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Abstract

Objective: Women with polycystic ovary syndrome (PCOS) exhibit risk factors for cardiovascular dis-
eases such as abdominal obesity, insulin resistance and dyslipidemia. Insulin sensitizers, especially
metformin, have been shown to improve these metabolic disturbances, but there are only a few
studies on their effects on serum lipids in polycystic ovary syndrome.
Methods: Thirty-five women with PCOS (18 obese and 17 non-obese) were randomized to 6-month
treatments with metformin or ethinyl estradiol–cyproterone acetate oral contraceptive pills.
Results: In the whole-study population (non-obese and obese women) serum levels of high-density
lipoprotein cholesterol increased from 1.4^0.2 to 1.6^0.1 mmol/l (means^S.E. throughout) at 3
and 6 months (P , 0.001), the total cholesterol:high-density lipoprotein cholesterol ratio decreased
significantly from 3.8^0.3 to 3.3^0.2 at 6 months (P , 0.001) and a similar trend was observed in
serum triglyceride levels during metformin treatment. In the oral contraceptive group, serum levels of
total cholesterol increased from 4.9^0.3 to 5.4^0.3 mmol/l (P , 0.05), high-density lipoprotein
cholesterol increased from 1.2^0.1 to 1.5^0.1 mmol/l (P , 0.001), the total cholesterol:high-den-
sity lipoprotein cholesterol ratio decreased from 4.6^0.4 to 3.7^0.2 (P , 0.001) and triglycerides
increased from 1.3^0.1 to 1.9^0.2 mmol/l at 6 months of treatment (P , 0.001). Serum low-den-
sity lipoprotein cholesterol levels remained unchanged during both treatments. Milder but similar
changes in the subgroups of obese and non-obese women were observed during both treatments.
Moreover, in the whole-study population both systolic (P ¼ 0.02) and diastolic (P ¼ 0.05) blood
pressures decreased over the 6 months of metformin treatment.
Conclusion: In women with PCOS, metformin treatment had beneficial effects on lipid profile and
blood pressure, and therefore it could be useful in the prevention of cardiovascular complications
in these women.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous
condition characterized by chronic anovulation and
hyperandrogenism, and it is typically associated with
insulin resistance and hyperinsulinemia – especially
in obese women (1, 2). The impaired insulin sensi-
tivity in PCOS has been shown to be closely associated
with an increased amount of abdominal fat, indepen-
dently of body mass index (BMI) (3, 4). Furthermore,
women with PCOS have an atherogenic lipid profile
characterized by lower high-density lipoprotein (HDL)
cholesterol and/or HDL2 cholesterol levels, and
higher triglyceride and low-density lipoprotein (LDL)
cholesterol levels than the age- and weight-matched
control women (5–7). Thus, the presence of abdomi-
nal obesity, insulin resistance and dyslipidemia predis-
poses women with PCOS to cardiovascular diseases
(CVDs) (8).

Metformin, a biguanide antihyperglycemic drug, has
been used for decades for the treatment of type 2 dia-
betes mellitus. In diabetic patients, metformin treat-
ment has been shown to have a beneficial effect on
circulating lipid levels by decreasing the concentrations
of plasma triglycerides and total and LDL cholesterol,
and by increasing the levels of HDL cholesterol and
the HDL:LDL cholesterol ratio, independently of the
improvement of glycemic control (9). However, there
are only a few studies specifically concerning the effects
of metformin therapy on the lipid profile in women
with PCOS.

Oral contraceptive (OC) pills are commonly used in
the treatment of menstrual disturbances and hyperan-
drogenism in women with PCOS. This treatment may
have negative effects on glucose tolerance and the
lipid profile (10, 11); however, these effects depend on
the dose of estrogen, and the dose and type of progestin
(12, 13).
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As both metformin and OC pills containing ethinyl
estradiol –cyproterone acetate (EE –CA) are now com-
monly used in the treatment of PCOS, it was of particu-
lar interest to examine the effects of these two types of
medication on the lipid profile in obese and non-obese
women with PCOS.

