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Abstract 

Introduction: Polycystic ovarian syndrome (PCOS) is a common endocrine disorder in reproductive women and leading 

causes of female sub fertility. Symptoms include amenorrhea, infertility, anovulation with irregular menstruation, and 

excessive release of androgenic hormones. When compared to normal women, PCOS patients have higher serum Anti-

Mullerian hormone (AMH) levels, along with increased serum androgens and higher number of small-antral follicles.  

Objective: This study seeks to explore the effectiveness of previous literature on usefulness of testing serum levels of, LH, 

FSH in comparison with AMH for a period of 3 months of treatment.  

Methods: Prospective and cross sectional study, conducted from march 2017 to Oct 2018. 100 women reporting to OBG 

clinic with inclusion criteria were , Age group: ≥ 18 to ≤ 40 years, Patients complaining of irregular menstruation, 

amenorrhea and infertility, while exclusion criteria were women with any other co morbid conditions, receiving any 

medications, Pregnant, lactating and post-menopausal women. We divided them into two groups of 50 each. Group 1 was 

analyzed for LH, FSH, and scanning (as routine) and group 2 were analyzed for LH, FSH, AMH and scanning (as routine). 

The blood was centrifuged, separated and analyzed at Central laboratory. To compare between LH, FSH with AMH, we 

use USG scan as standard diagnostic tool to prove the efficacy of AMH.  

Conclusion: Our results showed that serum AMH has significant increase in PCOS compared to serum LH and FSH levels. 

Our findings conclude that AMH is good clinical parameters that can be used for diagnostic testing of PCOS. 
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Introduction  

Polycystic ovarian syndrome (PCOS), a common 
endocrine disorder in women with leading cause of 
female fertility. The symptoms of polycystic ovaries 
include amenorrhea, infertility, anovulation with irregular 
menstruation and excessive release of androgenic 
hormones [1-7]. This syndrome of ovarian dysfunction 
has shown to affect 4-18% of reproductive women 
worldwide [8]. Women diagnosed with PCOS have 
additionally revealed to exhibit a pattern for pre-obesity 
with links indicating a high progression of 30-40% of 
them progressing towards having type 2diabetes (T2D). 
Some may also present with abnormalities in insulin 
resistance (IR), inflammation, adipose tissue dysfunction, 
impaired fasting glucose (IGF) and impaired glucose 
tolerance (IGT) [9,10].  

 
In 1990, at consensus workshop which was sponsored 

by NIH/NICHD the diagnostic criterion for PCOS was 
defined. It was said that PCOS patient has androgen 
excess, oligo ovulation, and other entities [11,12]. In 2003, 
workshop sponsored by ESHRE/ASRM in Rotterdam, said 
that PCOS patient suffering from with any two from three 
criteria like anovulation or oligo, polycystic ovaries 
detected by gynecologic ultrasound, excess androgenic 
activity and, other entities are to be excluded that would 
cause the same [13], while the definition by Rotterdam 
includes more patients with or without excess of 
androgen. The study results of patients with androgen 
excess and without androgen excess cannot be 
extrapolated [14-16]. 

 
Studies have suggested that during PCOS imbalance of 

other hormones also can occur, along with androgenic 
excess while when compared to normal subjects, in PCOS 
patients the levels of serum Anti-Mullerian hormone 
(AMH) will be increased [16-18]. In female, from pre-
antral and small-antral follicles it produces post-natally 
by granulosa cells and in male, sertoli cells produce 
during fetal sex differentiation and induces Mullerian duct 
inhibition [19-21]. Women with PCOS have increase 
number of small-antral follicles with high serum 
androgens. Controversies still exist with its correlation to 
serum androgens even though, serum AMH levels have 
been correlated positively with numbers of small-antral 
follicles [21,22]. 

 
We consider that, there are very few explorative study 

among women with PCOS for detecting serum levels of 
luteinizing hormone (LH), follicle stimulating hormone 
(FSH) and AMH. Therefore this study seeks to explore the 

effectiveness of previous literature on usefulness of 
testing serum levels for a period of 3 months of treatment 
of AMH in comparison with LH, FSH. Hence our objective 
was to explore the effect of testing serum levels of AMH 
with LH, FSH women with PCOS.  
 

Methods  

Institutional Ethical Review Board approval was 
obtained prior to initiation of the study and ICH-GCP 
guidelines will be followed until completion. Study was 
conducted by department of pharmacology/central 
research lab along with department of obstetrics and 
gynaecology, at rajarajeswari medical college, Bangalore. 

