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differences in the outcome variables of LDL, total cho-
lesterol and FBS emerged within the intervention group, 
with significantly higher levels at 6  months compared to 
3 months. We also did not find any significant group dif-
ferences in unit change of the outcome variables between 
baseline and 3 months.
Conclusions  We found that the combination of statin and 
metformin has no advantage in PCOS management. In fact, 
the increase of LDL, total cholesterol and FBS within the 
intervention group warrants reassessment of current regi-
mens to avoid any patient harm.

Keywords  Rosuvastatin · Metformin · Polycystic ovarian 
syndrome · Biochemical profile

Introduction

Polycystic ovary syndrome (PCOS) is one of the common-
est endocrine disorders afflicting 6–10  % of reproductive 
age women [1, 2]. The clinical manifestations of PCOS 
include hirsutism, obesity, menstrual irregularities, ano-
vulation, infertility and hypertension [3, 4]. These clinical 
findings are primarily the result of biochemical alterations 
including hyperandrogenism, insulin resistance, increased 
inflammatory markers and dyslipidemia [5–7]. Specifi-
cally, PCOS women have high levels of C-reactive protein 
(CRP), plasminogen activator inhibitor-1, advanced glyca-
tion end products, homocysteine, low density lipoprotein 
(LDL) cholesterol and triglycerides, versus low levels of 
high density lipoprotein (HDL) cholesterol [1, 5]. Collec-
tively, these inflammatory factors significantly increase the 
risk of cardiovascular disease (CVD) [8]. PCOS women 
also have a twofold risk of atherosclerotic diseases relative 
to healthy women [9].

Abstract 
Background  Polycystic ovary syndrome (PCOS) afflicts 
at least 5  % of women. Both metformin and statin have 
been used as methods to ameliorate symptoms and improve 
prognosis.
Aim  To test the efficacy of concomitant usage of met-
formin and statins in PCOS patients.
Materials and methods  This is a prospective, randomized, 
double-blinded, placebo controlled study. 37 patients 
received rosuvastatin (10 mg/day) for a period of 3 months, 
then the patients were randomly allocated to one of two 
groups: the first group (or intervention group) received 
rosuvastatin (10  mg/day) plus metformin (850  mg twice 
daily after meals), and the second group (referred to as con-
trol group hereafter) received rosuvastatin (10 mg/day) plus 
placebo for a period of 3 months. Biochemical and clinical 
data were collected at each time point.
Results  There were no significant differences between 
the intervention and control groups for baseline lipid pro-
file (LDL, HDL, triglycerides, total cholesterol), CRP, 
homocysteine, DHEAS, testosterone and insulin (p > 0.05 
for all variables). There were no significant differences in 
lipid profile, CRP, homocysteine, DHEAS, testosterone and 
insulin between the intervention and placebo groups at 3 
and 6 months after treatment (p > 0.05 for all). Significant 
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Treatment of PCOS consists of lifestyle changes and 
pharmacotherapy, which includes oral contraceptives, anti-
androgen therapy, statins and insulin sensitizers such as 
metformin [8, 10]. Statins—inhibitors of the rate-limiting 
step in cholesterol biosynthesis—are emerging as major 
therapeutic and CVD preventive tools in PCOS women. 
Combining simvastatin with oral contraceptives (OCP) in 
treatment of PCOS decreases total and free testosterone 
levels and induces a mild, but significant, improvement of 
hirsutism compared to PCOS patients receiving OCPs only 
[11–13].

In comparing simvastatin to metformin, each medica-
tion has efficacy in certain aspects of the disease with dif-
ferent superiority results emerging in different studies. In 
a prospective study of 113 PCOS women, simvastatin is 
superior to metformin alone, with no improvement when 
simvastatin is combined with metformin [14]. In another 
study, metformin is superior in ameliorating the metabolic 
changes related to serum insulin and glucose, while simv-
astatin inhibits acne and normalizes the lipid profile [15]. 
Given these findings, it is prudent to evaluate whether a 
combination therapy would result in lower androgen con-
centration and decreased CVD in PCOS patients. In a pro-
spective, randomized, double blind study, treatment with 
simvastatin and metformin for 12 weeks resulted in a bet-
ter reduction in testosterone and LH levels, a better reduc-
tion in lipid profile and an improvement of insulin sensi-
tivity compared to metformin-only group [8]. Atorvastatin 
pretreatment augments and facilitates the effects of met-
formin in improving the metabolic parameters, biochemical 
hyperandrogenemia and inflammatory markers in patients 
with PCOS [16]. However, statins are associated with an 
increased risk of developing diabetes [17].