Subjects and methods

Subjects

The subjects included in this study had participated in
two previous studies on the effects of metformin and
the EE–CA pill on insulin sensitivity, glucose tolerance
and hormonal parameters in PCOS (3, 11). Twenty
non-obese (BMI ,27 kg/m2) and 32 obese (BMI
$27 kg/m2) women with PCOS were investigated.
Seventeen non-obese (mean age, 28.2^1.2 years
(means^S.E. throuhout); mean BMI, 22.2^0.5 kg/m2)
and 18 obese (mean age, 29.6^1.1 years; mean BMI,
35.1^1.2 kg/m2) women completed the 6-month
study (Fig. 1).

Criteria for PCOS were as defined by Homburg (14).
All subjects had polycystic ovaries as shown by vaginal
ultrasonography (eight or more subcapsular follicles of
3 –8 mm diameter in one plane in one ovary and
increased stroma) and at least one of the following
symptoms: oligomenorrhea or amenorrhea, clinical
manifestations of hyperandrogenism such as hirsutism
scored (.7) according to Ferriman and Gallwey,
acne and/or an elevated serum testosterone level
(.2.7 nmol/l). Diabetic subjects, smokers, alcohol
users and those taking sex hormones or drugs known
to affect lipid metabolism during the 2 months
preceding the study were excluded.

The study was approved by the Ethics Committee of
the University of Oulu, Finland, and informed written
consent was obtained from each subject.

Protocol of the study

The subjects were randomized to either the metformin or
the oral contraceptive (OC) pill group (OC: EE 35mg, CA
2 mg; Diane Nova, (Shering, Germany); 21 days per

Figure 1 Flow chart of the study.
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month followed by a 7-day pill-free period). The metfor-
min dose was doubled after 3 months of treatment (met-
formin hydrochloride; Diformin, Leiras, Finland:
500 mg £ 2 for 3 months, then 1000 mg £ 2 for 3
months) in both non-obese and obese groups to study
the effects of different doses.

Waist and hip circumferences were measured to the
nearest centimeter with a soft tape at the narrowest
part of the torso and at the widest part of the gluteal
region. Blood pressure was measured after a 20-min
rest in a sitting position. Systolic and diastolic blood
pressure were measured with a calibrated manometer
from the right arm and recorded to the nearest
2 mmHg. Blood pressures were defined as the points
of appearance and disappearance of Korotkoff sounds
respectively (level V). Transvaginal ultrasonography,
the oral glucose tolerance test (OGTT) and the euglyce-
mic hyperinsulinemic clamp were performed as
described previously (3, 11). These examinations were
performed and venous blood samples were drawn at
the following times: 1–7 days after spontaneous, or
progestin-induced (dydrogesterone, 10 mg/day for 10
days, four amenorrheic subjects in the obese group
and three in the non-obese group) or EE–CA pill-
induced menstruation; before the treatment; and at 3
and 6 months of treatment.

All samples were handled similarly and frozen at
220 8C for 1 –3 years.

Assays

Total serum cholesterol (15), triglycerides (16), HDL
cholesterol (17) and LDL cholesterol (18) were deter-
mined using Cobas Integra 700 automatic analyzer
(Hoffman-La Roche, Basel, Switzerland). Serum LDL
levels were determined as published previously (19)
using a Hitachi 911 automatic analyser (Boehringer
Mannheim, Germany).

The intra- and interassay coefficients of variation
were respectively: 0.7 and 2.3% for cholesterol, 0.9
and 2.1% for triglycerides, 0.5 and 3.6% for HDL
cholesterol, and 2.0 and 2.9% for LDL cholesterol.

Statistical analysis

Student’s two-tailed t-test was used for comparison of
normally distributed variables, with or without log
transformation. The Mann –Whitney U-test was used
for variables with a persisting skewed distribution
after log transformation.

Where there were normally distributed variables,
ANOVA for repeated measures was used to study the
clinical, metabolic and hormonal changes within the
metformin and EE–CA groups during the treatment,
either without or with logarithmic transformation. The
Wilcoxon unpaired test was used for variables with
persisting skewed distribution after log transformation.

Analysis of correlation between parameters was
performed by calculating Pearson’s bivariate corre-
lation coefficient.

