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Abstract
Background: Drugs administration as a pretreatment regiment before ICSI cycle in PCOs patients could enhance the success rate.
Objectives: The aim of this study was to compare the effectiveness of metformin with Simvastatin in patients with polycystic ovary 
syndrome (PCOs) candidates for intra-cytoplasmic sperm injection (ICSI) before starting the cycle.
Patients and Methods: In this prospective, double blind, randomized clinical trial the efficacy of these drugs was evaluated in 40 women 
with PCO syndrome (20 patients in each group; A: simvastatin and B: metformin) candidates for ICSI.  In the both groups, metformin and 
simvastatin administrated for eight weeks before starting the ICSI cycle. Endocrine, metabolic and clinical parameters were measured 
before and after drug therapy; also, the results of ICSI cycle evaluated in the both groups.
Results: Both drugs improved hirsutism score significantly, but simvastatin better than metformin (Group A, 24.5 ± 3.6 P: 0.0001 VS Group 
B, 22.9 ± 5.9 P: 0.003). The reduction in body mass index (BMI) was not significant in the groups. Simvastatin reduced some biochemical 
parameters such as FSH, LH, testosterone, total cholesterol, LDL and increased HDL level significantly, whereas metformin decreased FSH, 
TG, testosterone and total cholesterol significantly. Overall, respectively 35% and 30% of patients treated with metformin and Simvastatin 
became pregnant. There was no significant difference between the effects of these two drugs on ICSI cycle results like oocyte in meiosis2 
(M2) phase (1.35 ± 1.6 vs. 2 ± 3.87, P value: 0.4) and the number of Grade A, embryo (1.2 ± 1.3 vs. 1.1 ± 1.4, P value: 0.7).
Conclusions: Simvastatin effectively improved hyperandrogenism signs and symptoms in patients with PCO, but this effect as a 
pretreatment regiment was not more expressive than metformin in ICSI cycle outcome.
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1. Background
Polycystic ovary syndrome (PCOS) is a heterogeneous 

and complex endocrine disorder associated with hyper-
androgenism and insulin resistance signs and symptoms 
such as obesity, abnormal glucose tolerance test or type 2 
diabetes, abnormal blood lipid profile, high blood pres-
sure and cardiovascular disease (1). This disorder is preva-
lent and affects 5 - 10% of women of reproductive age (2) 
and causes infertility in 75% of these women due to chron-
ic anovulation (3).

Drug therapy is one of the most common approaches 
to control this disease. Many drugs were used as a treat-
ment for PCOs or control its consequences, including 
metformin (4), Simvastatin (5), Atorvastatin (6), N - ace-
tyl-cysteine (NAC) (7) and Flutamide (8). In general, all 
of these drugs have positive effects in improving hy-
perandrogenic symptoms and regulation of menstrual 
cycles, but simvastatin and metformin have been more 

commonly used than others for treatment and research 
purposes. In one study, long-term treatment with simv-
astatin was more effective than metformin for control of 
hyperandrogenism sign and increased menstrual regula-
tion in women with PCO (9).

There are several published studies regarding the effec-
tiveness of statins administration in women with PCO 
(10, 11), but in comparison with metformin there is no 
published research about drug administration before or 
during ICSI cycle.

Simvastatin a drug from statins group, inhibits HMG-
COA reductase and reduces cholesterol production, 
increases liver LDL receptor sensitivity and HDL level, 
meanwhile decreases TG level in blood circulation (12). 
Moreover, statins prevent theca-interstitial cell prolif-
eration in ovaries and therefore reduce total androgen 
production (13). Metformin as a Biguanid drug, blocks 



Pourmatroud E et al.

Iran Red Crescent Med J. 2015;17(12):e200822

glucose synthesis in liver and enhances peripheral sen-
sitivity to insulin, which finally decreases androgen 
level in patients with PCO and enhances the chance of 
pregnancy (14).

According to latest Cochrane published study about 
metformin treatment before and during ICSI cycle, live 
birth or pregnancy rate was not improved (15); the Co-
chrane database announced that although simvastatin 
improved lipid profile and hyperandrogenism sign, it 
had no significant effect on pregnancy chance (16), of 
course in natural cycle.

2. Objectives
We decided to compare the efficacy of both drugs as 

a pretreatment regiment before ICSI cycle in patients 
with PCO.

3. Patients and Methods
In this prospective, double blind, randomized clinical 

trial, 40 women with PCOS and a history of infertility 
referring for first ICSI cycle to Imam Khomeini Hospital 
affiliated with Ahvaz Jundishapur University Of Medical 
Sciences (AJUMS) were selected based on closed envel-
oped randomization method from December 2010 to 
November 2012 to receive simvastatin (group A) or met-
formin (group B). According to the variance of previous 
studies, the sample size was calculated as 20 patients for 
each group.

