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Prostate cancer is one of the major health concerns 
worldwide, particularly in more developed countries.[1,2] 

The highest incidence rates of prostate cancer have found 
among men with African-American ancestry.[3] The occur-
rence of prostate cancer is extremely age-dependent. How-

ever, family history and ethnicity are the only established 
risk factors for the prostate cancer.[4,5] Epidemiological 
studies have shown that the familial risk of prostate cancer 
increases with the number of diagnosed family members 
and with age at onset of the relatives.[6] Prostate cancer is 
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suggested to arise from a combination of genetic, lifestyle 
and environmental factors.[7] It is suggested that environ-
mental factors may have a substantial role in prostate can-
cer incidence. However, genetic factors are major compo-
nents of prostate cancer development.[8,9] The contribution 
of genetic factors to the risk of prostate cancer is evident, 
but genetic susceptibility of aggressive prostate cancer is 
unclear.[8,10] To date, several genetic variants identified as 
the highest prostate cancer risk. Most of them, identified 
via genome-wide association study (GWAS), are located in 
introns or gene deserts. Furthermore, several known pros-
tate cancer risk regions have shown functional associations 
with genes.[11–13]

The cyclooxygenases (COXs), also known as prostaglandin-
endoperoxide synthase 2 (prostaglandin G/H synthase and 
cyclooxygenase), are a family of myeloperoxidases, which 
catalyzes the first two steps in the biosynthesis of prosta-
glandins (PGs) and located at the luminal side of the en-
doplasmic reticulum (ER) and nuclear membrane.[14–17] As 
a pro-inflammatory enzyme, cyclooxygenase-2 (COX-2) 
enhanced tremendously in response to pro-inflammatory 
and mitogenic stimuli resulting in redundant synthesis of 
prostaglandins from arachidonic acid. A body of evidence 
indicates a role for COX-2 in tumorigenesis due to its influ-
ence on cell proliferation, cell apoptosis, angiogenesis and 
immune response through various mechanisms [18]. Hu-
man COX-2 gene mapped in 1q25.2-q25.3, encompass 10 
exons and is 8.3 kb in size.[19,20] Functional genetic variations 
in COX-2 may alter the expression and activity of COX-2 en-
zyme, and therefore affect the individual’s susceptibility to 
prostate cancer several potentially functional variants relat-
ed to prostate cancer risk have been identified in the Cox-2 
gene, of which three functional SNPs, -765G>C (rs20417), 
-1195G>A (rs689466) in the promoter region, and the +8473 
C>T (rs5275) and +202C>T in the 3’UTR region, have been 
widely studied.[20] The first study for -765G>C, -1195G>A, 
+202C>T, and +8473T>C polymorphism evaluating those 
polymorphisms influence on the risk to develop prostate 
cancer was published in 2004,[21] 2007[22] and 2006,[23] re-
spectively. However, the primary studies based on a limited 
sample size were largely unsuccessful in detecting robust 
associations. Thus, we performed a systematic review and 
meta-analysis to clarify the association between COX-2 
gene polymorphisms and prostate cancer risk.

Materials and Methods
Search Strategy

A systematic literature search was performed using the US 
National Library of Medicine’s PubMed, Scopus, EMBASE, 
Web of Knowledge, Cochrane Library, Google Scholar, Sci-

entific Information Database (SID), WanFang, VIP, Chinese 
Biomedical Database (CBD), Scientific Electronic Library 
Online (SciELO) and China National Knowledge Infrastruc-
ture (CNKI) database to identify relevant articles evaluated 
the association of COX-2 polymorphisms with risk of pros-
tate cancer up to 1 January, 2021. Key search terms used 
were as follows: (‘’Prostate Cancer’’ OR ‘’Prostatic Neoplasia’’ 
OR ‘’ Prostatic Adenocarcinoma’’) AND (‘’ Cyclooxygenase-2’’ 
OR “COX-2” OR ‘’Prostaglandin-Endoperoxide Synthase 2’’ 
OR “PTGS2”) AND (‘’rs20417’’ OR ‘’-765G>C’’ OR ‘’rs689466’’ 
OR ‘’-1195G>A’’ OR ‘’rs2745557’’ OR ‘’+202C>T’’ OR ‘’rs5275’’ 
OR ‘’+8473T>C’’) AND (‘’Gene’’ OR ‘’Genotype’’ OR ‘’Allele’’ OR 
‘’Polymorphism’’ OR ‘’ Single nucleotide polymorphisms’’ OR 
‘’SNP’’ OR ‘’Variation’’ OR ‘’Mutation’’). In addition, the refer-
ence lists of each eligible studies, previous meta-analyses 
and review articles were manually searched to find other 
relevant publications. Articles were limited to English and 
Chinese language papers.