The stepwise method was used to identify the signifi-
cant predictors (independent variables) of serum lipid
levels at baseline. Serum lipid level at baseline was
entered as a dependent variable, and BMI, waist:hip
ratio (WHR), M-value (expressing the level of insulin
sensitivity as assessed during the euglycaemic clamp),
serum fasting insulin, sex hormone binding globulin
(SHBG) and androgen levels, and free androgen index
(FAI) were used as independent variables in the step-
wise regression analysis.

Previous studies have indicated that a 30% increase
in serum triglyceride levels could be expected during OC
treatment (20). No consistent data on lipid values in
PCOS women during metformin treatment were avail-
able for power analysis. The power analysis revealed
that an estimated group size of 16 subjects was
required to obtain a significant difference with a
power of 0.8 (a ¼ 0.05).

Results

At baseline, serum HDL cholesterol levels were signifi-
cantly lower (1.0^0.1 vs 1.5^0.1, P ¼ 0.001) and
serum triglyceride concentrations and the total choles-
terol:HDL cholesterol ratio were significantly higher in
the obese than in the non-obese subjects (Table 1). In
the combined group of non-obese and obese women
the levels of HDL cholesterol (r ¼ 20.69,
P , 0.0001), LDL cholesterol (r ¼ 0.41, P ¼ 0.015)
and triglycerides (r ¼ 0.64, P , 0.0001), and the
total cholesterol:HDL cholesterol ratio (r ¼ 0.68,
P , 0.0001) correlated significantly with the WHR.

In a stepwise regression analysis, WHR (P ¼ 0.001)
and SHBG (P ¼ 0.001) were significant determinants
of serum HDL cholesterol levels at baseline. The only
significant determinant of serum LDL cholesterol
(P ¼ 0.02) and triglyceride levels (P ¼ 0.001) was
WHR, and BMI (P , 0.001) was the only significant

Table 1 Lipid profile of the obese and non-obese women at
baseline.

Obese (BMI $27) Non-obese (BMI ,27)
(n ¼ 18) (n ¼ 17)

Cholesterol (mmol/l) 4.9^0.2 5.0^0.2
(3.0–5.0 mmol/l)

HDL (mmol/l) 1.0^0.1 1.5^0.1*
(1.0–2.5 mmol/l)

LDL (mmol/l) 3.1^0.2 2.7^0.2
(,3.5 mmol/l)

Triglycerides (mmol/l) 1.6^0.2 1.1^0.1†
(0.4–1.7 mmol/l)

Cholesterol:HDL ratio 4.9^0.4 3.5^0.3‡

Data are shown as means^S.E. and the reference ranges are shown
in brackets.
*P , 0.001, †P , 0.05 and ‡P , 0.005 between groups at baseline.
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determinant for cholesterol:HDL ratio, whereas the
effect of other parameters (M-value, serum fasting
insulin, SHBG and androgen levels, and FAI) on lipid
levels remained non-significant.

At baseline the two treatment groups did not differ as
regards BMI, waist, WHR, M-value, and fasting serum
glucose, insulin (21) and lipid levels (Table 2).

In the combined group of non-obese and obese women
the mean BMI decreased slightly at 3 months and signifi-
cantly at 6 months, and WHR decreased significantly
during metformin treatment, as published previously
(21). Similarly, serum levels of HDL cholesterol increased
and the cholesterol:HDL ratio decreased significantly at
3 and 6 months of metformin treatment, and serum tri-
glyceride levels tended to decrease (P ¼ 0.09, Table 2).
In the EE –CA group, the cholesterol:HDL ratio decreased
and serum levels of total cholesterol, HDL and triglycer-
ides increased significantly at 3 and 6 months of treat-
ment (Table 2). Serum LDL cholesterol levels remained
unchanged during both treatments.

In the obese women, serum total cholesterol and LDL
cholesterol levels remained unchanged, and the total
cholesterol:HDL cholesterol ratio decreased significantly
in both treatment groups (Fig. 2). Serum HDL choles-
terol concentrations increased significantly in both the
metformin (from 1.1^0.1 to 1.4^0.1 mmol/l at 3 and
6 months, P , 0.005) and the EE–CA group (from
1.0^0.1 to 1.3^0.1 mmol/l at 3 and 6 months,
P , 0.001). Serum triglyceride concentrations did not
change significantly in the metformin group, but
increased during EE –CA treatment (from 1.5^0.1 to
2.0^0.2 mmol/l at 3 months (P , 0.05) and to
1.9^0.1 mmol/l at 6 months (P , 0.01)).

