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Review Article
Fish consumption and prostate cancer risk: 
a meta-analysis of 37 studies
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Abstract: Background: Previous reports have suggested a potential association of fish consumption and the risk 
of prostate cancer. Since the associations between different studies were controversial, we therefore conducted a 
meta-analysis to re-assess the relationship between fish consumption and prostate cancer risk. Methods: Pertinent 
studies were identified by a search of PubMed, Embase, Web of Science and Medline until 31th of January in 2017. 
A random effect model was used to combine the relative risk (RR) with 95% confidence intervals (CI). Sensitivity 
analysis and publication bias were conducted. Results: Our meta-analysis was based on 37 studies (18 cohort 
studies and 19 case-control studies) involving 55401 cases. The total RR of prostate cancer risk for the highest vs. 
the lowest fish consumption was 0.956 (95% CI = 0.881-1.036), with its significant heterogeneity among studies 
(I2 = 65.6%, P = 0.000). All of the included studies suggested a high quality, with the average NOS score of 7.35. 
Subgroup analyses by study design and ethnicity also showed nonsignificant associations between fish consump-
tion and the risk of prostate cancer. And there was no publication bias of the meta-analysis about fish consumption 
and prostate cancer risk. Conclusion: We found that the highest fish consumption had no significant association on 
the risk of prostate cancer. 
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Introduction

Prostate cancer is a common cancer in men, 
accounting for approximately 25% of all can-
cers, and has the second highest incidence of 
cancer in men worldwide [1]. More than one 
million new prostate cancer patients were diag-
nosed in the year of 2015, presenting a tre-
mendous burden for public health [2]. Although 
much effort has been directed toward prostate 
cancer prevention, many aspects of its etiology 
are still unknown. To address this serious chal-
lenge, it is necessary to explore strategies that 
might reduce the incidence of prostate cancer.

Fish consumption has been explored for the 
risk of prostate cancer, and also to assess  
the influence on progression to more clinically 
advanced disease and thereby prostate cancer 
mortality. The mechanistic rationale for a pre-
ventive effect of fish on prostate cancer is  
partially ascribed to the content of longchain 
marine omega-3 polyunsaturated fatty acids 
[3]. These compounds may play a role in  

the development and progression of prostate  
cancer to a more clinically advanced disease 
through, for example, antiinflammatory effects 
[3]. Two previous meta-analyses [4, 5] which 
included the studies until 2010 had been con-
ducted to explore the association between fish 
consumption and prostate cancer risk. The 
results from them consistently suggested that 
there is no evidence of a protective association 
of fish consumption with prostate cancer inci-
dence. However, many cohort studies [6-10] 
with large cases and participants were con-
ducted in the recent years. Considering the 
results were not consistent, we then conducted 
an update meta-analysis to re-assess the rela-
tionship for prostate cancer risk with high fish 
consumption.

Materials and methods

Literature search

An electronic search of PubMed, Embase, Web 
of Science and Medline was performed until 
31th of January in 2017. The keywords imputed 
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are ‘fish’ OR ‘diet’ OR ‘lifestyle’ combined with 
‘prostate cancer’ OR ‘prostate carcinoma’ with 
language in English or Chinese. The full texts of 
relevant citations from all the results identified 
have been inspected and analyzed. Relative 
references in the main outcomes have also 
been searched and reviewed. The study selec-
tion process was performed following the 
Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [11]. 

Selection criteria

Evaluating all the studies above that presenting 
quantitative estimates regarding the linkage 
between fish consumption and the risk of pros-
tate cancer and those studies meet the require-
ment was embraced in our research and then 
included for this study. We made the strict crite-
ria for our studies as following: (1) The study 
design are cohort, case-control or cross-sec-
tional studies; (2) Human population studies; 
(3) The outcome of interest was prostate can-
cer; (4) The independent variable of interest 
was fish consumption; (5) The risk estimates, 
such as Relative Risk (RR) and Odds Ratio (OR) 
with 95% Confidence Intervals (CI) were report-
ed (or the numbers of case and control and the 
total numbers could calculate them). The stud-
ies could not satisfy such criteria were ruled 
out immediately.