Inclusion Criteria

Studies were selected if meet the following criteria: 1) full-
text articles; 2) case-control or cohort studies; 3) studies 
the focused on the association of COX-2 polymorphisms 
and risk of prostate cancer; (4) Sufficient data for estimat-
ing an odds ratio (OR) or relative risk with 95% confidence 
interval (CI). Accordingly, the major exclusion criteria were: 
1) Studies did not evaluate the association of COX-2 poly-
morphisms and risk of prostate cancer; 2) studies focusing 
on animals or in vitro; 3) Studies that did not provide us-
able or sufficient data for pooling; 4) case only studies or no 
controls; 5) linkage studies and family based studies (twins 
and sibling); 6) case reports, abstracts, comments, confer-
ence abstracts, editorials, reviews, meta-analysis; and 7) 
duplicated studies or data. When duplicated studies were 
published by the same author obtained from the same pa-
tient sample, only the one with the largest sample size was 
included in this meta-analysis.

Data Extraction

In a standardized form, two authors independently and 
carefully extracted the necessary data from all eligible 
studies. In cases where both authors did not reached a 
consensus, third author was consulted to make a final 
decision. The following data were extracted: first author, 
year of publication, country origin, ethnicity, total num-
ber of cases and controls, the frequencies of genotypes, 
genotyping technique, minor allele frequency (MAF) and 
Hardy-Weinberg equilibrium (HWE) in controls. In case of 
disagreement, consensus was obtained by discussion, or a 
third author would assess these articles.
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Statistical Analysis

Crude odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were calculated to evaluate the strength of as-
sociation between COX-2 polymorphisms and prostate 
cancer risk in whole population. The pooled ORs were 
estimated under all five genetic comparison models, i.e., 
allele (A vs. B), homozygote (AA vs. BB), heterozygote (BA 
vs. BB), dominant (AA+BA vs. BB), and recessive (AA vs. 
BA+BB). Between-study heterogeneity was estimated us-
ing a Cochran-based Q statistical test, with P-values less 
than 0.1 indicated the absence of indicated heterogene-
ity among studies. Moreover, a quantitative measure of 
between-study heterogeneity was tested using the I2 
statistic (range of 0 to 100%), in which the heterogeneity 
was considered low, moderate, and high based on I2 val-
ues of 25%, 50%, and 75%, respectively. If the between-
study heterogeneity was statistically significant the ran-
dom effects model (DerSimonian and Laird method) was 
used; otherwise, the fixed effects model (Mantel Haenszel 
method) was applied. For each study, the Hardy–Wein-
berg equilibrium (HWE) in controls was estimated using 
the chi-square goodness-of-fit test. Sensitivity analyses 
were performed to assess the stability of the results by 
sequential removing of each study.[24,25] To evaluate the 
possible publication bias, Egger’s test (linear regression 
method) and Begg’s test (rank correlation method) were 
used, and P values of <0.05 were considered representa-
tive of significant statistical publication bias. If publica-
tion bias existed, the Duval and Tweedie non-parametric 
“trim-and-fill” method was used to adjust the results ac-

cordingly. All statistical analyses were performed using 
the Comprehensive Meta-Analysis (CMA) software ver-
sion 2.0 (Biostat, USA). Two-sided probability (P) values of 
<0.05 were considered statistically significant.