In the non-obese women, serum total cholesterol
levels increased significantly in the EE–CA group
(Fig. 2). Serum LDL cholesterol levels remained
unchanged in both groups. Serum HDL cholesterol con-
centrations did not change significantly in the metformin
group, but increased from 1.4^0.1 to 1.7^0.1 mmol/l
at 3 months (P , 0.01) and to 1.8^0.1 mmol/l at
6 months (P , 0.001) in the EE–CA group. The total

cholesterol:HDL cholesterol ratio decreased significantly
during both treatments (Fig. 2). Serum triglyceride
concentrations increased significantly in the EE–CA
group, as previously reported (3).

In the whole-study population, both systolic (from
126^3.6 to 117^2.8 mmHg, P ¼ 0.02) and diastolic
(from 81^2.0 to 78^2.0 mmHg, P ¼ 0.05) blood
pressures were decreased at 6 months of metformin
treatment, but did not change during EE–CA treat-
ment. In the subgroup of obese subjects, systolic
blood pressure was decreased slightly (from 133^5.1
to 121^4.0 mmHg, P ¼ 0.09) after 6 months of met-
formin treatment.

Discussion

The present results demonstrate that metformin treat-
ment improves the lipid profile and decreases blood
pressure in women with PCOS, whereas the EE–CA
OC pill has both beneficial and negative effects on
serum lipids over 6 months of treatment.

At baseline, the obese women had a more atherogenic
lipid profile than the non-obese subjects. Previous
studies have shown that both non-obese and obese sub-
jects with PCOS have higher WHR values (i.e. greater
abdominal obesity) and greater insulin resistance than
their healthy controls (1, 22, 23). Thus, the present
observations that the serum levels of HDL cholesterol,
LDL cholesterol, triglycerides and the total cholester-
ol:HDL cholesterol ratio correlated significantly to well-
known indicators of insulin resistance, i.e. BMI and
WHR, strengthen the concept that obesity (mostly
abdominal obesity) and insulin resistance are the main
contributors to the development of lipid and metabolic
disturbances in PCOS (4, 23, 24). Accordingly, women
with PCOS have been shown to be at greater risk of
CVD compared with age-matched controls (25, 26).

Metformin treatment significantly increased serum
HDL cholesterol concentrations and decreased the
cholesterol:HDL cholesterol ratio in the whole-study

Table 2 Lipid profile of the whole group of women before and during the treatment.

Metformin EE–CA

0 month 3 months 6 months 0 month 3 months 6 months
(n ¼ 16) (n ¼ 16) (n ¼ 16) (n ¼ 19) (n ¼ 19) (n ¼ 19)

Cholesterol (mmol/l) 4.9^0.2 5.1^0.2 5.0^0.2 4.9^0.3 5.3^0.2* 5.4^0.3*
(3.0–5.0 mmol/l)
HDL (mmol/l) 1.4^0.1 1.6^0.1† 1.6^0.1† 1.2^0.1 1.5^0.1† 1.5^0.1†
(1.0–2.5 mmol/l)
LDL (mmol/l) 2.7^0.2 2.9^0.2 2.8^0.2 3.1^0.2 2.9^0.2 3.0^0.2
(,3.5 mmol/l)
Triglycerides (mmol/l) 1.4^0.3 1.2^0.2 1.2^0.2 1.3^0.1 1.8^0.1‡ 1.9^0.2†
(0.4–1.7 mmol/l)
Cholesterol:HDL ratio 3.8^0.3 3.4^0.3‡ 3.3^0.2‡ 4.6^0.4 3.7^0.2† 3.7^0.2†

Data are shown as means^S.E. and the reference ranges are shown in brackets.
*P , 0.05, †P # 0.001 and ‡P , 0.01 compared with the level before treatment.
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population and in the obese subjects. The milder meta-
bolic abnormalities in non-obese PCOS women and
the small number of subjects continuing the study
up to 6 months may explain the lack of a significant
effect of metformin on lipid profile in these subjects.
Our results are in line with previous studies on
PCOS, where metformin has been shown to improve
the lipid profile, mainly by increasing serum HDL
cholesterol concentrations (27, 28). On the other
hand, some other studies have shown only a negligible
or no effect on lipids in women with PCOS (29, 30).
These discrepancies could be explained by differences
in study populations or by a shorter duration of
treatment compared with the present study.

