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endometrial cancer were included.

endometrial cancer (RR=0.79, 95% Cl 0.58-1.08, p=0.14).
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Background: The relationship between statin use and the risk of ovarian or endometrial cancer remains controversial.
Here, we investigated the relationship between statin use and the risk of ovarian and endometrial cancers.

Methods: We conducted a meta-analysis using articles retrieved from the PubMed, Embase, and Web of Science
databases. All original comparative studies published in English that were related to statin use and the risk of ovarian or

Results: This meta-analysis included 19 studies enrolling 1,999,362 female subjects and 19,849 cancer cases (7,948
ovarian cancer cases and 11,901 endometrial cancer cases). The overall analysis indicated that statin use did not
significantly reduce the risk of ovarian cancer [relative risk (RR) = 0.88, 95% confidence interval (Cl) 0.76-1.03, p=0.12] or
the risk of endometrial cancer (RR=10.88, 95% CI 0.78-1.00, p = 0.05.) Subgroup analyses based on study type,
percentage of cancer cases, study location, and quality of studies also supported our conclusions. No association was
found between long-term statin use (> 5 years) and the risk of ovarian cancer (RR=10.73, 95% CI 0.51-1.04, p = 0.08) or

Conclusions: Statin use did not lower the risk of ovarian cancer or endometrial cancer. The long-term use of
statins (> 5 years) was not associated with a reduction in the risk of ovarian or endometrial cancer.

Background

Ovarian and endometrial cancers are the two most com-
monly diagnosed gynecological cancers, with the highest
mortality of all gynecological cancers [1]. Ovarian cancer
is the leading cause of cancer death in gynecological ma-
lignancies and the fifth leading cause of all cancers in
women in the US [2]. Endometrial cancer is the most
common gynecological malignancy in the US, with a
death rate that has increased gradually [3].

Esposito et al. reported in a meta-analysis that metabolic
syndrome is associated with an increased risk of ovarian
and endometrial cancers [4]. Hydroxymethylglutaryl-CoA
reductase inhibitors (statins) are cholesterol-lowering
drugs that are primarily used for hypercholesterolemia
therapy. They also have antitumor effects, which have
been reported in experimental research on many cancers
[5]. In recent years, the pharmacological functions of
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statins were found to be effective in several female
reproductive diseases [6—9]. Statins inhibit 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase, the
key enzyme in the mevalonate pathway for cholesterol
synthesis. They can down regulate products of the meva-
lonate pathway, such as farnesyl diphosphate and geranyl
diphosphate, which may contribute to regulating tumor
cell growth, motility, and differentiation [10, 11].

Epidemiological studies of statins and the risk of endo-
metrial or ovarian cancers have shown inconsistent re-
sults. A recent population-based study of 161,808
postmenopausal women indicated that statin use can
reduce the risk of endometrial cancer but not that of ovar-
ian cancer [12]. In contrast, another study reported that
statin use reduced the risk of ovarian cancer [13]. Previous
studies have reported that statin use was associated with a
reduced risk of ovarian or endometrial cancer [14, 15].

Here, we conducted a meta-analysis to investigate the
relationship between statin use and the risk of endo-
crine-related gynecological cancers.
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Methods

Search strategy

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (http://www.prisma-statement.org/).
A comprehensive search was performed of the PubMed,
Embase, and Cochrane databases to August 1, 2018. The
following MeSH and main keywords were used: “hydroxy-
methylglutaryl-CoA  reductase inhibitor,” “Reductase
Inhibitors, = Hydroxymethylglutaryl-CoA,”  “Inhibitors,
HMG-CoA Reductase,” “Reductase Inhibitors, HMG-CoA,
” “HMG-CoA Reductase Inhibitors,” “Statins, HMG-CoA,”
“Statins,” “Hydroxymethylglutaryl-Coenzyme A Inhibitors,”
and associated terms; and “Ovarian Neoplasm,” “Ovary
Neoplasm,” “Ovary Cancer,” “Ovarian Cancer,” “Cancer of
Ovary,” “Endometrial Neoplasm,” “Endometrial Carcinoma,
”  “Endometrial Cancer,” “Endometrium Cancer,”
“Endometrium Carcinoma,” and associated terms. The
language was restricted to English. For multiple-arm
comparative studies, we extracted data only from the
arms that matched our eligibility criteria. We also
performed manual searches of the reference lists of
the selected studies to retrieve all relevant data.