Results
Study Characteristics

Based on the search criteria, initially 413 studies were iden-
tified with duplicate studies removed resulting in 239 stud-
ies remaining. Among them, 131 publications were exclud-
ed based on titles and abstracts. Following the inclusion 
exclusion criteria 74 studies were excluded (Fig. 1). Finally, 
a total of 34 case-control studies (in 18 publications) were 
included in the present meta-analysis.[21,22,33–39,23,26–32] The 
characteristics of the included studies were summarized in 
Table 1. Of them, eleven case-control studies with 13.248 
cases and 14.768 controls were on -765G>C (rs20417), 
seven studies with 9.720 cases and 10.695 controls on 
-1195G>A (rs689466) polymorphism, nine studies with 
11.476 cases and 11.761 controls on +202C>T rs2745557 
polymorphism, and seven studies with 12.220 cases and 
12,496 controls were on +8473T>C (rs5275) polymorphism. 
For -765G>C polymorphism, six studies were from Cauca-
sians, two studies were from Asians and three studies were 
from Africans. For -1195G>A polymorphism, three studies 
were from Caucasians, three studies were from Asians and 
one study was from Africans. For +202C>T polymorphism, 
six studies were from Caucasians, one study was from 
Asians and two studies were from Africans. For +8473T>C 
polymorphism, five studies were from Caucasians, one 
study was from Asians and Africans. The countries of these 
studies included USA, UK, Italy, Denmark, Sweden, China, 
Japan, India, Nigeria, and Egypt. Of them, three studies did 
not satisfy the HWE for -765G>C (rs20417) polymorphism, 
one for -1195G>A (rs689466) polymorphism, and one for 
+8473T>C (rs5275) polymorphism.

Quantitative Data Synthesis

-765G>C (rs20417) Polymorphism

Table 2 listed the main results of the meta-analysis of 
-765G>C (rs20417) polymorphism and prostate cancer 
risk. When all the eligible studies were pooled into the 
meta-analysis of -765G>C (rs20417) polymorphism, no 
significant association was observed under all five genetic 
models (Fig. 2a, b). In the stratified analyses based on eth-
nicity, there was a significant association between -765G>C 
(rs20417) polymorphism and increased risk of prostate 
cancer among Caucasians under the recessive model (CC 
vs. CG+GG: OR= 1.520, 95% CI: 1.172-1.973; p= 0.002), but 
not among Africans.

Figure 1. Flowchart of literature search and selection process.
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-1195G>A (rs689466) Polymorphism

Table 2 also listed the main results of the meta-analysis 
of -1195G>A (rs689466) polymorphism and prostate can-
cer risk. When all the eligible studies were pooled into the 
meta-analysis of -1195G>A (rs689466) polymorphism, no 
significant association was observed in any genetic model 
(Fig. 3a, b). Subgroup analysis by ethnicity showed that 
there was a significant association between -1195G>A 
(rs689466) polymorphism and increased risk of prostate 
cancer among Asians under the heterozygote model (AG 
vs. GG: OR= 0.772, 95% CI: 0.633-0.941; p= 0.011) and domi-
nant model (AA+AG vs. GG: OR= 0.724, 95% CI: 0.600-0.874; 
p= 0.001), but not among Caucasians.

+202C>T (rs2745557) Polymorphism

The main results of +202C>T (rs2745557) polymorphism 
meta-analysis were listed in Table 3. Overall, there was 
a significant association between +202C>T (rs2745557) 
polymorphism and prostate cancer under the allele mod-
el (T vs. C: OR= 1.305, 95% CI: 1.849-9.490; p= 0.001, Fig. 
4a) and the dominant model (TT+TC vs. CC: OR= 0.781, 
95% CI: 0.669-0.913; p= 0.002, Fig. 4b). Subgroup analy-
sis by ethnicity showed that there was a significant as-
sociation between +202C>T (rs2745557) polymorphism 
and increased risk of prostate cancer among Caucasian 
(T vs. C: OR= 11.404, 95% CI: 5.921-21.965; p≤0.001 and 
TT+TC vs. CC: OR= 0.847, 95% CI: 0.800-0.897; p=0.005) 

Table 2. The meta-analysis of COX-2 gene polymorphism and prostate cancer risk

Subgroup	 Genetic model	 Type of model		  Heterogeneity			  Odds ratio			  Publication Bias

