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 Background: Currently, statins are used to treat polycystic ovary syndrome (PCOS). This systematic review and meta-analysis 
aimed to investigate the effect of statins on serum or plasma levels of dehydroepiandrosterone (DHEA) in 
women with PCOS.

 Material/Methods: Databases that were searched included PubMed, Embase, and the Cochrane Library from their inception to 
August of 2018. Published randomized controlled trials (RCTs) were identified that evaluated the impact of 
statins on plasma DHEA levels in women with PCOS. The Cochrane risk of bias tool was used to assess the 
quality of the included RCTs. A random-effects model was used to analyze the pooled results.

 Results: Meta-analysis was performed on data from ten published studies that included 735 patients and showed that 
statin treatment could significantly reduce plasma DHEA levels when compared with controls (SMD, –0.43; 95% 
CI, –0.81–0.06; p=0.02; I2=82%). Statins were significantly more effective than placebo in reducing the levels 
of DHEAs. Subgroup analysis based on statin type showed that atorvastatin significantly reduced DHEA levels 
(SMD, –0.63; 95% CI, –1.20 – –0.05; p=0.03; I2=38%) but simvastatin did not significantly reduce DHEA levels 
(SMD: –0.14; 95% CI, –0.49–0.28; p=0.43; I2=77%). Subgroup analysis based on duration of treatment showed no 
significant difference between 12 weeks of statin treatment (SMD, –0.61; 95% CI, –1.23–0.02; p=0.06; I2=85%) 
and 24 weeks (SMD, –0.34; 95% CI –0.95–0.28; p=0.29; I2=83%).

 Conclusions: Meta-analysis showed that statins significantly reduced the levels of DHEA when compared with placebo in 
patients with PCOS.

 MeSH Keywords: Dehydroepiandrosterone Sulfate • Diabetes Mellitus, Type 2 • 
Hydroxymethylglutaryl-CoA Reductase Inhibitors • Meta-Analysis • Polycystic Ovary Syndrome

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/914128

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Endocrinology, Shandong Provincial Hospital Affiliated to 
Shandong University, Jinan, Shandong, P.R. China

2 Department of Endocrinology, Tai’an City Central Hospital, Tai’an, Shandong, 
P.R. China

3 Department of Pharmacy, Tai’an City Central Hospital, Tai’an, Shandong, 
P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 590-597 

DOI: 10.12659/MSM.914128

590
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

META-ANALYSIS

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Polycystic ovary syndrome (PCOS) is a common endocrine dis-
order that between 4–10% of women of childbearing age [1]. 
PCOS is characterized by hyperandrogenism, insulin resistance, 
dyslipidemia, polycystic ovaries, and chronic oligo-ovulation, 
or anovulation. Androgen excess is considered to be the main 
abnormality in women with PCOS and is one of the major diag-
nostic features included in current diagnostic criteria [2]. The 
main manifestations of hyperandrogenism are increased lev-
els of testosterone, delta-androstenedione (delta-4-A), dehy-
droepiandrosterone (DHEA) and its sulfate, DHEAS.

Increased androgen production in PCOS originates from the 
ovaries and adrenal glands. Between 40–60% of patients with 
PCOS have excessive adrenal androgen production, which is 
characterized by increased serum or plasma levels of DHEA [3]. 
As the most abundant sex hormones in human plasma [4], 
DHEA and DHEAS are the precursors of androgen and estrogen. 
DHEA is produced from cholesterol, mainly in the zona retic-
ularis of the adrenal cortex. In patients with PCOS, more than 
95% of DHEA is derived from the adrenal gland and the rest is 
from the ovary [5]. Several previously published studies have 
shown that high levels of DHEA are associated with more fa-
vorable metabolic parameters, which affect insulin sensitivity 
and serum lipid profiles. DHEA levels have been negatively cor-
related with abdominal obesity, dyslipidemia, and insulin re-
sistance in patients with PCOS [6–8].