” o« » o«

Inclusion and exclusion criteria
Studies were selected according to the PICOS (popula-
tion, intervention, comparison, outcomes, and study de-
sign) guidelines if they met the following inclusion
criteria: (1) population: the entire population of women
recruited to a certain trial, and the endpoint is incidence
of ovarian or endometrial cancer; any histologic types of
cancer were included for ovarian and endometrial
cancers, including ovarian borderline malignancies; (2)
intervention: patients used statins; (3) comparison: pa-
tients used statin versus control (placebo or no statin);
(4) outcomes: studies compared morbidity between two
groups using odds ratio (OR), relative risk (RR), or haz-
ard ratio (HR) estimates with 95% confidence intervals
(CIs), or provided sufficient data to compute morbidity;
and (5) study design: studies were comparative [i.e., ran-
domized control trials (RCTs) or observational studies].
Exclusion criteria were as follows: (1) population:
mixed patients with other cancer types or patients with
indeterminate cancer; (2) intervention: patients did not
use statins; (3) comparison: patients used statin versus
other drugs; (4) outcomes: studies lacked morbidity data;
and (5) study design: single-arm study without a control

group.

Data extraction and quality assessment of included
studies

Two reviewers (YW and FR) reviewed and assessed each
of the included studies. Data extraction was performed
independently. The other authors (ZS, PC, and SL)
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reviewed the included studies as well for inclusion. The
following information was extracted from the included
studies: first author, publication year, country of study,
study type, cancer site and cases, number of subjects,
percentage of cancer cases, study period, cases of statin
use and control groups, follow-up time, and multivari-
able adjusted RR estimates with corresponding 95% Cls.
The Jadad scale was used to assess the quality of the
RCTs [16], and studies with 3 or more points were iden-
tified as high quality [17]. The Newcastle-Ottawa Scale
(NOS) was used to assess the quality of the observational
studies [18], and studies with 7 or more points were
deemed high quality. Any disagreements were resolved by
consensus between the two reviewers (YW and FR).

Statistical analysis

This meta-analysis used the RR to estimate morbidity.
All analyses used a random-effects model. The statis-
tical values are reported with 95% CIs, and a two-
tailed p <0.05 was considered statistically significant.
Heterogeneity among studies was tested by Cochran’s
Q test (reported with a x* value and p value, with a
p<0.1 considered statistically significant) and the I*
statistic [19, 20]. I*> with values of 25, 50, and 75%
demonstrated low, moderate, and high levels of het-
erogeneity, respectively [21]. We also conducted sen-
sitivity analyses to assess the robustness of the results
[22]. Subgroup analyses were conducted to explore
sources of heterogeneity. Publication bias was
assessed using Begg’s and Egger’s tests [23, 24]. All
analyses were performed using Stata software version
12.0 (2011; Stata Corp., College Station, TX, USA).

Results
Characteristics of selected studies

A flow chart of the search strategy is illustrated in
Fig. 1. The search retrieved 2,203 published studies.
After removing duplicates, screening the title and
abstract, and further evaluation, a total of 20 studies
were included in our meta-analysis. Among these,
one publication was excluded because it provided
duplicated data [25]. The remaining 19 studies
included two RCTs and 17 observational studies
[12-15, 26-40]. Nine studies enrolled endometrial
cancer patients, three enrolled ovarian cancer pa-
tients, and seven enrolled both. The cancer patients
were from the population of women studied. The
studies were carried out in eight countries, which in-
cluded North America [12, 13, 26, 27, 29, 30, 32, 34,
39, 40], Europe [14, 15, 28, 31, 33, 35, 36, 38], and
Asia [37]. Detailed information from the included
studies is presented in Table 1.
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Fig. 1 Flow chart of our systematic review and meta-analysis