				    I2 (%)	 PH	 OR	 95% CI		  Ztest	 POR	 PBeggs	 PEggers

-765G>C	 C vs. G	 Fixed	 40.10	 0.081	 0.988	 0.944-1.033		 -0.539	 0.590	 0.119	 0.118
		  CC vs. GG	 Fixed	 0.00	 0.871	 0.970	 0.847-1.111		 -0.433	 0.665	 0.047	 0.001
		  CG vs. GG	 Fixed	 6.743	 0.379	 1.024	 0.970-1.081		 0.864	 0.387	 0.436	 0.623
		  CC+CG vs. GG	 Fixed	 0.00	 0.445	 1.018	 0.967-1.073		 0.683	 0.495	 0.161	 0.314
		  CC vs. CG+GG	 Fixed	 0.00	 0.856	 0.961	 0.840-1.099		 -0.580	 0.562	 0.076	 ≤0.001
By ethnicity
Caucasians	 C vs. G	 Fixed	 52.04	 0.064	 0.990	 0.945-1.037		 -0.416	 0.677	 0.259	 0.181
		  CC vs. GG	 Fixed	 0.00	 0.703	 0.985	 0.857-1.133		 -0.208	 0.835	 0.135	 0.020
		  CG vs. GG	 Fixed	 0.00	 0.869	 1.024	 0.969-1.083		 0.848	 0.396	 0.259	 0.677
		  CC+CG vs. GG	 Fixed	 0.00	 0.822	 1.020	 0.967-1.075		 0.714	 0.475	 0.259	 0.366
		  CC vs. CG+GG	 Fixed	 0.00	 0.839	 1.462	 1.272-1.681		 5.346	 ≤0.001	 0.132	 0.099
Africans	 C vs. G	 Fixed	 0.00	 0.792	 0.994	 0.749-1.320		 -0.038	 0.969	 0.335	 0.296
		  CC vs. GG	 Fixed	 0.00	 0.888	 0.715	 0.350-1.461		 -0.920	 0.358	 NA	 NA
		  CG vs. GG	 Fixed	 0.00	 0.750	 1.180	 0.822-1.695		 0.896	 0.370	 0.296	 0.099
		  CC+CG vs. GG	 Fixed	 0.00	 0.781	 1.090	 0.775-1.534		 0.496	 0.620	 0.296	 0.129
		  CC vs. CG+GG	 Fixed	 26.77	 0.243	 1.332	 0.655-2.710		 0.791	 0.429	 NA	 NA
-1195G>A	 A vs. G	 Random	 78.30	 ≤0.001	 0.936	 0.791-1.109		 -0.761	 0.447	 1.000	 0.532
		  AA vs. GG	 Random	 77.10	 ≤0.001	 0.817	 0.549-1.216		 -0.996	 0.319	 1.000	 0.531
		  AG vs. GG	 Random	 56.04	 0.034	 0.961	 0.813-1.137		 -0.462	 0.644	 0.763	 0.618
		  AA+AG vs. GG	 Random	 72.80	 0.001	 0.936	 0.763-1.147		 -0.642	 0.518	 1.000	 0.542
		  AA vs. AG+GG	 Random	 67.25	 0.005	 0.883	 0.651-1.197		 -0.803	 0.422	 0.763	 0.664
By ethnicity										        
Caucasians	 A vs. G	 Fixed	 0.00	 0.953	 1.036	 0.984-1.091		 1.350	 0.177	 1.000	 0.928
		  AA vs. GG	 Fixed	 0.00	 0.877	 1.092	 0.950-1.255		 1.244	 0.214	 1.000	 0.455
		  AG vs. GG	 Fixed	 0.00	 0.782	 1.028	 0.964-1.095		 9.845	 0.398	 1.000	 0.438
		  AA+AG vs. GG	 Fixed	 0.00	 0.849	 1.034	 0.973-1.099		 1.068	 0.285	 1.000	 0.735
		  AA vs. AG+GG	 Fixed	 0.00	 0.837	 1.084	 0.944-1.243		 1.146	 0.252	 1.000	 0.501
Asians	 A vs. G	 Random	 77.98	 0.011	 0.784	 0.581-1.058		 -1.591	 0.112	 1.000	 0.996
		  AA vs. GG	 Random	 79.60	 0.007	 0.609	 0.324-1.147		 -1.534	 0.125	 1.000	 0.976
		  AG vs. GG	 Fixed	 39.43	 0.192	 0.772	 0.633-0.941		 -2.558	 0.011	 1.000	 0.687
		  AA+AG vs. GG	 Fixed	 64.91	 0.058	 0.724	 0.600-0.874		 -3.372	 0.001	 1.000	 0.852
		  AA vs. AG+GG	 Random	 75.48	 0.017	 0.743	 0.452-1.219		 -1.176	 0.239	 1.000	 0.937
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and Africans (TT vs. CC: OR= 0.071, 95% CI: 0.027-0.188; 
p≤0.001; TT+TC vs. CC: OR= 0.340, 95% CI: 0.199-0.581; 
p≤0.001 and TT vs. TC+CC: OR= 0.070, 95% CI: 0.037-
0.132, p≤0.001).

