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Summary

Objective Oral contraceptive use might be associated with car-

diometabolic risk in PCOS. We aimed to compare the effects of

ethinyl estradiol–drospirenone (EE/DRSP) alone vs EE/DRSP

plus metformin on clinical and cardiometabolic parameters in

PCOS.

Design Prospective observational study.

Patients Forty-five lean patients with PCOS who received EE/

DRSP (30 lg/3 mg) (n = 25) or EE/DRSP plusmetformin (1700 mg/

day) (n = 20) and 45 BMI-matched healthy controls.

Measurement BMI, waist-to-hip ratio (WHR), hirsutism

scores, androgens, lipids, glucose and insulin levels during an

OGTT were measured before and after 6 months of treatment in

patients and compared to controls.

Results At baseline, patients with PCOS showed similar glu-

cose, insulin and lipids but increased 2 h glucose values com-

pared to controls. Hirsutism scores and free androgen index

decreased in both treatment groups. BMI and WHR did not

show any change in the EE/DRSP group, while metformin addi-

tion resulted in a decrease in BMI. Lipid levels increased in both

groups. Glucose and insulin parameters did not change in any

group, but metformin addition compared to EE/DRSP alone sig-

nificantly decreased waist circumference, fasting insulin and

HOMA-IR. After-treatment values for both EE/DRSP alone and

in combination with metformin compared to the control group

showed increased 2 h glucose and increased lipids in patients

with PCOS.

Conclusion EE/DRSP alone or in combination with metformin

improves clinical and biochemical hyperandrogenism in lean

PCOS. Both treatments similarly alter lipid profile. EE/DRSP

alone does not affect insulin sensitivity, whereas combining EE/

DRSP with metformin might improve it.

(Received 6 February 2012; returned for revision 27 February

2012; finally revised 11 April 2012; accepted 12 April 2012)

Introduction

Polycystic ovary syndrome (PCOS) is a common and complex

disorder characterized by hyperandrogenism, ovulatory dysfunc-

tion and polycystic ovaries (PCO). Women with PCOS have an

increased risk for development of diabetes, dyslipidaemia, hyper-

tension and the metabolic syndrome.1 Even though these

patients have increased metabolic risk factors, there is still a lack

of information regarding the long-term cardiovascular outcome

in PCOS.2,3

Oral contraceptive pills (OCPs) are first-line medical therapy

in women with PCOS who are not seeking pregnancy. However,

potential adverse cardiometabolic effects of OCPs represent a

major concern. There is still controversy about the effects of

OCP use on insulin sensitivity in PCOS. The results of studies

are inconsistent in that decreased, unchanged and increased

insulin sensitivity measurements have been reported.4,5 The

combination of ethinyl estradiol and drospirenone (EE/DRSP) is

a new oral contraceptive used in the treatment for PCOS. DRSP

is a nonsteroidal progestin, derived from 17-a- spirolactone,

with antimineralocorticoid and antiandrogenic properties.6 It is

suggested that metabolic effects might be less severe compared

to other OCPs.4 There are few studies in the literature evaluating

the effect of this treatment on clinical and cardiometabolic

parameters in PCOS, especially in nonobese patients.7–10

The strong association between PCOS and insulin resistance

and increased risk of diabetes has resulted in common use of

insulin sensitizers in the treatment for PCOS. Metformin is the

most widely used insulin sensitizer. Several studies have reported

that metformin may improve menstrual pattern, increase ovula-

tion, reduce serum androgen levels11–16 and improve hirsutism

in PCOS.17 The effect of metformin in PCOS shows variability

depending on body weight: in some studies, nonobese women

respond better to treatment with metformin than obese

women,18 while metformin was found to be more effective in

obese patients in others.19 To date, only three studies of up to 4–

6 months are available comparing OCP alone and the combination

of OCP plus metformin in PCOS.20–22 In two of these studies,

norgestimate20 and cyproterone acetate (CA)21 were the proges-
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tins used in the OCP, whereas one study in normal and over-

weight PCOS women compared the DRSP containing OCP

alone vs in combination with metformin or cyproterone ace-

tate.22 In this study, we aimed to compare the effects of EE/

DRSP alone or in combination with metformin on clinical and

cardiometabolic parameters in lean women with PCOS

(BMI � 27 kg/m²).