Statins are hydroxy methyl glutaryl coenzyme A (HMG-CoA) 
reductase inhibitors. Statins are now widely used in the pre-
vention and control of atherosclerotic cardiovascular disease 
(ASCVD) as they inhibit cholesterol synthesis. Several clini-
cal trials have shown that statins can reduce the metabolic 
complications of PCOS and have beneficial effects on repro-
ductive endocrine function [9–11]. In 2012, a meta-analysis 
showed that statin treatment in PCOS reduced the levels 
of total testosterone, triglyceride, and low-density lipopro-
tein cholesterol (LDL-C), which supported this treatment op-
tion for patients with PCOS [12]. However, the published data 
from clinical trials on the effect of statins on DHEA levels in 
patients with PCOS is inconsistent. Some clinical trials have 
shown that statin treatment can reduce serum or plasma lev-
els of DHEA [13,14], whereas other studies have not supported 
these findings [15,16].

Therefore, this systematic review and meta-analysis aimed to 
investigate the effect of statins on levels of DHEA in women 
with PCOS.

Material and Methods

The systematic review and meta-analysis were conducted ac-
cording to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [17].

Literature search

The Cochrane Library, PubMed, and Embase databases were 
systematically searched from inception to August of 2018. The 
following search terms were used: simvastatin, fluvastatin, ro-
suvastatin, atorvastatin, pravastatin, pitavastatin, lovastatin, 
cerivastatin, statins, dehydroepiandrosterone sulfate, DHEA, 
DHEA sulfate, prasterone sulfate, polycystic ovary syndrome, 
PCOS, and ovary polycystic disease.

Publication selection of randomized controlled trials (RCTs)

Publications that met the following criteria were considered 
to be eligible for meta-analysis: randomized placebo-con-
trolled human clinical trials; studies that investigated the ef-
fects of statin treatment on serum or plasma levels of dehy-
droepiandrosterone (DHEA) and its sulfate (DHEAS) in women 
with polycystic ovary syndrome (PCOS); studies that used dif-
ferent types of statin at any dose that continued for at least 
two weeks; and studies that provided enough data for anal-
ysis. The full text of the published study was available for all 
studies included in the meta-analysis. The exclusion criteria 
included non-interventional studies without a placebo control 
group, studies that were conducted in animals, and the lack 
of adequate data on the baseline or post-intervention serum 
or plasma DHEA levels.

Data extraction

Data were extracted independently by two investigators and 
included first author, publication date, study site, study design, 
sample size, patient characteristics, study drop-out rates, and 
the reasons for withdrawal from the study, the type and dose 
of statin used, and the duration of patient follow-up. Data ex-
tracted from the publications also included the baseline and 
follow-up concentrations of DHEA.

Quality assessment

The Cochrane risk of bias tool for RCTs was used to assess the 
quality of the included studies [18]. The RCT bias was evaluated 
based on several methods that include random sequence gen-
eration, allocation concealment, blinding of participants and 
personnel, blinding of outcome data, incomplete outcome data, 
and selective reporting. The impact of the quality of the studies 
on bias was described as low risk, high risk, and unknown risk.
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Data synthesis and statistical analysis

The outcomes from each study were presented as mean val-
ues and standard deviation for each group. The standard-
ized mean difference (SMD) and 95% confidence interval (CI) 
were expressed to show the degree of the effect. The change 
of DHEA was calculated by subtracting the measured values 
at the end of the follow-up from the baseline measurements. 
The variance was calculated using the 95% CI or statistical test 
values when studies did not directly report the standard devi-
ation (SD) or variance.

The Q test and the I2 index were used to assess study hetero-
geneity. I2 values >50% and <25% represented large and small 
study heterogeneity, respectively. A random-effects model 
was used when there was study heterogeneity, and a fixed-
effects model was used if there was no statistical heteroge-
neity. Subgroup analysis was based on the type and duration 
of statin therapy. Statistical analysis was performed using 
Review Manager 5.2 (RevMan 5.2) software. Sensitivity anal-
ysis was performed by sequentially removing one study at a 
time. Publication bias was evaluated by funnel plot analysis.

Results

Publications identified

The initial database search identified 127 randomized controlled 
trials (RCTs). After reading the titles and abstracts, 105 publi-
cations were excluded. Following the review of the remaining 
studies, 13 more publications were excluded due to the ab-
sence of details of the dehydroepiandrosterone (DHEA) assay 
(n=5), incomplete data (n=5), or duplicated data (n=3). Ten 
studies were included in the final meta-analysis. A flowchart 
of the publication selection is shown in Figure 1.