+8473T>C (rs5275) Polymorphism

Table 3 also listed the main results of the meta-analysis of 
+8473T>C (rs5275) polymorphism and prostate cancer risk. 
When all the eligible studies were pooled into the meta-
analysis of +8473T>C (rs5275) polymorphism, no signifi-
cant association was observed in any genetic model (Fig. 
5a, b). Moreover, in the stratified analyses based on eth-
nicity, there was not still significant association between 
+8473T>C (rs5275) polymorphism and risk of prostate can-
cer (Table 3).

Test of Heterogeneity

As shown in Table 2 and 3, there was a significant het-
erogeneity existed under most genetic models for COX-
2 -1195G>A and +202C>T polymorphisms. we carried 
out subgroup analyses by ethnicity to find the potential 
source of heterogeneity. Results showed that Caucasians 
and Africans descent subjects have not overall effect on 
the heterogeneity for the COX-2 -1195G>A and +202C>T 
polymorphisms, respectively. Moreover, in the current me-
ta-analysis the I2 statistics is very high in almost subgroup 
analysis which show that most of the variability between 
studies is due to heterogeneity rather than chance.

Sensitivity Analyses and Publication Bias

We performed the sensitivity analyses to assess the robust-
ness of the results by removing each study in turn and all 
the results were not essentially altered, suggesting that the 
results of the present meta-analysis were statistically sta-
ble. Publication bias of the eligible literature was evaluated 
by funnel plots and the shapes of funnel plots for literature 
about association between four polymorphisms and risk 
of prostate cancer. The shapes of the funnel plots for three 
studied polymorphisms showed no obvious asymmetry, 
except for -765G>C (rs20417) polymorphism under two ge-
netic models, i.e., homozygote model (PBeggs =0.047; PEg-
gers=0.001) and recessive (PBeggs =0.076; PEggers≤0.001). 
Therefore, the Duval and Tweedie non-parametric “trim-
and-fill” method was used to adjust for publication bias. 
Meta-analyses with and without using the “trim-and-fill” 
method did not draw different conclusions (Fig. 6a, b).

Discussion
The etiology of prostate cancer is complicated, and several 
risk factors are involved in the development of this disease.
[40,41] In addition to environmental and lifestyle risk factors, 
genetic causes, such as single gene mutations, also play es-
sential roles in prostate cancer. the current meta-analysis 
was performed to provide a clear understanding the asso-
ciation of COX-2 polymorphisms with risk of prostate can-
cer.[42] COXs are necessary for the metabolic conversion of 
arachidonic acid to prostaglandins, including PGE2, a major 
mediator of inflammation and angiogenesis.[16,43] COX-2 is 
an inducible prostaglandin H synthase involved in the pro-

Figure 2. Forest plot for association of the COX-2 -765G>C polymor-
phism with prostate cancer risk in overall population. (a) allele model 
(C vs. G); (b) recessive model (CC vs. CG+GG).

Figure 3. Forest plot for association of the COX-2 -1195G>A polymor-
phism with prostate cancer risk in overall population. A: heterozygote 
model (AG vs. GG); B: dominant model (AA+AG vs. GG).
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duction of prostaglandins (PG).[44,45] An increasing number 
of studies have demonstrated that COX-2/PGE signaling 
pathway is involved in the progression of benign prostatic 
hyperplasia (BPH).[46,47]

The current meta-analysis is the largest and most compre-
hensive assessment of the association of the COX-2 poly-
morphisms with risk prostate cancer. The current meta-
analysis was included 11 studies relating to the -765G>C 
(rs20417) polymorphism (13,248 cases and 14,768 con-
trols), 7 studies relating to the -1195G>A (rs689466) 
polymorphism (9,720 cases and 10,695 controls), 9 stud-
ies relating to the +202C>T (rs2745557) polymorphism 
(11,476 cases and 11,761 controls), and 7 studies relating 
to the +8473T>C (rs5275) polymorphism (12,220 cases and 
12,496 controls). The pooled data revealed that the COX-2 
+202C>T (rs2745557) polymorphism was significantly as-
sociated with an increased risk of prostate cancer in over-
all population. However, the -765G>C (rs20417),-1195G>A 