Materials and methods

Subjects

Forty-five lean, normal glucose-tolerant patients with PCOS

(BMI � 27 kg/m²) of 83 patients, who attended to the Outpa-

tient Clinic of Endocrinology and Metabolism of Hacettepe Uni-

versity between January 1 and December 31, 2008 were enrolled

in this prospective observational study. The patients were not

taking any medication including oral contraceptives and insulin

sensitizers. All patients fulfilled the diagnostic criteria for PCOS

according to revised 2003 Rotterdam criteria.23 Hyperandroge-

nism and chronic oligo-anovulation were defined as previously

described.24 Hirsutism was defined as modified FG score (mFG)

� 7. PCO was defined as the presence of � 12 follicles in each

ovary each measuring 2–9 mm in diameter and/or increased

ovarian volume (>10 ml; Rotterdam 2004). Women with a

secondary endocrine disorder, such as hyperprolactinaemia,

nonclassical form of congenital adrenal hyperplasia, thyroid

function disorder, androgen secreting tumours and women with

contraindications to OCP use were excluded, as suggested.23

Forty-five BMI-matched healthy women without features of

hyperandrogenism, oligo-amenorrhoea or PCO formed the

control group. The control group was included to deter-

mine whether baseline and after-treatment cardiometabolic fea-

tures of lean patients with PCOS differ from healthy women

from the background population. The study was approved

by the Local Ethics Committee of the Hacettepe University

School of Medicine, and informed consent was obtained from

all subjects.

Study design

All participants were evaluated by means of a standardized form

that included a medical history and physical examination.

Weight, height, waist and hip circumferences (waist: midway

between the lower rib margin and the iliac crest, hip: widest cir-

cumference over the great trochanters) were measured. The body

mass index [BMI; weight (kilograms)/height (metres)2] and

waist-to-hip ratio (WHR) were calculated. Hirsutism was evalu-

ated by modified Ferriman–Gallwey scoring system.

An OGTT was performed at 08·00–10·00 AM after a 3 day,

300 g carbohydrate diet and an overnight fast of 10–14 h. A

75 g oral glucose load was administered, and blood samples for

glucose and insulin determinations were collected through an

intravenous cannula at 0 and 120 min. Additional baseline blood

samples were obtained for hormonal and metabolic parameters.

Hormonal evaluation included total testosterone, androstenedi-

one, dehydroepiandrosterone sulphate (DHEAS) and sex hor-

mone-binding globulin (SHBG), whereas metabolic evaluation

included total cholesterol, triglycerides (TG) and high-density

lipoprotein cholesterol (HDL-C). All subjects were studied at

baseline, during the follicular phase of the menstrual cycle (2–

5 days after onset of last spontaneous or progestin-induced

menstrual bleeding).

Patients received EE/DRSP (30 lg/3 mg) alone for 21 days on

and 7 days off or EE/DRSP in combination with metformin

(2 9 850 mg/day) for a duration of 6 months. All laboratory

tests were repeated after treatment. None of the patients took

any concurrent medication during the study.