Risk of ovarian cancer among statin users

The meta-analysis included 10 studies of ovarian can-
cer. Our pooled analysis indicated that statin use did
not reduce the risk of ovarian cancer (RR =0.88, 95%
CI=0.76-1.03, p =0.12) (Fig. 2). A moderately signifi-
cant heterogeneity was observed among the studies
(x> =20.00, p=0.02, I*=550%). Sensitivity analyses
were carried out by excluding studies one-by-one, and
we found that the corresponding pooled RRs were
not significantly altered, which affirmed the robust-
ness of the result (Additional file 1: Figure S1). We
conducted subgroup analyses of statin use and the
risk of ovarian cancer based on study type, percentage
of cancer cases, geographical study location (contin-
ent), and quality of studies. There was no significant
association between statin use and the risk of ovarian
cancer in the RCTs (RR=0.20, 95% CI=0.01-4.07,
p=0.30), cohort studies (RR=0.98, 95% CI=0.77-
1.24, p=0.85), or case-control studies (RR =0.82, 95%
CI=0.65-1.04, p=0.10). Subgroup analysis based on
the percentage of cancer cases indicated that there
was no significant association in groups with >1%
(RR=0.76, 95% CI=0.55-1.05, p=0.10) or<1%
(RR=0.97, 95% CI=0.83-1.14, p=0.74). Subgroup
analysis of study location showed no reduced risk of
ovarian cancer among statin users in North America
(RR =0.88, 95% CI=0.69-1.12, p=0.29) or Europe
(RR =0.90, 95% CI=0.72-1.12, p =0.34). Addition-
ally, no decreased risk of ovarian cancer in statin

users was observed, whether studies were high qual-
ity or low quality (Table 2). There was no evidence
of publication bias (Begg’s test, p = 0.86, [Additional file 2:
Figure S2A]; Egger’s test, p=0.34, [Additional file 2:
Figure S2B]).

Risk of endometrial cancer among statin users

The meta-analysis included 16 studies of endometrial
cancer. There was no significant association between
the use of statins and the risk of endometrial cancer
(RR=0.88, 95% CI=0.78-1.00, p=0.05) (Fig. 3). A
moderately significant heterogeneity was observed
among the studies (x>=47.50, P=0.00, I*=66.3%).
Sensitivity analyses were carried out by excluding
studies one-by-one, and we found that six studies [15,
26, 30, 32, 34, 35] seemed to affect the heterogeneity.
Excluding any one of these studies from the overall
analysis resulted in statistically significant results, but
the upper limits of the 95% confidence interval were
approximately 1.00 (Additional file 3: Figure S3). We
also conducted subgroup analyses by study type, per-
centage of cancer cases, study location, and quality of
studies. There was no significant association between
statin use and the risk of endometrial cancer in the
RCTs (RR=0.72, 95% CI=0.19-2.68, p=0.62), cohort
studies (RR=0.93, 95% CI=0.80-1.10, p=0.38), or
case-control studies (RR=0.80, 95% CI=0.62-1.03,
p =0.09). Subgroup analysis based on the percentage
of cancer cases indicated that there was no significant
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Fig. 2 Overall analysis of statin use and the risk of ovarian cancer
J

association in groups with 1% (RR=0.79, 95% CI =
0.54-1.15, p=0.21) or<1% (RR=0.90, 95% CI=
0.78-1.04, p=0.14) of cancer cases in the study
population. Subgroup analysis of studies based on
geographical location showed a significantly reduced
risk of endometrial cancer among statin users in
Asia (RR=0.43, 95% CI=0.20-0.94, p=0.03), but
none in North America (RR=0.90, 95% CI=0.73-

1.11, p=0.31) or Europe (RR=0.89, 95% CI=0.75—
1.05, p=0.18). Again, no significant association be-
tween statin use and risk of endometrial cancer was
observed in studies of high quality or low quality
(Table 2). There was evidence of potential publica-
tion bias (Begg’s test, P=0.434, [Additional file 4:
Figure S4A]; Egger’s test, p = 0.03, [Additional file 4:
Figure S4B]).