Data extraction and quality assessment

The data extracted from the included studies in 
use were referring such aspects: author name, 
year of publication, country, design of study, 
fish type, age, number of case and participants, 

value of RR or OR with 95% CI and relative 
adjustments. A third reviewer was sought to 
make a common consensus on the abstracted 
data. The methodological quality of each study 
was assessed separately using the Newcastle-
Ottawa-Scale (NOS) [12], which can either be 
used as a checklist or scale. 

Statistical analysis

The pooled measure was calculated as the 
inverse variance-weighted mean of the loga-
rithm of RR with 95% CI. A random-effects 
model was used to combine study-specific RR 
(95% CI), which considers both within-study 
and between-study variation [13]. Statistical 
heterogeneity was analyzed using Cochran I2, 
which depicts the percentage of variation 
across studies due to heterogeneity rather than 
chance [14]. The I2 was used to assess hetero-
geneity, and I2 values of 0, 25, 50 and 75%  
represent no, low, moderate and high heteroge-
neity, respectively [15]. Meta-regression with 
restricted maximum likelihood estimation [16] 
and subgroup analysis according to study 
design and ethnicity were performed to assess 
the potentially important covariates that might 
exert substantial impact on between-study  
heterogeneity. Publication bias was analyzed 
by using Egger’s test and funnel plot [17]. 
Sensitivity analysis [18] was conducted to 
describe how robust the pooled estimator was 
when removing an individual studies at a time. 
STATA version 10.0 (StataCorp LP, College 
Station, Texas, USA) was used for the whole 
meta-analysis. Statistical significance was set 
at P < 0.05.

Results

Study selection

A flow diagram of the study selection process 
was showed in Figure 1. Database search led 
to retrieval of 684 records from PubMed, 
Embase, Web of Science and Medline. There 
were 123 duplicated records and 504 stu- 
dies obvious irrelevance when reviewing the 
abstract and titles that did not meet our 
demands, which were eliminated from further 
analyses. After carefully review of the full-text 
versions of each record, we finally ruled out 20 
articles. As a result, 37 studies [6-10, 19-50] 
involving 55401 cases were chosen for our 
meta-analysis. The characteristics of the in- 
cluded studies were presented in Table 1. 

Figure 1. Study selection process for this meta-anal-
ysis. 
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Table 1. Characteristics of the included studies

Study, year Study 
design Country Age 

(years)
Participants 

Cases
Fish 
Type RR (95% CI) Quality 

scores Adjustment for covariates

Allen et al. 2004 Cohort Japan 51-89 18115 (196) Total 1.77 (1.01-3.11) 8 Age, calendar period, city of residence, educational level, and radiation dose.

Allen et al. 2008 Cohort Europe 44-95 142520 (2727) Total 1.05 (0.91-1.20) 8 Center, educational level, height, marital status, total energy intake, and weight.

Amin et al. 2008 Case-control Canada 64.5±8.3 917 (386) Total 0.54 (0.32-0.89) 7 Age, alcohol use, cystitis, educational level, ethnicity, family history of prostate 
cancer, prostatitis, sexually transmitted infections, and smoking status.

Andersson et al. 1995 Case-control Sweden 70.0±6.1 508 (256) Total 1.8 (1.0-3.5) 7 Age.

Augustsson et al. 2003 Cohort United States 40-75 47822 (2482) Total 0.93 (0.80-1.08) 8 Age, caloric intake, fatty acids, lycopene, physical activity, retinol, and vitamin D.

Bosire et al. 2013 Cohort United States 50-71 293464 (23453) Total 0.79 (0.65-0.96) 7 Age, ethnicity, educational level, body mass index, smoking, physical activity, fam-
ily history of prostate cancer, diabetes, energy, history prostate-specific antigen 
screening, and all other components in the specific index.

Chavarro et al. 2008 Cohort United States 40-84 20167 (2161) Total 1.11 (0.95-1.30) 7 Age, alcohol intake, BMI, dairy-product intake, meat intake, multivitamin use, 
physical activity, race, random assignment to aspirin or b-carotene, smoking 
intake, tomato-product intake, and vitamin E supplement use

Chen et al. 2005 Case-control China ≥50 718 (237) Total 1.15 (0.79-1.66) 6 Age and BMI.

Deneo-Pellegrini et a. 1999 Case-control Uruguay 40-89 408 (175) Total 0.9 (0.5-1.8) 7 Age, residence, urban/rural status, education, family history of prostate cancer in 
a first-degree relative and body mass index.