Free androgen index (FAI = [testosterone (nM)/SHBG

(nM)] 9 100), homoeostatic model assessment of insulin resis-

tance (HOMA-IR = [fasting insulin (mU/l) 9 fasting plasma

glucose (FPG) (mM)]/22·5) and low-density lipoprotein choles-

terol (LDL-C) (LDL = total cholesterol [HDL + (TG/5)]) were

calculated as previously described.24

Assays

Blood samples were taken through venepuncture and centrifuged

within 2 h after withdrawal. Serum was stored at �80 °C until

analysis. Testosterone and insulin concentrations were measured

by chemiluminiscent immunoassay kits (Roche Diagnostics

GmbH, Mannheim, Germany). The average intra- and inter-assay

coefficients of variation (CV) for insulin were � 4·3% and

� 3·4%, respectively. The concentration of DHEAS and andro-

stenedione was determined by chemiluminiscent immunoassay

(Immulite® 2000, Los Angeles, USA). SHBG was measured by

immunoradiometric assay (ZenTech, Angleur, Belgium). Total

cholesterol, TG and HDL-C concentrations were measured using

enzymatic colourimetric kits with intra- and interassay CV of

<10% (Roche Diagnostics GmbH, Mannheim, Germany). Plasma

glucose concentration was determined by the glucose oxidase

method (Olympus AU 2700, Beckmann Coulter Inc., MA, USA).

Statistical analysis

Differences in baseline characteristics and laboratory data

among the groups (each PCOS treatment group and the control

group) were analysed by one-way analysis of variance (ANOVA)

and post hoc Tukey’s test for pairwise comparisons for normally

distributed parameters, Kruskal–Wallis one-way ANOVA for

parameters with skewed distribution and Mann–Whitney test

for pairwise comparisons. The treatment effect was evaluated by

comparing the differences before and after treatment by inde-

pendent samples Student’s t-test. For the primary outcome

parameter, the mFG score, assuming an average change of

3 units from baseline with treatment and 3 units of standard

deviation, our study has 80% power to detect a clinically signifi-

cant difference of 2·5 units between groups as statistically signifi-

cant with 5% type-I error level. SPSS Release 15.0 (Statistical

Package for Social Sciences for Windows, SPSS Inc., Chicago, IL,

USA) was used for these analyses. Values were described as

mean ± SD. P < 0·05 was considered statistically significant.
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Results

A total of 90 women, 45 lean patients (BMI � 27 kg/m²) and

45 BMI-matched controls were enrolled in the study. The partic-

ipants were 17–33 years of age (mean ± SD of age for control;

OCP and OCP plus metformin group, respectively; 24·0 ± 3·6,
21·8 ± 4·1, 21·5 ± 4·3; P < 0·05). Table 1 shows the comparison

of the clinical, hormonal and metabolic characteristics of each

patient group before and after treatment and comparison with

the control group. All patients had regular menses during the

study.

Twenty-five patients received OCP alone, whereas 20 patients

received OCP in combination with metformin. At baseline, mFG

score, serum androgen levels and 2 h plasma glucose levels were

significantly higher in patients with PCOS than controls

(P < 0·05 for all; Table 1). All the clinical and hormonal param-

eters were similar between the two treatment groups (NS;

Table 1) except testosterone and androstenedione levels (P <
0·05 for both).

After treatment, while there was no change in BMI, waist cir-

cumference or WHR in the OCP group (NS; Table 1), there was

a significant decrease in waist circumference (P < 0·05; Table 1)

and BMI at a P level of 0·05 in the combination group

(Table 1). A significant decrease in FAI and mFG scores and a

significant increase in SHBG levels were observed in both groups

(P < 0·05; Table 1). Serum levels of total cholesterol, TG, HDL-

C and LDL-C increased significantly in both groups (P < 0·05;
Table 1). FPG and 2 h plasma glucose levels, fasting insulin and

HOMA-IR values did not change compared with baseline values

in the OCP group (NS; Table 1). On the other hand, OCP plus

metformin treatment caused a nonsignificant decrease in the lev-

els of FPG, fasting insulin and HOMA-IR values (NS; Table 1).

One patient in each group developed IGT, and 2 h plasma glu-

cose levels were analysed after exclusion of these patients. No

significant change occurred in 2 h plasma glucose levels (NS;

Table 1).

Comparing the effect of treatments between the groups, the

changes in fasting insulin, HOMA-IR and waist circumference in

the OCP plus metformin group were found to be statistically

significant (P-values < 0·05; Table 1).

After-treatment values for both OCP alone and in combina-

tion with metformin compared to the control group showed

increased 2 h glucose and increased lipids in patients with PCOS

(P < 0·05 for all; Table 1).