We have shown previously that beneficial effects of
metformin were observed already at 3 months of treat-
ment and at a dosage of 1 g/day, but most of the hormo-
nal and metabolic parameters improved further after 3
months of treatment when the dose was increased
(3, 11). Whether this improvement is due to a longer
treatment or to an increase of the metformin dose
remains uncertain. In both non-obese and obese
groups, one subject stopped the treatment because of
side-effects after increasing the metformin dose. Because
of the small number of subjects continuing the treat-
ment up to 6 months, it is difficult to draw reliable

conclusions as regards a difference of compliance
between the two doses. It has to be noted, however,
that most of the significant changes in serum lipids
were already obtained at 3 months of treatment with a
lower dose (1000 mg/day) than routinely used in
obese women (30 –33). Thus, this dose could be rec-
ommended for subjects suffering from side-effects with
higher doses of metformin.

The mechanisms by which metformin improves
the lipid profile are not clear. Metformin has been
suggested to reduce lipid uptake or synthesis in the
intestine and in the hepatocytes (34, 35). The improve-
ment of obesity and especially abdominal obesity with a
subsequent decreased release of free fatty acids (FFAs)
from adipose tissue observed during metformin therapy
(3, 11, 36) could also partly explain the improvement of
lipid profile during metformin treatment, at least in
obese women.

Blood pressure decreased in the whole-study popu-
lation during metformin treatment. Although the
change was modest it may have clinical significance,
since reduction of mild-to-moderate raised blood press-
ure has been associated with a reduced risk of CVD in
large placebo-controlled studies (37, 38). Moreover, a
decrease in blood pressure, and decreases in plasma
levels of triglycerides, and total and LDL cholesterol

Figure 2 Serum total cholesterol levels and cholesterol:HDL-cholesterol ratios of the subgroups of obese and non-obese PCOS women
before and during the treatments. *P , 0.05 and †P , 0.01 compared with the level before treatment.
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concentrations, and an increase in HDL cholesterol
levels have been observed in diabetic patients on
metformin independently of improved glycemic control
(9). Thus, metformin, by way of its beneficial effects on
lipids and blood pressure, could be useful in the
prevention of cardiovascular disease, especially in
obese women with PCOS.

The EE–CA pill was associated with increased serum
HDL cholesterol and triglyceride concentrations in both
non-obese and obese subjects, as shown previously (20,
38–41), and the total cholesterol:HDL cholesterol ratio
decreased. OCs have been shown to induce adverse
effects on carbohydrate and lipid metabolism in healthy
women and those with PCOS, but these effects depend
on the dose of estrogen and the type and dose of proges-
tin used (12). Although the progestin used in the pre-
sent study, cyproterone acetate, is a pregnane-derived
progestogen without androgenic activity, it has been
shown to have both HDL2 cholesterol- and LDL choles-
terol-lowering properties (42). The results of an earlier
study suggest that the slight estrogen dominance of
EE–CA treatment could account for some of the ben-
eficial effects of EE –CA treatment on the lipid profile
in women with PCOS (39). On the other hand, the
slight worsening of glucose tolerance with compensa-
tory hyperinsulinemia and the increase in serum FFA
levels induced by the EE–CA pill (3, 10, 11) could
explain some of the negative effects of this treatment
on the lipid profile, such as the increase in serum
triglyceride levels. Recently, the addition of metformin
to EE–CA OC pill treatment has been shown to improve
the lipid profile and insulin sensitivity in non-obese
women with PCOS, compared with EE–CA treatment
alone, suggesting that at least some women with
PCOS could benefit from the combination of OC pill
and metformin (43).

In conclusion, the beneficial effects of metformin on
the lipid profile and blood pressure strengthen earlier
data suggesting that metformin could be an effective
drug in the prevention of CVD in insulin-resistant
women with PCOS. The EE–CA OC pill is a good
alternative in the treatment of hirsutism and irregular
menstruation problems in women with PCOS, but,
especially in obese women, its overall effect on the
lipid profile and its impact on CVD risks need to be clari-
fied in larger follow-up studies.
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Sigrid Jusélius Foundation and the Academy of Finland.

