E2 level in the PCOD patients. Contrary to our finding; an inverse 

relationship has also been reported between AMH and E2 in PCOD 

patients and non PCOD patients respectively. Since AMH is an 

earlier product from the follicular cohort than estradiol, the 

discrepancies mentioned above might reflect difference in the day 

of sampling [18, 20, 23-25].  

The present study reveals; a negative relationship between the 

levels of AMH and FSH. Thus, the higher levels of AMH are 

associated with lower levels of FSH similar as the previous study, 

though; the changes are significant only in patients of group-B 

versus control group (group-C). The above finding is in support of 

the speculation that excess of AMH is involved in diminishing FSH-

induced aromatase activity that characterizes the follicular arrest 

of PCOS [26].

Moreover, the LH/FSH ratio is increasing, though it is above 

1.00 only in group-B. It is lowest in control group, slightly raised in 

PCOD patients with normal testosterone and highest in PCOD 

patients with raised testosterone. The previous studies have also 

showed similar rise in the LH/FSH ratio, but the pattern was 

nonspecific and present in less than 50% cases in their study [27, 

28].

It is obvious from the results of present study that serum AMH 

shows significant increase in PCOS as compared to women of 

similar age group with normal ovarian morphology, hence it can be 

strongly recommended to include in the diagnostic criteria for 

PCOS. Moreover, correlation amongst serum levels of AMH, 
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testosterone, and other sex hormones (FSH/LH/E2/DHEAS) 

could also be significant to diagnose PCOS clearly.

As the study reveals; the estimation and correlation between 

the serum testosterone and AMH levels could be useful to PCOD 

patients especially in assisted reproductive techniques 

(ART).Thus, the correlation of AMH with hyperandrogenism 

requires additional studies for females undergoing in vitro 

fertilization (IVF) treatment, because AMH could be a predictor of 

ovarian stimulation outcome in PCOS. 
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