
© 2016 Meng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2016:9 1689–1696

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1689

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OTT.S97993

Statin use and mortality of patients with prostate 
cancer: a meta-analysis

Yang Meng1,*
Yan-Biao Liao2,*
Peng Xu1

Wu-Ran Wei1

Jia Wang1

1Department of Urology, 2Department 
of Cardiology, West China Hospital of 
Sichuan University, Chengdu, People’s 
Republic of China

*These authors contributed equally 
to this work

Objective: The aim of this meta-analysis was to investigate the effect of statin use on the 

mortality of patients with prostate cancer (PCa).

Methods: An electronic search of PubMed, Embase, and CENTRAL databases from inception 

to August 2015 was performed to find eligible studies. Articles investigating the association 

between statin use and mortality of PCa were identified. Pooled hazard ratios (HRs) and 95% 

confidence intervals (CIs) were calculated using random- or fixed-effects models.

Results: In total, 13 studies that enrolled 100,536 participants were included in this meta-

analysis. Results showed that prediagnostic statin use had a significantly lower risk of both 

all-cause mortality (ACM; HR, 0.56; 95% CI, 0.38–0.83) and PCa-specific mortality (PCSM; 

HR, 0.53; 95% CI, 0.36–0.77). Similarly, postdiagnostic statin use was correlated with reduc-

tions in both ACM (HR, 0.77; 95% CI, 0.69–0.87) and PCSM (HR, 0.64; 95% CI, 0.52–0.79). 

When stratified by primary treatment, postdiagnostic use of statins had a 0.4-fold lower risk of 

ACM in patients with PCa who were treated with local therapy; both pre- and postdiagnostic use 

of statins was correlated with a significantly lower risk of PCSM in patients who were treated 

with androgen deprivation therapy.

Conclusion: Both pre- and postdiagnostic use of statins is associated with better overall 

survival and PCa-specific survival. This suggests a need for randomized controlled trials of 

statins in patients with PCa.
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Introduction
Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) are commonly 

used to treat hypercholesterolemia and have been demonstrated to reduce cardiovas-

cular events and mortality.1 Most recently, attention has focused on their potential 

anticancer properties. Statins have been shown to affect proliferation, induce apopto-

sis, and inhibit angiogenesis of tumor cells.2–4 Several epidemiological studies have 

investigated the effects of statins on the risk of prostate cancer (PCa) and treatment 

outcomes. A recent meta-analysis of 27 observational studies revealed that statins 

reduced the risk of both overall PCa and clinically important advanced PCa.5 However, 

the impact of statins on all-cause mortality (ACM) or PCa-specific mortality (PCSM) 

in patients with PCa remains debatable. Some studies have demonstrated a beneficial 

effect of statins in reducing ACM and PCSM,6–8 whereas others have not revealed a 

significant effect.9,10 These inconsistent conclusions may be due to relatively small 

sample sizes and different timings of statin use (eg, prediagnostic or postdiagnostic). 

Therefore, we performed a systematic review and meta-analysis of the available data 

to explore the association of prediagnostic and postdiagnostic statin use with the risk 

of death in patients with PCa.
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Materials and methods
Search strategy
An electronic search of PubMed, Embase, and CENTRAL 

databases for all relevant studies (the last search update was 

August 21, 2015) was carried out using the following search 

terms: “Hydroxymethylglutaryl-CoA Reductase Inhibitors 

or HMG-CoA Reductase Inhibitors or statin or statins or 

atorvastatin or bervastatin or cerivastatin or crilvastatin 

or compactin or dalvastatin or fluindostatin or fluvastatin 

or glenvastatin or lovastatin or mevastatin or pitavas-

tatin or pravastatin or rosuvastatin or simvastatin or  

tenivastatin” and “prostate cancer or prostate carcinoma or 

prostatic cancer or prostatic carcinoma” and “mortality or 

survival or death.” The search was limited to English lan-

guage articles. All searches were performed independently 

by two investigators and any differences were resolved by 

discussion.