These findings strongly suggest that further studies are 
required for evaluating the efficacy of concomitant usage of 
metformin and statins in PCOS patients. While atorvastatin 
pretreatment improves metformin’s action, the role of met-
formin in affecting statin therapy is still not known. In this 
study, we aimed to assess whether metformin would have 
a role in potentiating the effect of rosuvastatin in PCOS 
patients when administered concomitantly.

Methods

Study population

This is a prospective, randomized, double-blinded, pla-
cebo controlled study to assess whether metformin will 
potentiate the effect of rosuvastatin therapy on biochemi-
cal markers in patients with PCOS attending the Obstetrics 
and Gynecology Clinics at the American University of Bei-
rut Medical Center (AUBMC) in Lebanon. Approval was 

obtained from the Institutional Review Board (IRB) prior to 
study initiation. Diagnosis of PCOS was made according to 
the European Society for Human Reproduction and Embry-
ology (ESHRE) and the American Society for Reproduc-
tive Medicine (ASRM) where a diagnosis of PCOS is made 
when two or more of the following are identified: chronic 
oligo- or anovulation, clinical or biochemical evidence of 
androgen excess, and the presence of polycystic ovaries by 
an ultrasound examination [4, 18].

Forty women aged 17–42  years with PCOS were 
recruited. Three patients were lost to follow-up, and hence 
data from 37 patients were analyzed. Inclusion criteria 
included women who are not married, or on a non-hormo-
nal form of contraceptive to prevent pregnancy, and meet-
ing the ESHRE/ASRM criteria for PCOS diagnosis. Exclu-
sion criteria of this study included patients with Cushing’s 
syndrome, hyperprolactinemia, diabetes mellitus, thyroid 
disease, adrenal hyperplasia, androgen-secreting tumors or 
other endocrinopathies, cancer, kidney or liver disease, and 
smokers. Patients who have also been treated with hormone 
medications or any other medication that could interfere 
with ovarian function, insulin sensitivity and lipid profile 
within the 3 months prior to their entry into the study were 
also excluded. Moreover, since the effect of metformin 
may be less in subjects with a mean BMI of >34 kg/m2 and 
thus pose as a limitation to the study results, patients with 
a BMI of >34 kg/m2 were excluded. All recruited patients 
were constructed to refrain from getting pregnant or use 
OCPs during the study period.

Questionnaires

Patients were asked to fill a brief questionnaire comprised 
of two sections. The first section encompassed questions 
assessing socio-demographic and lifestyle characteristics of 
the study participants, and the second section included spe-
cific questions pertaining to PCOS clinical manifestations.

Study design and biochemical analysis

After an overnight fast, blood samples were drawn from the 
patients to determine baseline serum levels of homocyst-
eine (as a measure of oxidative stress), testosterone, CRP, 
dehydroepiandrosterone sulfate (DHEAS), fasting blood 
sugar (FBS), insulin, total cholesterol, HDL, cholesterol, 
LDL cholesterol and triglycerides. A urinary pregnancy 
test will also be performed for every patient at baseline, and 
monthly thereafter until the end of the trial.

All patients received rosuvastatin (10  mg/day) for a 
period of 3  months, after which, measurements of afore-
mentioned biomarkers were taken again. At the end of 
the 3  months treatment with rosuvastatin (10  mg/day), 
the patients were randomly and equally allocated using 
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“Random Allocation Software” to one of two groups: the 
first group (or intervention group) received rosuvasta-
tin (10 mg/day) plus metformin (850 mg twice daily after 
meals), and the second group (referred to as control group 
hereafter) received rosuvastatin (10  mg/day) plus placebo 
for a period of 3 months. All aforementioned measurements 
were obtained again from all participants after the 3 months 
of treatment. Liver function tests (SGPT, SGOT, ALP and 
GGT) were also measured at 3 and 6 months after rosuvas-
tatin treatment to assay for hepatic toxicity.

