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Fish consumption and risk of breast cancer: meta-analysis of 27 observational studies
Consumo de pescado y riesgo de cáncer de mama: metaanálisis de 27 estudios observacionales
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Objectives: The association between ﬁsh consumption and the risk of breast cancer has not been established yet. Results from epidemiological
studies are inconsistent. We conducted a meta-analysis to examine the association between ﬁsh consumption and the risk of breast cancer.
Methods: We identiﬁed eligible studies in Medline and EMBASE up to February 2015 and the reference lists of original studies and review articles
on this topic. Summary relative risks with their 95% conﬁdence intervals were calculated with a random-effects model.
Results: We identiﬁed 27 studies eligible for analysis. The summary relative risk of breast cancer for the highest consumption of ﬁsh compared
with the lowest was 0.96 (95% CI = 0.87-1.07), with evidence of heterogeneity (Q = 69.09, p < 0.001, I2 = 68.0%). Four studies investigated
lean ﬁsh consumption and revealed that there was a small increase in the risk of breast cancer (summary RR = 1.09, 95% CI = 1.00-1.19). As
only four studies were included in the subgroup analysis, results must be interpreted with caution.
Conclusions: The overall current literature on ﬁsh consumption and the risk of breast cancer suggested no association. Further well-designed
prospective studies are needed to explore ﬁsh consumption in relation to breast cancer risk.
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Objetivos: hasta el momento, no se ha establecido una asociación entre el consumo de pescado y el riesgo de padecer cáncer de mama. Los
resultados derivados de estudios epidemiológicos son inconsistentes. En este caso, llevamos a cabo un metaanálisis para examinar la relación
entre el consumo de pescado y el riesgo de cáncer de mama.
Métodos: identiﬁcamos diversos estudios aptos en Medline y EMBASE hasta febrero de 2015, así como las referencias bibliográﬁcas de estudios
originales y artículos revisados sobre este tema. Se calculó el resumen de riesgo relativo con un intervalo de conﬁanza del 95% mediante un
modelo de efectos aleatorios.
Resultados: se identiﬁcaron 27 estudios aptos para análisis. El riesgo relativo de cáncer de mama asociado al mayor consumo de pescado
respecto al menor fue de 0,96 (95% CI = 0,87-1,07), con maniﬁesta heterogeneidad (Q = 69,09, p < 0,001, I 2 = 68,0%). Cuatro estudios
investigaron el consumo de pescado magro y revelaron un pequeño incremento en cuanto al riesgo de cáncer de mama (resumen RR = 1,09, 95%
CI = 1,00-1,19). Dado que solo fueron incluidos cuatro estudios en el análisis del subgrupo, los resultados han de ser interpretados con cautela.
Conclusiones: En general, la literatura actual sobre consumo de pescado y riesgo de padecer cáncer de mama sugiere que no existe asociación
entre ambos. Es necesario llevar a cabo otros estudios prospectivos con un diseño adecuado para explorar dicha relación.
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INTRODUCTION
Breast cancer is the most common malignancy afflicting
women and is one of the leading causes of cancer mortality
(1). A recent analysis by the National Institutes of Health has
shown that the national medical cost of breast cancer care
is estimated to be $16.50 billion in 2010 and will be $20.5
billion in 2020, accounting for the largest part of all cancer
costs (2). Primary prevention of breast cancer is, therefore,
very important.
The potential role that lifestyle plays as a cause of breast cancer
remains an active area of research. Cigarette smoking is potentially linked to breast cancer (3). Several studies have suggested that
physical activity, alcohol consumption (4), and low level of vitamin
B6 intake (5) are associated with increased risk of breast cancer.
A report published in 2008 by the World Cancer Research Fund
and the American Institute for Cancer Research on the relationship
between diet and cancer suggested that the consumption of certain types of food may be directly associated to the development
of breast cancer (6).
Experimental evidence indicated that n-3 polyunsaturated
fatty acids, which occur at high level in fish, have protective
effects against some common cancers. The underlying mechanisms included suppression of neoplastic transformation,
cell growth inhibition and enhanced apoptosis, and antiangiogenicity (7,8). However, epidemiological studies assessing