Table 2 Subgroup analyses of statin use and risk of endocrine-related gynecologic cancers

Characteristics Ovarian Cancer

Endometrial Cancer

Study number  RR(95%CI) Pvalue  Heterogeneity  Study number  RR(95% CI) Pvalue  Heterogeneity

Study type 10 0.88(0.76,1.03)  0.12 55.0% 16 0.88(0.78,1.00)  0.05 66.3%

RCT 1 0.20 (0.01,407) 030 0.0% 2 0.72 (0.19,2.68) 0.62 0.0%

Cohort 4 098 (0.77,1.24) 085 38.9% 7 093 (0.80,1.10) 038 66.5%

Case-control 5 0.82 (065,1.04)  0.10 70.6% 7 0.80 (062,1.03) 009 74.1%
Percentage of cancer cases

= 1% 4 0.76 (0.55,1.05)  0.10 76.8% 6 079 (0.54,1.15)  0.21 76.5%

<1% 6 097 (0.83,1.14)  0.74 16.6% 10 090 (0.78,1.04)  0.14 61.8%
Study location

North America 6 0.88 (069,1.12)  0.29 58.1% 9 0.90 (0.73,1.11) 0.31 64.2%

Europe 4 090 (0.721.12) 034 52.7% 6 089 (0.75,1.05)  0.18 722%

Asia 0 - - - 1 043 (0.20,0.94) 0.03 0.0%
Quality of studies

High 9 0.86 (0.74,1.01) 007 574% 13 0.88(0.78,1.01)  0.06 68.5%

Low 1 124 (0.722.12) 044 0.0% 3 0.80 (0.39,1.62) 0.53 67.4%
Dduration of statin use

long-term use 5 0.73 (0.51,1.04) 0.08 58.9% 6 0.79 (0.58,1.08) 0.14 58.2%
Study in diabetics 1 096 (0.75,1.23)  0.75 0.0% 1 0.78 (0.65,0.94) 0.01 0.0%
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Fig. 3 Overall analysis of statin use and the risk of endometrial cancer

Long-term statin use and the risk of ovarian or
endometrial cancer

The meta-analysis included five studies of ovarian cancer
[13, 14, 30, 36, 39] and six studies of endometrial cancer
[15, 30, 33, 34, 36, 39] that analyzed long-term statin use
(> 5 years). There was no association between long-term
statin use (> 5 years) and the risk of endometrial cancer
(RR =0.79, 95% CI =0.58-1.08, p = 0.14) or ovarian can-
cer (RR=0.73, 95% CI = 0.51-1.04, p = 0.08) (Fig. 4).

Discussion
The association between statin use and the risk of endo-
metrial or ovarian cancer remains controversial. Sperling
et al. [15] reported no association between statin use
and the risk of endometrial cancer, whereas Desai et al.
[12] reported that statins reduced the risk of endometrial
cancer. Some studies have reported a significant associ-
ation between statin use and the risk of ovarian cancer
[13, 25, 36], but others found no such association [12,
31]. In 2014, Liu et al. [41] performed a meta-analysis of
the effect of statin use on the risk of gynecological
cancers and reported that statin use lowered the risk of
ovarian cancer but not that of endometrial cancer. The
debate has continued after that publication, and the re-
sults of more recent studies have also been inconsistent.
Our meta-analysis included 19 studies enrolling 1,999,362
women. Seven of these studies were published after the last
meta-analysis in 2014 and included an additional 1,171,122
subjects. Our pooled analysis indicated that statin use

did not reduce the risk of ovarian or endometrial
cancer. In addition, we conducted subgroup analyses
by study type, percentage of cancer cases, quality of
studies, and study location to explore sources of het-
erogeneity. Two RCTs, six cohort studies and 11
case-control studies were included, and there was no
significant association between the use of statins and
the risk of ovarian or endometrial cancer based on
study type. We used the Jadad scale and NOS criter-
ion to assess the quality of the RCTs and observa-
tional studies, respectively. The two RCTs were
deemed to be of high quality, with Jadad total scores
>3, and 14 observational studies had NOS scores >7,
identifying them as high quality. Subgroup analyses
based on the quality of studies indicated that no sig-
nificant association between statin use and the risk of
endometrial cancer was observed in studies of high
quality or low quality. The studies we included had
different numbers of participants, most included large
populations, and the percentage of cancer patients
was low and varied. However, we found no significant
differences in the association of statin use and the
risk of ovarian or endometrial cancer in groups with
percentages of cancer cases >1% versus groups with
<1%. All of the above subgroup analyses supported
our pooled conclusions. In the subgroup analyses
based on study location, our results showed a similar
tendency, with no reduced risk of ovarian or endo-
metrial cancer in statin users, although a subgroup of
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Fig. 4 Subgroup analyses of long-term statin use and the risk of ovarian and endometrial cancer. a Ovarian cancer; b Endometrial cancer
.

