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Abstract

Background: Previous epidemiological studies have shown that fish consumption may modify the risk of ovarian cancer.
However, these studies yielded controversial results. The present meta-analysis was undertaken to evaluate the relationship
between fish intake and ovarian cancer risk.

Methods: A literature search was carried out using Pubmed, Embase, and Cochrane Library Central database for all relevant
studies up to August 2013. We pooled the relative risks (RR) from individual studies using fixed-effect or random-effect
model, and carried out heterogeneity and publication bias analyses.

Results: A total of 15 (ten case–control, and five cohort) studies were included in the present meta-analysis, representing
data for 889,033 female subjects and 6,087 ovarian cancer cases. We found that total fish intake was not significantly
associated with the risk of ovarian cancer among cohort studies (RR = 1.04 95% CI [0.89, 1.22]) as well as case–control studies
(RR = 0.90, 95% CI [0.73,1.12]). There was no evidence of publication bias as suggested by Begg’s test (P = 0.55) and Egger’s
test(P = 0.29).

Conclusions: The present meta-analysis showed that total fish consumption was not significantly associated with the risk of
ovarian cancer. Further analysis on different fish species and food preparation methods should be conducted in future
studies.
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Introduction

Ovarian cancer is the most lethal gynecological malignancy and

ranks as the sixth common cancer in women worldwide [1]. Less

than 50% of patients are alive 5 years after initial diagnosis

because the majority of cases are diagnosed with ovarian cancer at

an advanced stage[2,3]. Parity, oral contraceptive use, and family

history are well-known risk factors for ovarian cancer[2,4,5].

However, the relationship between diet and the risk of ovarian

cancer is still controversial.

Previous studies suggested that there was a significant associ-

ation between meat intake, in particular red meat and processed

meat, and the risk of several types of cancers, such as colorectal

adenomas, esophageal cancer, and bladder cancer[6–8]. Fish is an

important aspect of diet that has been linked favorably or

unfavorably to the risk of several cancers[9–11]. The polyunsat-

urated omega-3 fatty acids in fish are thought to be able to reduce

the risk of some types of cancers[12], however, on the other hand,

carcinogenic and mutagenic Nnitroso compounds and heterocy-

clic amines in processed fish may increase the risk of can-

cer[13,14]. There are several case-control and cohort studies

investigating the association between fish intake and ovarian

cancer risk, however, their results were inconsistent. In 2010,

Kolahdooz et al [15]performed a meta-analysis of observational

studies which investigated the association between meat, fish

intake and ovarian cancer risk. They reported that high fish intake

was associated with a borderline significantly reduced risk of

ovarian cancer(RR = 0.84; 95% CI: 0.68, 1.03). However, their

meta-analysis only included 8 observational studies, including two

cohort studies, three hospital-based case-control studies, and three

population-based case-control studies. Further more, their meta-

analysis was too simple, and they haven’t done sub-group analyses

according to geographic location and adjustment factors, sensitiv-

ity analysis, and meta-regression analysis. Hence, we now

performed a more detailed meta-analysis of observational studies

to evaluate the effect of fish consumption on the risk of developing

ovarian cancer.

Materials and Methods

Data Sources and Searches
The present meta-analysis was conducted following the

Preferred Reporting Items for Systematic reviews and Meta-

Analyses guidelines(PRISMA)[16], and the meta-analysis of

observational studies in epidemiology (MOOSE) guidelines[17].

A literature search was carried out using Pubmed, Embase, and

Cochrane Library Central database for all relevant studies
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published in English-language journals up to August 2013. Search

terms included: ‘‘fish’’ or ‘‘seafood’’ and ‘‘ovarian’’ or ‘‘ovary’’ and

‘‘cancer’’ or ‘‘tumour’’ or ‘‘neoplasm’’ or ‘‘malignancy’’. The

reference lists of each comparative study included in this meta-

analysis and previous reviews were manually examined to identify

additional relevant studies.

Study selection criteria
Two reviewers independently selected eligible observational

studies that investigated fish intake and ovarian cancer risk.