the relation between breast cancer and ﬁsh consumption
are inconclusive. Some studies showed a decrease in risk
(9,10), and some found no association (11,12), while others
revealed an increased risk associated to high consumption of
ﬁsh (13,14). We therefore performed a systematic review and
meta-analysis to assess the association between fish consumption and breast cancer risk.
MATERIALS AND METHODS
DATA SOURCES AND SEARCHES
Two authors independently performed a literature search
using Medline and EMBASE database up to February 1st 2015.
We searched the studies with the following text words and/or
Medical Subject Heading (MeSH) terms: “diet” or “fish”, “breast”,
“cancer” or “tumor” or “neoplasm” or “carcinoma”. Furthermore,
we reviewed the reference lists of retrieved articles to search for
more studies.
STUDY SELECTION
To be included in our meta-analysis, the following criteria
had to be met. First, the study had to have a case-control
or cohort study design. Second, the exposure of interest had
to be ﬁsh consumption. Third, the number of breast cancer
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cases and controls had to be reported. Fourth, the relative
risks (RRs) or odds ratios (ORs) with their corresponding 95%
conﬁdence interval (CI) for the highest versus non/lowest level
of ﬁsh consumption had to be reported. Two authors evaluated
all the studies retrieved from the databases independently. Any
discrepancies between the two reviewers were solved by joint
reevaluation of the manuscript. In case of multiple publications
from the same study, the most relevant was selected, using the
other publications to clarify methodology or characteristics of
the population.
DATA EXTRACTION AND QUALITY
ASSESSMENT
Three authors evaluated independently all of the studies
retrieved according to the pre-specified selection criteria. Any
discrepancies between reviewers were addressed by a joint
reevaluation of the original article. We identified 30 potentially relevant articles concerning fish consumption and breast
cancer risk (9,38). After duplicated studies were excluded,
the remaining publications in the meta-analysis of ﬁsh consumption and breast cancer included 27 articles: eight cohort
studies and 18 case-control studies. We used a standardized
protocol and reporting form to collect the following data from
each publication: reference (ﬁrst author, year of publication),
geographic location, study design, source of control (population-based or hospital-based), menstrual conditions, sample
size, ﬁsh consumption level, effect estimates with 95% CI,
and covariates adjusted in the statistical analysis. The quality
of each study was assessed independently by two reviewers
using the Newcastle-Ottawa Scale (NOS). The NOS consists
of three parameters of quality: selection, comparability, and
outcome (cohort studies) or exposure (case-control studies).
The NOS assigns a maximum of four points for selection, a
maximum of two points for comparability, and a maximum
of three points for exposure or outcome. Any discrepancies
between reviewers were addressed by a joint reevaluation of
the original article.
STATISTICAL ANALYSIS
Study-specific RRs with corresponding 95% CI for the highest versus non/lowest fish consumption levels were extracted.
We ignored the distinction between the various estimates of
RR (i.e., OR, rate ratio, hazard ratio) and all measures were
interpreted as RR for simplicity. When several estimates were
available, we used the one that was adjusted for most variables.
Q and Higgins I2 statistics were used to examine heterogeneity not only among studies but also between the subgroups
included in this meta-analysis (39,40). For the Q statistics,
p < 0.10 indicated statistically significant heterogeneity (39).
We defined statistical significance as p < 0.10 rather than the
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conventional level of 0.05 due to the low power of this test (41).
I2 values lie between 0% (no observed heterogeneity) and 100%
(maximal heterogeneity); thus, an I2 value greater than 50%
may be considered to represent substantial heterogeneity (40).
Risk estimates were calculated using a random-effects model,
incorporating both within- and between-study variability (39).
Funnel plots and statistical tests for funnel plot asymmetry were
performed to test evidence of publication bias. Meta-analyses
were carried out using Review Manager version 5.0 software
(Copenhagen: The Nordic Cochrane Centre; The Cochrane
Collaboration, 2008). A two-tailed p-value less than 0.05 was
considered to be significant.