In accordance with the guidelines of the Declaration of 
Helsinki, after approval of university Ethical committee 
(ETH-3251), the study was submitted on Iranian health 
ministry website for clinical trials (www.IRRCT.IR). (Reg-
istration number: IRCT 201202138994N).

An informed constant was obtained from patients be-
fore initiation of study. PCOS considered as presence of 
two of the following criteria including menstrual irregu-
larities (oligomenorrhea or amenorrhea), clinical and 
laboratory findings of hyperandrogenism and polycys-
tic ovaries on ultrasound evaluation. Besides, inclusion 
criteria were aged 20-35 years, a history of infertility for 
at least two years (either primary or secondary), normal 
TSH and prolactin and candidates for the first cycle of 
ICSI. Patients with other causes of infertility, including 
tubal factors, endometriosis and male factor infertil-
ity were excluded. Patients who used metformin, lipid 
control drugs, clomiphene, letrozole or doing IUI (Intra-
uterine insemination) in the past 3-months before study 
or having  medical problems such as kidney or liver dis-
eases, diabetes or a history of elevated blood lipids were 
excluded.

Demographic data obtained from both groups. Body 
mass index (BMI) and the score of hirsutism were as-
sessed according to the Ferriman–Gallwey scoring system 
(Figure 1). In this system, hair growth in a male pattern on 
a woman shown in four different degrees of severity in 
11 different body parts, namely the upper lip, chin, chest, 

upper back, lower back, upper abdomen, lower abdo-
men, arm, forearm, thigh and lower leg (17). On the third 
day of menstruation, all patients were evaluated for total 
testosterone, LH, FSH, TG, total Cholesterol ,LDL, HDL, FBS, 
GTT with 75 grams glucose (blood sugar measured one 
and two hours after drinking it), Prolactin and TSH.

After getting the first blood sample for biochemical 
evaluation, in group A, patients received simvastatin 20 
mg daily (Osvah Pharmaceutical Company, Iran) plus low 
dose oral contraceptive pill (OCP) daily for eight weeks. In 
group B, patients received metformin 500 mg TDS (Osvah 
Pharmaceutical Company, Iran) plus low dose OCP daily 
for eight weeks. Then, all patients were again evaluated 
for previous biochemical parameters (except prolactin 
and TSH) and BMI measurement and hirsutism scoring. 
Patients were enrolled in the ICSI protocol according to 
the long protocol; from the day of twenty-one of the sec-
ond cycle, subcutaneous superfact (0.5 mg daily, Triptro-
lein, Hoechst, Frankfort, Germany) injection was started. 
After menstruation on the third day of cycle, both drugs 
(simvastatin and metformin) were discontinued and af-
ter vaginal sonography control and reducing superfact 
to 0.25 mg daily, induction of ovulation with folliotropin 
alfa (Gonal-f , Merck, Serono. Germany) started at dos-
age of 150 IU per day. Ovarian response was examined by 
transvaginal sonography six days later and Gonal-f dos-
age adjusted according to the patient response; when at 
least three follicles with a size of 18mm detected, human 
chorionic gonadotropin (HCG) 10000 units (Profasi. Sero-
no. Switzerland) was injected intramuscularly and ovar-
ian puncture was performed 36 - 40 hours later.

After ovarian puncture, the number of MII oocytes and 
after sperm injection, on the day 3, the number of em-
bryos of grade A was recorded. The incidence of ovarian 
hyperstimulation syndrome (OHSS) was reported in the 
both groups. Seventy-two hours after ovarian puncture, 
transfer of the fetus was performed. Then, support of 
luteal phase was started with vaginal suppository of mi-
cronized progesterone 400 mg twice daily. The pregnan-
cy outcome with β-HCG blood test was investigated two 
weeks after embryo transfer. The first ultrasound was per-
formed five weeks after embryo transfer in cases of preg-
nancy positive test. Cases of abortion, ectopic pregnancy 
(EP), ongoing pregnancy (passing 14 weeks of gestational 
age) and negative pregnancy were detected. 

Statistical analysis was performed using SPSS 17.0 for 
Windowse. All data had normal variation. Student’s t-test 
for unpaired data and sample t-test for paired informa-
tion were used. Also Chi-Square and Fisher’s tests were 
used to assess frequency distribution and clinical out-
come. Regression and ANOVA tests were used for compar-
ison between the groups. For GTT result interpretation, 
online software Area under the curve (AUC) calculator 
was used.

P value < 0.05 was considered as significant and the 
power of study was 80%.
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Figure 1. The Ferriman–Gallwey Scoring System
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4. Results
Demographic information in the both groups described 

in Table 1. In each group, 75% of patients had primary in-
fertility and 25% secondary infertility.