Disagreement between the two reviewers was settled by discussing

with the third reviewer. Inclusion criteria were: (i) used a case-

control or cohort study design; (ii) evaluated the association

between fish intake and ovarian cancer risk; (iii) presented odds

ratio (OR), relative risk (RR), or hazard ratio (HR) estimates with

its 95% confidence interval (CI). Exclusion criteria were (i) lack of

available data (ii) reviews, editorials, comments, reports from

scientific sessions or discussions. When there were multiple

publications from the same population, only data from the most

recent report was included in the meta-analysis and the remaining

publications were excluded. Studies reporting different measures

of RR like risk ratio, rate ratio, hazard ratio, and odds ratio were

included in the meta-analysis. In practice, these measures of effect

yield a similar estimate of RR, since the absolute risk of ovarian

cancer is low.

Data extraction and methodological quality assessment
The following data was collected by two reviewers indepen-

dently using a purpose-designed form: name of the first author,

publishing time, country of the population studied, study design,

study period, number of cancer cases and subjects, dietary

assessment method, type of fish, the study-specific adjusted ORs,

RRs, or HRs with their 95% CIs for the highest category of fish

consumption versus the lowest, confounding factors for matching

or adjustments. We used Newcastle-Ottawa scale to assess the

methodologic quality of cohort and case-control studies. The

Newcastle-Ottawa Scale contains eight items that are categorized

three categories: selection (four items, one star each), comparabil-

ity (one item, up to two stars), and exposure/outcome (three items,

one star each). A ‘‘star’’ presents a ‘‘high-quality’’ choice of

individual study. The full score was 9 stars, and the high-quality

study was defined as a study with $6 awarded stars.

Statistical analysis
The study-specific adjusted RRs were used as the common

measure of association across studies. Because the absolute risk of

ovarian cancer is low in human, the ORs in case–control studies

should approximate the RRs or HRs; therefore, we reported all

results as RRs for simplicity. Heterogeneity was assessed using the

Cochran Q and I2 statistics. For the Q statistic, a P value,0.10

was considered statistically significant for heterogeneity; for the I2

statistic, heterogeneity was interpreted as absent (I2: 0%–25%),

low (I2: 25.1%–50%), moderate (I2: 50.1%–75%), or high (I2:

75.1%–100%)[18]. Some studies presented individual risk esti-

mates according to the different types of fish and did not report the

effect of total fish consumption. In this situation, the study-specific

effect size in overall analysis was calculated by pooling the risk

estimates of the various fish types, using the inverse-variance

method. Subgroup analyses were carried out according to (i) study

design (cohort studies versus case-control studies), (ii)geographic

location (Europe versus North America versus Asia versus

Australia), (iii) number of adjustment factors (n$8 versus n#7),

adjustment for alcohol intake (yes, no), adjustment for total energy

intake (yes, no), adjustment for use of oral contraceptives(yes, no),

adjustment for parity(yes, no), adjustment for smoking status(yes,

no), adjustment for family history of ovarian cancer(yes, no),

Pooled RR estimates and corresponding 95% CIs were calculated

using the inverse variance method. When substantial heterogene-

ity was detected(I2$50%), the summary estimate based on the

random-effect model (DerSimonian-Laird method)[19] was re-

ported, which assumed that the studies included in the meta-

analysis had varying effect sizes. Otherwise, the summary estimate

based on the fixed-effect model (the inverse variance method)[20]

was reported, which assumed that the studies included in the meta-

analysis had the same effect size. We carried out sensitivity

analyses by excluding one study at a time to explore whether the

results were significantly influenced by a specific study. To better

investigate the possible sources of between-study heterogeneity, a

meta-regression analysis was performed[21]. A univariate model

was established, and then variables with P values $0.1 were

entered into a multivariable model. Publication bias was assessed

using Begg and Mazumdar adjusted rank correlation test and the

Egger regression asymmetry test[22,23]. All analyses were

performed using Stata version 11.0 (StataCorp, College Station,

TX).

