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ABSTRACT
Case-control study was conducted to evaluate the effect of metformin on cardiovascular risk factors in women with
polycystic ovary syndrome on three groups of women included: Thirty two patients newly diagnosed with PCOS without
treatment, 30 patients with PCOS treated with metformin more than 4 months and 25 control subjects. Fasting serum
samples were tested to measure  the  serum, Apolipoprotein C-I(ApoC-I), Free testosterone(FT), total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol(HDL-c), low-density lipoprotein cholesterol (LDL-c), very  low-
density lipoprotein cholesterol(VLDL), high sensitive C-reactive protein ( hs-CRP), Neopterin(Neo), Homocystein (Hcy),
glucose, insulin, Homeostatic model assessment of insulin resistance (HOMA –IR), body mass index (BMI)  and waist-to-
hip ratio( WHR). Results revealed that newly diagnosed PCOS had higher levels of (TG), (VLDL), (ApoC-I), (hs-CRP),
(Neo), (FT), Glucose, insulin, HOMA-IR and lower HDL-c  compared with PCOS women who were on metformin
treatment. Newly diagnosed women with PCOS had lower HDL-c and higher levels of all other parameters compared with
control women.
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INTRODUCTION
Polycystic ovary syndrome (PCOS) is one of the most
common metabolism and endocrine disorders among
women, with prevalence of 5- 10% of female patients at
reproductive age (1). It has become apparent that PCOS  is
associated with  a broad range of cardiovascular risk
factors. In particular, women with PCOS are at increased
risk for dyslipidemia, insulin resistance, gestational and
type 2 diabetes, systemic inflammation , and ultimately,
cardiovascular morbidity (2-5). Different markers of
cardiovascular disease (CVD) have been studied in women
with PCOS. Inflammatory markers such as hs-CRP  and
Neopterin  were elevated (6,7), hyperhomocysteinemia
which is an early sign of cardiovascular diseases have
been demonstrated (8). Dyslipidaemia is demonstrated in
PCOS ,it is characterized  by elevated total cholesterol ,TG
, LDL-c , VLDL and decreased HDL-c (9). ApoC-I has
been established to be elevated in PCOS (10).
Experimental studies have shown that ApoC-I modulates
lipid metabolism (11,12,13,14) .Several data revealed that
Insulin resistance is the common link between PCOS and
cardiovascular diseases(15-17) , These observations
suggested the role of insulin sensitizing agents like
metformin in improving these manifestations .The aim of
the study is to evaluate the beneficial effects of metformin
on the cardiovascular risk factors in treated PCOS women
compared with newly diagnosed PCOS and control group .

MATERIALS AND METHODS
The study was conducted in the department of obstetrics
and gynecology, Fallujah hospital, Al-Anbar governorate,
Iraq. Thirty tow newly diagnosed PCOS patients not

received treatment, 30 PCOS patients already on
metformin for more than 4 months and 25 healthy  control
subjects were included in the study. The diagnosis of
PCOS was based on Rotterdam conference criteria
sponsored by ESHRE/ASRM which require for at least
two of the three diagnostic features ;
(a)hyperandrogenesim, (b)ovulatory dysfunction and(c)
PCO morphology(19). This study exclude PCOS patients
withThe BMI was determined for all subjects as a marker
of obesity where subjects with BMI >30kg/m2  are
considered obese while subjects with BMI 25-29 kg/m2
are considered overweight(20).Waist-to-hip ratio ( WHR)
was measured to observe the fat distribution as central or
peripheral. Homeostatic model assessment of insulin
resistance (HOMA-IR) was calculated as marker of insulin
resistance ,HOMA-IR was calculated  as fasting glucose
(mmol/L) x fasting insulin (mIU/L)/22.5(21). The 10 ml of
venous blood was collected from all fasting subjects at
8:00 AM .The samples were centrifuged, the serum were
separated and stored at – 80°c. Serum levels of (TC),
(TG), (HDLC),  (LDL-C) ,  (VLDL) and glucose were
measured by quantitative enzymetic colorimetric method .
Serum levels of other parameters were measured by using
enzyme linked immunosorbent assay (ELISA) technique.
The ELISA kit of ApoC-I( Ucnk Company ,China ) ,
FT(DRG Co. , Germany) , Hcy (CUSABIO  Co. , China) ,
hs-CRP(Demeditec Co. ,Germany),   Neo. (IBL Co.,
Germany) and insulin (DRG Co. ,Germany) ,
Statistical Analysis

