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ABSTRACT
Background: Polycystic ovary syndrome (PCOS) is a complex endocrine disorder 
in women of reproductive age and a major cause of infertility. Anti- Mullerian 
Hormone (AMH), a valid marker of ovarian function, is used for the diagnosis 
of PCOS. Oxidative stress (OS) occurs when harmful reactive oxygen species 
exceed the level of antioxidants. Malondialdehyde (MDA) is a marker of lipid 
peroxidation and increases in OS. The aim of this study is to assess the serum 
level of total antioxidant status (TAS) and malondialdehyde (MDA) in the 
premenopausal women with PCOS. 
Methods: A cross-sectional analytical study was conducted at Padmashree 
Diagnostics, Department of Gynecology, India from April 2016 to March 
2017. Census method was used to select the samples. The oxidative stress was 
measured by measuring the level of TAS and MDA. The data was recorded in 
structured proforma and and enter in SPSS version 16.0. The data were expressed 
in frequency, percentage, mean and standard deviation and the results obtained 
were analyzed using pearson’s correlation and student’s t-test. The p-value less 
than 0.05 was taken as statistically significant.
Results: The measured serum AMH level among the patients with PCOS was 
within normal range in 67.5% (27) and above normal range in 32.5% (13). The 
serum TAS level in normal AMH group was 814.0 + 291 µMol/L and in above 
normal range group was720 + 240 µMol/L, which was statistically significant (p <0.001). 
Similarly, the serum level of MDA in normal AMH group was 6.64 + 0.21 µMol/L, and in 
above normal range group was 8.78 + 0.22 µMol/L, which is statistically significant (p = 
0.01). The measured level of AMH was significantly associated with the increased level of 
MDA (p<0.001) and decreased level of TAS (p<0.001). The measured MDA level in high 
AMH group did show statistically significant than the normal AMH group. But it did not 
cross the normal reference limit, it underscores that the study subjects are in the process 
of initial phase of disease progression.
Conclusions:  Serum level of TAS and MDA along with AMH are valuable 
diagnostic biomarker for the diagnosis of PCOS in the resource poor settings 
where ultrasound facility is unavailable. We recommend to conduct further 
research from different population taking larger sample to validate this finding 
and check for the sensitivity and specificity of the test. 
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INTRODUCTION
Polycystic ovary syndrome (PCOS) is the most common 
endocrine disorder affecting 5-10% of female in their 
reproductive age.1,2 It is the leading cause of ovulatory 
dysfunction causing female infertility worldwide.1,3  

Researches showed that infertility in female is mainly 
hormonal.4 Ovary as an endocrine gland produces 
various hormones like estrogen, progesterone, anti-
mullerian hormone (AMH) and little amount of 
androgen.

AMH is secreted by granulosa cells of the ovarian follicles, 
and is an important regulator of folliculogenesis in the 
ovaries.5 Some of the recent research has concluded that 
the serum levels of AMH is a valid indicator representing 
the overall ovarian function that determined the 
women’s screening of fertility and diagnosis of PCOS 
and its level increases by 2 to 3 times in women with 
PCOS.6 However, the converse is not always valid. 
The women with high level of AMH who dont have 
polycystic ovaries are more fertile.7 The increase in the 
level of AMH has been involved in the pathogenesis of 
PCOS. Studies found that polycystic ovaries comprise 
a higher number of preantral and small antral follicles, 
indicating arrest of follicular development at the stage 
when AMH production is greatest.8,9 

Oxidative stress (OS) is an imbalance in the systemic 
expression of reactive oxygen species (ROS) and the 
inability of the biological system to readily detoxify 
or repair the reactive intermediates, thus producing 
peroxides and free radicals that might cause damages to 
cell components like lipids, DNA and proteins.10-12 Various 
studies have measured antioxidant markers to correlate 
with OS and PCOS and the diverse clinical manifestations 
of metabolic syndrome including diabetes, obesity, and 
cardiovascular diseases.13 Malondialdehyde (MDA) is a 
marker of lipid peroxidation and increases in OS. MDA 
results from lipid peroxidation of polyunsaturated fatty 
acid. It is stable and can serve as a good biomarker. 
Increases ROS may cause intracellular damage causing 
an increase in MDA levels.5,14 Therefore, the role of OS in 
PCOS is becoming more important and new diagnostic 
biochemical markers are gaining much attention.  

Although ultrasonography (USG) can confirm the 
presence of polycystic ovary in 90% of the case, it can’t 
diagnose the PCOS due to the fact that polycystic ovary 
is the common feature of health women too. Therefore, 
the diagnosis of PCOS on the basis of hormonal assay 
is a promising method, however, analytic methods have 
to be standardized in order to establish the commonly 
accepted diagnostic norms.15 The aim of this study is to 
assess serum level of TAS and MDA, and correlate these 
biomarkers with the AMH levels in the premenopausal 
women.
MATERIALS AND METHODS
Study Design and Setting: A cross-sectional analytical 
study was conducted in Padmashree diagnostics, 
Department of Gynecology, Vijayanagar, Bengaluru, 
India from April 2016 to March 2017. The study was 

approved by Institutional Review Board, Padmashree 
Institute of Clinical Research, Bangalore. 