Data analysis

The data were analyzed using the IBM SPSS version 19.0. 
Significance was set at 0.05 and 0.01 for all variables. Cat-
egorical variables were compared using the Chi-square 
statistic, and continuous outcomes were compared using 
independent samples t tests for intergroup differences 
(intervention versus control) and paired samples t tests for 
intragroup differences at 3 and 6  months follow-up. The 
unit change in the continuous variables between baseline 
and 3 months, baseline and 6 and 3 months and 6 months 
intervals were calculated and compared using t tests.

Results

A total of 37 women aged 17–42  years diagnosed with 
PCOS participated in the current study. Table 1 represents 
the sociodemographic and medical characteristics of the 
study population, as well as the participants’ clinical per-
ception of the disease manifestations. The majority of 
participants were smokers (66.6  %), endorsed symptoms 
of obesity (62.5 %), excess hair (85 %) and menses prob-
lems (85 %), while fewer participants reported symptoms 
of infertility (32.5 %), acne (25 %) and thinning of the hair 
of the scalp (9 %). Family history of PCOS was positive for 
40 % of the sample and negative for 57.5 %.

The 37 participants randomly assigned to either the 
intervention group (n = 18) or the control group (n = 19) 
and data were analyzed at the 3 and 6 months follow-up 
intervals. For all variables obtained from the question-
naire, there were no differences in the distribution among 
the control and intervention groups (Table 2). The mean 
age of the total sample was 25.6 ±  5.79  years. No sig-
nificant differences between the intervention and control 
groups were found for baseline lipid profile (LDL, HDL, 
triglycerides, total cholesterol), CRP, homocysteine, 
DHEAS, testosterone and insulin (p > 0.05 for all varia-
bles; Table 2). Noteworthy, 3 months after treatment with 
rosuvastatin (hereafter, the timepoint is referred to as T1), 
the weight change in both groups was not statistically dif-
ferent (Table 2).

Table 3 presents the mean values and standard deviations 
at 3 (T1) and 6 (T2) months for the intervention and control 
groups for the outcome variables. The table also displays 
comparative statistics between the two groups and within 
each group at 3 and 6 months intervals. No significant dif-
ferences in blood studies were found between the interven-
tion and placebo groups at 3 and 6 months after treatment 
(p  >  0.05 for all). However, significant differences in the 
outcome variables of LDL (p =  0.007) and total choles-
terol (p =  0.005) emerged within the intervention group, 
with significantly higher levels at 6  months compared to 
LDL and total cholesterol levels at 3 months. Moreover, the 
FBS levels were significantly higher (p = 0.02) within the 
intervention group at 6 months compared to 3 months. On 
the other hand, paired samples t test revealed no significant 
changes in the outcome variables at 3 and 6 months for the 
control group for all variables. Noteworthy, BMI at 3 (28 
versus 29.5  kg/m2) and 6  months (26.7 versus 29  kg/m2) 
for treatment and placebo groups, respectively, was not sta-
tistically significant.

We then reanalyzed the data by measuring the mean 
and standard deviation of the changes at the different time 
points for each participating patient then calculated the 
mean values and standard deviations of the differences 
for each group. Specifically, the change in outcome vari-
ables between baseline and 3  months (T0  –  T1), baseline 
and 6 months (T0 – T2), and 3 and 6 months (T1 – T2) was 
analyzed to delineate any differences between the inter-
vention and study groups (Tables  4, 5, 6). No significant 
group differences in unit change of the outcome variables 
were found between baseline and 3  months. From base-
line to 6  months, however, LDL levels had decreased for 
both groups and there was a significant difference in the 
unit decrease (p < 0.05) such that the placebo group had a 
larger mean decrease (mean = 38.6 ± 39.2) as opposed to 
the intervention group (mean = 9 ± 36.3). When compar-
ing the unit change at 3 and 6 months, the levels of LDL 
yet again emerged as significantly different between groups 
(p  <  0.05), and while both groups had increased LDL at 
6 months the mean unit increase for the intervention group 
was larger (mean = −20.5, SD =  25.2) compared to the 
control group (mean = −9.6, SD = 25). No other signifi-
cant differences emerged.