One patient complained of oedema, and four patients in the

OCP plus metformin group reported mild nausea and diarrhoea

during the treatment period, but all patients completed the

study.

Discussion

In this prospective observational study, we compared the effects

of treatment with EE/DRSP vs EE/DRSP plus metformin on the

hormonal, metabolic and cardiovascular risk profiles of lean

patients with PCOS. Our data showed that (i) both treatment

regimes significantly improved hyperandrogenaemia (FAI) and

hirsutism scores and metformin treatment did not cause an

additional benefit in terms of clinical and biochemical hyperan-

Table 1. Comparison of the clinical and hormonal characteristics of OCP and OCP + metformin groups before and after treatment and the healthy

control group

Parameters

Control

(n = 45)

OCP (n = 25) OCP + metformin (n = 20)

Effect

Baseline After P Baseline After P

P treatment

P between groups

BMI (kg/m2) 22·1 ± 2·2 22·1 ± 2·9 22·1 ± 3·1 NS 22·8 ± 3·2 22·1 ± 2·3 0·05 NS

Waist circumference (cm) 73·5 ± 8·1 73·6 ± 8·1 74·4 ± 8·6 NS 74·9 ± 10·1 71·0 ± 6·6 <0·05 <0·05
WHR 0·77 ± 0·07 0·76 ± 0·05 0·78 ± 0·05 NS 0·78 ± 0·06 0·76 ± 0·06 NS NS

mFG score 0·4 ± 0·7 8·9 ± 5·1a 5·3 ± 3·5a <0·001 11·1 ± 4·8a 7·6 ± 4·6a <0·05 NS

Total testosterone (nM) 1·2 ± 0·4 2·8 ± 0·9a 2·2 ± 1·0a <0·01 2·1 ± 0·9a 1·8 ± 1·0 NS NS

SHBG (nM) 56·3 ± 37·2 35·9 ± 24·6a 159·4 ± 63·3a <0·001 31·9 ± 29·4a 151·4 ± 82·3a <0·001 NS

Androstenedione (nM) 8·0 ± 3·8 12·9 ± 4·5a 11·2 ± 3·1a NS 9·1 ± 3·1 9·4 ± 4·9 NS NS

DHEAS (mM) 5·9 ± 3·2 7·5 ± 3·0b 5·9 ± 3·4 <0·01 7·6 ± 3·3b 6·3 ± 2·5 <0·05 NS

FAI 2·8 ± 1·7 10·9 ± 7·6a 1·9 ± 1·8b <0·001 11·2 ± 11·2a 1·9 ± 1·9b <0·01 NS

FPG (mM) 4·6 ± 0·5 4·6 ± 0·5 4·6 ± 0·4 NS 4·8 ± 0·4 4·6 ± 0·7 NS NS

2 h plasma glucose (mM) 4·9 ± 0·9 5·7 ± 0·9b 5·8 ± 0·9b* NS 5·6 ± 1·1b 6·1 ± 0·9b* NS NS

Fasting insulin (pM) 65·3 ± 26·4 69·4 ± 24·3 79·9 ± 40·3 NS 78·5 ± 31·9 68·1 ± 31·9 NS <0·05
HOMA-IR 1·9 ± 0·9 2·1 ± 0·8 2·4 ± 1·3 NS 2·5 ± 1·1 2·1 ± 1·0 NS <0·05
T.cholesterol (mM) 4·2 ± 0·7 4·2 ± 0·9 5·4 ± 1·0a <0·001 3·9 ± 0·6 4·8 ± 0·9b <0·001 NS