The results obtained were analyzed by using SAS.2000.
The variables were presented as mean ± standard error
mean and compared using analysis of variance (ANOVA)
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between groups. Correlation analysis (calculation of the
Pearson coefficient) was used to assess the correlation

between variables, P<0.05 was considered statistically
significant.

TABLE 1. Demographic data of PCOS women

RESULTS
Most newly diagnosed PCOS patients were obese (78.1%),
other were overweight women (21.9%), (18.7%) have
positive family history, (75%)  have insulin resistance and
(65.6%) have hyperandrogenesim. The serum levels of
insulin , glucose , TC ,TG , LDL-c , VLDL,  ApoC-I ,
Hcy, hs-CRP ,  Neo  and also BMI ,WHR , HOMA-IR  are
all  significantly higher in newly diagnosed PCOS patients
than control subjects(p<0.05), (table 2 and figure 1). The
serum levels of HDL-c are significantly lower in newly
diagnosed PCOS patients than    controls,( figure 1).
The PCOS patients who were on  metformin (group 2)
demonstrated a significant reduction in BMI , WHR

,HOMA-IR , serum levels of  insulin , glucose ,FT, ApoC-
I ,hs-CRP and  Neo in comparison  with  newly  diagnosed
PCOS patients(p<0.05),( table 2). There are no significant
differences in serum levels of  Hcy , TC , LDL-c between
PCOS patients on  metformin course. and newly diagnosed
PCOS women (p<0.05),(table 2 and figure 1). However,
There is improvement in the serum levels of HDL-c in
PCOS patients taking  metformin (p<0.05),(figure 1).  The
PCOS women who were on metformin revealed a
significant differences in Hcy , FT , TC ,LDL-c, VLDL
and WHR in comparison with control women(Table 2  ,
Figure 1).

TABLE 2. Clinical , metabolic and  hormonal Characteristics in three groups of women with PCOS without treatment , on
treatment and control group.

Characteristics Newly diagnosed
women with PCOS
(Group1)

PCOS patients     on
treatment
(Group2)

Control (Group3)

Ages(years)
BMI (kg/m2)

28.4±4.2
31.30± 0.57 a

28.1±3.9
29.02 ± 0.61 b

27.9±4.5
28.33±0.65

WHR 0.85 ± 0.08 a 0.81 ± 0.01 b 0.77 ± 0.01 c
HOMA-IR 4.11 ± 0.50 a 2.07 ± 0.19 b 1.79 ± 0.15
Glucose(mmol/L) 4.91 ± 0.09 a 3.98 ± 0.12 b 3.66± 0.16
Insulin (µIU/L) 18.87 ± 2.39 a 12.03 ± 1.00 b 11.00± 0.81
TC(mmol/L) 5.36 ± 0.13 a 5.06 ± 0.19 3.99± 0.19 c
TG(mmol/L) 1.42 ± 0.11 a 1.07 ± 0.05 b 1.06± 0.07
LDL-C(mmol/L) 3.43 ± 0.12 a 3.24 ± 0.14 2.53± 0.18 c
HDL-C(mmol/L) 1.16 ± 0.04 a 1.42 ± 0.05 b 1.47± 0.07
VLDL(mmol/L) 0.78 ± 0.02 a 0.62 ± 0.02 b 0.57 ± 0.02 c
ApoC-I(µg/ml) 5.55 ± 0.54 a 3.27 ± 0.33 b 2.80± 0.26
Homocystein (µmol/L) 11.80 ± 0.50 a 11.49 ± 0.52 9.14 ± 0.63 c
Neopterin (mg/dl) 8.71 ± 0.78 a 5.66 ± 0.55 b 5.32± 0.55
hs-CRP(mg/dl) 4.26 ± 0.53 a 2.58 ± 0.28 b 1.88± 0.21
FT(pg/ml) 3.93 ± 0.29 a 2.70 ± 0.19 b 2.29 ± 0.16
Values represent means± Standard error mean(SEM)
Notes : TC=Total cholesterol  , TG= Triglyceride  , LDL-C = Low density lipoprotein , HDL-C = High density
lipoprotein , VLDL=Very low density lipoprotein , ApoC-I= Apolipoprotein C-I , hs-CRP = High sensitive C-
reactive protein , FT = Free testosterone  , BMI = Body mass index , WHR = Waist-to-hip ratio , HOMA-IR =
Homeostatic model assessment of insulin resistance.
a Statistically significant difference between newly diagnosed PCOS women and control women. b Statistically
significant difference between newly diagnosed PCOS women and PCOS women on metformin. c Statistically
significant difference between PCOS women on metformin   and controls . Conversion factors from SI units to US
units for TC ,LDL-c,VLDL,HDL-c was( x 38.7) , for TG (x 88.6) ,
Glucose (÷0.0555) , Hcy(÷7.39) .