75% of patients in group A, were obese (BMI > 30 kg/m2) 
and in group B, 65%.

After eight weeks treatment in both groups, reduction 
of mean hirsutism score was significant, although it was 
more meaningful in simvastatin group (Table 2); this re-

duction in mean BMI level was not significant (Table 3).
Biochemical parameters before the treatment in the 

both groups were not different (Table 4). After eight 
weeks in group A receiving simvastatin, testosterone, 
FSH, LH, Cholesterol (Chol) and LDL significantly de-
creased; meanwhile HDL level elevated. In group B, after 
metformin administration the level of FSH, Testosterone, 
TG and Chol reduced meaningfully (Table 5).

Table 1. Demographic Dataa

Variable Group A, Simvastatin Group B, Metformin P Valueb

Age, y 27.3 ± 3.2 27 ± 4.7 0.8

BMI, Kg/m2 31.5 ± 5.3 32.2 ± 4 0.6

Duration of infertility, y 6.3 ± 4.6 5.7 ± 3.1 0.6
aData are presented as mean ± SD.
bP value < 0.05 significant.

Table 2. Differences in Mean ± SD Hirsutism Score Before and After the Treatmenta

Before Treatment After Treatment P Valueb

Group A 0.0001

Simvastatin 27.6 ± 4.3 24.5 ± 3.6

Group B

Metformin 23.8 ± 5.6 22.9 ± 5.4 0.003
aData are presented as mean ± SD.
bP value < 0.05 significant.

Table 3. Differences in BMI Level (Mean ± SD) Before and After the Treatmenta

Before treatment After Treatment P Valueb

Group A 0.65

Simvastatin 31.5 ± 5.3 31.7 ± 5.2

Group B

Metformin 32.2 ± 4 32.3 ± 4 0.60
aData are presented as mean ± SD.
bP value < 0.05 significant.

Table 4. Biochemical Parameters (Mean ± SD) in the Both Groups Before Treatmenta

Variable Group A Group B P Value

Simvastatin Metformin

FSH, IU/liter 7.86 ± 5.33 5.80 ± 2.33 0.123

LH, IU/liter 7.07 ± 5.81 6.36 ± 3.26 0.639

Testosterone, ng/mL 0.582 ± 0.547 612 ± 418 0.849

Triglycerides, mg/dL 145 ± 92.8 149 ± 57.3 0.856

Cholesterol, mg/dL 176 ± 43.3 179 ± 41.9 0.83

LDL, mg/dL 105.4 ± 33.7 95.8 ± 27.2 0.335

HDL, mg/dL 43.3 ± 10.3 43.2 ± 7.51 0.983

FBS, mg/dL 94.6 ± 18.8 95.15 ± 15.8 0.925
aData are presented as mean ± SD.
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Table 5. Differences in Biochemical Parameters in the Both Groups Before and After the Treatmenta

Group A, Simvastatin P Value Group B, Metformin P Value

FSH, IU/L 0.007b 0.004b

Before 7.8 ± 5.3 5.8 ± 2.3

After 6.4 ±3.8 4.1 ± 1.5

LH, IU/L 0.01b 0.1

Before 7 ± 5.8 6.3 ± 3.2

After 5.4 ± 3.8 5.3 ± 3.6

Testosterone, ng/mL 0.013b 0.001b

Before 0.58 ± 0.5 0.61 ± 0.41

After 0.32 ± 0.1 0.42 ± 0.22

TG, mg/dL 0.259 0.005b

Before 145 ± 92.8 149 ± 57.3

After 116 ± 52.1 119 ± 52.4

Total Cholesterol, 
mg/dL

0.001b 0.044b

Before 176 ± 43.3 179 ± 41.9

After 144 ± 36.9 163 ± 30.9

LDL, mg/dL 0.004b 0.269

Before 105 ± 33.7 95 ± 27.2

After 87 ± 21.5 91 ± 23.1

HDL, mg/dL 0.001b 0.249

Before 43 ± 10.3 43  ± 7.5

After 53 ± 12.8 45 ± 8.1

FBS, mg/dL 0.738 0.156

Before 94 ± 18.8 95 ± 15.8

After 93 ± 14.6 89 ± 9.4

aData are presented as mean ± SD.
bP value < 0.05 significant.

The mean values of three blood sugar measurements 
(FBS/1 hour/2 hours) before starting the treatment were 
not different between the two groups (group A: 12208 ± 
1658.03 mg/dL vs. group B, 12302 ± 1789.87 mg/dL) (P value 
0.8). After the treatment, ROC showed improvement area 
under curve (AUC) in glucose tolerance test in the both 
groups; although there were no significant differences 
between the two groups (P value 0.11) (Figure 2).