References

1 Dunaif A, Segal KR, Futterweit W & Dobrjansky A. Profound per-
ipheral insulin resistance, independent of obesity, in polycystic
ovary syndrome. Diabetes 1989 38 1165–1174.

2 Franks S. Polycystic ovary syndrome. New England Journal of
Medicine 1995 333 853–861 [published erratum appears
in New England Journal of Medicine 1995 333 1435] [see com-
ments].

3 Morin-Papunen L, Vauhkonen I, Koivunen R, Ruokonen A,
Martikainen H & Tapanainen JS. Metformin versus ethinyl estra-
diol-cyproterone acetate in the treatment of nonobese women
with polycystic ovary syndrome: a randomized study. Journal of
Clinical Endocrinology and Metabolism 2003 88 148–156.

4 Holte J, Bergh T, Berne C, Wide L & Lithell H. Restored insulin
sensitivity but persistently increased early insulin secretion
after weight loss in obese women with polycystic ovary syndrome.
Journal of Clinical Endocrinology and Metabolism 1995 80
2586–2593.

5 Talbott E, Guzick D, Clerici A, Berga S, Detre K, Weimer K &
Kuller L. Coronary heart disease risk factors in women with
polycystic ovary syndrome. Arteriosclerosis, Thrombosis and Vascu-
lar Biology 1995 15 821–826.

6 Talbott E, Clerici A, Berga SL, Kuller L, Guzick D, Detre K,
Daniels T & Engberg RA. Adverse lipid and coronary heart disease
risk profiles in young women with polycystic ovary syndrome:
results of a case-control study. Journal of Clinical Epidemiology
1998 51 415– 422.

7 Wild RA, Painter PC, Coulson PB, Carruth KB & Ranney GB. Lipo-
protein lipid concentrations and cardiovascular risk in women
with polycystic ovary syndrome. Journal of Clinical Endocrinology
and Metabolism 1985 61 946–951.

8 Guzick DS. Cardiovascular risk in women with polycystic ovarian
syndrome. Seminars in Reproductive Endocrinology 1996 14
45–49.

9 DeFronzo RA & Goodman AM. Efficacy of metformin in patients
with non-insulin-dependent diabetes mellitus. The Multicenter
Metformin Study Group [see comments]. New England Journal of
Medicine 1995 333 541– 549.

10 Nader S, Riad-Gabriel MG & Saad MF. The effect of a desogestrel-
containing oral contraceptive on glucose tolerance and leptin
concentrations in hyperandrogenic women. Journal of Clinical
Endocrinology and Metabolism 1997 82 3074–3077.

11 Morin-Papunen LC, Vauhkonen I, Koivunen RM, Ruokonen A,
Martikainen HK & Tapanainen JS. Endocrine and metabolic
effects of metformin versus ethinyl estradiol-cyproterone acetate
in obese women with polycystic ovary syndrome: a randomized
study. Journal of Clinical Endocrinology and Metabolism 2000 85
3161–3168.

12 Korytkowski M, Mokan M, Horwitz M & Berga S. Metabolic effects
of oral contraceptives in women with polycystic ovary syndrome.
Journal of Clinical Endocrinology and Metabolism 1995 80
3327–3334.

13 Wynn V, Adams PW, Godsland I, Melrose J, Niththyananthan R,
Oakley NW & Seed M. Comparison of effects of different combined
oral-contraceptive formulations on carbohydrate and lipid metab-
olism. Lancet 1979 1 1045–1049.

14 Homburg R. Polycystic ovary syndrome: from gynaecological
curiosity to multisystem endocrinopathy. Human Reproduction
1996 11 29–39.

15 Allain CC, Poon LS, Chan CS, Richmond W & Fu PC. Enzymatic
determination of total serum cholesterol. Clinical Chemistry
1974 20 470–475.

16 McGowan MW, Artiss JD, Strandbergh DR & Zak B. A peroxidase-
coupled method for the colorimetric determination of serum tri-
glycerides. Clinical Chemistry 1983 29 538–542.