(rs689466) and +8473T>C (rs5275) polymorphisms were 
not statistically significantly associated with susceptibility 
to prostate cancer. Similarly, Feng et al., in a meta-analy-
sis based on nine studies with 5952 cases and 5078 con-
trols showed that the COX2 -765G>C polymorphism was 
not associated with prostate cancer risk.[48] Yang et al., in 
a meta-analysis of 5 case control studies revealed that the 
+8473T>C polymorphism may have little association with 
risk of prostate cancer in Caucasians, but not in other eth-
nicities.[49]

These results were not in agreement with previous meta-
analyses. In 2012, Zhang et al. aggregated eight articles 
to evaluate the association between the COX-2 +202C>T 
(rs2745557) polymorphism and prostate cancer risk. Their 
results showed that the this polymorphism was not associ-
ated with prostate cancer in overall population.[50] This could 
be partially attributable to the relatively small sample size. 
Interestingly, compared with the Zhang et al. study, only 

Table 3. The meta-analysis of COX-2 gene polymorphism and prostate cancer risk.

Subgroup	 Genetic model	 Type of model		  Heterogeneity			  Odds ratio			   Publication Bias

				    I2 (%)	 PH	 OR	 95% CI		  Ztest	 POR	 PBeggs	 PEggers

+202C>T	 T vs. C	 Random	 99.08	 ≤0.001	 4.189	 1.849-9.490		 3.434	 0.001	 0.259	 0.471
		  TT vs. CC	 Random	 83.87	 ≤0.001	 0.597	 0.282-1.261		 -1.352	 0.176	 0.060	 0.304
		  TC vs. CC	 Fixed	 48.37	 0.085	 0.883	 0.754-1.033		 -1.552	 0.121	 0.452	 0.222
		  TT+TC vs. CC	 Random	 68.73	 0.001	 0.781	 0.669-0.913		 -3.103	 0.002	 0.047	 0.176
		  TT vs. TC+CC	 Random	 98.57	 ≤0.001	 0.881	 0.109-7.114		 -0.118	 0.906	 0.707	 0.047
By ethnicity
Caucasians	 T vs. C	 Random	 98.44	 ≤0.001	 11.404	 5.921-21.965	 7.278	 ≤0.001	 1.000	 0.525
		  TT vs. CC	 Fixed	 0.00	 0.772	 1.052	 0.885-1.251		 0.578	 0.563	 1.000	 0.572
		  TC vs. CC	 Random	 68.26	 0.043	 0.912	 0.759-1.097		 -0.976	 0.329	 1.000	 0.712
		  TT+TC vs. CC	 Fixed	 54.42	 0.052	 0.847	 0.800-0.897		 -5.696	 0.005	 0.707	 0.763
		  TT vs. TC+CC	 Random	 97.90	 ≤0.001	 2.857	 0.400-20.391	 1.047	 0.295	 1.000	 0.072
Africans	 T vs. C	 Random	 99.13	 ≤0.001	 1.559	 0.055-43.96		 0.261	 0.794	 NA	 NA
		  TT vs. CC	 Fixed	 36.66	 0.209	 0.071	 0.027-0.188		 -5.356	 ≤0.001	 NA	 NA
		  TC vs. CC	 Fixed	 0.00	 0.527	 0.580	 0.331-1.016		 -1.905	 0.057	 NA	 NA
		  TT+TC vs. CC	 Fixed	 71.99	 0.059	 0.340	 0.199-0.581		 -3.947	 ≤0.001	 NA	 NA
		  TT vs. TC+CC	 Fixed	 46.56	 0.171	 0.070	 0.037-0.132		 -8.149	 ≤0.001	 NA	 NA
+8473T>C	 C vs. T	 Fixed	 38.68	 0.134	 1.011	 0.974-1.049		 0.555	 0.578	 0.229	 0.242
		  CC vs. TT	 Fixed	 41.51	 0.114	 1.021	 0.942-1.108		 0.511	 0.609	 0.548	 0.412
		  CT vs. TT	 Fixed	 0.00	 0.509	 1.008	 0.955-1.063		 0.281	 0.779	 0.763	 0.814
		  CC+CT vs. TT	 Fixed	 13.63	 0.326	 1.014	 0.964-1.066		 0.533	 0.594	 1.000	 0.567
		  CC vs. CT+TT	 Fixed	 44.80	 0.092	 1.072	 0.928-1.238		 0.948	 0.343	 0.548	 0.304
By ethnicity										        
Caucasian	 C vs. T	 Fixed	 31.31	 0.213	 1.004	 0.967-1.043		 0.231	 0.817	 1.000	 0.752
		  CC vs. TT	 Fixed	 37.82	 0.169	 1.008	 0.929-1.095		 0.194	 0.846	 0.806	 0.887
		  CT vs. TT	 Fixed	 11.54	 0.340	 1.007	 0.954-1.063		 0.249	 0.803	 0.806	 0.671
		  CC+CT vs. TT	 Fixed	 26.68	 0.244	 1.011	 0.960-1.063		 0.405	 0.685	 0.806	 0.671
		  CC vs. CT+TT	 Fixed	 31.07	 0.214	 1.007	 0.932-1.088		 0.181	 0.856	 0.806	 0.950
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one additional study with 120 cases and 120 controls was 
included in the current meta-analysis, from which different 
evidence could be provided on the association between 
COX-2 +202C>T (rs2745557) poly-morphism and risk of 
prostate cancer. Therefore, considering the limited studies 
included in the meta-analysis, this may increase the risk of 
false negative findings, any conclusions at overall popula-
tion level should be interpreted with caution. Thus, in spite 
of the negative findings between this study and previous 
meta-analyses, it does not mean that the these polymor-
phisms are not biologically functional, and it is possible 