Figure 1. Flow diagram of screened, excluded, and analyzed
publications.
doi:10.1371/journal.pone.0094601.g001
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Results

Literature search and study characteristics
Figure 1 illustrates the search process and the final selection of

relevant studies. 1,222 records were identified through database

searching, and 30 additional records were identified through other

sources. On the basis of the titles and abstracts, we identified 23

full-text articles. After further evaluation, eight studies were

excluded for lack of available data. At last, a total of 15 eligible

studies published between 1984 and 2011 were identified,

including 10 case–control studies[12,15,24–31] and five cohort

studies[32–36] (Baseline data and other details of included case–

control studies and cohort studies are shown in Table 1 and

Table 2, respectively). Among the ten case-control studies, five

studies were population based, and the other five studies were

hospital based. A total of 889,033 female subjects, including 6,087

ovarian cancer cases were involved. Of the 15 included studies, six

studies were conducted in Europe, three studies in Asia, five

studies in North America, and remaining one in Australia. Most

studies used food frequency questionnaires(FFQ) for the assess-

ment of fish consumption. Most studies matched or adjusted for

some potential confounders, including age, total energy intake,

and use of oral contraceptives. Table S1 summarizes the quality

scores of cohort studies and case-control studies. The Newcastle-

Ottawa Scale scores for the included studies ranged from 4 to 9,

with a median 7.5. The median scores of cohort studies and case-

control studies were 9 and 5.5, respectively. 10 studies were

deemed to be of a high quality ($6).

Meta-Analysis results of case-control studies
Because significant heterogeneity was observed (I2 = 74.9%, p,

0.001), a random-effect model was chosen over a fixed-effect

model and we found that fish consumption did not significantly

affect the risk of ovarian cancer among case-control stu-

dies(RR = 0.90, 95% CI [0.73,1.12]). Both multivariable adjusted

RR estimates with 95% CIs of each study and combined RR are

shown in Figure 2. In a stratified analysis by control source, we

haven’t found significant association between fish consumption

and ovarian cancer risk among population-based studies or

hospital-based studies(RR = 0.82, 95% CI [0.58, 1.16],

RR = 0.99, 95% CI [0.72, 1.36], respectively, presented in

Table 3). When we stratified the various studies by geographic

location, we found that fish consumption was associated with a

significant reduced risk of ovarian cancer among studies conduct-

ed in Europe (RR = 0.71, 95%CI [0.61, 0.82]), and Australia

(RR = 0.76, 95%CI [0.63, 0.92]). However, no significant

association was detected among studies conducted in North

America (RR = 0.91, 95%CI [0.53, 1.57]), and Asia (RR = 1.30,

95%CI [0.90, 1.88]). When we examined whether the associations

were affected by adjustment for total energy intake, use of oral

contraceptives, parity, smoking status, alcohol consumption,

family history of ovarian cancer, the associations were significantly

affected by use of oral contraceptives and parity. Further, it was

Figure 2. Forest plot: fish consumption and ovarian cancer risk among case-control studies. Squares indicated study-specific risk
estimates (size of square reflects the study-statistical weight, i.e. inverse of variance); horizontal lines indicate 95% confidence intervals; diamond
indicates summary relative risk estimate with its corresponding 95% confidence interval.
doi:10.1371/journal.pone.0094601.g002
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observed that studies with higher control for potential confounders

(n$8) as well as studies with lower control (n#7) presented no

significant association between fish intake and ovarian cancer risk

(shown in Table 3). To test the robustness of association and

characterize possible sources of statistical heterogeneity, sensitivity

analyses were carried out by excluding studies one-by-one and

analyzing the homogeneity and effect size for all of rest studies.

Sensitivity analysis indicated that no significant variation in

combined RR by excluding any of the study, confirming the

stability of present results.

Meta-Analysis results of cohort studies
Because no significant heterogeneity was observed (I2 = 0%,

p = 0.874), a fixed-effects model was chosen over a random-effects

model and we found that fish consumption did not significantly

affect the risk of ovarian cancer among five cohort stu-

dies(RR = 1.04 95% CI [0.89, 1.22]). Both multivariable adjusted

RR estimates with 95% CIs of each study and combined RR are

shown in Figure 3.