HDL-C (mM) 1·6 ± 0·3 1·6 ± 0·4 2·1 ± 0·5a <0·001 1·5 ± 0·4 1·9 ± 0·5b <0·01 NS

LDL-C (mM) 2·3 ± 0·6 2·3 ± 0·6 2·8 ± 0·8b <0·05 2·1 ± 0·5 2·6 ± 0·6 <0·05 NS

TG (mM) 1·7 ± 0·6 2·3 ± 0·9b 3·6 ± 1·4a <0·05 1·8 ± 0·6 3·2 ± 1·4a <0·01 NS

Results are expressed as mean ± SD. NS, Not significant. aP < 0·001 vs. control group. bP < 0·05 vs. control group. * 2 h plasma glucose levels were

calculated after patients with IGT (one in each treatment group) were excluded.
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drogenism; (ii) EE/DRSP alone did not cause significant weight

gain or any change in anthropometric measures, whereas adding

metformin caused a decrease in these parameters; (iii) EE/DRSP

alone did not change insulin resistance, but adding metformin

to the OCP resulted in an improvement in insulin sensitivity;

(iv) lipid levels increased significantly in both groups reaching

higher levels compared to controls and metformin addition had

no beneficial effect on lipids.

The effects of EE/DRSP on hyperandrogenaemia and body

weight in our study are consistent with previous stud-

ies.7,8,22,25,26 Regarding the effect of DRSP on lipid profile, the

data are still inconsistent in that some studies report decreased

LDL levels and increased HDL and TG levels,10,27,28 whereas

others show no significant change in lipid profile.22 We observed

a significant increase in all components of lipid profile.

Considering insulin sensitivity parameters, studies comparing

EE/DRSP with another OCP or rosiglitazone shown that EE/

DRSP does not affect insulin sensitivity or glucose toler-

ance,7,8,10,26 or even improves these parameters.22 Our results

are in line with previous data and suggest no change in insulin

sensitivity with EE/DRSP use in lean normal glucose tolerant

PCOS unless it is combined with metformin.

The effect of metformin on hirsutism and hyperandrogena-

emia in PCOS shows variability in different studies. In some, no

change was observed in hirsutism score in patients with PCOS

with metformin monotherapy,29 whereas significant improve-

ment in hirsutism was reported in others.30 Metformin adminis-

tration induced a reduction in FAI and serum testosterone levels

in some studies.13,15,16 Metformin reduces fasting and glucose-

stimulated insulin levels and decreases ovarian cytochrome

P450c17a activity inducing a reduction in the serum-free testos-

terone concentration in lean patients with PCOS.13 Moreover,

the inhibitory effect of insulin on the synthesis of SHBG is

reduced by decreasing hyperinsulinaemia with metformin treat-

ment for PCOS.13 On the other hand, a Cochrane review includ-

ing four randomized controlled trials comparing the effect of

metformin vs OCPs in PCOS reported that metformin mono-

therapy was less effective than OCPs in reducing serum total tes-

tosterone levels.31 In our study, combining metformin with EE/

DRSP did not show any additional impact on decreasing hirsut-

ism or hyperandrogenaemia.

Metformin either decreases or causes no change in BMI and

WHR 32–36 and either improves or shows no effect on insulin

sensitivity 15,16,32–35,37 when used alone in patients with PCOS.

The available data on the effect of meformin in nonobese

patients are inconclusive.13,18,19 Trolle et al.19 reported that non-

obese PCOS women did not benefit from metformin. On the

other hand, fasting insulin, the area under the insulin curve and

serum androgens decreased significantly in nonobese patients

with PCOS with metformin monotherapy in other studies.15,16,18

In our study, we found that adding metformin to OCP might

have beneficial effects on insulin sensitivity in lean patients with

PCOS. Metformin monotherapy either improves lipid profile or

causes no change in patients with PCOS.32,35,38 In a meta-analy-

sis by Costello,31 it was documented that metformin monothera-

py significantly decreased TG levels. However, in our study,

metformin, when added to an OCP, did not show a similar ben-

eficial effect on lipids.

Three studies have been published to date comparing OCP

and OCP plus metformin combination in patients with PCOS.

These studies did not include a healthy control group for com-

parison at baseline, and EE/DRSP was used in only one of them.