Selection criteria
Following the Preferred Reporting Items for Systematic 

Reviews and Meta-analysis guidelines, the Population, Inter-

vention, Comparison, Outcome, and Study design eligibility 

criteria were applied to define study eligibility.11 All studies 

investigating the association between statin use and mortal-

ity of PCa were considered relevant to this meta-analysis. 

Both full-text articles and conference abstracts were eligible. 

Inclusion criteria were as follows: 1) the exposure of inter-

est was statin use prior to or after diagnosis, 2) ACM and/

or PCSM after PCa diagnosis according to statin use were 

reported, and 3) adjusted risk estimates with 95% confidence 

intervals (CIs; or adjusted risk estimates and P-values) were 

given. Case reports, letters, review articles, and comments 

were excluded during the process of study selection. For 

studies that reported results using the same or overlapping 

data, only the study with the largest number of patients was 

included.

Study quality assessment
All the finally included studies were nonrandomized studies. 

The quality of all studies, except the conference abstracts, 

was assessed according to the Newcastle–Ottawa scale,12 

which is recommended by the Cochrane Collaboration. 

Stars were allocated to each study in the range of 0–9, and 

studies with 6 or more stars were deemed of high quality.

Data extraction
Two authors (YM and JW) independently extracted the data 

from all the included studies, and the following information 

was extracted: the first author, year of publication, study 

location, sample size, follow-up period, patient characteristics 

(eg, age, pretreatment prostate-specific antigen level, tumor 

stage, and Gleason score), type of primary treatment, statin 

use, risk estimates with their corresponding 95% CIs (or 

P-values), and study design. Any discrepancy was resolved 

by discussion.

Statistical analyses
The inverse variance method was used to pool the hazard 

ratios (HRs) for the effect of statin on mortality in patients 

with PCa.13 Because outcomes were relatively rare, odds 

ratio (OR) was used as an estimate of HR. If studies reported 

risk estimates for PCSM and other-cause mortality, the risk 

estimates for ACM were calculated first.14 For any study 

providing separate risk estimates by primary treatment, we 

considered the estimates as different studies.6 Between-study 

heterogeneity was assessed using both Cochran’s Q-test and 

I2 statistics. A value of P,0.10 for Q-test or an I2.50% was 

considered significant. A random-effects model was used 

if heterogeneity was significant; otherwise, a fixed-effects 

model was used.15 Subgroup analyses were conducted to 

explore potential sources of between-study heterogeneity. 

The potential publication bias was assessed by funnel plot 

visual inspection for all comparisons. All statistical analy-

ses were performed with RevMan software (version 5.3). 

P-values for all analyses were two sided.

Results
Characteristics of eligible studies
In total, 401 abstracts were identified and assessed from the 

initial literature search, and 24 studies were potentially eli-

gible and were evaluated in detail. Eleven of the 24 studies 

were subsequently excluded from the present meta-analysis 

(nine did not fulfill the inclusion criteria and two were based 

on overlapping data). Thus, 13 studies (12 cohort studies and 

one case–control study) involving 100,536 participants were 

included in the meta-analysis.6–10,14,16–22 The flow chart of the 

study selection is shown in Figure 1.

Of the 13 studies, six investigated the association of 

prediagnostic statin use with ACM and/or PCSM, and seven 

investigated the association of postdiagnostic statin use 

with ACM and/or PCSM. The characteristics and quality 

assessments of eligible studies are summarized in Table 1. 

Visual inspection of funnel plots did not reveal any obvious 

publication bias in our meta-analysis.

ACM
Eight studies6,9,14,17,19–22 that met the inclusion criteria were 

included in the analysis of ACM: two focused on statin use 
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before diagnosis and six focused on statin use after diagnosis. 

The pooled risk estimates are shown in Table 2 and Figure 2. 