statin users in Asia did have a significantly reduced risk of
endometrial cancer. This result might be due to regional
disparities or racial differences. People in different coun-
tries have different dietary habits. Patel et al. reported that
metabolic syndrome was less prevalent in Asian popula-
tions than it is in US populations [42]. Therefore, the ef-
fects of statin use may vary according to location.
However, this meta-analysis subgroup (endometrial cancer
patients in Asia) included only one study conducted in
Asia, which enrolled fewer subjects than in other studies.
Hence, the effects of statin use in endometrial cancer pa-
tients require further exploration, and our results require
validation from additional RCTs enrolling large populations.

Ovarian and endometrial cancers may be associated
with diabetes mellitus. Previous studies reported that
patients with diabetes mellitus had an increased risk of

ovarian cancer, and patients with ovarian cancer and dia-
betes had poor survival [43, 44]. The incidence of endo-
metrial cancer is increasing due to global increases in
diabetes and obesity [45, 46], suggesting that we should
target women with diabetes. We planned to conduct
subgroup analyses of studies enrolling women with dia-
betes, but the number of studies was limited. Although
the risk of endometrial cancer was significantly reduced
in statin users, the results require validation with add-
itional studies enrolling larger populations.

Studies investigating the effects of long-term statin use
on ovarian or endometrial cancer have reported incon-
sistent results. Some studies found no association [34].
In contrast, the meta-analysis of Liu et al. [41] reported
that long-term statin use significantly reduced the risk of
ovarian cancer. Our subgroup analyses of long-term
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statin use included three more studies and 5,817 add-
itional subjects than the previous meta-analysis [41] and
showed no significant association between long-term
statin use and the risk of ovarian or endometrial cancer.
As we found no reduction in the risk of ovarian or endo-
metrial cancer in statin users, long-term statin use also
had no protective effect. The majority of studies of the
effect of long-term statin use indicated no reduced risk
of ovarian or endometrial cancer in statin users. Indeed,
a recent observational study by Desai et al. [12] reported
that the use of pravastatin was associated with an in-
creased risk of ovarian cancer. This study enrolled a
large number of female subjects (161,808) and investi-
gated the relationship between different drug types and
cancer risk. Thus, the long-term effect of statins must
still be considered unanswered, and more RCTs or high-
quality observational studies are needed to verify the effects
of long-term statin use on ovarian or endometrial cancer.
Our study has some advantages. The meta-analysis
included 19 studies enrolling 1,999,362 female sub-
jects and 19,849 cancer cases. Our inclusion and ex-
clusion criteria were based on PICOS criteria. The
Jadad scale was used to assess the quality of the
RCTs, and the NOS criterion was used to evaluate
the quality of the observational studies; most of the
studies were high quality. The 2014 meta-analysis [41]
investigated the association between statin use and
the risk of gynecological cancers. In contrast, we in-
vestigated the association between statin use and the
risk of ovarian and endometrial cancers separately.
Our meta-analysis included seven more studies and a
larger number of participants than the previous meta-
analysis, and our results differed from those of the
earlier study. Our subgroup analyses based on study
type, percentage of cancer cases, study location, and
quality of studies largely supported our conclusions.
There were some limitations in our meta-analysis,
which will be resolved in future studies. First, in the
selected studies, women were prescribed statins pri-
marily to treat metabolic syndrome, which may inde-
pendently induce ovarian or endometrial cancer. As a
result, it was not possible to pool metabolic status for
the observational studies included in this meta-ana-
lysis. Moreover, in some studies, patients were pre-
scribed other medications in addition to statins. As
other medications may be associated with the risk of
cancer, for example, the use of metformin or oral
contraceptives may lower the risk of gynecologic can-
cer [47, 48], and hormone replacement therapy may
influence the risk of gynecologic cancer [49], there
was the possibility that our results had bias, which
could be of concern. Hence, to confirm the conclu-
sions of this meta-analysis, further RCTs enrolling lar-
ger populations to investigate the association between
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statin use and the risk of ovarian or endometrial can-
cer are needed.