17 Sugiuchi H, Uji Y, Okabe H, Irie T, Uekama K, Kayahara N &
Miyauchi K. Direct measurement of high-density lipoprotein
cholesterol in serum with polyethylene glycol-modified enzymes

274 K Rautio and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 152

www.eje-online.org

Downloaded from Bioscientifica.com at 05/22/2023 04:26:06PM
via free access



and sulfated alpha-cyclodextrin. Clinical Chemistry 1995 41
717– 723.

18 Sugiuchi H, Irie T, Uji Y, Ueno T, Chaen T, Uekama K & Okabe H.
Homogeneous assay for measuring low-density lipoprotein
cholesterol in serum with triblock copolymer and alpha-cyclodex-
trin sulfate. Clinical Chemistry 1998 44 522–531.

19 Wieland H & Seidel D. A simple specific method for precipitation of
low density lipoproteins. Journal of Lipid Research 1983 24
904– 909.

20 Crook D & Godsland I. Safety evaluation of modern oral contra-
ceptives. Effects on lipoprotein and carbohydrate metabolism.
Contraception 1998 57 189–201.

21 Morin-Papunen L, Rautio K, Ruokonen A, Hedberg P, Puukka M
& Tapanainen JS. Metformin reduces serum C-reactive protein
levels in women with polycystic ovary syndrome. Journal of
Clinical Endocrinology and Metabolism 2003 88 4649– 4654.

22 Holte J, Bergh T, Gennarelli G & Wide L. The independent effects of
polycystic ovary syndrome and obesity on serum concentrations
of gonadotrophins and sex steroids in premenopausal women.
Clinical Endocrinology 1994 41 473–481.

23 Morin-Papunen LC, Vauhkonen I, Koivunen RM, Ruokonen A &
Tapanainen JS. Insulin sensitivity, insulin secretion, and meta-
bolic and hormonal parameters in healthy women and women
with polycystic ovarian syndrome. Human Reproduction 2000
15 1266–1274.

24 Slowinska-Srzednicka J, Zgliczynski S, Wierzbicki M, Srzednicki M,
Stopinska-Gluszak U, Zgliczynski W, Soszynski P, Chotkowska E,
Bednarska M & Sadowski Z. The role of hyperinsulinemia in the
development of lipid disturbances in nonobese and obese
women with the polycystic ovary syndrome. Journal of Endocrino-
logical Investigation 1991 14 569–575.

25 Dahlgren E, Janson PO, Johansson S, Lapidus L & Oden A.
Polycystic ovary syndrome and risk for myocardial infarction.
Evaluated from a risk factor model based on a prospective
population study of women. Acta Obstetricia et Gynecologica Scan-
dinavica 1992 71 599–604.

26 Guzick DS, Talbott EO, Sutton-Tyrrell K, Herzog HC, Kuller LH &
Wolfson SK Jr. Carotid atherosclerosis in women with polycystic
ovary syndrome: initial results from a case-control study.
Cardiovascular risk in women with polycystic ovarian syndrome.
American Journal of Obstetrics and Gynecology 1996 174
1224–1229.

27 Moghetti P, Castello R, Negri C, Tosi F, Perrone F, Caputo M, Zano-
lin E & Muggeo M. Metformin effects on clinical features, endo-
crine and metabolic profiles, and insulin sensitivity in polycystic
ovary syndrome: a randomized, double-blind, placebo-controlled
6-month trial, followed by open, long-term clinical evaluation.
Journal of Clinical Endocrinology and Metabolism 2000 85
139– 146.

28 Fleming R, Hopkinson ZE, Wallace AM, Greer IA & Sattar N.
Ovarian function and metabolic factors in women with oligome-
norrhea treated with metformin in a randomized double blind
placebo-controlled trial. Journal of Clinical Endocrinology and
Metabolism 2002 87 569–574.

29 Ehrmann DA, Cavaghan MK, Imperial J, Sturis J, Rosenfield RL &
Polonsky KS. Effects of metformin on insulin secretion, insulin
action, and ovarian steroidogenesis in women with polycystic
ovary syndrome. Journal of Clinical Endocrinology and Metabolism
1997 82 524– 530.

30 Velazquez EM, Mendoza S, Hamer T, Sosa F & Glueck CJ.
Metformin therapy in polycystic ovary syndrome reduces hyperin-
sulinemia, insulin resistance, hyperandrogenemia, and systolic
blood pressure, while facilitating normal menses and pregnancy.
Metabolism: Clinical and Experimental 1994 43 647–654.