The ten RCTs included 735 patients with polycystic ovary syn-
drome (PCOS), 361 in the statin-treated group, and 374 patients 
in the non-treated control group. Six studies included statin treat-
ment with simvastatin (20 mg/day) [15,16,19–21,24], two stud-
ies included treatment with atorvastatin (20 mg/day) [12,23], 
one study included atorvastatin (40 mg/day) [13], one study in-
cluded treatment with rosuvastatin (10 mg/day) [22]. The dura-
tion of statin treatment in three studies was 24 weeks [21–24], 
and in the remaining studies, the duration of treatment was 
12 weeks or less than 12 weeks. Three RCTs used intention-
to-treat (ITT) analysis [13,14,16]. Three studies included Asian 
populations, six studies included European and American pop-
ulations, and one study included an African population. The 
methods for detecting serum or plasma levels of DHEA in-
cluded radioimmunoassay (RIA) (n=2), enzyme-linked im-
munoassay (ELISA) (n=1), electrochemiluminescence (n=3), 

chemiluminescence (n=3), and competitive immunoassay (n=1). 
The specific characteristics of all ten studies are summarized in 
Table 1. The quality of the included RCTs was assessed using 
the Cochrane risk of bias tool, and the findings of the quality 
of each study are shown in Figures 2 and 3.

Effect of statin therapy on serum or plasma DHEA levels

Meta-analysis showed that statin could reduce DHEA lev-
els compared with the control group (SMD, –0.43; 95% CI, 
–0.81–0.06; p=0.02; I2=82%). Statin treatment was significantly 
more effective than placebo in reducing the levels of DHEA. 
The RCTs were heterogeneous (I2=82%), and so a random-ef-
fects model was used (Figure 4). Subgroup analysis based on 
statin type showed a significant difference in results. Subgroup 
analysis based on statin type showed that atorvastatin signifi-
cantly reduced DHEA levels (SMD, –0.63; 95% CI, –1,20 – –0.05; 
p=0.03; I2=38%) but simvastatin did not significantly reduce 
DHEA levels (SMD: –0.14; 95% CI, –0.49–0.28; p=0.43; I2=77%) 
(Figure 5). Subgroup analysis based on duration of treatment 
showed no significant difference between 12 weeks of statin 
treatment (SMD, –0.61; 95% CI, –1.23–0.02; p=0.06; I2=85%) and 
24 weeks of statin treatment (SMD, –0.34; 95% CI –0.95–0.28; 
p=0.29; I2=83%) (Figure 6). There was heterogeneity of pooled 
estimates from the included studies, which could be explained 
by heterogeneity of the baseline characteristics of the patients 
in the studies, and also because the DHEA detection methods 
used were different in the studies.

Relevant articles identified through
database searching (n=127)

Full-text articles assessed for
eligibility (n=22)

Studies included in the
meta-analysis (n=10)

Excluded articles (n=105)
Review (n=10)
Unrelated trial (n=62)
Animal (n=33)

Excluded articles (n=13)
No outcomes of interest (n=5)
No complete data (n=4)
Duplicate reporting (n=3)

Figure 1.  Flowchart of the publication selection for meta-
analysis. There were initially 127 publications 
identified, of which 105 were excluded. Of the 22 full-
text publications that were reviewed, a further 12 
were excluded due to incomplete data, duplication of 
reported studies, and irrelevant outcome data. There 
were ten studies included in the final meta-analysis.
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Sensitivity analysis and publication bias

Sensitivity analysis was conducted to evaluate the stability of 
the meta-analysis. The effect on the significance of the pooled 
standardized mean difference (SMD) of each study was eval-
uated. When any single study was removed, the overall sta-
tistical significance did not change, which indicated that the 
data in the meta-analysis was relatively stable. The study pub-
lication bias was assessed by a funnel plot, which showed no 
significant bias (Figure 7).

Discussion

A systematic review of the literature and meta-analysis showed 
that in women with polycystic ovary syndrome (PCOS), statin 
treatment significantly reduced serum and plasma levels of de-
hydroepiandrosterone (DHEA) when compared with placebo 
controls. Subgroup analysis showed that atorvastatin reduced 
DHEA levels, but simvastatin did not. Subgroup analysis also 
showed that there was no significant correlation between 
the duration of statin use and the decrease in levels of DHEA.