Both pre- (HR, 0.56; 95% CI, 0.38–0.83; P,0.01; I2=0%) and 

postdiagnostic use of statin (HR, 0.77; 95% CI, 0.69–0.87; 

P,0.01; I2=72%) was associated with a significantly reduced 

risk of ACM in patients with PCa.

Subgroup analysis according to the treatment strategy 

was then performed. Postdiagnostic statin use was sig-

nificantly correlated with a decreased risk of ACM among 

patients with PCa who were primarily treated with local 

therapy (radical prostatectomy or radiotherapy; HR, 0.46; 

95% CI, 0.28–0.77; P,0.01; I2=53%). A pooled analysis 

of three studies failed to distinguish primary treatment 

used and also revealed that postdiagnostic statin use was 

associated with lower ACM (HR, 0.81; 95% CI, 0.77–0.84; 

P,0.01; I2=22%).

PCSM
In total, ten studies7,8,10,14,16–20,22 were included in the analysis 

of PCSM: six were based on prediagnostic statin use and four 

on postdiagnostic statin use. The pooled risk estimates are 

shown in Table 2 and Figure 3.

The results demonstrated that patients who used statins 

before diagnosis had a 0.5-fold lower risk of PCSM (HR, 

0.53; 95% CI, 0.36–0.77; P,0.01; I2=77%). When strati-

fied by primary treatment, prediagnostic statin use was still 

associated with a decreased risk of PCSM among patients 

who were treated with androgen deprivation therapy (HR, 

0.53; 95% CI, 0.29–0.98; P=0.043). The pooled risk esti-

mate from studies that did not distinguish primary treat-

ment was also correlated with a significantly lower risk of 

PCSM (HR, 0.44; 95% CI, 0.20–0.95; P=0.04; I2=88%), 

whereas prediagnostic statin use among patients who were 

primarily treated with local therapy showed only a trend 

toward decreased risk (HR, 0.52; 95% CI, 0.17–1.58; 

P=0.25; I2=61%).

Similarly, a significant correlation of postdiagnostic statin 

use with a reduced risk of PCSM was found (HR, 0.64; 95% 

CI, 0.52–0.79; P,0.01; I2=79%). When stratified by primary 

treatment, postdiagnostic statin use was associated with a 

significantly decreased risk of PCSM in patients who were 

treated with androgen deprivation therapy (HR, 0.64; 95% 

CI, 0.48–0.86; P=0.003). A pooled analysis of those studies 

could not distinguish primary treatment (HR, 0.73; 95% CI, 

Figure 1 Flow diagram of the study selection process.
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0.69–0.78; P,0.01; I2=88%) and also showed a significant 

correlation.

Discussion
The main results of the present meta-analysis are as follows: 

1) both pre- and postdiagnostic use of statins was associated 

with a decreased risk of ACM and PCSM, 2) postdiagnostic 

use of statins had a 0.4-fold lower risk of ACM in patients 

with PCa who were treated with local therapy, and 3) both 

pre- and postdiagnostic use of statins was correlated with a 

significantly lower risk of PCSM in patients who were treated 

with androgen deprivation therapy.

Statins are commonly used to reduce cholesterol lev-

els and are associated with a decrease in the prevalence 

of cardiovascular events, but the impact of statins on 

the prognosis of patients with PCa is still controversial. 

Table 2 Main results of meta-analysis for the effect of statin use on ACM and PCSM

Statin use Mortality Groups/subgroups Studies, n Heterogeneity test Pooled risk estimates

I2 (%) P-value HR 95% CI P-value

Prediagnostic  
statin use

ACM Overall 2 0 0.77 0.56 0.38–0.83 0.003

Postdiagnostic  
statin use

ACM Overall 7 72 0.002 0.77 0.69–0.87 ,0.001
Local therapy 2 53 0.14 0.46 0.28–0.77 0.003
Failed to distinguish primary 
treatment

3 22 0.28 0.81 0.77–0.84 ,0.001

Androgen deprivation therapy 1 – – 0.64 0.53–0.78 ,0.001
Chemotherapy 1 – – 0.97 0.72–1.23 0.80