31 Nestler JE & Jakubowicz DJ. Decreases in ovarian cytochrome
P450c17 alpha activity and serum free testosterone after
reduction of insulin secretion in polycystic ovary syndrome.
New England Journal of Medicine 1996 335 617–623.

32 Kolodziejczyk B, Duleba AJ, Spaczynski RZ & Pawelczyk L. Metfor-
min therapy decreases hyperandrogenism and hyperinsulinemia
in women with polycystic ovary syndrome. Fertility and Sterility
2000 73 1149–1154.

33 Glueck CJ, Fontaine RN, Wang P, Subbiah MT, Weber K, Illig E,
Streicher P, Sieve-Smith L, Tracy TM, Lang JE & McCullough P.
Metformin reduces weight, centripetal obesity, insulin, leptin,
and low-density lipoprotein cholesterol in nondiabetic, morbidly
obese subjects with body mass index greater than 30. Metabolism:
Clinical and Experimental 2001 50 856–861.

34 Carlsen SM, Rossvoll O, Bjerve KS & Folling I. Metformin improves
blood lipid pattern in nondiabetic patients with coronary heart
disease. Journal of Internal Medicine 1996 239 227–233.

35 Marquie G. Metformin action on lipid metabolism in lesions of
experimental aortic atherosclerosis of rabbits. Atherosclerosis
1983 47 7–17.

36 Pasquali R, Gambineri A, Biscotti D, Vicennati V, Gagliardi L,
Colitta D, Fiorini S, Cognigni GE, Filicori M & Morselli-Labate
AM. Effect of long-term treatment with metformin added to hypo-
caloric diet on body composition, fat distribution, and androgen
and insulin levels in abdominally obese women with and without
the polycystic ovary syndrome. Journal of Clinical Endocrinology
and Metabolism 2000 85 2767–2774.

37 Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenhager
WH, Bulpitt CJ, de Leeuw PW, Dollery CT, Fletcher AE, Forette F,
Leonetti G, Nachev C, O’Brien ET, Rosenfeld J, Rodicio JL,
Tuomilehto J & Zanchetti A. Randomised double-blind compari-
son of placebo and active treatment for older patients with
isolated systolic hypertension. The Systolic Hypertension in
Europe (Syst-Eur) Trial Investigators. Lancet 1997 350 757– 764.

38 Porcile A & Gallardo E. Long-term treatment of hirsutism: deso-
gestrel compared with cyproterone acetate in oral contraceptives.
Fertility and Sterility 1991 55 877–881.

39 Falsetti L & Pasinetti E. Effects of long-term administration of an
oral contraceptive containing ethinylestradiol and cyproterone
acetate on lipid metabolism in women with polycystic ovary syn-
drome. Acta Obstetricia et Gynecologica Scandinavica 1995 74
56–60.

40 Creatsas G, Koliopoulos C & Mastorakos G. Combined oral contra-
ceptive treatment of adolescent girls with polycystic ovary syn-
drome. Lipid profile. Annals of the New York Academy of Science
2000 900 245–252.

41 Mastorakos G, Koliopoulos C & Creatsas G. Androgen and lipid
profiles in adolescents with polycystic ovary syndrome who
were treated with two forms of combined oral contraceptives.
Fertility and Sterility 2002 77 919–927.

42 Prelevic GM, Wurzburger MI, Trpkovic D & Balint-Peric L. Effects
of a low-dose estrogen-antiandrogen combination (Diane-35)
on lipid and carbohydrate metabolism in patients with
polycystic ovary syndrome. Gynecological Endocrinology 1990 4
157–168.

43 Elter K, Imir G & Durmusoglu F. Clinical, endocrine and metabolic
effects of metformin added to ethinyl estradiol-cyproterone
acetate in non-obese women with polycystic ovarian syndrome:
a randomized controlled study. Human Reproduction 2002 17
1729–1737.

Received 27 April 2004

Accepted 27 October 2004

Metformin effect on lipid profile in PCOS 275EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 152

www.eje-online.org

Downloaded from Bioscientifica.com at 05/22/2023 04:26:06PM
via free access