Discussion

In this study, rosuvastatin was used as the primary therapy 
modality of PCOS. After 3 months, we administered a com-
bination of metformin and rosuvastatin to the intervention 
group, while the control group received rosuvastatin and 
placebo. To our surprise, addition of metformin to rosuv-
astatin did not decrease the levels of inflammatory markers 
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Table 1   Sociodemographic, medical characteristics and perception of the disease among the study population

Variable Variable categories Placebo, N (%) Intervention (metformin), N (%) p value

Living environment Village 7 (36.8) 6 (37.5) 0.64

City 12 (63.2) 10 (62.5)

Marital status Single 11 (57.9) 11 (61.1) 0.84

Married 8 (42.1) 7 (38.9)

Monthly income <$1,000 10 (52.6) 10 (55.6) 0.85

>$1,000 9 (47.4) 8 (44.4)

Education level <University 8 (42.1) 6 (33.3) 0.58

Uni and above 11 (57.9) 12 (66.7)

Employment status Employed 4 (21.1) 11 (61.1) 0.01

Unemployed/housewife 15 (78.9) 7 (38.9)

Smoking status Non-smoker 11 (57.9) 15 (83.3) 0.09

Current smoker 8 (42.1) 3 (16.7)

Health expenses coverage Public insurance 9 (47.4) 8 (44.4) 0.66

Private insurance 4 (21.1) 6 (33.3)

Uninsured 6 (31.6) 4 (22.2)

Duration of PCOS (years) <1 year 6 (31.6) 6 (33.3) 0.62

1–3 years 5 (26.3) 2 (11.1)

4–6 years 3 (15.8) 5 (27.8)

>6 years 5 (26.3) 5 (27.8)

Family history of PCOS Yes 9 (47.4) 6 (35.3) 0.38

No 10 (52.6) 11 (64.7)

Symptoms of obesity No 7 (36.8) 7 (38.9) 0.90

Yes 12 (63.2) 11 (61.1)

Symptoms of excess hair No 3 (15.8) 3 (16.7) 0.64

Yes 16 (84.2) 15 (83.3)

Symptoms of infertility No 12 (63.2) 12 (66.7) 0.82

Yes 7 (36.8) 6 (33.3)

Symptoms of menses problem No 2 (10.5) 4 (22.2) 0.30

Yes 17 (89.5) 14 (77.8)

Symptoms of acne No 15 (78.9) 14 (77.8) 0.62

Yes 4 (21.1) 4 (22.2)

Symptoms thinning of hair and scalp No 16 (84.2) 13 (72.2) 0.31

Yes 3 (15.8) 5 (27.8)

Hypertension No 17 (89.5) 17 (94.4) 0.52

Yes 2 (10.5) 1 (5.6)

Dyslipidemia No 12 (63.2) 14 (77.8) 0.33

Yes 7 (36.8) 4 (22.2)

History of fertility Never tried to get pregnant 12 (63.2) 12 (66.7) 0.81

Previously pregnant 2 (10.5) 2 (11.1)

Previously attempted without  
success for <1 year

1 (5.3) 2 (11.1)

Previously attempted without  
success for >1 year

4 (21.1) 2 (11.1)

Previous treatment for PCOS Yes 17 (89.5) 14 (77.8) 0.30

No 2 (10.5) 4 (22.2)

Use of oral contraceptives No 4 (21.1) 6 (33.3) 0.40

Yes 15 (78.9) 12 (66.7)

Use of antiandrogens No 16 (84.2) 13 (72.2) 0.31

Yes 3 (15.8) 5 (27.8)



647J Endocrinol Invest (2015) 38:643–651	

1 3

or correct the lipid profile. In fact, compared to rosuvas-
tatin alone, a combination of metformin and rosuvasta-
tin increased the levels of LDL at 6 months, a major risk 
factor for CVD. Moreover, within the intervention group, 
there was a slight increase in FBS, and more pronounced 
increase levels of LDL cholesterol and total cholesterol at 
6 months after addition of metformin.

Since PCOS poses a major healthcare debilitation 
among a significant fraction of reproductive women, ample 
research is being conducted for management. To that end, 
treatment of PCOS consists of lifestyle changes aimed at 
exercise training and medical pharmacotherapy that targets 
the underlying biochemical modifiers of the disease. In 
addition to increasing insulin sensitivity and ameliorating 

Table 1   continued

Variable Variable categories Placebo, N (%) Intervention (metformin), N (%) p value

Use of lipid-lowering drugs No 18 (94.7) 17 (94.4) 0.74

Yes 1 (5.3) 1 (5.6)

Use of metformin (glucophage) No 13 (68.4) 14 (77.8) 0.52

Yes 6 (31.6) 4 (22.2)

Use of fertility agents No 16 (88.9) 15 (83.3) 0.50

Yes 2 (11.1) 3 (16.7)