Inclusion and Exclusion Criteria: Premenopausal 
women between the ages of 25 to 45 years with the 
clinical as well as radiological diagnosis of PCOD using 
Rotterdam criteria were included in the study. Two out 
of three Rotterdam criteria are required for the diagnosis 
of: Oligo/anovulation, hyperandrogenism (hirsutism, 
raised free testosterone), and radiological diagnosis of 
PCOS.

The participants with age below 25 and above 45, those 
undergoing hormonal replacement therapy, late-onset 
congenital adrenal hyperplasia, and androgen secreted 
ovarian or adrenal tumors were excluded from the 
study. 

Sampling Technique and Sample collection: Blood 
sample collection was done following aseptic laboratory 
procedure in gel clot activator vacuum tube. The census 
method was applied to identify the sample size. All 
patients meeting the inclusion criteria during the study 
period were enrolled in this study. 

Ethics Statement: Both written as well as verbal consent 
was taken before blood sample collection from the 
participants. The study was approved by Institutional 
Review Board of Padmashree Institute of Clinical 
Research, Bangalore, India. 

Procedure for Biochemical Tests: The blood specimens 
were received in the laboratory and centrifuged at 
1800xg/15mins to separate the cellular components and 
the cell-free serum processed for the analysis of routine 
biochemical parameters requested by the treating 
clinicians. The remaining specimens were aliquoted, 
labeled, and stored at -20ºC till further analysis. Aliquots 
of specimens, once thawed were used for the analysis on 
the same day and not be subjected to repeated freezing 
and thawing to avoid any pre-analytical errors. Three 
biochemical test parameters were studied; AMH, TAS 
and MDA.  

Analytical Methods:

Serum AMH was estimated by Enzyme-linked 
fluorescence assay (ELFA) according to the 
manufacturer’s instructions.16

Serum TAS was estimated by the modified Ferric 
reducing antioxidant power (FRAP) assay method.17

MDA level was estimated by a modified 
spectrophotometric method.6

Data analysis: Data were analyzed using the Statistical 
Package for the Social Sciences (SPSS version 16.0). All 
the values were expressed in frequency, percentage, 
mean and standard deviation. The student’s t-test 
was applied for statistical comparison of two means 
and Pearson’s correlation was applied to check the 
relationship between AMH, MDA and TAS level. The 
p-value less than 0.05 was considered as statistically 
significant.
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RESULTS

During the one year of the study period, a total of 1295 
patients were visited in the OPD and 230 were with 
PCOS. Out these cases, 40 patients meet the inclusion 
criteria of the study and enrolled in this study. The 
prevalence of PCOS was 17.76%. Out of the 40 patients, 
67.5% (n=27) patients were with normal AMH level and 
32.5% (n=13) were with high AMH level (Figure 1).
The mean and standard deviation of the AMH level in 
normal AMH group and high AMH group was 3.97 ± 0.7 
and 6.73 ± 1.98 ng/mL respectively which is statistically 
significant (p<0.001) (Table 1).

The mean total antioxidants status (TAS) level was 
significantly lower among PCOS patients with normal 
high AMH as compared with high normal AMH 
(p<0.001). The mean value in the TAS in normal AMH 
group and high AMH group was 814.0 ± 291µMol/L 
and 720 ± 240 µMol/L respectively (Table 2). Similarly, 
the level of MDA in normal AMH group and high AMH 
group was 6.64 ± 0.21 µMol/L and 8.78 ± 0.22 µMol/L 
respectively (Table 3).  

AMH had strong positive correlation with MDA 

(p<0.001) but weak and negative correlation with TAS 
(p=0.02) which was statistically significant. Similarly 
TAS had strong but negative correlation with MDA. 
(Table 4)
DISCUSSION
PCOS is a multi-factorial disease having complex 
hormonal disturbances and is a major cause of infertility 
in female. The present study was undertaken to analyze 
the OS in females having PCOS.  We correlated OS 
by measuring serum TAS and MDA in a total of 40 
participants having PCOS. Among them, 67.5% (n=27) 
had normal AMH level and 32.5% (n=13) had high AMH 
level. The findings of the study showed the AMH level 
was statistically significant against reference interval 
which showed that these premenopausal women with 
high AMH level group were suffering from PCOS 
which was similar to the results of other studies done by 
Kohzadi et al.6 and Woo et al.17 

Various hormones have play vital role in maintaining 
the ovarian function and many of them are changed 
during the disease of ovary like PCOS. AMH is a 
hormone produced primarily by granulocytes of pre-
antral follicles of ovaries in woman of reproductive 
life. Its secretion reasonably maintains the steady state 
in menstrual cycle, with the number of follicles and 
ovarian reserve. Researches has showed that AMH level 
can act as novel marker of ovulatory dysfunction. As 
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AMH level can be used as marker of ovarian reserve and 
viability to ovulate. Thus, these results demonstrated 
that the AMH level is strongly linked with ovarian 
antral counts. These factors make AMH level an ideal 
marker for ovarian reserve. However, with the help of 
serum AMH level only, the diagnosis of PCOS cannot be 
made in the patients suspected with PCOS. A previous 
study found that AMH level is associated with severity 
of PCOS.18 Other studies found that increased level of 
AMH in the female without sign/symptoms of PCOS 
had significantly higher fertility.7 So the AHM level only 
is unable to diagnose the PCOS.