Fernandez et al. 1999 Case-control Italy 40-75 8117 (127) Total 0.7 (0.4-1.1) 7 Age, alcohol use, area of residence, BMI, educational level, and smoking status

Fradet et al. 2009 Case-control United States 65.5±8.1 1012 (506) Dark 0.43 (0.29-0.63) 8 Age, ethnicity, and institution, total fat intake, body mass index, smoking, PSA 
screening, and family history of prostate cancer did not materially alter our 
results.

Hu et al. 2008 Case-control Canada 20-76 6838 (1799) Total 0.8 (0.7-1.0) 7 Age, alcohol use, BMI, cigarette pack-years, educational level, residence province, 
total fruit and vegetable intake, and total energy intake.

Jain et al. 1999 Case-control Canada 69.8 1253 (617) Total 0.66 (0.50-0.89) 7 Age, BMI, educational level, log-conjugated and total linoleic acid, dietary fiber, 
folic acid, fruit intake, grain intake, retinol, total carotenoids, total energy intake, 
total fat, total plants, vegetable intake, vitamin C, vitamin E, marital status, multi-
vitamin supplements used in past year, smoking, study area, and vasectomy.

Jian et al. 2004 Case-control China 72.7±7.1 404 (130) Salted 2.12 (1.17-3.86) 7 Age, BMI, educational level, caloric intake, family history of prostate cancer, fresh 
vegetable and fruit intake, income, marital status, physical activity, residence 
(rural or urban), and tea drinking.

Joshi et al. 2012 Case-control United States 65-79 1813 (717) Dark 0.9 (0.7-1.3) 8 Age, BMI, total calorie intake, family history of PCA, total fat intake, dietary 
vitamin D intake, alcohol consumption, total dairy intake, cigarette smoking, total 
fruit consumption, total vegetable consumption, red meat consumption, white 
meat consumption, processed meat consumption.

Key et al. 1997 Case-control United Kingdom 68.1 656 (328) Fatty 0.78 (0.47-1.29 6 Log total energy intake.

Key et al. 2014 Cohort United Kingdom 40-89 150000 (3000) White 1.03 (0.90-1.18) 8 NA.

Le Marchand et al. 1994 Cohort United States ≥45 20316 (198) Total 1.2 (0.8-1.8) 8 Age, ethnicity, and income.

Mills et al. 1989 Cohort United States ≥25 14000 (180) Total 1.47 (0.84-2.60) 7 Age.

Mina et al. 2008 Case-control Canada 66±6 3141 (1534) Salted 0.79 (0.61-1.02) 8 Age, cigarette pack-years, and race.

Outzen et al. 2016 Cohort Denmark 50-64 27178 (1690) Total 1.12 (0.97-1.29) 8 BMI, education, smoking status, smoking duration, smoking amount, participa-
tion in sport, red and processed meat intake, dairy products intake, alcohol 
intake, indicator for alcohol abstinence, indicator variable for fish intake.

Park et al. 2007 Cohort United States ≥45 82483 (4404) Total 1.04 (0.93-1.15) 7 BMI, educational level, ethnicity, family history of prostate cancer, smoking 
status, length of follow-up and total energy intake.
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Richman et al. 2010 Cohort United States 66.0±8.2 1294 (127) Total 1.13 (0.70-1.84) 8 Age at diagnosis, energy intake, time from diagnosis to questionnaire, primary 
treatment, BMI, nonvigorous activity, Gleason sum at diagnosis, and prostate-
specific antigen at diagnosis.

Rohrmann et al. 2007 Cohort United States ≥35 2892 (199) Total 0.86 (0.44-1.67) 8 Age, BMI at age 21 y, saturated fat intake, tomato-product intake, and total 
energy intake.

Schuurman et al. 1999 Cohort Holland 55-69 58279 (642) Total 1.03 (0.80-1.34) 7 Age, family history of prostate cancer, and socioeconomic status.

Severson et al. 1989 Cohort United States ≥45 7999 (174) Total 1.22 (0.74-2.01) 7 Age.

Sonoda et al. 2004 Case-control Japan 59-73 280 (140) Total 0.45 (0.20-1.02) 8 Energy intake and smoking.

Stott-Miller et al. 2013 Case-control United States 35-74 3041 (1549) Fried 1.41 (1.04-1.92) 8 Age, race, family history of prostate cancer, body mass index, PSA/DRE tests in 
previous 5 years, and education.