Use of other treatments No 18 (94.7) 17 (94.4) 0.74

Yes 1 (5.3) 1 (5.6)

Opinion-lifestyle is related to PCOS No 13 (68.4) 14 (77.8) 0.52

Yes 6 (31.6) 4 (22.2)

Opinion-overweight is related to PCOS No 13 (68.4) 15 (83.3) 0.51

Yes 6 (31.6) 3 (16.7)

Opinion-PCOS is hereditary No 14 (73.7) 10 (55.6) 0.25

Yes 5 (26.3) 8 (44.4)

Opinion-PCOS is related to other causes No 17 (89.5) 15 (83.3) 0.47

Yes 2 (10.5) 3 (16.7)

Causes of PCOS: right answer No 8 (42.1) 12 (66.7) 0.13

Yes 11 (57.9) 6 (33.3)

Table 2   Descriptive data of the control and intervention groups

a  Weight after 3 months of treatment with rosuvastatin in both groups (control and intervention)

Variable Control (mean ± SD) Intervention (mean ± SD) Statistic

Age (years) 25.9 ± 6.5 25.7 ± 5.4 t(35) = 0.09, p = 0.93

Number of persons living in the house 4.4 ± 1.8 4.1 ± 2.3 t(34) = 0.45, p = 0.66

Number of other medical conditions 0.5 ± 0 0.6 0.4 ± 0 0.9 0.91

Height (cm) 159.9 ± 5.2 160.7 ± 6.1 t(34) = −0.39, p = 0.70

Baseline weight (kg) 74.9 ± 15.8 73.4 ± 18.4 t(34) = 0.27, p = 0.79

Baseline FBS (mg/dl) 87.9 ± 6.7 91.5 ± 9.0 t(35) = −1.39, p = 0.17

Baseline LDL (mg/dl) 117.4 ± 45.3 91.5 ± 31.9 t(35) = 1.20, p = 0.24

Baseline cholesterol (mg/dl) 190.9 ± 50.1 174.0 ± 31.6 t(35) = 1.22, p = 0.23

Baseline HDL (mg/dl) 55.8 ± 15.8 51.7 ± 16.5 t(35) = 0.78, p = 0.44

Baseline triglycerides (mg/dl) 95.7 ± 55.6 101.8 ± 54.6 t(35) = −0.33, p = 0.74

Baseline cholesterol/HDL ratio 3.7 ± 1.5 3.6 ± 1.2 t(34) = 0.13, p = 0.90

Baseline CRP 7.4 ± 8.5 5.0 ± 6.7 t(35) = 0.92, p = 0.36

Baseline homocysteine (μmol/l) 12.1 ± 5.4 11.4 ± 4.5 t(34) = 0.47, p = 0.64

Baseline DHEAS (ng/ml) 2,211.0 ± 1,324.8 2,758.2 ± 1,388.8 t(34) = −1.21, p = 0.23

Baseline testosterone (ng/dl) 41.1 ± 32.1 60.7 ± 103.9 t(33) = −0.75, p = 0.46

Baseline insulin (μU/ml) 9.2 ± 7.6 9.5 ± 7.8 t(33) = −0.10, p = 0.92

Weight after 3 months (T1)
a 74.6 ± 16.4 72.2 ± 17.9 0.68
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reproductive abnormalities, metformin improves arterial 
stiffness, pulse wave velocity and blood pressure [8, 19]. 
While using metformin is well established in the treatment 
of insulin resistance and anovulation, statins have emerged 
as another line of defense against the biochemical and clin-
ical complications of PCOS.

Although the mechanism is not fully explained, statins 
can directly inhibit the proliferation and androgen produc-
tion of ovarian theca interstitial cells [11, 20]. Because 
androgen synthesis depends on the supply of cholesterol, 

blocking the rate-limiting step in cholesterol synthesis may 
decrease the production of androgen. Whether the effects of 
statins on decreasing CVD are mediated by its lipid-low-
ering mechanism or via pleiotropic effects require further 
investigation [10].