Meta-regression analysis and publication bias
To better investigate the possible sources of heterogeneity

among case- control studies, a meta-regression analysis was

performed. Study design, geographic area, control source,

publication year, major confounders adjusted(total energy intake,

use of oral contraceptives, parity, smoking status, alcohol

consumption, family history of ovarian cancer), which may be

potential sources of heterogeneity, were tested by a meta-

regression method. We found that geographic area(0.021) and

study design(P = 0.039) had statistical significance in a multivariate

Table 3. Summary risk estimates of the association between fish consumption and ovarian cancer risk among case-control studies.

No. of studies Pooled estimate Tests of heterogeneity

RR 95% CI P value I2(%)

All studies 10 0.90 0.73–1.12 ,0.001 74.9

Geographic location

Europe 3 0.71 0.61–0.82 0.413 0.0

North America 3 0.91 0.53–1.57 0.007 80.1

Asia 3 1.30 0.90–1.88 0.261 25.5

Australia 1 0.76 0.63–0.92 N/A N/A

Control source

Population-based 5 0.82 0.58–1.16 ,0.001 82.5

Hospital-based 5 0.99 0.72–1.36 0.012 69.1

Adjusted for confounders

Number of adjustment factors

n$8 confounders 5 1.00 0.74–1.35 0.005 73.4

n#7 confounders 5 0.81 0.60–1.10 0.005 73.3

Major confounders adjusted

Total energy intake

yes 5 0.97 0.72–1.31 0.001 79.1

no 5 0.83 0.58–1.19 0.004 73.6

Use of oral contraceptives

yes 4 0.79 0.63–0.99 0.112 50.0

no 6 0.96 0.67–1.37 ,0.001 81.0

Parity

yes 4 0.79 0.63–0.99 0.112 50.0

no 6 0.96 0.67–1.37 ,0.001 81.0

Alcohol consumption

yes 5 0.79 0.55–1.13 0.003 74.9

no 5 1.01 0.76–1.35 0.002 76.1

Smoking status

yes 4 1.07 0.74–1.55 0.001 84.7

no 6 0.80 0.60–1.06 0.006 69.0

Family history of ovarian cancer

yes 1 1.45 0.78–2.27 N/A N/A

no 9 0.87 0.70–1.09 ,0.001 75.8

CI, confidence interval; N/A, not available; RR, relative risk.
doi:10.1371/journal.pone.0094601.t003
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model. In the present meta-analysis, no publication bias was

observed among studies using Begg’s P value (P = 0.55); Egger’s

(P = 0.29) test, which suggested there was no evidence of

publication bias (Figure 4).

Discussion

The present meta-analysis included 15 observational studies

currently available (five cohort studies and ten case–control

studies), involving a total of 889,033 female subjects and 6,087

ovarian cancer cases. There was no significant heterogeneity

Figure 3. Forest plot: fish consumption and ovarian cancer risk among cohort studies. Squares indicated study-specific risk estimates (size
of square reflects the study-statistical weight, i.e. inverse of variance); horizontal lines indicate 95% confidence intervals; diamond indicates summary
relative risk estimate with its corresponding 95% confidence interval.
doi:10.1371/journal.pone.0094601.g003

Figure 4. Funnel plot for publication bias in the studies investigating risk for ovarian cancer associated with fish intake.
doi:10.1371/journal.pone.0094601.g004
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among the five cohort studies, so a fixed-effect model was chosen,

and we found that total fish consumption did not significantly

affect the risk of ovarian cancer among cohort studies(comparing

the highest with the lowest category). Because there was

statistically significant heterogeneity among the 10 case-control

studies, so a random-effect model was chosen. Finally, we found

that total fish consumption did not significantly affect the risk of

ovarian cancer among case-control studies. Meta-regression

analysis revealed that geographic area and study design may be

the source of heterogeneity. In our subgroup analyses, the results

were not substantially affected by control source and most

confounder adjustments(total energy intake, smoking status,

alcohol consumption, and family history of ovarian cancer). We

found that the association was substantially affected by geographic

location where the studies conducted. Fish consumption was

associated with a significant reduced risk of ovarian cancer among

studies conducted in Europe and Australia. However, no

significant association was detected among studies conducted in

North America and Asia. There are many possible reasons which

will lead to the difference in association between different areas.