 
This is a prospective, cross sectional study, conducted 

from March 2017 to oct 2018. We enrolled 100 women 
reporting to OBG clinic with complaints/ symptoms of 
PCOS. Inclusion criteria were – 1. Age group: ≥ 18 to ≤ 40 
years 2. Patients complaining of irregular menstruation, 
amenorrhea and infertility. 3. Patients who consented to 
participate, while exclusion criteria were 1. Women with 
any other co morbid conditions. 2. Women receiving any 
medications. 3. Pregnant, lactating and post-menopausal 
women 

 
Data was collected using specially designed Case 

Record Form [CRF], includes demographic data, personal 
history, disease characteristics, treatment details, adverse 
event profile if any, and investigational data. After initial 
screening as per Rotterdam definition by the clinician, 
patients were subjected for baseline study at third day of 
menstrual cycle by collecting the blood samples. Women 
were divided into two groups of 50 each. Group 1 were 
analyzed for FSH, LH, and scan (as routine) while group 2 
were analyzed for LH,FSH,AMH, and scanning (as 
routine). The blood was centrifuged, separated and 
analyzed at Central laboratory. 

 
To compare between LH, FSH with AMH, we use USG 

scan as standard diagnostic tool to prove the efficacy of 
AMH. We also tried to prove the efficacy of LH FSH by 
combining two groups and as separate entity. In order to 
estimate the efficacy of LH and AMH measurements into 
“normal” and “high”, their Receiver operating 
characteristics [ROC] curve were plotted. The ROC curve 
plots specificity v/s sensitivity. Area under curve [AUC] is 
expressed in percentage which represents the ability to 
classify normal and high values. 

 
All the data were entered into Microsoft excel sheet 

before analysis. The data was analyzed using descriptive 
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statistics. Quantitative data was expressed as mean, 
standard deviation, qualitative data as percentage and 
frequency distribution. Statistical package “R” version 4.2 
was used for analysis. For comparing the efficacy of LH, 
FSH and AMH bar graphs were used which represents the 
fraction. The standard errors on mean fraction were 
computed using SE = √ p(1-p) / n, where p is the fraction 
of patients in group-2 showing “high” for the test. ROC 
curve for LH and AMH classification were plotted using 
pROC library. All the computations including estimation 

of statistical parameters, detection effectiveness, ROC 
curve and welsch independent ‘t’ test were performed.  
 

Results  

Total 100 women with PCOS were recruited in the 
study. Among two groups majority of women were in age 
range between 18-25 years and represented in Figure 1. 
70% of women with PCOS were married. 70% in group 1 
and 58% in group 2 were from rural background.  

 
 

 

Figure 1: Age wise distribution of patients with PCOS. 
 

 
To calculate the socioeconomic status we used revised 

kuppuswamy scale we had 54% in group 1 and 52% of 
women with PCOS in group 2 who were in the lower 
middle class (Figure 2) [23].  

 
 

 

Figure 2: Socioeconomic status of women with PCOS as per revised kuppuswamy scale. 
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Among 100 women with PCOS, only 5% of patients 
had family history. Majority of the women had irregular 
cycles between 60 days to 90 days and had a menstrual 
flow for 10 to 15 days. All patients were newly diagnosed 
patients who were not on any treatment for PCOS. 
Majority of them complained of dysmennorhea and heavy 
flow.  
  

Comparison of Detection Efficiency of PCOS for 
AMH and LH, FSH  

The bar chart below shows the fraction of patients in 
Group 2 for whom the LH, FSH and AMH were performed 
and the results showed “high”. For all the 50 patients, 
scan report showed confirmation for PCOS. Hence these 
ratios represent efficiency for detecting PCOS. The error 
bars represent standard error on observed mean 
fractions  

 
 

 

Figure 3: Detecting the efficacy of LH, FSH, AMH. 
 

From this plot, we notice that within standard errors, 
the AMH has considerable higher efficacy of detection 
[>82%] when compared to LH and FSH [< 30%]. The 
values of the above plot are summarized in the table 
below 

 

 
High Normal 

No of 
patients 

Fraction 
of high 

SE (Standard 
Error) 

LH 12 38 50 0.24 0.01 

FSH 1 49 50 0.02 0.032 

AMH 43 7 50 0.86 0.081 

Table 1: Values of LH,FSH, AMH. 

