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Background: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of reproductive 
age women. It is associated with dyslipidemia and Insulin resistance which is a high risk factor for 

cardiovascular disease in the long-term.  Aim of study to determine Insulin Resistance, lipid prole, Apolipoprotein- Objectives:
A1 and Apolipoprotein- B levels in women with polycystic ovary syndrome. Hospital based observational case  Study Design: 
control study. We evaluated 80 polycystic ovary syndrome women as cases and age matched 80 women as controls  Method: 
visited to obstetrics and gynaecology OPD at NDMC Medical College and Hindu Rao Hospital, Delhi, India. The case selection 
was done according to Revised Rotterdam criteria (2003). Lipid parameters, Apo lipoprotein -A & Apo lipoprotein -B.  Fasting 
blood sugar and fasting Insulin were measured. Insulin resistance (IR) was calculated by the HOMA-IR formula.  The  Results:
present study showed  signicantly higher values of triglycerides ( 48%) , HDL-C(46.95 ± 10.21mg% ) ,fasting glucose (25%) 
and IR (10 %)in case than control (8%,  41.78 ± 9.71 mg% , 7%  and 5% respectively)  and  signicantly  low value of Apo 
lipoprotein-A (45%) in PCOS women than controls (1.25%).Whereas the values of Total cholesterol, LDL-C, VLDL-C, 
Apolipoprotein B, fasting insulin ,TC/HDL and  LDL/HDL ratios was  not signicantly different between  two groups.  
Conclusion: In the present study PCOS women had hypertriglyceridemia and raised IR whereas Apo lipoprotein -A was found 
low. These parameters are considered as high risk factors for cardiovascular disease. Early and regular screening of PCOS 
women can prevent progression of cardiovascular diseases. 
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INTRODUCTION:
Polycystic ovary syndrome (PCOS) is a syndrome of ovarian 
dysfunction that is characterized by an ovulation, 
hyperandrogenism, and/or the presence of polycystic ovary 
(PCO) morphology (1), is regarded as the most common 
endocrine disorder of reproductive age (2). The aetiology of 
PCOS is not clear, but studies have suggested that PCOS 

   appears to have a complex, multi-factorial aetiology (3) . It is  
associated with a wide range of  metabolic and long term 
health risks including insulin resistance, type 2 diabetes,  
impaired glucose tolerance, dyslipidemia, metabolic 
syndrome and obesity(4-10). Dyslipidemia in PCOS women is 
a potential risk factor for cardiovascular disease in the long 
term (11,12 ).

Insulin Resistance is characterized by impaired glucose 
response to specic amounts of insulin and can be clinically 
dened as inability of known quantity of exogenous or 
endogenous insulin to increase glucose uptake and use in an 
affected individual as much as it does in a normal person (13) .  
Dyslipidemia  is the most common metabolic abnormality  in  
women with PCOS , specially , increased levels of low density 
lipoprotein cholesterol (LDL-C) and  triglyceride (TG) , and 
decreased  levels of  high  density lipoprotein-cholesterol 
(HDL-C) which are a more atherogenic (9,14-18). These 
changes in  the lipid prole found  in association with insulin 
resistance#. 

Apo lipoproteins are located on the surface of lipoproteins, 
 and regulate lipoprotein metabolism and lipid transport. 

Apolipoprotein (apo)A-I, the major structural protein 
component of HDL particles and has cardioprotective 
properties, whereas ApoB represents the total amount of 
potentially atherogenic circulating lipoproteins, including 
LDL, intermediate density lipoprotein (IDL), very low-density 
lipoprotein (VLDL) and lipoprotein (a). Insulin resistance 
contributes to decrease plasma levels of HDL-C and 

. Apolipoprotein (Apo) A-I, and higher levels of Apo B For the 
last few years several studies have suggested that, plasma 
lipids as well as, alterations of Apo lipoprotein- A and 
apolipoprotein B signicantly increase the cardiovascular 
risk.,  apoB/apoA-I ratio  predicts cardiovascular risk better 
than any cholesterol index  (19-23).

Therefore, the aim of the present study was to  evaluate Insulin 
resistance and lipid prole in Indian women with PCOS. 

MATERIAL AND METHODS
Study Design: 
A hospital based observational case control study.