The differences in genetic susceptibility, culture, and lifestyles may

explain part of the inconsistency of the results. Another reason is

that the composition of total fish is different in different areas.

Sensitivity analysis indicated that an omission of any studies did

not alter the magnitude of observed effect significantly, suggesting

a stability of our findings. Moreover, the results of Begg’s test and

Egger’s test did not support the existence of major publication

bias. In the present meta-analysis, we should notice that there were

only five cohort studies investigating the association between fish

intake and ovarian cancer risk. That number was rather low to

draw firm conclusions. Compared with case-control studies, cohort

studies are less susceptible to bias (e.g. recall bias, selection bias)

due to their nature. Furthermore, case–control studies had a lower

median quality score than cohort studies (5.5 versus 9). So more

prospective cohort studies are needed to confirm this association in

the future.

Fish consumption has both anticarcinoma and carcinogenic

effects. On one hand, fish has protective effect against ovarian

cancer. As we know, fish, especially fatty fish is rich in omega-3

fatty acids[37]. The results of Tavani A et al’s meta-analysis

showed that there was a significantly inverse association between

intake of omega-3 polyunsaturated fatty acid and ovarian cancer

risk[38]. Multiple mechanisms are involved in this chemopreven-

tive activity, including cell growth inhibition and enhanced

apoptosis, suppression of neoplastic transformation, and anti-

angiogenicity[39–41]. On the other hand, carcinogenic and

mutagenic Nnitroso compounds and heterocyclic amines in

processed fish may increase the risk of ovarian cancer[13,14]. In

the present meta-analysis, we only investigated total fish

consumption and ovarian cancer risk. We thought that the

combination of anticarcinoma effect from omega-3 fatty acids in

fish and carcinogenic effect from carcinogenic and mutagenic

Nnitroso compounds and heterocyclic amines in processed fish

lead to the null association found in this meta-analysis. We haven’t

done subgroup analysis according to fish type(fresh fish and

processed fish, fatty fish and nonfatty fish), for a lack of available

studies. Among all the included studies, only the study conducted

in Australia separated fatty and nonfatty fish. And they found that

fatty fish intake was associated with a significant reduced risk of

ovarian cancer (RR = 0.79, 95%CI [0.65, 0.98]), however, there

was no significant association between nonfatty fish intake and

ovarian cancer risk(RR = 0.86, 95%CI [0.75, 1.05]).

The strength of the present meta-analysis lies in a large sample

size (889,033 female subjects and 6,087 ovarian cancer cases) and

no significant evidence of publication bias. Two investigators

independently performed the article identification, data extraction,

and verification and resolved all discrepancies. Furthermore, our

findings were stable and robust in sensitivity analyses. However,

several limitations to this meta-analysis should be noted. Firstly, as

a meta-analysis of observational data, the possibility of recall and

selection biases cannot be ruled out. Compared with case-control

studies, cohort studies are less susceptible to bias due to their

nature. However, the present meta-analysis included only five

cohort studies, so more prospective cohort studies are need to

confirm the association in the future. Secondly, we did not search

for unpublished studies, so only published studies were included in

our meta-analysis. Therefore, publication bias may have occurred

although no publication bias was indicated from both visualization

of the funnel plot and Egger’s test. Lastly, different types of

fish(nonfatty fish and fatty fish, fresh fish and processed fish) may

have different effects on the risk of ovarian cancer, however, we

can’t do detailed meta-analysis for a lack of available studies.

In conclusion, the present meta-analysis of five cohort and ten

case-control studies showed that total fish consumption was not

significantly associated with the risk of ovarian cancer. Further

analysis on different fish species and food preparation methods

should be conducted in future study.

Supporting Information

Table S1 Methodologic quality of studies included in
the meta-analysis.

(DOC)

Checklist S1 PRISMA Checklist.

