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Abstract

Purpose Several epidemiologic studies were performed

to clarify the protective effect of regular aspirin use on

prostate cancer risk; however, the results remain contro-

versial. Therefore, we conducted this meta-analysis to

assess the association between regular aspirin use and risk

of prostate cancer.

Methods Electronic databases including PubMed, EM-

BASE and Cochrane Library were searched between Jan-

uary 1966 and April 2013 to identify eligible studies.

Pooled relative ratios (RRs) and 95 % confidence intervals

(CIs) were computed to assess the influence of aspirin use

on prostate cancer risk. All statistical tests were two-sided.

Results A total of 24 observational studies including 14

case–control studies and 10 cohort studies were eligible for

this meta-analysis. Regular aspirin use was associated with

reduction in overall and advanced prostate cancer risk

(pooled RR 0.86, 95 % CI 0.81–0.92; pooled RR 0.83,

95 % CI 0.75–0.91, respectively). When we restricted our

analyses to studies with long-time regular aspirin use

(equal or more than 4 years), reverse association became

stronger (pooled RR 0.82, 95 % CI 0.72–0.93; pooled RR

0.70, 95 % CI 0.55–0.90, respectively).

Conclusions Our findings suggest that regular, especially

long-time regular aspirin use may reduce the risk of overall

and advanced prostate cancer. Considering the limitation of

included studies, further well-designed large-scaled cohort

studies and RCTs are required to draw more definitive

conclusions.

Keywords Aspirin � Prostate cancer � Advanced prostate

cancer � Meta-analysis � Epidemiologic

Introduction

Prostate cancer is the most commonly diagnosed non-skin

cancer and the second leading cause of cancer death in man

[1]. Primary prevention of prostate cancer is, therefore, a

significant public health issue. The mechanism of prostate

carcinogenesis is still not fully understood. Inflammation

was proved to have large beneficial effects in colorectal,

esophageal and gastric cancer. Recent laboratory and ani-

mal studies indicated that inflammation may also influence

prostate carcinogenesis through inhibiting the cyclooxy-

genase (COX) pathway, which is an inducible enzyme that

facilitates inflammation by promoting production of pros-

taglandin [2].

Aspirin is one of the most common used nonsteroid anti-

inflammatory drugs (NSAIDs), which was proved having

protective effects in colorectal adenoma through inhibiting

of COX-2 enzymes, restoring of normal apoptosis and

reducing of angiogenesis [3]. Several epidemiologic stud-

ies were performed to illuminate the association with

prostate cancer. However, the results remain controversial.

No significant difference was reported in a meta-analysis
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[4] based on 15 relevant studies [pooled relative ratio (RR)

0.98, 95 % CI 0.95–1.01]. In 2010, Mahmud et al. [5]

reported an updated result, a significant inverse association

was found in patients who took aspirin regularly [pooled

odds ratio (OR) 0.83, 95 % CI 0.77–0.89]. In the more

recent meta-analysis [6], 10 % reduction in prostate cancer

was reported among regular aspirin users. The protective

effect of aspirin use against prostate cancer was suggestive,

but not conclusive due to the large heterogeneity between

included studies.

Recently, several large-scaled studies [7–9] were pub-

lished and showed controversial associations between

regular aspirin use and risk of prostate cancer. Besides, so

far there were no meta-analyses evaluating the association

of long-time regular aspirin use on the risk of overall and

advanced prostate cancer. We, therefore, conducted this

meta-analysis to update these associations.

Methods

Data source and search strategy

Electronic databases including PubMed, EMBASE and

Cochrane library were searched between January 1966 and

21 April 2013 to identify eligible studies, using following

key words: ‘‘aspirin or acetylsalicylic acid or nonsteroidal

anti-inflammatory agent or NSAID or analgesics,’’ ‘‘pros-

tate or prostatic’’ and ‘‘cancer or carcinoma or neoplasm or

neoplasms or tumor’’. Furthermore, the reference lists of

every article retrieved and reviews were manually searched

to identify additional eligible studies.

Criteria for inclusion and exclusion

Studies are eligible for inclusion if they meet the fol-

lowing criteria: (1) had to be case–control or cohort

studies; (2) evaluated the association between aspirin use

and the risk of prostate cancer separated from other

NSAIDs; (3) had explicit description of aspirin exposure

and (4) provided RRs or ORs and their 95 % CIs or

sufficient information to calculate them. Review articles,

case reports, letters to the editor and editor comments

were excluded.