Our study showed that the level of TAS decreases in 
the patient diagnosed with PCOS. Moreover, the result 
showed that the level of TAS was decrease significantly in 
the PCOS patient with high AMH group than in normal 
AMH group. In the present study, the total antioxidant 
status among pre-menopausal woman of normal and 
high AMH level subjects had 814.0 ± 291 µMol/L and 
720 ± 240 µMol/L respectively which was significantly 
lower than the reference interval in both the normal 
and high AMH groups. These findings showed that 
both groups were under oxidative stress as compared to 
that of normal reference intervals. These findings were 
similar to that of the previous study done by Fenkci 
et al, Maleedhu et al, and Fathi et al.19-21 However, our 
study result was contrary to Verit et al22 in which TAS 
was significantly higher in PCOS participants. The 
observed finding of the present study reveals that the 
normal and high AMH groups were under oxidative 
stress compare to that of normal reference interval. On 
the contrary, the TAS decreases showed the presence 
of undue disturbance in redox homeostasis in PCOS. 
This result was in agreement with Shirsath et al.23 where 
they reported a significant increase in the mean of MDA 
(p>0.001) in PCOS women than that of controls group.

The reasons behind the reduced level of TAS is due to 
increase in level of free radicals produced from the redox 
reactions that can reduce from proteins, lipids as well as 
DNA damage and thereby neutralize, reactive oxygen 
species such as hydrogen peroxide etc.24 If the defense 
mechanism cannot overcome the redox reactions would 
eventually happens to damage the body tissue it is 
like aging process. The total antioxidant status among 
premenopausal women of normal and high AMH level 
group was found lower than the reference interval. 19-21

Similarly, present study found that the level of MDA 
was significantly higher in the PCOS patients. The 
observed level of MDA is significantly increased in the 
PCOS patient with high AMH group than normal AMH 
group (8.78+ 0.22 µMol/L and 6.64+ 0.22 µMol/L) than 
that of reference level (2.65+ 1.33 µMol/L) respectively 
which was similar to the results of other studies25-27 but 
not in agreement with  Dursun et al.28 and  Karadeniz 
et al.29 which reported no statistical variation regarding 
the mean of MDA level between PCOS and the control 
group. The MDA level helps in evaluating lipid 
peroxidation as a consequence of oxidative stress.  

Therefore, increased serum MDA concentrations might 
be a result of increased generation of ROS due to the 
generation of excessive oxidative damage in these 
patients. These oxygen species in turn can oxidize many 
other important biomolecules including membrane 
lipids. Though the exact mechanism has not been clearly 
understood, hyperandrogenemia in PCOS may be the 
reason for these higher MDA levels.18 In present study  
AMH exhibited strong correlation with MDA (r=+0.83, 
p<0.001). In this study, the mean serum MDA level was 
significantly increased in the high AMH group than the 
normal AMH group. But found lower than the reference 
interval. This suggested that an increase in lipid content 
oxidative biomarker MDA in the high AMH group than 
the low AMH group. 

TAS showed statistically significant negative correlation 
with MDA (r= -0.72, p<0.001). The increased level of 
MDA and decrease level of TAS in serum showed that 
there is increased amount of lipid peroxidation as a 
consequence of oxidative stress in the patients with 
PCOS.24 Thus, the measure of TAS as well as MDA 
in body fluids is functionally important in handling 
oxidative stress in PCOD. Hence, in PCOS patients, the 
antioxidants status can be of help to fight against these 
free radicals and prevent future complications. So, the 
present study was an attempt to further the routine 
chemistry parameters along with special test parameters 
like AMH to analyze and relate the findings with the 
clinical diagnosis for differential diagnostic significance 
in PCOS. AMH showed statistically significant but weak 
negative correlation with TAS (r= -0.36, p=0.02).

The major limitations of this study being a single 
centered study with small sample size. Also, other 
variables/parameters and markers were not assessed in 
the study. To understand the novelty of interrelation in 
maintaining the redox homeostasis there is urgent need 
to call for a larger population based prospective study 
over a period of time along with the monitoring of the 
therapeutic outcome is likely to validate the prognostic 
significance if any, of oxidative biomarker in polycystic 
ovarian disease. 

CONCLUSION

This study confirms that the low-level of TAS and high-
level of MDA served as a diagnostic biomarker for 
PCOS in the patients with high level of AMH in Indian 
sub-population. It is valuable to the clinician working 
in resource poor settings for the diagnosis of PCOS by 
assessing the lever of AMH, TAS and MDA alone which 
is more convenient and less expensive in the clinical 
setting where ultrasonological diagnosis is unavailable. 
We recommend to conduct further research in this 
area taking large sample from different population to 
validate these findings and check for the sensitivity and 
specificity of the test. 
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