(DOC)

Author Contributions

Conceived and designed the experiments: PYJ. Performed the experiments:

PYJ ZBJ KXS. Analyzed the data: PYJ ZBJ KXS YY. Contributed

reagents/materials/analysis tools: PYJ ZBJ KXS YY. Wrote the paper:

PYJ ZBJ.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer

statistics. CA Cancer J Clin 61: 69–90.

2. Holschneider CH, Berek JS (2000) Ovarian cancer: epidemiology, biology, and

prognostic factors. Semin Surg Oncol 19: 3–10.

3. Webb PM, Purdie DM, Grover S, Jordan S, Dick ML, et al. (2004) Symptoms

and diagnosis of borderline, early and advanced epithelial ovarian cancer.

Gynecol Oncol 92: 232–239.

4. Beral V, Doll R, Hermon C, Peto R, Reeves G (2008) Ovarian cancer and oral

contraceptives: collaborative reanalysis of data from 45 epidemiological studies

including 23,257 women with ovarian cancer and 87,303 controls. Lancet 371:

303–314.

5. La Vecchia C (2001) Epidemiology of ovarian cancer: a summary review.

Eur J Cancer Prev 10: 125–129.

6. Salehi M, Moradi-Lakeh M, Salehi MH, Nojomi M, Kolahdooz F (2013) Meat,

fish, and esophageal cancer risk: a systematic review and dose-response meta-

analysis. Nutr Rev 71: 257–267.

7. Wang C, Jiang H (2012) Meat intake and risk of bladder cancer: a meta-analysis.

Med Oncol 29: 848–855.

8. Xu X, Yu E, Gao X, Song N, Liu L, et al. (2013) Red and processed meat intake

and risk of colorectal adenomas: a meta-analysis of observational studies.

Int J Cancer 132: 437–448.

9. Qin B, Xun P, He K (2012) Fish or long-chain (n-3) PUFA intake is not

associated with pancreatic cancer risk in a meta-analysis and systematic review.

J Nutr 142: 1067–1073.

10. Szymanski KM, Wheeler DC, Mucci LA (2010) Fish consumption and prostate

cancer risk: a review and meta-analysis. Am J Clin Nutr 92: 1223–1233.

Fish and Ovarian Cancer: A Meta-Analysis

PLOS ONE | www.plosone.org 8 April 2014 | Volume 9 | Issue 4 | e94601



11. Wu S, Feng B, Li K, Zhu X, Liang S, et al. (2012) Fish consumption and

colorectal cancer risk in humans: a systematic review and meta-analysis.

Am J Med 125: 551–559 e555.

12. Fernandez E, Chatenoud L, La Vecchia C, Negri E, Franceschi S (1999) Fish

consumption and cancer risk. Am J Clin Nutr 70: 85–90.

13. Lijinsky W (1999) N-Nitroso compounds in the diet. Mutat Res 443: 129–138.

14. Rohrmann S, Hermann S, Linseisen J (2009) Heterocyclic aromatic amine

intake increases colorectal adenoma risk: findings from a prospective European

cohort study. Am J Clin Nutr 89: 1418–1424.

15. Kolahdooz F, van der Pols JC, Bain CJ, Marks GC, Hughes MC, et al. (2010)

Meat, fish, and ovarian cancer risk: Results from 2 Australian case-control

studies, a systematic review, and meta-analysis. Am J Clin Nutr 91: 1752–1763.

16. Moher D, Liberati A, Tetzlaff J, Altman DG (2010) Preferred reporting items for

systematic reviews and meta-analyses: the PRISMA statement. Int J Surg 8:

336–341.

17. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, et al. (2000) Meta-

analysis of observational studies in epidemiology: a proposal for reporting. Meta-

analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA

283: 2008–2012.

18. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327: 557–560.

19. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177–188.

20. Woolf B (1955) On estimating the relation between blood group and disease.

Ann Hum Genet 19: 251–253.

21. Higgins JP, Thompson SG (2004) Controlling the risk of spurious findings from

meta-regression. Stat Med 23: 1663–1682.

22. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation

test for publication bias. Biometrics 50: 1088–1101.

23. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis

detected by a simple, graphical test. BMJ 315: 629–634.