Date extraction

Eligibility evaluation and data abstraction were carried

out independently by 2 investigators (Tian-bao Huang,

Yang Yan) according to the meta-analysis of observa-

tional studies in epidemiology (MOOSE) guidelines [10],

and discrepancies were adjudicated by consensus. For

each study, the following data were extracted: first author;

year of publication; country; study design; type of con-

trols; sample size; definition of aspirin exposure; RRs or

ORs; and their 95 % CIs. Estimates of the association

between aspirin use and the risk of advanced prostate

cancer were also extracted. When more than one estimate

was available, we chose the ‘‘most adjusted or multi-

adjusted’’ estimate.

Statistical analysis

Due to the low incidence of prostate cancer, the RR

mathematically approximates the OR in case–control

studies. To simplify, only pooled RR and its 95 % CI were

used as effect of interest to assess the association between

aspirin use and the risk of prostate cancer. When data of

different duration of use or different intake levels were

available, we chose the one with longest duration or

highest intake. Regular aspirin use refers to ‘‘more than one

table per day for at least 4 days per week in a certain

period’’. Long-time regular aspirin use refers to ‘‘period of

regular aspirin use is more than 4 years’’. Besides,

advanced prostate cancer is defined as ‘‘tumor stage C2c or

Gleason score C 7’’. The statistical heterogeneity among

studies was evaluated using the Cochrane’s Q and I2 sta-

tistics. As for Q statistic, heterogeneity was considered

exist for P \ 0.1. When P [ 0.1 and I2 \ 50 %, the

included studies were identified as with acceptable heter-

ogeneity, and fixed-effects model was used. Otherwise, the

random-effects model was used.

To detect the source of heterogeneity, subgroup analyses

based on study design (case–control vs. cohort study,

population-based vs. hospital-based case–control study),

geographic location (America vs. Europe vs. others) and

number of adjusted confounders (equal or more than 5 vs.

less than 5) were carried out. It is known that age, race and

family history are proved as three major risk factors for

prostate cancer [1]. Therefore, we limited the analysis to

studies which had adjusted for at least two major factors to

eliminate their impact.

Finally, the potential publication bias was evaluated

graphically with funnel plots of log risk ratio against the

standard error of the included studies. If the funnel plot is

asymmetrical, rank correlation method proposed by Begg

et al. and linear regression approach suggested by Egger

et al. will be used to evaluate the potential publication bias.

If the P value is less than 0.05, sensitive analyses will be

conducted to explore whether the final effect was strongly

influenced by individual studies. All statistical analyses

were performed using STATA Statistical Software version

11.0 (Stata Corp., College Station, Texas, USA). All

P values are two-tailed.
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Results

Study characteristics

The detailed steps of our literature search are displayed in

Fig. 1. Briefly, one study, which assessed the association

between aspirin use and cancer mortality, was excluded

[11]. Besides, two another studies [12, 13] were also

excluded because two updated reports from the same study

populations were published. Finally, a total of 24 obser-

vational studies were eligible and included in this meta-

analysis.

For simplicity, four nested case–control studies includ-

ing 14,231 cases and 40,698 controls [14–17] were clas-

sified as case–control studies. As a result, 13 case–control

studies and nine cohort studies, which assessed the asso-

ciation between aspirin use and overall prostate cancer risk,

were included. Among these studies, more than half of the

case–control studies were population-based [9, 16–22],

whereas the remaining five were hospital-based [14, 15,

23–25]. As to geographic location, 12 studies were carried

out in the USA [7, 8, 21–23, 25–31], 3 studies were in

Canada [15, 17, 20], 2 studies were in the UK [14, 16] and

one each were in New Zealand [18], France [19], Italy [24],

Finland [9] and the Netherlands [32]. When it comes to

confounding factors, most studies adjusted for age [8, 9,

14, 16, 18, 20–32], race [7, 8, 21–23, 28, 30, 31] and family

history of prostate cancer [8, 16, 24, 25, 31] (Table 1).

For advanced prostate cancer, 12 studies including 9,783

cases were used for analysis, which included seven case–

control studies including 5,846 cases and 29,053 controls

[9, 18, 21, 22, 24, 25, 33] and five cohort studies including

3,937 cases among 272,736 subjects [7, 8, 28, 31, 34]. The

detailed characteristics of the studies included are sum-

marized in Table 2.