Publication author, 
year

Site
Statin, 

daily dose
Follow-up 
(weeks)

Sample size 
(case/control)

DHEA assessment 
method

Banaszewska, 
2007 [15]

Poland Simvastatin 20 mg 12 weeks 45/48 Specific radioimmunoassays

Banaszewska, 
2009 [19]

Poland Simvastatin 20 mg 12 weeks 37/36
Electrochemiluminescence 
assays

Kazerooni, 
2010 [20]

Iran Simvastatin 20 mg 12 weeks 42/42 Radioimmunoassays

Banaszewska, 
2011 [21]

Poland Simvastatin 20 mg 24 weeks 44/47
Electrochemiluminescence 
assays

Raja-Khan, 
2011 [13]

US Atorvastatin 40 mg 6 weeks 9/11 Not given 

Rashidi, 
2011 [16]

Iran Simvastatin 20 mg 8 weeks 32/39 Chemiluminescence assays

Sathyapalan, 
2012 [22]

UK Atorvastatin 20 mg 12weeks 19/18
Competitive
immunoassay

Celik, 
2012 [14] 

Turkey Rosuvastatin 10 mg 12weeks 18/20
Enzyme-linked immunoassay 
(ELISA)

Puurunen, 
2013 [23]

Finland Atorvastatin 20 mg 24 weeks 15/13
Chemiluminescence 
immunoassay

Seyam, 
2018 [24]

Egypt Simvastatin 20 mg 24 weeks 100/100 Chemiluminescence

Table 1. Characteristics of the studies included in the meta-analysis.

0% 25% 50% 75% 100%

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
Low risk of bias
Unclear  risk of bias
High risk of bias

Figure 2. Risk of bias.
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Insulin-resistance with hyperinsulinemia is common in women 
with PCOS and approximately 40% of women with PCOS have 
glucose intolerance [25], and a significantly increased risk of 
impaired glucose tolerance and type 2 diabetes mellitus [26]. 
Previously published animal studies and epidemiological studies 
have shown the protective effect of DHEA on type 2 diabetes. 
The findings in a rat model of diabetes mellitus showed that 
treatment with DHEA sulfate (DHEAS) improved glucose tol-
erance, insulin sensitivity, and blood glucose control [27,28]. 
A recently published population-based prospective cohort 
study showed that serum DHEA levels were inversely related 
to the risk of type 2 diabetes and that reduced levels of DHEA 
increased the incidence of type 2 diabetes [29]. The mecha-
nism of DHEA in type 2 diabetes remains unclear, but a pos-
sible mechanism includes a role for DHEA in increasing glu-
cose uptake by adipocytes following stimulation of GLUT4 and 
GLUT1 translocation to the plasma membrane [30]. DHEA has 
been shown to inhibit oxidative stress and the formation of 
advanced glycation end products [31]. DHEA can also acti-
vate protein kinase C and phosphatidylinositol 3-kinase (PI3-
kinase) to improve glucose uptake [32]. Finally, DHEA has been 
shown to improve endothelial function, which is affected in 
type 2 diabetes [33].

The mechanism by which statins reduce DHEAs is also unclear. 
Statins reduce cholesterol synthesis, and cholesterol is a sub-
strate for the synthesis of DHEA. Also, statins directly inhibit 
the synthesis of adrenal and ovarian androgens [34]. The find-
ings from a previously published meta-analysis that assessed 
statin treatment in PCOS did not conclude that statins reduced 
the levels of DHEA [35]. Although previously published studies 
have shown that statins can improve insulin resistance and 
increase insulin sensitivity in patients with PCOS, increasing 

Study or subgroup Mean
Experimental

SD Total Mean
Control Std. mean difference

IV, random, 95% CI
Std.Mean difference
IV, random, 95% CISD Total Weight Year

Banaszewska 2007
Banaszewska 2009
Kazerooni 2010
Rashidi 2011
Raja-Khan 2011
Banaszewska 2011
Celik 2012
Sathyaplan 2012
Puurunen 2013
Seyam 2018