24. Bosetti C, Negri E, Franceschi S, Pelucchi C, Talamini R, et al. (2001) Diet and

ovarian cancer risk: a case-control study in Italy. Int J Cancer 93: 911–915.

25. Cramer DW, Welch WR, Hutchison GB, Willett W, Scully RE (1984) Dietary

animal fat in relation to ovarian cancer risk. Obstet Gynecol 63: 833–838.

26. Hu J, La Vecchia C, DesMeules M, Negri E, Mery L (2008) Meat and fish

consumption and cancer in Canada. Nutr Cancer 60: 313–324.

27. La Vecchia C, Decarli A, Negri E, Parazzini F, Gentile A, et al. (1987) Dietary

factors and the risk of epithelial ovarian cancer. J Natl Cancer Inst 79: 663–669.

28. Mori M, Harabuchi I, Miyake H, Casagrande JT, Henderson BE, et al. (1988)

Reproductive, genetic, and dietary risk factors for ovarian cancer.
Am J Epidemiol 128: 771–777.

29. Pan SY, Ugnat AM, Mao Y, Wen SW, Johnson KC (2004) A case-control study

of diet and the risk of ovarian cancer. Cancer Epidemiol Biomarkers Prev 13:
1521–1527.

30. Yen ML, Yen BL, Bai CH, Lin RS (2003) Risk factors for ovarian cancer in
Taiwan: a case-control study in a low-incidence population. Gynecol Oncol 89:

318–324.

31. Zhang M, Yang ZY, Binns CW, Lee AH (2002) Diet and ovarian cancer risk: a
case-control study in China. Br J Cancer 86: 712–717.

32. Daniel CR, Cross AJ, Graubard BI, Hollenbeck AR, Park Y, et al. (2011)
Prospective investigation of poultry and fish intake in relation to cancer risk.

Cancer Prev Res (Phila) 4: 1903–1911.
33. Gilsing AM, Weijenberg MP, Goldbohm RA, van den Brandt PA, Schouten LJ

(2011) Consumption of dietary fat and meat and risk of ovarian cancer in the

Netherlands Cohort Study. Am J Clin Nutr 93: 118–126.
34. Larsson SC, Wolk A (2005) No association of meat, fish, and egg consumption

with ovarian cancer risk. Cancer Epidemiol Biomarkers Prev 14: 1024–1025.
35. Schulz M, Nothlings U, Allen N, Onland-Moret NC, Agnoli C, et al. (2007) No

association of consumption of animal foods with risk of ovarian cancer. Cancer

Epidemiol Biomarkers Prev 16: 852–855.
36. Kiani F, Knutsen S, Singh P, Ursin G, Fraser G (2006) Dietary risk factors for

ovarian cancer: the Adventist Health Study (United States). Cancer Causes
Control 17: 137–146.

37. Sharma A, Belna J, Logan J, Espat J, Hurteau JA (2005) The effects of Omega-3
fatty acids on growth regulation of epithelial ovarian cancer cell lines. Gynecol

Oncol 99: 58–64.

38. Tavani A, Pelucchi C, Parpinel M, Negri E, Franceschi S, et al. (2003) n-3
polyunsaturated fatty acid intake and cancer risk in Italy and Switzerland.

Int J Cancer 105: 113–116.
39. Cerchietti LC, Navigante AH, Castro MA (2007) Effects of eicosapentaenoic

and docosahexaenoic n-3 fatty acids from fish oil and preferential Cox-2

inhibition on systemic syndromes in patients with advanced lung cancer. Nutr
Cancer 59: 14–20.

40. Chapkin RS, Davidson LA, Ly L, Weeks BR, Lupton JR, et al. (2007)
Immunomodulatory effects of (n-3) fatty acids: putative link to inflammation and

colon cancer. J Nutr 137: 200S–204S.
41. Stoll BA (2002) N-3 fatty acids and lipid peroxidation in breast cancer inhibition.

Br J Nutr 87: 193–198.

Fish and Ovarian Cancer: A Meta-Analysis

PLOS ONE | www.plosone.org 9 April 2014 | Volume 9 | Issue 4 | e94601