Overall prostate cancer

For the 22 studies included, nine of them showed protective

effects of aspirin use, while the remaining 13 studies did

not detect any association of aspirin use on the risk of

overall prostate cancer. The pooled estimates data revealed

a significant association between regular/any aspirin use

and the risk of prostate cancer (pooled RR 0.90, 95 % CI

0.86–0.95) (Fig. 2). Reverse associations were stronger,

when we limited our analyses to studies that assessed

regular aspirin use versus non-use (pooled RR 0.87, 95 %

CI 0.81–0.92). And there were little evidence of hetero-

geneity (I2 = 30.6 %, P value for heterogeneity = 0.174).

The heterogeneity could be subside after stratification by

design (case–control study: I2 = 0.0 %, P value for het-

erogeneity = 0.843; cohort study: I2 = 0.0 %, P value for

heterogeneity = 0.427, respectively). Besides, estimated

pooled data, which assessed daily aspirin use, showed a

deeper reverse association with remarkable heterogeneity

(pooled RR 0.82, 95 % CI 0.72–0.93; I2 = 53.6 %, P value

for heterogeneity = 0.091) (Supplementary Fig. 1). In

addition, a significant reverse association was detected in

the association between long-time aspirin use and overall

prostate cancer (pooled RR 0.82, 95 % CI 0.72–0.93),

Fig. 1 The detailed steps of the

literature search in this meta-

analysis
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which, however, with some evidence of heterogeneity

(I2 = 53.6 %, P value for heterogeneity = 0.091).

A series of subgroup analyses were carried out to detect

the source of heterogeneity (Table 3). The heterogeneity

for 13 case–control studies was large (I2 = 68.2 %,

P value for heterogeneity = 0.000) and did not subside

after stratification by type of control subjects, while no

evidence of heterogeneity among nine cohort studies

existed (I2 = 0.0 %, P value for heterogeneity = 0.703),

indicating that the results of the cohort studies (pooled RR

0.90, 95 % CI 0.86–0.94) were homogeneous. The pooled

estimated data in subgroup analyses revealed that geo-

graphic location, race and family history of prostate cancer

may confuse the assessed association and influence the

effect of aspirin use on risk of prostate cancer. It was

obvious that the heterogeneity would become weaker when

the studies were adjusted for more confounding factors (for

equal or more than five:I2 = 4.2 %, P value for heteroge-

neity = 0.398; for less than five:I2 = 61.7 %, P value for

heterogeneity = 0.001). No publication bias was found

through Egger’s test (P = 0.169) or Begg’s test

(P = 0.955) (Fig. 3).

Advanced prostate cancer

A stronger reverse association was detected in the asso-

ciation between aspirin use and the risk of advanced

prostate cancer (pooled RR 0.86, 95 % CI 0.78–0.95)

(Fig. 4). However, there were some evidence of hetero-

geneity (I2 = 41 %, P value for heterogeneity = 0.068).

When we restricted our analyses to long-time regular

usage of aspirin, a 30 % reduction in advanced prostate

cancer risk was found with little evidence of heteroge-

neity (I2 = 0.0 %, P value for heterogeneity = 0.969). In

subgroup analysis, a moderate protective rate was

obtained in cohort studies with little heterogeneity among

studies (I2 = 0 %, P value for heterogeneity = 0.743),

which confirmed the protective effect of aspirin use on

advanced prostate cancer (Table 4).

Discussion

In this meta-analysis of 24 observational studies, we found

that regular aspirin use was associated with reduction in

overall and advanced prostate cancer risk (pooled RR 0.86,

95 % CI 0.81–0.92; pooled RR 0.83, 95 % CI 0.75–0.91,

respectively). When it comes to long-time regular aspirin

use, reverse association became stronger (pooled RR 0.82,

95 % CI 0.72–0.93; pooled RR 0.70, 95 % CI 0.55–0.90,

respectively). Previously, there were three systematic

reviews [4–6] summarizing the evidence about the asso-

ciation of aspirin use and prostate cancer risk. Of these, aT
a
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significant inverse association was computed in the meta-

analysis conducted by Mahmud et al. [5]. In addition, an

updated systematic review, which performed by Bosetti

et al., suggested that prostate cancer risk is reduced by

10 % in regular aspirin users, with similar risk reductions

reported in both case–control and cohort studies. Recently,

several well-designed studies which adjusted more con-

founding factors were published and reported controversial

results. A cohort of 51,529 health professionals aged

40–75 years old was conducted by Dhillon et al. [8] to

evaluate the association between long-term aspirin use and

the incidence of total, high-grade, regionally advanced and

lethal prostate cancer. Any use more than 10 years had no

influence with overall prostate cancer risk (pooled RR 0.99;