Study Population:   
The study was comprised on women of 18-40 years of age 
attending gynaecological OPD at Hindu Rao Hospital with 
polycystic ovarian syndrome took as cases and age matched 
women without PCOS as controls. The cases were selected on 
the basis of Revised Rotterdam diagnostic criteria for PCOS 
(2003 )Oligomenorrhea- infrequent, irregularly timed episode 
of bleeding occurring at intervals of >35 days or 4-6 menstrual 
cycle per year OR / AND Amenorrhoea / absence of 
menstruation for 6 months. Clinical and /or biochemical signs 
of hyperandrogenism include hirsutism, male pattern 

.alopecia, and acne  Biochemical hyperandrogenism is 
dened when total testosterone is >80 ng/ml ruling out genital 
hyperplasia, androgen-secreting neoplasm, and Cushing's 
syndrome. If on ultrasonography  ≥12 follicles in either ovary  
measuring 2-9mm located peripherally along the surface of 
the ovary “necklace appearance” or increased ovarian 

3volume >10cm . A single ovary meeting these criteria is 
sufcient for the diagnosis of PCOS (1)

Sample Size:   
This study consisted of 160 women of reproductive age. The 
sample size had been calculated by using SPSS software 
version 21.                        
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Inclusion Criteria: 
Women of the 18-40 years age group with polycystic ovarian 
syndrome as case and without PCOS as controls were willing 
to participate in the study and gave written consent.

Exclusion Criteria:
Patients with a history of diabetes mellitus, impaired glucose 
tolerance test, untreated hypothyroidism, and other causes of 
hirsutism. On drug treatment eg. Antihypertensive, 
contraceptives, lipid-lowering agents, drugs affecting glucose 
and lipid metabolism, Pregnancy and lactating mother

Study Methods:
Detailed history of menstruation, hyperandrogenism, medical 
illness, surgical procedure, drug treatment, and family were 
taken after written informed consent. All participants 
underwent general, physical and systemic examinations. 
Weight and height were measured and Body Mass Index (BMI) 
was calculated for each woman to classify the state of obesity 

2by the formula BMI = Weight in Kg / Height in m . An 
ultrasound of the abdomen was done to rule out polycystic 
changes in the ovaries. For estimations of lipid prole, fasting 
glucose and fasting insulin, a 5 ml venous blood sample was 
collected from all participants after overnight fasting of 12 
hours by venipuncture and tests were performed by the 
standard laboratory method by the Auto analyzer. Insulin 
resistance is calculated mathematically by using HOMA-IR 

 (homeostatic model assessment – insulin resistance)which is 
Fasting glucose(mg/dl) X Fasting Insulin(mU/ml) / 405(24). 
Patients are evaluated to nd out the prevalence of insulin 
resistance and for a relationship of HDL, LDL, VLDL, 
Apolipoprotein A& B, total cholesterol, and triglycerides in 
polycystic ovarian disease.  VLDL-Cholesterol is calculated 
using the formula VLDL= Triglycerides/5.

LDL cholesterol is calculated from the values of total 
cholesterol, triglycerides and HDL cholesterol by applying 
Friedewald's equation. TC/ HDL and LDL/HDL ratios were 
determined.

Statistical Analysis
Continuous variables are presented as their mean ± SD and 
categorical variables as numbers (percentage). Student's 
unpaired t-test was used for the analysis of continuous 
variables. Categorical variables were analyzed by Chi-
square test or Fisher exact test if the numbers were small. P 
<0.05 was considered as the level of signicance and two-
tailed probability was used. All analysis was carried out by 
using SPSS software version 21. 

RESULTS:
Mean age was signicantly more in cases as compared to 
controls, 26.49 +4.65  versus 28.61  +- 5.59 yr (P 0.009) (Table-
1). There was no signicant difference between the mean BMI 
or proportion of women with BMI>25 in the two groups. Mean 
menstrual cycle length was signicantly high in cases as 
compared to controls,39.92 + 8.46 versus 31.09 d+ 2.39 d 
(<0.0001), the proportion of women with menstrual cycle 
length >35 days was also high(66.25%) in cases as compared 
to controls(10% )(P < 0.001). The proportion of women with 
ultrasonographic appearance of polycystic ovaries was 
signicantly high in cases at 31.25% as compared to controls 
at 6.25 % (P <0.001 ). The mean FSH/LH ratio had no 
signicant differences between cases and controls (P 0.963) 
and no signicant difference in the proportion of women with 
FSH/LH >2 (P 0.057).