 

Comparison between Group-1 and Group-2  

In order to compare the values of LH, FSH and AMH 
across Group-1 and Group-2, two sample independent t 
test with unequal variances (Welsch test) was performed. 
The results are summarized here in the table. The p 
values between Group 1 and Group 2 indicate that the 
values of LH and FSH are not significantly different, with a 
significance level of 0.05 assumed for the test.  
 

Variable 
Mean and SD 

in Group-1 
Men and SD in 

Group-2 
P-value of t-

test 
LH 9.09 ±5.72 8.35 ± 3.39 0.434 

FSH 7.15 ± 4.22 6.85 ± 2.70 0.68 

Table 2: Values of LH and FSH across two groups. 
 

Detection Efficiencies by Combining Data Sets 
of Group 1 and Group 2 

The two data sets of Group-1 and Group-2 were 
combined to get the detection efficiencies for LH and FSH. 
The efficiency of AMH was available only for Group-2 as 
computed before. This combined data is shown in the 
table below and plotted in the following graph. 

 

 
High Normal No. of patients Fraction of high Standard error SE 

LH 28 72 100 0.28 0.074 

FSH 9 91 100 0.09 0.047 

AMH 43 7 50 0.86 0.081 

Table 3: Values of LH, FSH and AMHb. 
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Figure 4: Efficiency of LH, FSH and AM. 
 
 

ROC curve for the LH and AMH  

In order to estimate the efficiency of the classification 
of LH and AMH measurements into “normal” and “high” 
categories, their ROC curves were plotted using “pROC” 
library of R statistical package. The two figures 
corresponding to LH and AMH are given below: 

 
 

 

Figure 5: ROC curve of LH – combining group 1 and 2. 

 

 
The ROC curve for LH has a very good AUC of 97.5% 

indicating that the LH classification of high and low 
classification is efficient. Similarly, the Roc curve for AMH 
classification into high and low has a good AUC value of 
90.4%.  
 

 

 

Figure 6: ROC curve of AMH – Group 2. 
 
 

Discussion 

In our study we observed to have higher levels of AMH 
in women with PCOS. Studies have shown that women 
with PCOS differed in their LH concentrations and it can 
also peak to three times the levels of their FSH values 
[24,25]. We also observed that LH/FSH levels were 
significantly different on comparing with other groups. In 
contrast, according to 2003 Rotterdam ESHRE/ASRM 
criteria, it was stated clearly that LH/FSH should not be 
recommended as an identifier for women having PCOS 
where a study later proved them correct by concluding 
that LH/FSH ratio had little effect in diagnosing PCOS 
[26].  

 
PCOS has a broad spectrum of biochemical and clinical 

characteristics while its distinctive feature of follicular 
maturation is a failure. FSH sensitivity is inhibited by 
AMH synthesized in small antral follicles and an 
important parameter which plays a pivotal role in 
diagnosis of PCOS. Our study results show that women 
with PCOS have significantly higher serum AMH levels 
while correlations with androgens in PCOS have been 
reported [27]. On contrary, no correlations has been 
found either in normal women or in PCOS [28-31].  

 
A positive relationship had been revealed by our 

study, between levels of FSH and AMH. Hence, lower 
levels of FSH are associated with higher levels of AMH. 
This is in support of the speculation that excess of AMH is 
involved in decreasing FSH induced aromatase activity 
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which is a characteristic feature for follicular arrest in 
PCOS [32]. Since PCOS is leading cause of female 
infertility, it is therefore recommended that women who 
experience these symptoms seek their gynecologist for 
advice. Physicians must continue to highlight the 
importance dietary changes to include grains, vegetables 
and fruits as prevention of PCOS. Dietary and lifestyle 
modifications of women must be looked at from all angles 
and their development to PCOS. As research calls it, “this 
thief of womanhood” is been affecting women daily while 
more importance should be given on women living with 
PCOS [33]. Even though we live in a “gender-polarized” 
and advanced technological world, a young woman 
without a menstrual cycle, psychological discomfort and 
infertility problems can soon be sadly outnumbered with 
our future children being computers, machines and 
robots [34]. 
 

Limitations of Study 

More detailed information on quality of life, life style 
modifications and dietary changes would have added 
more impact on this manuscript. 
 

Conclusion 

From our results of present study, we conclude that 
serum AMH levels are significantly increased in PCOS 
when compared to serum LH and FSH levels. Our findings 
conclude that AMH can be considered as good clinical 
parameters which can be used for diagnostic testing of 
PCOS. 
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