that the relative risk attributable to a single allele is small. 
The main possible reason for this discrepancy might be the 
enlarged sample size in the current meta-analysis with pre-
vious meta-analyses.

The presence of heterogeneity and publication bias might 
distort the conclusion of the meta-analyses and result in 
an erroneous and potentially misleading conclusion.[51,52] 
The heterogeneity might be explained by sampling er-
rors and the small number of samples in some studies or 
chance or real differences in populations or in interactions 
with other risk factors.[53] To explore the sources of het-
erogeneity for COX-2 -1195G>A and +202C>T polymor-
phisms, a subgroup analysis by ethnicity was carried out. 
The results showed that the heterogeneity was signifi-
cantly reduced or disappeared in Caucasians and Africans, 
respectively; which indicated that ethnicity could partly 
explain the source of heterogeneity. The studies for the 
Asians and Caucasians for -1195G>A and +202C>T poly-
morphisms yielded different results, with high heteroge-
neity, revealing the necessity for further study. Moreover, 
we performed sensitivity and stratified analyses to iden-
tify the sources of heterogeneity. However, the results did 
not essentially changed, suggesting that our pooled data 
of were stable.

Figure 4. Forest plot for association of the COX-2 +202C>T polymor-
phism with prostate cancer risk in overall population. (a) allele model 
(T vs. C); (b): dominant model (TT vs. TC+CC).

Figure 5. Forest plot for association of the COX-2 +8473T>C polymor-
phism with prostate cancer risk in overall population. (a) homozygote 
model (CC vs. TT); (b) heterozygote model (CT vs. TT).

Figure 6. The funnel plots of publication bias for association of the 
COX-2 -765G>C polymorphism with prostate cancer risk in overall 
population. (a) homozygote model (CC vs. GG) and (b) recessive 
model (CC vs. CG+GG).
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When interpreting the results of the this meta-analysis, 
there are still several limitations that should be taken with 
cause. First, the number of included studies was relatively 
small in African and mixed populations. Therefore, the as-
sociation of COX-2 polymorphisms with risk of prostate 
cancer in African and mixed remained unclear. Second, 
the studies included in this meta-analysis were published 
in English. Unpublished studies or studies published in 
non-English studies were not included in our study, which 
the publication bias was unavoidable. Third, substantial 
heterogeneity was observed for COX-2 -1195G>A and 
+202C>T polymorphisms. However, subgroup analysis and 
sensitivity analyses revealed that this heterogeneity could 
not be fully explained by the results. Fourth, its OR values 
were unadjusted data, due to the lack of data of age, eating 
habits, smoking, chemical exposure, alcoholic consump-
tion, family history, obesity and other environmental ex-
posure factors. Finally, we reported only crude estimates 
of genetic association and did not measure gene-gene or 
gene-environment interactions due to lack of original data 
in primary studies.

In summary, this meta-analysis results indicated that the 
COX-2 +202 C>T (rs2745557) polymorphism was associ-
ated with an increased risk of prostate cancer in overall 
population. However, the COX-2 -765G>C, -1195G>A and 
+8473T>C polymorphisms were not associated. However, 
large sample size, well-designed, and population-based 
studies should be performed to verify the association COX-
2 polymorphisms with prostate cancer risk.
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