Controls
No. PCOS
Patients on metformin

No. newly
diagnosed PCOS womenCharacters

8(32%)12(40%)25 (78.1%)Obese
17(68%)9 (30%)7  (21.9%)Overweight
-7 (23.3%)6  (18.7%)Positive family history
-10 (33.3%)24 (75%)Insulin resistance
-14(46.6%)21 (65.6%)Hyperandrogenemia(↑Free

testosterone)
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FIGURE 1. Lipid profile
Group 1 : Newly diagnosed women with PCOS and without treatment.
Group 2 : PCOS women taking metformin for more than 4 months.
Group 3 : Control women.

DISCUSSION
In the present study, newly diagnosed patients with PCOS
have elevated levels of cardiovascular risk markers in
comparison with controls    (Table 2).
The serum  levels of hs-CRP and neopterin were
significantly increased in newly diagnosed PCOS women,
this in line with previous study(7). Neopterin is  a specific
marker of  inflammation, it is synthesized and released
solely by activated macrophages and monocytes. It has
been shown that in obese subjects, adipose tissue contains
an increased number of resident macrophages (even
greater than 40% of the total cell population in some
circumstances)(22)These  inflammatory markers (hs-CRP
and neopterin) are positively correlated  with BMI and
WHR respectively(Table 3). Both markers also positively
with insulin resistance. In the present study ,The BMI and
WHR were  reduced in PCOS patients on metformin
treatment  which may resulted in reduction of hs-CRP and
Neo levels . Several studies have demonstrated reduction
in CRP with weight reduction (23 ,24). The proposed
mechanisms which mediated the anti-inflammatory effect
of metformin  are either by reducing the insulin resistance
and /or in fact, metformin can exert a direct vascular anti-
inflammatory effect by inhibiting the releasing of the
proinflammatory cytokines in endothelial cells , vascular
smooth muscle cells, and macrophages.
There are no significant differences in hs-CRP, Neo levels

between PCOS women on metfromin and control
women(Table 2). The present data illustrated an elevated
glucose, insulin levels and higher HOMA-IR as compared
with controls  which could indicate  insulin resistance in
these patients . In the current study, PCOS patients taking
metformin showed an improvement (reduction)  in serum
glucose ,  insulin and HOMA-IR which reflect the
improvement in insulin sensitivity. There are no
significant changes in these parameters between PCOS
patients on metformin and controls.
The serum levels of FT were higher in newly diagnosed
women with PCOS as compared with control women .The
levels of FT were positively correlated with BMI .The
present data also demonstrated that PCOS women who
were on metformin had significantly lower FT levels than

newly diagnosed women with PCOS. The reduction in
BMI could lead to decreasing FT levels.  Some studies
revealed that weight reduction in PCOS is also associated
with improvements in androgens(26)
Newly diagnosed  women with PCOS displayed an
unfavorable lipid profile with higher cholesterol, LDL-
c,VLDL, TG and lower HDL-c levels than the
controls(Figure 1), which is also reported
previously(9,27). The PCOS women who were  on
metformin revealed a significant decrement in TG and
VLDL, significant increment in HDL-c  and non
significant reduction in TC and  LDL-c compared with
newly diagnosed PCOS women .There are a significant
changes between PCOS women on metformin and control
women in TC , LDL-c ,VLDL and non significant changes
in TG and  HDL-c.
This study showed that (Hcy) levels are elevated in PCOS