After ovarian puncture, the number of oocytes in 
phase2 meiosis (M2) in simvastatin treated group was 

1.35 ± 1.6, and in metformin treated group 2 ± 3.87 (P 
value 0.48). On the third day after ovarian puncture, 
the number of grade A embryos in group A was 1.2 ± 1.3 
versus 1.1 ± 1.4 in group B (P value 0.79), which was not 
significantly different.

In the both groups, we had no case of ovarian hyper-
stimulation syndrome (OHSS).

The pregnancy rate in group A was six cases (30%) ongo-
ing and seven cases in group B (35%). One abortion in each 
group happened (P value 0.78)
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Figure 2. Glucose Tolerance Graphs
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A, Before the treatment in Metformin; and C, Simvastatin; B, after the treatment in Metformin; and D, Simvastatin.

5. Discussion
To the best of our knowledge, this is the first published 

study comparing simvastatin and metformin as a pre-
treatment regiment for ICSI cycle in PCOs women and 
there is one study regarding the effectiveness of simvas-
tatin before IVF (18).

Women with PCOs have enlarged ovaries with an in-
creased number of small follicles with   more theca cells, 
which are androgen-producing cells. It is also clear that 
theca cells of women with PCOS produce higher amount 
of androgens compared with the theca cells of normal 
women. Increased expression of genes involved in an-
drogen production, such as CYP11A and CYP17 has been 
observed in these cells (9). Metformin-induced reduction 
in testosterone is not only because of decreasing size of 
the ovarian theca cells, but also due to the direct action 
of metformin. Studies have shown that metformin inhib-
its the production of testosterone and androstenedione 
in the cultured theca cells. Metformin also decreased ex-
pression of steroidogenic acute regulatory (StAR) protein 
and 17α-hydroxylase/17, 20-desmolase (CYP17) (19). Studies 
have shown that statins reduce cell proliferation, increase 
apoptosis and inhibit producing testosterone in humans 
and rat theca cells (10, 13).

The positive effects of Simvastatin in reducing hirsut-

ism and testosterone have been confirmed by other re-
searchers (5); this reduction in testosterone level, but not 
the hirsutism score after metformin administration has 
been reported, but in our study BMI decreased after six 
months therapy (20).

In another study, after six months of treatment, Simvas-
tatin improved hyperandrogenism parameters like total 
testosterone, hirsutism score, total cholesterol, LDL and 
BMI better than metformin (9). Similarly in contrast to 
our study, both drugs decreased BMI.

Our study indicated that Simvastatin is more effective 
to improve lipid profile than metformin. Lipid profile 
analysis showed that Simvastatin significantly reduced 
LDL and total cholesterol, and increased HDL. This effect 
reflects direct competitive prevention of the controlling 
step of cholesterol production by inhibiting 3-hydroxy-
3methylglutaryl coenzyme A reductase (21). However, 
metformin significantly decreased triglyceride and LDL 
by its anti-lipolytic effects, reducing circulating free fatty 
acid concentrations and therefor the level of triglycer-
ides (22, 23), although this reduction in LDL level in our 
study was not significant.

In the present study, LH and FSH hormones were sig-
nificantly lower in Simvastatin group after treatment, 
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but in the metformin group only FSH concentrations 
decreased. In women with PCO, reduction in FSH level 
reflects decreased GnRH frequency secretion due to re-
duction of hypothalamic dopamine and opioid produc-
tion and from negative feedback of chronically elevated 
estrone concentration (increased peripheral aromatiza-
tion of elevated androstenedione) and decreased pro-
gesterone level (chronic anovulation) (24). In contrast to 
FSH, abnormal LH production is due to increased pulse 
amplitude and frequency secondary to altered pulsatile 
GnRH secretion; this elevated LH led to ovarian hyperan-
drogenism (25).

Metformin directly affected gonadotropin-secreting 
cells and reduced LH production and elevated FSH level 
by regulating FSH gene expression (26). Simvastatin 
could reduce LH level, but had no effect on FSH (11); this 
impressive effect for normalized gonadotropins level im-
proved in other study (27). Simvastatin reduced LH level 
by decreasing ovarian testosterone production second-
ary to inhibition of theca-interstitial proliferation. In our 
study, reduction in LH level was seen in the both groups, 
although it was more significant in group A; we could not 
find any explanation about reduced level of FSH in the 
both groups.

In conclusion, according to only published study about 
simvastatin administration before IVF cycle (18) and in 
agreement with Cochrane review about co-administra-
tion of metformin and ICSI cycle (15), the outcome of 
ICSI cycle does not progress significantly, but biochemi-
cal parameters, signs and symptom in women with PCO 
improved. These drugs as a pretreatment protocol before 
ICSI cycle could alter the results of cycle if used in more 
patients, or in longer or higher doses. All of these com-
ments could be researched in further investigations.
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