Second, the heterogeneity of our study was significant.
Our study included 2 RCTs and 17 observational studies;
the two RCTs included 12 total cancer cases, whereas
the largest studies included approximately 5,000 cancer
cases [15]. Among the included observational studies,
the study by Lavie et al. [36] is a case-control trial in
which controls were individually matched to cases ac-
cording to age, sex, clinic and ethnic group. Therefore,
the study excluded many confounding factors, which
might lead to a more reliable result. As it has been re-
ported that statin use could reduce the risk of endomet-
rial and ovarian cancers, we cannot ignore the important
finding. Although our pooled analysis was negative, the
majority of the studies we included were retrospective,
which may contain selection, information, and con-
founding bias. More RCTs or high-quality observational
studies are needed to confirm or update our meta-ana-
lysis. In addition, we extracted RR data directly or indir-
ectly to represent the relationship between statin use
and ovarian or endometrial cancer. However, each of the
included studies utilized different study designs accord-
ing to the different statins or different statin doses. Most
studies observed the outcomes of overall statin use
(rather than that of a particular drug) and cancer risk.
Other studies classified statins as lipophilic or hydro-
philic [13, 37] or separately observed different drugs
[15, 33, 35, 39]. As different statins have different
half-lives, different types or doses of statin have been pro-
posed to contribute differently to clinical outcomes. How-
ever, the results could not be combined because of such
differences in the included studies. Most studies did not
record the duration of statin use, and other studies evalu-
ating statin duration were not coincident in the observa-
tion time. Thus, we could not combine the results
according to the duration of statin use specifically, but
only extracted data for long-term statin use (> 5 years).
Moreover, the studies we included differed in terms of re-
search methods, follow-up time, and source of the popula-
tion; any of these factors may have induced study
heterogeneity.

Third, the sensitivity analysis indicated that excluding
studies one-by-one did not alter the corresponding
pooled RRs in the ovarian cancer group, which affirmed
the robustness of the result. However, for the studies of
endometrial cancer, we found that six studies seemed to
affect the heterogeneity. When we excluded any one of
these six studies from the overall analysis, statistically
significant results were obtained. However, the upper
limits of the 95% confidence intervals were approxi-
mately 1.00. Thus, as we did not think that excluding so
many studies was appropriate, we maintained the ori-
ginal pooled results. In addition, when we conducted
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analyses of statin use and the risk of ovarian cancer,
there was no evidence of publication bias. However, in
the overall analyses of endometrial cancer, although
there was no significance in Begg’s test, Egger’s test was
statistically significant, which indicated a potential publi-
cation bias. The most likely explanation is the preferen-
tial publication of positive findings.

Fourth, the number of RCTs investigating statin use
and the risk of ovarian or endometrial cancer was lim-
ited. The search retrieved two RCTs with 12 cancer
cases but 17 observational studies with 19,837 cancer
cases. Moreover, in these RCTs, statins were used to
treat patients with coronary heart disease or hyperlip-
emia. Cancer was not a primary outcome. Hence, the re-
sults from the two RCTs were not powerful enough to
conclude the outcome of cancers. Thus, further RCTs
investigating statin use and the risk of ovarian or endo-
metrial cancer will be required to confirm these results.

Conclusions

This meta-analysis identified no reduction in the risk of
ovarian or endometrial cancer for patients who used sta-
tins. In addition, the long-term use of statins (> 5 years)
was not associated with a reduction in the risk of ovar-
ian or endometrial cancer. To confirm the conclusions
of this meta-analysis, further RCTs enrolling larger pop-
ulations to investigate the association between statin use
and the risk of ovarian or endometrial cancer are
needed.
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