women compared with controls(Table 2),which is reported
in other studies (28) , in contrast to other studies who
showed that there is no difference in Hcy levels between
newly diagnosed PCOS patients  and control
subjects(29).There was a correlation between insulin
levels and (Hcy) levels which also confirmed
previously(28). Elevated plasma (Hcy)had been reported
to be a risk factor for cardiovascular disease (30).
The present data demonstrated a non significant decrease
in homocystein levels of PCOS patients taking metformin
in comparison with newly diagnosed PCOS women,  in
line with previous study(31).This mean that there are other
factors rather than insulin may cause increased (Hcy)
levels.  Some studies  showed that metformin increase Hcy
levels(32) ,other data illustrated that PCOS patients taking
metformin for  6-16 weeks revealed lower ( Hcy) levels
than baseline (33). Moreover there are a significant
differences in (Hcy) levels between PCOS women on
metformin and controls .The present data demonstrate an
elevated levels of ApoC-I in newly diagnosed PCOS
women compared with controls, in agreement with other
study(10) . In the  current  study , PCOS patients taking
metformin have lower ApoC-I levels in comparison with
newly diagnosed PCOS patients . ApoC-I is mainly
secreted by the liver as a component of VLDLs which is
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triglyceride rich lipoprotein (34). ApoC-I is positively
correlated with TG levels  and the improvement of  TG
levels in the this  study with  reduction in VLDL
production could resulted in decreased ApoC-I levels.
Additionally no significant differences were noticed  in
ApoC-I levels between PCOS women on metfromin and
control women.
In conclusion, newly diagnosed  PCOS women showed
high including  cardiovascular risk.  Dyslipidemia, low
grade chronicinflammation, hyperandrogenism,
hyperhomocysteinemia, obesity and insulin resistance
compared to treated PCOS women and controls.
Metformin had a beneficial effects on most cardiovascular
risk factors . Reduction of BMI, WHR and improvement
of insulin resistance may be the attributable mechanisms
mediating these effects.
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TABLE 3. Correlation analysis between all parameters in newly diagnosed women with PCOS

TCTGWHRVLDLLDLHDLApoC-INeoInsulhsCRPFTGLUBMIHOMA
-IR

Hcy

0.060.10-0.030.13-0.170.280.150.36*0.11*0.32-0.09-0.170.040.08----Hcy

0.22-0.19-0.16-0.120.36*0.320.69**0.41*0.97**0.44*-0.170.12-0.26HOMA
-0.120.30-0.0020.28-0.150.09-0.15-0.06-0.190.110.36*-0.26BMI

0.34-0.29-0.11-0.150.36*0.210.190.007-0.04-0.020.001GLU
0.260.005-0.200.140.28-0.13-0.08-0.05-0.16-0.006FT

-0.006-0.010.22*0.050.07-0.37*0.57**0.210.47**hsCRP

0.15-0.15-0.13-0.060.310.290.630.41*Insul
-0.17-0.11-0.15-0.03-0.170.280.28Neo

0.070.23*-0.31-0.230.050.38ApoC-I
0.28-0,21-0.007-0.24-0.06HDL

0.83**-0.0030.090.12LDL
0.070.07-0.02VLDL
0.180.32WHR
0.16TG
-----TC

*significantly difference  p<0.05
** significantly difference p<0.01
Hcy=Homocystein , HOMA-IR = Homeostatic model assessment of insulin resistance , BMI = Body mass index, GLU=Glucose , FT = Free testosterone , hs -CRP = High sensitive C-
reactive protein ,Insul=Insulin , Neo = Neopterin ,  ApoC-I= Apolipoprotein C-I
HDL-c= High density lipoprotein , LDL-c = Low density lipoprotein  ,  VLDL=Very low density lipoprotein  , WHR = Waist-to-hip ratio , TG= Triglyceride , TC=Total cholesterol