95 % CI 0.87–1.12). But significantly reverse association

Fig. 2 Forest plot and meta-analysis of the association between any

aspirin use and prostate cancer risk. Any aspirin use was associated

with a reduction in prostate cancer risk (pooled RR 0.90, 95 % CI

0.85–0.95). Subgroup analysis based on study design obtained a

consistent result in cohorts with few heterogeneity. However, some

evidence of heterogeneity were detected in case–control studies

(I2 = 68.2 %, P for heterogeneity = 0.000)

Fig. 3 Begg’s funnel plot of any aspirin use and prostate cancer risk
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was observed in high-grade and lethal prostate cancer

which associated with higher doses of aspirin (C6 adult-

strength tablets per week). Another large-scaled study [9]

carried out in Finland at population level, which suggested

a decreased overall prostate cancer risk (OR 0.90, 95 % CI

0.84–0.96) in a dose-dependent fashion.

Table 3 Summary risk

estimates of the association

between aspirin use and the risk

of prostate cancer

RR relative risk, CI confidence

interval, vs versus

Number of

studies

Summary RR

(95 % CI)

P value Study heterogeneity

Q statistic I2 value

(%)

P value

Overall studies 22 0.90 (0.86–0.95) 0.000 46.55 54.9 0.001

Study design

Case–control study 13 0.91 (0.83–0.99) 0.021 37.72 68.2 0.000

Cohort study 9 0.90 (0.86–0.94) 0.000 5.50 0.0 0.703

Type of control subjects

Population-based 8 0.90 (0.81–0.99) 0.030 26.45 73.5 0.000

Hospital-based 5 0.95 (0.78–1.15) 0.561 10.38 61.5 0.034

Geographic location

America 15 0.88 (0.82–0.94) 0.000 37.68 62.8 0.001

Europe 6 0.97 (0.87–1.08) 0.558 7.39 32.3 0.193

Others 1 0.85 (0.61–1.18) 0.340 – – –

Regular aspirin use 10 0.86 (0.81–0.92) 0.000 12.88 30.1 0.168

Study design

Case–control study 4 0.75 (0.66–0.85) 0.000 0.83 0.0 0.843

Cohort study 6 0.90 (0.86–0.94) 0.000 4.91 0.0 0.427

Daily aspirin use 7 0.82 (0.74–0.90) 0.000 10.13 40.8 0.119

C4 years 2 0.78 (0.69–0.87) 0.000 0.86 0.0 0.353

\4 years 5 0.84 (0.75–0.94) 0.002 5.97 33.0 0.201

Regular aspirin use

versus non-use

9 0.87 (0.81–0.92) 0.000 11.5 30.6 0.174

Long-time regular use

(C4 years)

4 0.82 (0.72–0.93) 0.002 6.47 53.6 0.091

Number of adjusted confounders

Less than 5 14 0.93 (0.86–1.00) 0.052 33.96 61.7 0.001

Equal or more than 5 8 0.89 (0.85–0.94) 0.000 7.31 4.2 0.398

Adjustment for

confounders

Race

Yes 8 0.86 (0.79–0.94) 0.000 14.81 52.7 0.038

No 14 0.94 (0.87–1.00) 0.052 24.72 47.4 0.025

Family history of

prostate cancer

Yes 5 0.99 (0.90–1.09) 0.850 6.92 42.2 0.140

No 17 0.87 (0.81–0.93) 0.000 38.32 58.2 0.001

Smoking

Yes 4 0.88 (0.82–0.95) 0.001 1.70 0.00 0.428

No 18 0.91 (0.85–0.96) 0.002 42.07 57.2 0.001

Body mass index

Yes 5 0.92 (0.85–1.00) 0.041 5.79 30.9 0.216

No 17 0.89 (0.83–0.95) 0.001 40.3 60.3 0.001

Number of three main adjusted factors

Less than 2 12 0.91 (0.86–0.98) 0.002 19.83 44.5 0.048

Equal or more than 2 10 0.90 (0.82–1.00) 0.057 25.32 64.5 0.003
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Several mechanisms were proposed to interpret the

protective of aspirin and other NSAIDs on cancers, which

included induction of apoptosis via COX-independent

pathways, inhibition of cellular proliferation and angio-

genesis by up-regulating of tumor suppressor genes [35]. In

relation to prostate cancer, inhibition of the COX enzymes

Table 4 Summary risk

estimates of the association

between aspirin use and risk of

advanced prostate cancer

RR relative risk, CI confidence

interval, vs versus

Number of

studies

Summary RR

(95 % CI)