Mean fasting insulin was signicantly more in cases as 
compared to controls 7.30 ± 1.64 mIU/L, 6.79 ± 1.49 mIU/L ( P 
0.037) ( Table 2). Mean Fasting blood sugar was signicantly 
high 93.01+15.75 mg/dl in cases as compared to controls 
85.91+10.41 mg/dl( P .001).Proportions of women between two 

groups with fasting blood sugar>100 mg/dl was signicantly 
high in cases 25% compared to controls 7.5% ( P 0.004).  Mean 
HOMA-IR was signicantly higher in cases1.72± 0.55 
compared to controls 1.45±0.42 (P<0.001), however, the 
proportion of cases 10%  with HOMA-IR >2.5 was not 
signicantly different from control(2) (P 0.23).

Mean Triglycerides were signicantly high in cases (147.14 + 
22.48 mg/dl) as compared to controls (102.99 + 27.79 mg/dl) 
(P<0.0001) and the proportion of triglycerides >150mg/dl was 
also signicantly high in cases (48.75%) as compared to 
controls (8.75%) (P <0.001) (Table 3).  Mean Cholesterol was 
also high in cases (164.58 ± 22.24 mg/dl) compared to controls 
(134.28± 22.23 mg/dl)(P 0.001) However no signicant 
difference in the proportion of women with cholesterol > 
200mg/dl was found in the two groups (P 0.12). Mean HDL was 
signicantly higher ( 46.95 ± 10.21mg /dl) in cases compared 
to control (41.78 ± 9.71 mg/dl) ( P 0.0013). Whereas the 
proportion of women with HDL <40mg/dl was signicantly 
more among controls (38.75 %) compared to cases 22.55% ((P 
0.0257).  There is no signicant difference between mean LDL 
among the two groups. (78.21 + 10.35mg/dl and 77.49 + 14.12   
mg/dl) (0.713). No women in either group had LDL >I30 mg/dl.  
Mean VLDL was signicantly high in cases as compared to 
controls 29.45 + 4.45 mg/dl  &  20.58 + 5.54 mg/dl  ( P <0.001 ) 
However no women in either group had VLDL>40mg.

Mean Apo lipoprotein A was signicantly low in cases (139.99 
+ 47.05 mg/dl) as compared to controls ( 193.74 + 23.40mg/dl ) 
and the proportion of women with Apolipoprotein A <140 
mg/dl was signicantly high in cases as compared to controls 
(45% and 1.25%)   (P<0.001). However, mean Apolipoprotein B 
was signicantly low (81.2 + 30.18mg/dl) among cases 
compared to controls (98.63 +16.44mg/dl)  (P <0.001). The 
proportion of women with Apolipoprotein B >130 mg/dl was 
not signicant (P 0.2453) between the two groups. Mean 
TC/HDL and LDL/HDL ratios were signicantly low in women 
with PCOS (P <0.05). The difference in the proportion of 
women with TC/HDL >4.99 and LDL/HDL >3.25 in the two 
groups was not signicant.   

Table1. Comparison of demographic characteristics, 
ultrasound ndings, and LH/FSH  ratio between two groups.

p <0.05 - statically signicant
p<0.001- statistically highly signicant

Table2. Fasting Insulin, Fasting Blood Sugar, and Insulin 
Resistance between two groups.
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Variables Data Mean + SD or Numbers(%) p Value

Case (N=80) Control (N=80)

Age (yrs) 26.49+ 4.65 28.61+ 5.59 0.009

BMI (kg/m2)
>25

25.51 +3.96 24.97 + 4.33 0.418

8(10%) 4(5%) 0.367

Menstrual 
cycle length 
(days) >35 
days

39.92 + 8.46 31.09 + 2.39 <0.0001

53(66.25%) 8 (10%) <0.0001

Polycystic 
ovary nding 
in USG 33 (41.25%) 5 (6.25%) <0.0001

LH/FSH
>2

1.25 + 0.68 1.24 + 0.53 0.963

11(13.75%) 4 (5%) 0.057

Variable Data  Mean+SD or bers(%) P 
ValueCase (n=80) Control (n=80)

Fasting Insulin 
(mIU/L) 7.31+ 1.64 6.97 + 1.49 0.037

Fasting Blood Sugar 
(mg/dl) >100 mg/dl

93.01 + 15.75 85.91 + 10.41 0.001

20(25%) 6(7.5%) 0.00435

Insulin Resistance 
(HOMA-IR). >2.5

1.72 + 0.55 1.45 + 0.42 0.0012

8(10%) 4 (5%) 0.23
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p <0.05 - statically signicant
p<0.001- statistically  highly signicant
 
Table3. Comparison of lipid prole and Apo lipoprotein A 
and Apolipoprotein B between two groups

p <0.05 - statically signicant 
p<0.001- statistically  highly signicant.