Excluded studies (970)
n = 959 (not relevant)
n = 11 (duplicate)
Databases
Titles and abstracts
n = 1012
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STUDY CHARACTERISTICS
Twenty-seven articles that met our inclusion criteria in this
meta-analysis were published between 1986 and 2009. There
were 8 cohort studies and 19 case-control studies. One study provided RR from both population-based and hospital-based controls
(33). Four studies presented results for pre- and postmenopausal
women separately (30-33). So, we could use the four studies
for subgroup analysis of menstrual conditions (Fig. 1). The main
characteristics of the included studies were summarized in table I.

Excluded studies (15)
n = 10 (not relevnat)
n = 5 (not provided RR)

Studies retrieved for
ful texts creening
n = 42

Studies selected for
review
n = 30

Databases
Titles and abstracts
n = 27

Hand searchof references
of selected studies for
additional studies n = 3

Figure 1.
Flow chart of the selection of studies included
in the meta-analysis.

Table I. Characteristics of included studies
Author/

Country/
Design

Kim

Pre- or postmenopausal

South
Korea/

Cases/

Fish
consumption

Effect
estimate

Subjects

Levels

(95% CI)

358/
Both

2009

HCC

718

Zhang

China/

438/

2009

HCC

Engeset

Europe/

2006

Cohort

Both

876

0.55
≥ 33.7 g/day vs <
9.99 g/day

310,671

8
(0.32-0.96)
0.72

Q4 vs Q1

4,776/

Both

NOS

(0.46-1.10)

8

1.07

Q5 vs Q1

(0.95-1.20)

8

Variables of adjustment
Age, BMI, family history,
education, occupation, alcohol
consumption, smoking, physical
activity, total energy intake,
menopausal status, age at
menarche
Age at menarche, live birth
and age at ﬁrst birth, BMI,
family history, physical activity,
smoking, energy intake,
vegetable, fruit, and soy food
intake
Time of follow-up, energy
intake (EI) from fat, EI from
carbohydrates and protein,
alcohol consumption, height,
weight, age at menarche,
number of full-term pregnancies
(FTP) and age at ﬁrst FTP,
hormone replacement therapy,
oral contraceptives (OC) and
menopausal status
(Continues in the next page)
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Table I (Cont.). Characteristics of included studies
Author/

Country/
Design

Shannon

China/

2005

PCC

Fung

USA/

2005

Cohort

Folsom

USA/

2004

Cohort

McElroy

USA/

2004

PCC

Lund

Norway/

2004

Cohort

Stripp

Denmark/

2003

Cohort

Shannon

USA/

2003

PCC

Terry

Sweden/

2002

PCC

Pre- or postmenopausal
Both

Post

Post

Cases/

Fish
consumption

Effect
estimate

Subjects

Levels

(95% CI)

378/

≥ 4.3/wk vs

1.55

1,448

< 1.3/wk

(0.97-2.48)

3,026/

2 - 3.9/day vs

1.37

71,058

< 1/week

(0.87-2.15)

1,885/

≥ 2.5 servings/wk vs

0.92

41,836

< 0.5 servings/wk

(0.76-1.12)

1,481/

Both

Both

Post

Post

Post

2,782

Variables of adjustment

7

Age, energy intake, and breastfeeding

8

Age, smoking, BMI, multivitamin,
energy intake, physical activity,
family history, duration of
menopause, age at menarche
and hormone replacement
therapy, age at ﬁrst birth, BMI
at age 18, weight change since
age 18, adult height and alcohol
consumption

8

Age, energy intake, education,
physical activity, alcohol
consumption, smoking, packyears of cigarette smoking,
age at first birth, estrogen use,
vitamin use BMI, waist/hip ratio,
DM, hypertension, whole grains,
fruit and vegetables intake, red
meat, cholesterol, and saturated
fat intake

8

Age, family history, alcohol
consumption, age at first fullterm pregnancy, lactation,
menopausal status, age at
menopause, weight at age 18,
weight gain since age 18, and
education

8

Age, energy intake, BMI,
menopausal status, living in
regions with a breast screening
program, alcohol consumption,
live birth and age at first
birth, oral contraceptives, and
hormone replacement therapy

7

Education, hormone replacement
therapy, duration of HRT, BMI
and alcohol consumption

6

Age, total energy intake, live
birth and education

7

Age, BMI, height, smoking,
physical activity, alcohol
consumption, vegetables intake,
menopause type, duration of
hormone replacement therapy,
age at menarche, and age at
first birth

1

Any vs none

(0.86-1.17)

493/

≥ 110 g/month vs

0.99

64,674

< 110 g/month

(0.82-1.21)

424/

≥ 58.0 g/day vs

1.47

23,693

NOS

< 26.0 g/day

441/

(1.10-1.98)
0.7

811

Q4 vs Q1

(0.46-1.06)

2,085/

≥ 3.5 servings/wk vs

0.88

4,085

< 0.5 servings/wk

(0.60-1.29)

(Continues in the next page)
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Table I (Cont.). Characteristics of included studies
Author/