Statins may exert a better effect on the lipid profile, 
CRP, DHEAS and acne status, while metformin improves 
FBS and serum insulin levels [15]. It is not surprising that 
several other investigators assayed for a synergistic effect 
of statin and metformin in the treatment of PCOS. In that 

Table 3   Results at 3 (T1) and 6 months (T2) after initiation of study

Paired sample t test of each of the variables between 3 and 6 months for each group are in bold. Rosuvastatin with metformin has more efficacy 
on decreasing significantly fasting blood sugar, low density lipoprotein and total cholesterol after 6 months than rosuvastatin alone

* p < 0.05

** p < 0.01

Variable in pairs At 3 months (T1)
At 6 months (T2)

Control (mean ± SD) Intervention (mean ± SD) Independent samples t test

FBS (mg/dl) FBS1 88.4 ± 5.5 90.7 ± 11.5 t(24.24) = −0.27, p > 0.05

FBS2 89.6 ± 6.2 95.7 ± 11.6 t(22.53) = −1.84, p > 0.05

Paired samples t test t(16) = −0.81, p > 0.05 t(15) = −2.52, p = 0.02*

LDL (mg/dl) LDL1 74.7 ± 28.0 73.9 ± 36.4 t(35) = 0.33, p > 0.05

LDL2 84.3 ± 36.2 94.4 ± 39.9 t(30) = −0.75, p > 0.05

Paired samples t test t(16) = −1.58, p > 0.05 t(14) = −3.15, p = 0.007**

HDL (mg/dl) HDL1 54.6 ± 12.6 47.6 ± 9.8 t(35) = 1.87, p > 0.05

HDL2 54. 5 ± 14.8 48.8 ± 12.4 t(31) = 1.21, p > 0.05

Paired samples t test t(16) = 0.07, p > 0.05 t(15) = −0.75, p > 0.05

Triglycerides (mg/dl) Tryglicerides1 95.0 ± 53. 6 86.7 ± 42.3 t(35) = 0.34, p > 0.05

Tryglicerides2 91.4 ± 43.8 92.9 ± 53.8 t(31) = −0.09, p > 0.05

Paired samples t test t(16) = 0.43, p > 0.05 t(15) = −0.89, p > 0.05

Chol/HDL ratio CHOL/HDL1 2. 8 ± 0.9 3.0 ± 1.1 t(35) = −0.45, p > 0.05

CHOL/HDL2 3.0 ± 1.0 3.3 ± 1.6 t(31) = −0.68, p > 0.05

Paired samples t test t(16) = −0.91, p > 0.05 t(15) = −1.2, p > 0.05

Total cholesterol (mg/dl) Total cholesterol 1 148.1 ± 34.8 138.8 ± 38.1 t(35) = 1.06, p > 0.05

Total cholesterol 2 157.0 ± 44.8 162.1 ± 43.6 t(30) = −0.75, p > 0.05

Paired samples t test t(16) = −1.19, p > 0.05 t(15) = −3.31, p = 0.005**

CRP (mg/l) CRP1 5.4 ± 4.7 4.5 ± 6.1 t(33) = 0.53, p > 0.05

CRP2 5.8 ± 6.8 4.7 ± 6.3 t(31) = 0.36, p > 0.05

Paired samples t test t(15) = −0.29, p > 0.05 t(15) = −0.35, p > 0.05

Homocysteine (μmol/l) Homocysteine 1 12.2 ± 4.9 11.4 ± 3.1 t(33) = 1.38, p > 0.05

Homocysteine 2 11.8 ± 5.2 11.5 ± 3.2 t(26) = 0.22, p > 0.05

Paired samples t test t(12) = 0.85, p > 0.05 t(14) = −0.03, p > 0.05

DHEAS (ng/ml) DHEAS 1 2,302.5 ± 1,285.1 2,382.5 ± 788.8 t(34) = −0.74, p > 0.05

DHEAS 2 2,402.9 ± 762 2,720.6 ± 918.6 t(30) = −1.06, p > 0.05

Paired samples t test t(15) = −0.26, p > 0.05 t(15) = −2.02, p > 0.05

Testosterone (ng/dl) Testosterone 1 43.8 ± 20.2 37.5 ± 11.2 t(34) = 0.47, p > 0.05