DISCUSSION
This study has been conducted to evaluate insulin resistance 
and alteration in lipid proles in Indian women with PCOS. 
The polycystic ovarian syndrome is a complex heterogeneous 
disorder that has a multifactor etiology.(25) . This syndrome is 
associated with impaired lipid metabolism, insulin resistance, 
hyperinsulinemia, hyperandrogenism, and obesity. In 
dyslipidemia extent and type of alteration in lipid levels are 
variable for different lipids (7,26) . These alterations play a 
crucial role in atherosclerosis and high risk for CVD in long 
term.

It is well known that Insulin Resistance (IR) is associated with 
PCOS. IR is characterized by reduced sensitivity to insulin in 
peripheral tissues which are muscle and adipose tissue, but 
not in the liver.  Hyperinsulinemia in women with PCOS is due  
to compensatory hyper secretion  of insulin  by itself under the 
inuence of  IR(27) .

In our study we observed a signicant difference in insulin 
sensitivity between women with PCOS and healthy control, 
although  absolute elevation of  fasting insulin level in  the 
study population is not signicant. Prevalence of  insulin 
resistance in our study group is 10% , by using Homa-IR cut of 
value >2.5 ,  which is lower than other studies (28,29 )  The low 
prevalence of IR may be due to 41.5 5 % of study population   
are overweight and 10% are obese .There are Various studies 
suggested that Insulin resistance in women with polycystic 
ovary syndrome increases triglyceride level and decreases 
HDL-C level ( 30-32.).  Women with PCOS were found to have 
higher mean serum triglyceride and very-low-density-
lipoprotein (VLDL) levels, but lower HDL values than control 
women [9]. Hyperinsulinemia due to insulin resistance has 
been associated with lipid and lipoprotein abnormalities in 
women with PCOS (7). High androgen(testosterone) levels in 
the circulations have been associated with lowering HDL 
levels by increasing hepatic lipase (HL) activity, this enzyme 
has a role in the catabolism of HDL( 26,33). Obesity increases 
free fatty acid level.IR reduces lipoprotein lipase activity(LPL) 
and high androgen level increases hepatic lipase activity. IR 
has a vital role in  stimulating lipolysis in adipose tissue and 
the release of free fatty acid into circulation. Increased FFA  

ows to the liver and stimulates  increased VLDL synthesis 
and secretion in the plasma leading to elevated plasma TG  
concentration. TGs are exchanged for cholesterol esters by 
the activity of CE transfer protein. This process results in TG-
enriched HDL particles catabolized rapidly and leads to 
decreased HDL levels whereas CE-enriched VLDL is 
converted into small dense LDL particles. Due to reduced 
levels of HDL-C, reverse transport of cholesterol to the liver is 
impaired, leading to reduced excretion and increased 
concentration of total cholesterol. 

In the current study levels of TG, TC, and HDL-C are statically 
higher and levels of apo-A1 and apo-B lipoproteins are lower 
in women with PCOS compared to control. We did not nd any 
differences in LDL-C levels between the two groups. Our study 
did not observe classical atherogenic dyslipidemia of IR, 
measured as lower levels of  HDL-C  in women with PCOS as 
compared to control. We found signicantly higher levels of 
HDL-C in PCOS as compared to control. Similar results were 
observed in another study conducted by  Richard Largo et 
al(2001) and Eqbal  A et al.  (25, 34), whereas, both studies 
reported higher levels of LDL-C  which is not consistent with 
our study.   

The present study is not consistent with many studies which  
reported classical IR atherogenic dyslipidemia - lower levels 
of HDL-C and higher levels of triglycerides among women 
with PCOS  as compared to controls (9, 28,35,36).

On the other hand, our results are not concurrent with other 
studies (4,37, 38)  that failed to demonstrate any signicant 
differences in lipid and lipoprotein concentrations between 
women with PCOS and controls.

Increased TG levels may be due to the accumulation of TGs as 
a consequence of increased lipogenesis, decreased 
clearance, or reduced fatty acid oxidation. IR plays an 
important role in TG metabolism.  Evelyn Talbott reported 
substantially higher LDL-C  in young PCOS than control.