–0.89
0.39

–6.55
–0.29

–296.5
0.59

–109.3
–1

–0.6
–1.26

0.65
2.1898
108.69

0.6
282.3

2.0563
50.8
0.95
1.65

2

45
37
42
32
9

44
18
19
15

100

361

–0.93
0.6

0.54
–0.41

67.8
0.54

7.8
–0.3
–0.4
0.02

0.06 [–0.34, 0.47]
–0.10 [–0.56, 0.36]
–0.07 [–0.49, 0.36]

0.17 [–0.33, 0.67]
–1.22 [–2.20, –0.24]

0.02 [–0.39, 0.43]
–2.35 [–3.19, –1.50]
–0.70 [–1.37, –0.04]

–0.12 [–0.87, 0.62]
–0.81 [–1.09, –0.52]

–0.43 [–0.81, –0.52]

0.6
1.8

105.76
0.8

288.77
2.5366

46.98
1

1.47
1

48
36
42
29
11
47
20
18
13

100

364

11.3%
10.9%
11.2%
10.6%
6.9%

11.3%
7.8%
9.2%
8.6%

12.1%

100%

2007
2009
2010
2011
2011
2011
2012
2012
2013
2018

0 1–1 2–2
Favours [statin]

Total (95% CI)
Heterogeneity: Tau2=0.28; Chi2=49.50, df=9 (P<0.00001); I2=82%
Test for overall effect: Z=2.27 (P=0.02)

Favours [control]

Figure 4.  Forest plot of the effect of statins on the levels of dehydroepiandrosterone (DHEA). 95% CI – 95% confidence interval; 
SD – standard deviation.
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Figure 3. Summary of risk of bias.
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evidence suggests that statins have an inhibitory role in glu-
cose metabolism in patients with PCOS [13,23,36]. Meta-
analysis data has shown that statin treatment can reduce insu-
lin sensitivity and increase the risk of diabetes in women with 
PCOS [35] and women without PCOS [37]. The mechanisms of 

statin-induced changes in blood glucose disorders might in-
clude calcium signal-dependent insulin secretion by blocking 
calcium channels [38]. Statins increase blood-derived low-den-
sity lipoprotein cholesterol (LDL-C) intake, which affects insu-
lin secretion [38]. Blood-derived LDL-C inhibits the activity of 

Study or subgroup Mean
Experimental

SD Total Mean
Control Std. mean difference

IV, random, 95% CI
Std. mean difference
IV, random, 95% CISD Total Weight Year

2.1.4 Simvastatin
Banaszewska 2007
Banaszewska 2009
Kazerooni 2010
Rashidi 2011
Banaszewska 2011
Seyam 2018
Subtotal (95% CI)
Heterogeneity: Tau2=0.14; Chi2=22.01, df=5 (P=0.0005); I2=77%
Test for overall effect: Z=0.79 (P=0.43)

–0.89
0.39

–6.55
–0.29

0.59
–1.26

0.65
2.1898
108.69

0.6
2.0563

2

45
37
42
32
44

100
300

–0.93
0.6

0.54
–0.41

0.54
0.02

0.06 [–0.34, 0.47]
–0.10 [–0.56, 0.36]
–0.07 [–0.49, 0.36]

0.17 [–0.33, 0.67]
0.02 [–0.39, 0.43]

–0.81 [–1.09, –0.52]
–0.14 [–0.49, –0.21]

0.6
1.8

105.76
0.8

2.5366
1

48
36
42
29
47

100
302

12.9%
12.1%
12.6%
11.4%
12.8%
14.6%
76.4%

2007
2009
2010
2011
2011
2018

2.1.5 Atorvastatin
Raja-Khan 2011
Sathyaplan 2012
Puurunen 2013
Subtotal (95% CI)
Heterogeneity: Tau2=0.10; Chi2=3.22, df=2 (P=0.20); I2=38%
Test for overall effect: Z=2.14 (P=0.03)

–296.5
–1

–0.6

282.3
0.95
1.65

9
19
15
43

343

67.8
–0.3
–0.4

–1.22 [–2.20, –0.24]
–0.70 [–1.37, –0.04]

–0.12 [–0.87, 0.62]
–0.63 [–1.20, –0.05]

–0.26 [–0.56, 0.04]

288.77
1

1.47

11
18
13
42

344

6.1%
9.2%
8.3%

23.6%

100.00%

2101
2012
2013

0 1–1 2–2
Favours [statin]

Total (95% CI)
Heterogeneity: Tau2=0.14; Chi2=27.45, df=8 (P=0.0006); I2=71%
Test for overall effect: Z=1.68 (P=0.09)
Test for subgroup differences: Chi2=2.01, df=1 (P=0.16); I2=50.3% Favours [control]

Figure 5.  Forest plot of the effect of statins on the levels of dehydroepiandrosterone (DHEA) using subgroup analysis of statin type. 
95% CI – 95% confidence interval; SD – standard deviation.