Sung et al. 1999 Case-control China ≥50 270 (90) Total 1.09 (0.61-1.96) 7 NA.

Talamini et al. 1992 Case-control Italy 45-79 956 (271) Total 0.79 (0.53-1.17) 7 Age, area of residence, BMI, and educational level.

Terry et al. 2001 Cohort Sweden 43-82 6272 (466) Total 0.43 (0.30-0.70) 7 Age, alcohol use, BMI, fruit and vegetable intake, milk intake, physical activity, 
processed meat intake, red meat intake, and smoking status

Torfadottir et al. 2013 Cohort Iceland 46.8±6.9 2268 (345) Total 1.05 (0.71-1.57) 8 Age at study entry in midlife, education, family history of prostate disease, going 
to a physician regularly, height in midlife, BMI in midlife, type 2 diabetes in midlife 
and concurrent salted or smoked fish-, fish oil-, milk-, rye bread-, and meat intake.

Tyagi et al. 2010 Case-control India 69.7 909 (303) Total 1.45 (1.01-2.09) 7 NA.

Ukoli et al. 2009 Case-control Nigeria 56.09±12.1 324 (56) Total 1.16 (0.50-2.68) 7 NA.

Villeneuve et al. 1999 Case-control Canada 50-74 3246 (1623) Total 1.0 (0.7-1.3) 6 Age, alcohol use, BMI, cigarette pack-years, coffee use, family history of cancer, 
fruit and fruit-juice intake, grain and cereal intake, income, meat intake, resi-
dence province, race, rice and pasta intake, tofu intake, and years since quitting 
smoking.

Wilson et al. 2016 Cohort United States 61 1155 (184) Total 0.83 (0.50-1.38) 8 Age at diagnosis and total energy intake, race, family history of prostate cancer, 
BMI, smoking, vigorous physical activity, total calcium intake, cooked tomato 
products intake, coffee intake, and clinical stage.

Wright et al. 2012 Cohort Finland 50-69 27111 (1929) Total 0.90 (0.79-1.02) 8 Age, energy intake, smoking dose and duration, trial intervention assignment, 
education level, and dietary fat intake

Abbreviations: NA: not available; CI: confidence interval; RR: relative risk.
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Among them, eighteen were prospective cohort 
studies and nineteen were case-control stud-
ies. Study populations were from four conti-
nents: Europe, Asia, America and Africa. The 
results of quality assessment of selected stud-
ies were showed in Table 1. Among the 37  
studies included, all of the studies were in rela-
tive high quality (over 6 stars), with the average 
NOS score was 7.35.

Association between fish consumption and the 
risk of prostate cancer

The multivariate-adjusted RR of each study 
with the highest vs. the lowest fish consump-
tion was available in Figure 2. The total RR of 

prostate cancer for the highest vs. the lowest 
fish consumption was 0.956 (95% CI = 0.881-
1.036), with its significant heterogeneity among 
studies (I2 = 65.6%, P = 0.020). 

In order to explore the significant between-
study heterogeneity founded in the overall  
analysis, univariate meta-regression with the 
covariates of publication year, location where 
the study was conducted, fish type and study 
design (case-control or prospective) was per-
formed. No significant differences were found 
in the above-mentioned analysis.

Whether the result of the research has publica-
tion bias or not were showed in Figure 3. The 

Figure 2. Forest plot for assessment of association between fish consumption and the risk of prostate cancer. 
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Egger’s test (P = 0.606) also showed that there 
was no publication bias of the meta-analysis 
about fish consumption and the risk of prostate 
cancer. 

Sensitivity analysis (Figure 4) showed that no 
individual study had excessive influence on the 
association on fish consumption and prostate 
cancer risk when removed a study at a time.

Subgroup analyses

We classified the included studies into several 
subgroups for analysis, of which the result was 
shown in Table 2. Considering the study design, 
the studies conducted in cohort studies (RR = 
1.000, 95% CI = 0.922-1.084) and case-con-
trol studies (RR = 0.904, 95% CI = 0.766-1.066) 
showed that no significant associations were 
found between them. When stratified by ethnic-
ity, the populations from America (RR = 0.908, 
95% CI = 0.812-1.016), Europe (RR = 0.947, 
95% CI = 0.836-1.073) and Asia (RR = 1.279, 
95% CI = 0.931-1.756) had nonsignificant asso-
ciation on prostate cancer risk with a high fish 
consumption.