Testosterone 2 46.3 ± 19.8 36.4 ± 14.4 t(30) = 1.61, p > 0.05

Paired samples t test t(16) = −0.51, p > 0.05 t(15) = 0.31, p > 0.05

Insulin (μU/ml) Insulin 1 7.6 ± 6.3 8.1 ± 8.1 t(33) = −0.22, p > 0.05

Insulin 2 7.6 ± 5.5 15.1 ± 20.1 t(17.25) = −1.42, p > 0.05

Paired samples t test t(15) = −0.03, p > 0.05 t(15) = −2.06, p > 0.05



649J Endocrinol Invest (2015) 38:643–651	

1 3

Table 4   T0 – T1 difference at baseline and 3 months of treatment

Variable Control (mean ± SD) Intervention (mean ± SD) Statistic

ΔFBS1–FBS2 −1.1 ± 10.3 1.7 ± 6.8 t(35) = −0.97, p > 0.05

ΔLDL1–LDL2 45.3 ± 38.9 33.2 ± 36.0 t(35) = 0.98, p > 0.05

ΔCholesterol1–cholesterol2 44.2 ± 42.5 39.7 ± 38.9 t(35) = 0.33, p > 0.05

ΔHDL1–HDL2 −1.3 ± 8.6 2.3 ± 9.5 t(35) = −1.21, p > 0.05

ΔTriglycerides1–triglycerides2 7.4 ± 39.4 18.9 ± 49.2 t(35) = −0.78, p > 0.05

ΔCholesterol/HDL1–cholesterol/HDL2 1.0 ± 1.0 0.8 ± 0.8 t(34) = 0.62, p > 0.05

ΔCRP1-CRP2 3.0 ± 7.1 0.9 ± 4.3 t(33) = 1.06, p > 0.05

ΔHomocysteine1–homocysteine2 −0.5 ± 2.3 0.3 ± 3.1 t(33) = −0.85, p > 0.05

ΔDHEAS1–DHEAS2 −27.6 ± 616.9 261.5.2 ± 918.6 t(34) = −1.11, p > 0.05

ΔTestosterone1–testosterone2 −3.6 ± 22.2 21.3 ± 101.0 t(33) = −0.99, p > 0.05

ΔInsulin1–insulin2 2.0 ± 4.8 1.7 ± 5.8 t(33) = 0.15, p > 0.05

Table 5   T0 – T2 difference at baseline and 6 months of treatment

Independent sample t test of each of the variables between baseline and 6 months for each group are in bold. Intervention group has significantly 
lower levels of LDL compared to control group. Patients receiving metformin with Rosuvastatin (intervention group) showed significant change 
in LDL levels between baseline and 6 months

* p < 0.05

Variable Control (mean ± SD) Intervention (mean ± SD) Statistic

ΔFBS1–FBS3 −1.1 ± 7.8 −2.8 ± 6.7 t(31) = 0.69, p > 0.05

ΔLDL1–LDL3 38.6 ± 39.2 9.0 ± 36.3 t(30) = 2.20, p = 0.04*

ΔCholesterol1–cholesterol3 37.9 ± 41.4 12.5 ± 39.3 t(30) = 1.77, p > 0.05

ΔHDL1–HDL3 −1.0 ± 12.6 1.1 ± 7.5 t(31) = −0.57, p > 0.05

ΔTriglycerides1–triglycerides3 9.2 ± 42.0 8.8 ± 44.5 t(31) = 0.03, p > 0.05

ΔCholesterol/HDL1–cholesterol/HDL3 0.8 ± 1.1 0.4 ± 1.2 t(30) = 1.05, p > 0.05

ΔCRP1-CRP3 2.6 ± 7.0 0.9 ± 3.8 t(31) = 0.87, p > 0.05

ΔHomocysteine1–homocysteine3 0.4 ± 2.3 0.3 ± 2.1 t(26) = 0.15, p > 0.05

ΔDHEAS1–DHEAS3 −125.8 ± 1,591.1 −141.4 ± 783.6 t(30) = 0.04, p > 0.05

ΔTestosterone1–testosterone3 −5.8 ± 31.1 25.3 ± 109.8 t(30) = −1.09, p > 0.05

ΔInsulin1–insulin2 2.0 ± 5.2 −4.6 ± 17.1 t(17.8) = 1.50, p > 0.05

Table 6   T1 – T2 difference at 3 and 6 months of treatment

Independent sample t test of each of the variables between 3 and 6 months for each group are in bold. Intervention group has significantly 
decreased levels of LDL compared to control group. Patients receiving metformin with Rosuvastatin (intervention group) showed significant 
change in LDL levels between 3 and 6 months