Prediagnostic  
statin use

PCSM Overall 6 77 ,0.001 0.53 0.36–0.77 0.001
Androgen deprivation therapy 1 – – 0.53 0.29–0.98 0.043
Local therapy 2 61 0.11 0.52 0.17–1.58 0.25
Failed to distinguish primary 
treatment

3 88 ,0.001 0.44 0.20–0.95 0.04

Postdiagnostic  
statin use

PCSM Overall 4 82 ,0.001 0.64 0.52–0.79 ,0.001
Androgen deprivation therapy 1 – – 0.64 0.48–0.86 0.003
Failed to distinguish primary 
treatment

3 88 ,0.001 0.73 0.69–0.78 ,0.001

Abbreviations: ACM, all-cause mortality; CI, confidence interval; HR, hazard ratio; PCSM, prostate cancer-specific mortality.

Figure 2 Pooled analyses for the effect of prediagnostic (A) and postdiagnostic (B) statin use on all-cause mortality of prostate cancer.
Abbreviations: CI, confidence interval; df, degrees of freedom; RP, radical prostatectomy; RT, radiotherapy; SE, standard error.
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However, in this study, we demonstrated that statins were 

associated with a decreased risk of both ACM and PCSM 

in patients with PCa, and this finding is supported by an 

observational study of 295,925 patients, which reported a 

decreased rate of cancer-related mortality among patients 

who took statins.16

Several factors may account for the beneficial impact of 

statins on ACM and PCSM. 1) Cholesterol is required for 

basic cellular functions, including maintenance of membrane 

integrity and involvement of signaling pathways, which 

are critical for cancer cell proliferation,23–25 thus a decrease 

in cholesterol level might reduce PCa growth. 2) Previous 

experimental studies have demonstrated that statins may have 

anti-inflammatory, proapoptotic, and antiangiogenic effects, 

which may reduce metastasis and invasiveness.26,27 A recent 

meta-analysis demonstrated that statins were associated 

with a lower risk of PCa recurrence in patients who were 

treated with radiotherapy. 3) Cholesterol is a precursor of 

androgens; thus, a reduction in cholesterol level leads to a 

decrease in testosterone and dihydrotestosterone, which are 

crucial to androgen receptor,28,29 and a reduction in andro-

gen receptor may predict PCa outcome.30 In line with this, 

the study suggests that both pre- and postdiagnostic use of 

statins is correlated with a significantly lower risk of PCSM 

in patients who were treated with androgen deprivation 

therapy. This phenomenon has also been seen in patients 

with breast cancer.31

Additionally, Nielsen et al16 revealed the absence of 

a dose-dependent effect of statins, while Yu et al19 found 

that long-term treatment with statins provided greater 

benefit than short-term treatment. Therefore, randomized 

trials are needed to investigate the effect of statins on 

ACM and PCSM, especially with regard to dose and time 

dependency.

Several limitations should be taken into consideration 

when interpreting our results. First, we found between-study 

heterogeneity in the meta-analysis, which might affect the 

strength of the results in the study. However, we performed 

subgroup analyses to explore the source of heterogeneity 

when we could not find it. Second, we did not evaluate the 

effect of postdiagnostic statin use on the association between 

prediagnostic statin use and patient survival because of 

limited data from included studies. We therefore evaluated 

postdiagnostic statin use, without taking into account the 

effect of prediagnostic statin use.

Conclusion
Both pre- and postdiagnostic use of statins is associated 

with better overall survival and cancer-specific survival. 

Randomized controlled trials are needed to further assess 

τ χ

τ χ

Figure 3 Pooled analyses for the effect of prediagnostic (A) and postdiagnostic (B) statin use on prostate-cancer-specific mortality of prostate cancer.
Abbreviations: CI, confidence interval; df, degrees of freedom; SE, standard error.
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the effect of statin use on the mortality of patients with PCa 

in the future.
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