Apolipoprotein-A1  (apo-A1) and Apolipoprotein –B (apo-B) 
are antiatherogenic and atherogenic l ipoproteins 
respectively. Apo-B level and apoB/apoA1 ratio might be a 
potential biomarker in predicting the risk of CVD than 
traditional lipid levels, in women with PCOS ( 19-23 ) . Obesity 
has an apparent effect on apo-B level and apo B/apo-A1 ratio 
(21).  Apo-B, the ligand of LDL receptor (B100), is able to 
exactly represent the total amount of potentially atherogenic 
circulating  lipoprotein, since there is only one apo B moiety 
per particle of apoB containing lipoprotein including VLDV, 
IDL, LDL, chylomicrons, and lipoprotein(a) (21, 22).  

The present study shows signicantly lower levels of Apo –A1 
and Apo- B  among PCOS women as compared to controls.  
Valkenburg et al(9) found signicantly  lower levels of  apoA-1  
and no difference in apoB levels and  Zang et al (21) reported 
increased Apo-B and Apo- B /Apo-A1 ratio in the women with 
PCOS as compared to the control group. They observed 
obesity and hyperandrogenism were contributing factors to 
these changes. Atherogenic Apo-B is supposed to be high but 
in our study levels of apo-B are lower in women with PCOS 
than controls,  it may be due to the small sample size or 
because of no difference in the levels of LDL-C among the two 
groups. 

Environmental factors acting in a genetic background [39],  
and ethnicity can play an important role [40]. Lifestyle (41) diet 
rich in fat and reuse of cooked oil (20) may increase metabolic 
syndrome. The use of different diagnostic criteria for PCOS 
might at least partially account for the inconsistent and often 
controversial ndings regarding dyslipidemia in PCOS.  Low 
HDL-C and high LDL-C and apo-B are associated with 
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Variable Data Mean+SD or Numbers (%) p 
ValueCase (N=80) Control(N=80)

Triglycerides 
mg/dl >150/dl

147.14 + 22.48 102.99 + 27.79 <0.0001

39(48.75%) 7(8.75%) <0.0001

Total Cholesterol     
mg/dl>200 mg/dl

164.58 + 22.24 134.28 + 22.23 <0.0001

4(5.00%) 0(0%) 0.12

HDL mg/dl
<40 mg/dl

46.95 + 10.21 41.78 + 9.71 0.0013

18(22.5%) 31(38.75 %) 0.0257

LDL mg/dl
>130 mg/dl

78.21 + 10.35 77.49 + 14.12 0.713

0(0%) 0(0%)  

VLDL mg/dl
>40 mg/dl

29.45 + 4.45 20.58 + 5.54 <0.0001

0(0%) 0(0%)

APO-A mg/dl
<140 mg/dl

139.99 + 47.05 193.74 + 23.40 <0.0001

36(45.00%) 1(1.25%) <0.0001

APO-B mg/dl
>130 mg/dl

81.2 + 30.18 98.63 + 16.44 0.0014

3(3.75%) 0(0%) 0.245

TC/HDL 
>4.99

3.67 + 0.93 3.35 + 0.82 0.022

8(10.00%) 5(6.25%) 0.562

LDL/HDL
>3.25 

1.76 + 0.5 1.96 + 0.63 0.027

1 (1.25%) 3(3.75%)  0.62
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atherosclerosis and a high risk for CVD, not observed in our 
study group. Rather we found higher HDL-C levels which may 
reduce the risk of CVD among PCOS women.

CONCLUSION
The present study did not observe a classical atherogenic 
alteration in the levels of HDL-C, LDL-C, and apolipoprotein-B 
whereas lowering in the levels of apo-A1 and higher TG is 
consistent in women with PCOS. Apolipoprotein A1 may be  a 
better parameter than lipoprotein levels to predict the risk of 
atherosclerosis and CVD. Dyslipidemia and Insulin 
resistance is associated with PCOS and are a high-risk factor 
for atherosclerosis and CVD, therefore PCOS women should 
screen and keep in follow up.     
                                                                                                                                                                                                                                                                         
Limitations:
Small sample size - a larger number of cases required to 
assess alterations in the Apolipoprotein-A, B, and insulin 
resistance. A detailed history of lifestyle, diet, reuse of cooked 
oil, alcohol - environmental factors which inuence to regulate 
Apolipoprotein A and  B levels. A follow-up study is required to 
validate insulin resistance in PCOS women.        
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