Study or subgroup Mean
Experimental

SD Total Mean
Control Std. mean difference

IV, random, 95% CI
Std. mean difference
IV, random, 95% CISD Total Weight Year

2.1.2 12 weeks and less than 12 weeks
Banaszewska 2007
Banaszewska 2009
Kazerooni 2010
Raja-Khan 2011
Rashidi 2011
Sathyaplan 2012
Celik 2012
Subtotal (95% CI)
Heterogeneity: Tau2=0.37; Chi2=35.20, df=6 (P<0.00001); I2=83%
Test for overall effect: Z=1.94 (P=0.05)

–0.89
0.39

–6.55
–296.5

–0.29
–1

–109.3

0.65
2.1898
108.69

282.3
0.6

0.95
50.8

45
37
42
9

32
19
18
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Figure 6.  Forest plot of the effect of statins on the levels of dehydroepiandrosterone (DHEA) using subgroup analysis of statin 
treatment duration. 95% CI – 95% confidence interval; SD – standard deviation.
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rate-limiting enzymes in the process of glucose metabolism 
in cells, thereby affecting calcium-dependent insulin secre-
tion during glucose metabolism [38]. Statins can also inhibit 
insulin secretion by inhibiting the synthesis of the mevalonate 
metabolic pathway [38]. Statin treatment can also induce glu-
cose tolerance by inhibiting the expression of glucose trans-
porter 4 (GLUT-4) [39].

The findings of the present meta-analysis also showed that 
statin use in PCOS might increase the risk of diabetes by re-
ducing the levels of DHEA, which suggests that the use of 
statins in patients with PCOS should be evaluated carefully. 
The effects of statins on blood glucose metabolism is time-de-
pendent and dose-dependent [40]. The findings of the pres-
ent study showed that atorvastatin significantly reduced the 
levels of DHEA when compared with simvastatin, which sug-
gests that different types of statins may have different effects 
on DHEA. There have been few studies on the effects of dif-
ferent statins. However, it is possible that atorvastatin treat-
ment in patients with PCOS might be associated with and in-
creased risk of diabetes.

0.0

0.1

0.2

0.3

0.4

0.5
–2

SE (SMD)

SMD

–1 0 1 2

Figure 7.  Funnel plot of the studies included in the 
meta-analysis.

This systematic review of the literature and meta-analysis had 
several limitations. First, the ten studies that underwent meta-
analysis showed significant study heterogeneity, and the base-
line characteristics of the patients were heterogeneous in terms 
of age, ethnicity, type of statin treatment used, statin dose, 
and duration of treatment. Second, almost all the studies were 
not primarily designed to assess the effects of statins on DHEA 
levels. Third, the serum and plasma DHEA levels were mea-
sured by several different methods, which may mean that the 
results were not comparable. Subgroup analysis in our study 
did not find a relationship between the duration of statin use 
and the reduction in levels of DHEA, which might have been 
due to the small number of studies evaluated. Following the 
findings from this meta-analysis it is clear that further well-
designed and large-scale RCTs are required that clarify the ef-
fects of different statins at different doses and for increasing 
duration in women with PCOS.

Conclusions

A systematic review of the literature and meta-analysis of ten 
published randomized controlled trials (RCTs) showed that 
treatment of women with polycystic ovary syndrome (PCOS) 
with statins reduced serum and plasma levels of DHEA when 
compared with placebo. Subgroup analysis showed that ator-
vastatin reduced the levels of DHEA, but might increase the 
risk of diabetes in women with PCOS, and should be used with 
caution in women with PCOS and an increased risk of diabetes. 
Further large scale, well-designed RCTs are required to deter-
mine the effects of statins on DHEA levels, the mechanism of 
action, and the relationship between statin treatment, the de-
velopment of diabetes, and DHEA levels in women with PCOS.
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