The first study by Elter et al.21 evaluated OCP (EE/CA) (n = 20)

vs EE/CA plus metformin (n = 20) for 4 months in nonobese

patients with PCOS. Combination therapy compared to OCP

alone in this study resulted in a significant decrease in BMI and

WHR, and similar improvement in testosterone and free testos-

terone levels. While combination therapy resulted in an

improvement in insulin sensitivity, OCP alone did not show an

effect in this study. There was no change in lipid profile except

for an increase in total cholesterol in the OCP alone group. The

second study, by Cibula et al.,20 compared EE/norgestimate

(n = 15) with EE/norgestimate plus metformin (n = 13) for

6 months in lean and overweight PCOS. In this study, there was

no significant change in BMI, WHR, insulin sensitivity measured

by euglycaemic clamp or lipids in either group. When compar-

ing the effects of treatments between the groups, only a more

pronounced decrease in FAI was found in combination group.

In the third study, Fruzzetti et al.22 compared EE/DRSP alone

(n = 16) vs in combination with metformin (n = 15) or CA

(n = 16) for 6 months in both lean and overweight patients with

PCOS. The dose of EE was 20 lg in this study. They reported

similar improvement in hyperandrogenism in all groups, no

change in BMI or WHR in either group, and improvement in

insulin sensitivity in OCP alone and OCP plus metformin

groups compared to OCP plus CA group. EE/DRSP did not

change the lipid profile, whereas EE/DRSP plus metformin sig-

nificantly increased HDL-C, and EE/DRSP plus CA significantly

increased total cholesterol and TG.

Our results are in line with all three studies in that OCP alone

and OCP plus metformin have similar effects on hyperandroge-

nism. Similar to the results of Elter et al.21 and different from

Cibula et al.20 and Fruzzetti et al.,22 our data suggest that met-

formin addition results in a significant decrease in BMI and

waist circumference. Our finding of increased lipids in both

groups might in part be related to the 30-lg dose of EE in the

OCP we used considering that Cibula et al.20 showed similar

changes in lipids with an OCP containing 35 lg EE, whereas

Fruzzetti et al.22 failed to show this alteration with an OCP con-

taining 20 lg EE.

An interesting finding in our study is that one patient in each

group developed IGT regardless of the use of OCP alone or in

combination with metformin. Previous studies in obese PCOS

showed an increased conversion rate from normoglycaemia to

IGT and diabetes.39,40 Age, BMI at baseline, family history and

gestational diabetes are among the independent risk factors for

adverse changes in glycaemia.39,40 The patients developing IGT

in our study were young, had normal BMI and did not have

personal history of gestational diabetes or family history of dia-

betes. Even though a duration of 6 months of any treatment in

a small group of patients may not be sufficient to fully evaluate

effects on glucose homoeostasis, our results suggest that adding
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metformin to an OCP may not retard or prevent the develop-

ment of diabetes in PCOS. Longer-term studies with larger sam-

ple size including both lean and obese patients are needed to

resolve this intriguing question.

A limitation of our study was the lack of randomization. Sec-

ondly, our sample size was relatively small although it was simi-

lar to previously published studies. Nevertheless, post hoc power

analysis showed that our study had 80% power with 5% type 1

error level to detect a clinically significant difference in the pri-

mary outcome of hirsutism score. Thirdly, we included only lean

patients with PCOS in the study, and our results might not be

extrapolated to obese patients with PCOS. Lastly, the duration

of our study was relatively short even though it was sufficient to

observe improvement in hyperandrogenism and alterations in

cardiometabolic risk profile.

In conclusion, our results suggest that the use of EE/DRSP

alone or in combination with metformin improves hyperandrog-

enism in lean PCOS and metformin addition might decrease

BMI even in lean subjects. Both EE/DRSP alone and EE/DRSP

plus metformin therapies for PCOS are associated with an

increase in all components of the lipid profile. Use of EE/DRSP

alone in lean patients with PCOS with normal glucose tolerance

does not affect insulin sensitivity, while addition of metformin

might improve insulin sensitivity parameters.
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