Variable Control (mean ± SD) Intervention (mean ± SD) Statistic

ΔFBS2–FBS3 −1.3 ± 6.4 −5.0 ± 7.9 t(31) = 1.49, p > 0.05

ΔLDL2–LDL3 −9.6 ± 25.0 −20.5 ± 25.2 t(30) = 1.23, p = 0.04*

ΔCholesterol2–cholesterol3 −8.9 ± 30.8 −23.3 ± 27.2 t(30) = 1.39, p > 0.05

ΔHDL2–HDL3 0.1 ± 7.2 −1.2 ± 6.4 t(31) = −0.55, p > 0.05

ΔTriglycerides2–triglycerides3 3.6 ± 34.4 −6.3 ± 28.1 t(31) = 0.90, p > 0.05

ΔCholesterol/HDL2–cholesterol/HDL3 −0.1 ± 0.7 −0.3 ± 1.1 t(31) = 0.50, p > 0.05

ΔCRP2–CRP3 −0.5 ± 6.2 −0.2 ± 2.2 t(18.9) = −0.16, p > 0.05

ΔHomocysteine2–homocysteine3 0.4 ± 1.7 0.0 ± 1.8 t(26) = 0.63, p > 0.05

ΔDHEAS2–DHEAS3 −100.4 ± 1,539.9 −338.1 ± 668.1 t(30) = 0.57, p > 0.05

ΔTestosterone2–testosterone3 −2.5 ± 19.3 1.1 ± 14.6 t(30) = −0.60, p > 0.05

ΔInsulin2–insulin2 0.0 ± 4.8 −7.0 ± 13.5 t(18.7) = 1.93, p > 0.05
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context, Kazerooni et  al. [8] showed that metformin plus 
simvastatin decreased serum testosterone, LH/FSH ratio, 
total cholesterol, LDL and triglycerides, while HDL 
increased compared to metformin-only group. Similarly, 
compared to OCP, simvastatin decreased serum testoster-
one and LDL levels reduced clinical abnormalities [11, 
21]. In another study, after completing initial 12 weeks of 
placebo or atorvastatin, PCOS women were administered 
only metformin for another 12 weeks [16, 22]. The initially 
treated PCOS group with atorvastatin had decreased levels 
of CRP, DHEAS and testosterone [16, 22].

Our study did not corroborate the evidence that statins in 
combination with metformin could improve the biochemi-
cal and clinical outcomes of PCOS women. In fact, within 
the intervention group, LDL, total cholesterol and FBS 
were increased. One possibility could be the decreased 
compliance with the combination therapy. However, we did 
not collect data on the compliance with the statin intake. 
The difference could also be due to the study design. Spe-
cifically, others studies compared statins to a placebo, 
statins combined with another drug versus the other drug 
alone, or statins to another drug. Our study is the first to 
be designed differently. We administered statins to both 
groups, and then only the intervention group received met-
formin plus statin, while the control group received statin 
alone. A Cochrane review concluded that the efficacy of 
statins in improving ovulation, menstrual regularities, acne 
or other clinical parameters in women with PCOS is still 
largely unsupported [23]. However, the review indicated 
an improved lipid profile in statin-treated group, which 
was not noted in our population [23]. It is plausible that 
the efficacy of statins could be masked after administering 
metformin. Alternatively, pre-treatment BMI and extremes 
of lipid profile abnormalities could affect the outcome of 
statin management. To that end, further studies on a larger 
sample population with subclass analysis are warranted.

In our study, we noted some limitations. First, our sam-
ple population was small. We also did not include a met-
formin-only group in our population due to the small sam-
ple size. The relatively short follow-up duration (3 months) 
after initiating metformin may not have been sufficient to 
delineate the biochemical differences or effects of this regi-
men, warranting longer duration follow-up. Finally, specific 
clinical outcomes were not examined in our population 
under study after 6 months of study. On the other hand, our 
study was the first to use such a protocol in management of 
PCOS women. Moreover, the study and intervention group 
had similar clinical, ethnic and socio-demographic pro-
files. All of our participants did not show any signs of side 
effects for statin therapy. Yet, longer follow-up is needed to 
assay for the safety of statins in PCOS.

Conclusively, using statins for 3  months and then 
administering metformin may not be an optimal protocol 

for the management of PCOS. For further confirmation 
of our results, larger study population should be recruited 
and longer follow-up for CVD and PCOS clinical features 
should be monitored. Also, with the recent evidence sug-
gesting that statin therapy may increase the risk of diabe-
tes development [17], and since PCOS women may have 
insulin resistance, more studies should be done to assay for 
statin safety in PCOS.
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