P value Study heterogeneity

Q statistic I2 value

(%)

P value

Overall studies 12 0.86 (0.78–0.95) 0.003 18.66 41.0 0.068

Study design

Case–control study 7 0.88 (0.72–1.07) 0.196 15.38 61.0 0.018

Population-based 5 0.77 (0.62–0.97) 0.028 8.25 51.5 0.083

Cohort study 5 0.85 (0.78–0.92) 0.000 1.96 0.0 0.743

Regular aspirin use 7 0.83 (0.75–0.91) 0.000 3.68 0.0 0.720

Daily aspirin use 4 0.85 (0.77–0.95) 0.003 1.41 0.0 0.704

Regular aspirin use

versus non-use

5 0.83 (0.75–0.92) 0.000 3.23 0.0 0.520

Long-time regular aspirin

use

4 0.70 (0.55–0.90) 0.006 0.25 0.0 0.969

Fig. 4 Forest plot and meta-analysis of the association between any

aspirin use and advanced prostate cancer risk. Any aspirin use was

associated with a reduction in advanced prostate cancer (pooled RR

0.86, 95 % CI 0.77–0.95). Subgroup analysis based on study design

obtained a consistent result in cohorts with few heterogeneity.

However, some evidence of heterogeneity were detected in case–

control studies (I2 = 61.0 %,P for heterogeneity = 0.018)
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involved in prostaglandin synthesis also played a role in the

prevention of prostate cancer. Gupta et al. [36] compared

levels of COX-2 mRNA in pair-matched benign and cancer

tissue obtained from the same prostate cancer patients and

found that COX-2 is over expressed in prostate cancers.

Consistent results were obtained from some others studies

[37, 38]. However, the influence of prostatitis on prostate

cancer risk remains unfathomed.

Several limitations should be taken into account in the

present meta-analysis. Firstly, half of included studies were

case–control studies, which were susceptible to recall bias

and select bias. These kinds of bias might be reduced to a

large extent in cohort studies. However, there were still

several potential known or unknown confounders, which

may influence conclusion drawn from the meta-analysis

compiled from these studies. Secondly, our literature

search was restricted to the studies published in PubMed,

EMBASE and Cochrane Library. It is well known that

negative studies were less likely to be published in indexed

journals, which may bias our results, though there was no

evidence of publication bias basing on either Egger’s test

or Begg’s test. Thirdly, studies included were different in

terms of populations, dose and duration of aspirin use,

selection of control group and confounders adjusted. Sub-

sequently, subgroup analyses were performed to reduce the

considerable heterogeneity. Moderate results were dem-

onstrated when our analyses got rid of the influence of the

factors mentioned before. The results also became

acceptable with little heterogeneity when we restricted our

analyses to regular aspirin use and long-time regular

aspirin use. But subgroup analyses and sensitivity analyses

were far from removing all the heterogeneity. Finally, it

was impossible to clarify the dose–response association

because of lack of data. So it is hard to quantitatively assess

the aspirin use on prostate cancer risk.

However, subgroup analyses based on several known

confounding factors such as age, race and family history of

prostate cancer were performed. And moderate results with

little heterogeneity were obtained. From this meta-analysis,

10 % reduction in prostate cancer risk and 14–15 % in

advanced prostate cancer risk were observed associated

with any use of aspirin in overall and cohort studies.

Smoking has not been established as risk factors for

prostate cancer, but they are important risk factors for other

human cancers and potentially major avoidable factors.

Recently, a published large prospective study among Jap-

anese found that smoking was inversely associated with

prostate cancer risk among total subjects, but tended to

increase the risk of advanced prostate cancer [39]. To

evaluate the effect of smoking on prostate cancer risk,

subgroup analysis based on smoking was performed.

However, no significant heterogeneity between subgroups

(P = 0.244) was obtained.

In conclusion, the results of this meta-analysis of 24

observational studies provide quantitative evidence that

aspirin may reduce the risk of overall and advanced pros-

tate cancer, especially long-time regular aspirin use. Fur-

ther well-designed large-scaled cohort studies are needed

to provide more definitive conclusions.
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