Discussion

The findings from this meta-analysis of epide-
miologic studies indicated that highest fish  
consumption had no significant association for 
the risk of prostate cancer. The associations 
were also not significant either in cohort stud-
ies or in the case-control studies with higher 

know, between-study heterogeneity is common 
in a meta-analysis, and exploring the heteroge- 
neity is necessary in the report [51]. Therefore, 
we used univariate meta-regression with the 
covariates of publication year, location where 
the study was conducted, fish type and study 
design (case-control or prospective) to explore 
the between-study heterogeneity. No signifi-
cant findings were found in the above-men-
tioned analysis. We then conducted subgroup 
analyses by study design and geographic loca-
tions to further explore the source of heteroge-
neity. However, the between-study heterogene-
ity was evidence in some subgroup analyses.

Although we did not obtain the positive result 
for prostate cancer with higher fish consump-
tion, much cases and participants were includ-
ed; this may achieve a much more comprehen-
sive result. Most of the included studies had 
adjusted the covariates which may influence 
the result. Furthermore, we did not find any 
publication bias by the Egger’s test and funnel 
plot. What’s more, no individual study had 
excessive influence on the association of fish 
consumption and prostate cancer risk when 
removed a study at a time.

However, our meta-analysis still had several 
restrictions. Firstly, due to the unconformity of 
categories of fish consumption of each study, 
we did not do the dose-response analysis for 
fish consumption and prostate cancer risk. 

Figure 3. Funnel plot for assessment of publication bias.

fish consumption. The result 
of subgroup analysis by geo-
graphic locations was consis-
tent with the overall pooled 
result. Higher fish consump-
tion had no significant associ-
ation among American popu-
lation, European population or 
Asian population. The total RR 
of prostate cancer for the hig- 
hest vs. the lowest fish con-
sumption was 0.956 (0.881-
1.036), with its significant he- 
terogeneity among studies (I2 
= 65.6%, P = 0.020). 

However, evidence of signifi-
cant between-study hetero- 
geneity was found in the 
whole result and some sub-
groups analyses. As we all 
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Figure 4. Sensitivity analyses for assessment of association between fish consumption and the risk of prostate 
cancer.

Table 2. Summary risk estimates of the overall and subgroup analyses 
on fish consumption and the prostate cancer risk

Subgroups No.  
(cases)

No.  
studies Risk estimate (95% CI)

Heterogeneity test
I2 (%) P-value

All studies 55401 37 0.956 (0.881-1.036) 65.6 0.000
    Study design
        Prospective 44557 18 1.000 (0.922-1.084) 55.1 0.003
        Case-control 10844 19 0.904 (0.766-1.066) 69.7 0.000
    Ethnicity
        American 42468 19 0.908 (0.812-1.016) 66.9 0.000
        European 11781 11 0.947 (0.836-1.073) 64.9 0.001
        Asian 1096 6 1.279 (0.931-1.756) 56.0 0.045

Therefore, further studies with detailed catego-
ry of fish consumption are wanted to assess 
the dose-response analysis. Secondly, thirty of 
the 37 studies were reported the total fish, 
while little study was reported the fatty, salted, 
dark, fried or white fish. We therefore pooled 
the result for prostate cancer risk with the high 
total fish consumption. The RR of prostate can-
cer for the highest vs. the lowest total fish con-
sumption was 0.962 (95% CI = 0.885-1.046), 
consistent with the whole result and the sub-

group analyses. Thirdly, 
half of the studies fol-
lowed a case-control de- 
sign that may lead to 
inherent recall and sel- 
ection bias to retrospec-
tive studies. However, the 
association was not sig-
nificant either in case-
control studies or in the 
cohort studies. Finally, 
Study populations were 
from four continents: Eur- 
ope, Asia, America and 
Africa. To our attention, 

only one study was come from Africa. Therefore, 
more studies conducted in Africa are wanted in 
the future studies.

In summary, this study suggested that highest 
fish consumption had no significant associa-
tion on the risk of prostate cancer, either in 
cohort studies or in case-control studies. Dur- 
ing some limitation existed in our study, further 
studies with large cases and participants are 
wanted to confirm this result.
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