Country/
Design

Dai

China/

2002

PCC

Franceschi

Italy/

1999

HCC

Gertig

USA/

1999

PCC

Fernandez

Italy/

1999

Ambrosone
1998

Pre- or postmenopausal

Cases/

Fish
consumption

Effect
estimate

Subjects

Levels

(95% CI)

1,459/
Both

Both
Both

3,015
2,569/
5,157

Q4 vs Q1

Highest vs lowest

(1.31-2.11)
0.69
(0.56-0.84)

≥ 0.5 servings/day vs

1.3

932

< 0.14 serving/day

(0.7-2.6)

8,182

USA/

740/

≥ 38.0 g/day vs

Pre

PCC

1,550

< 15.0 g/day

0.9 (0.6-1.5)

Both

7

Age, education, family history,
age at menarche, physical
activity, live birth, age at first
birth, menopausal status, and
total energy

7

Age, center, education, energy
intake, and alcohol consumption

6

Age at menarche, age at ﬁrst
birth, BMI, and family history

7

Age, sex, area of residence,
education, smoking, alcohol
consumption, and BMI

7

Age, education, age at
menarche, age at ﬁrst birth, BMI,
family history, total fruits and
vegetables intake

7

Age, residence, family history,
age at menarche, previous
history of benign breast disease,
total energy intake, vegetable
intake, and fat intake

6

Energy intake

6

Age and number of children

6

Age, ethnicity, age at first birth,
age at menopause, and Benn’s
index

6

NA

6

Age

6

Age

6

Age

6

Age, height, education, and
family history

1

≥ 2 servings/wk vs <
1 serving/wk

HCC

Variables of adjustment

1.66

466/
3,412/

Both

NOS

(0.8-1.1)

Post
0.7 (0.4-1.0)

De Stefani

Uruguay/

1997

HCC

Toniolo

USA/

1994

PCC

Lund

Norway/

1993

Cohort

Goodman

USA/

1992

PCC

Kato

Japan/

1992

HCC

Vatten

Norway/

1990

Cohort

Stampfer

USA/

1987

Cohort

Hislop

Canada/

1986

PCC

Lee

Singapore/

1992

HCC

352/
Both

Both

734
180/
1,080
3,995/

Both

533,276

0.64
Q3 vs Q1

Q5 vs Q1
Fishermen’s wives
vs wives of unskilled
workers

272/
Post

Both
Both
Both
Both

Both

568

(0.38-1.09)
1.02
(0.61-1.71)
0.67
(0.47-0.94)
1

Highest vs lowest

(0.7-1.4)

908/

Daily vs

0.81

1,816

≤ 1-2/week

(0.62-1.06)

152/

≥ 2 times/week vs

1.2

14,500

< 2 times/week

(0.8-1.7)

601/
89,538
846/

Highest vs lowest

1.1
(0.5-2.4)
0.84

1,708

Weekly vs less than
weekly

(0.69-1.03)

200/

≥ 51.4 g/day vs

Pre

620

< 29.4 g/day

1.0 (0.5-1.9)
Post
1.2 (0.6-2.3)

(Continues in the next page)
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Table I (Cont.). Characteristics of included studies
Author/

Country/
Design

Pre- or postmenopausal

Cases/

Fish
consumption

Effect
estimate

Subjects

Levels

(95% CI)

Hirose

Japan/

1,186/

≥ 3/wk vs

Pre

1995

HCC

24,349

< 3/wk

0.98 (0.781.24)

Both

Post

NOS

Variables of adjustment

6

Age

7

Age, area, age at menarche, age
at first birth, oral contraceptives,
estrogen replacement therapy,
family history, history of benign
breast disease, education,
alcohol consumption, smoking,
activity, and waist/hip ratio

7

Age, area, age at menarche, age
at first birth, oral contraceptives,
estrogen replacement therapy,
family history, history of benign
breast disease, education,
alcohol consumption, smoking,
activity, and waist/hip ratio

0.75 (0.570.98)
Mannisto

Finland/

310/

Pre

1999

HCC

764

0.7 (0.3-1.7)

Both

Highest vs lowest

Post
1.4 (0.7-3.0)

Mannisto

Finland/

310/

Pre

1999

PCC

816

1.0 (0.4-2.3)

Both

Highest vs lowest

Post
1.1 (0.6-2.0)

PCC: Population-based case-control study; HCC: Hospital-based case-control study; Q: Quantile; CI: Conﬁdence interval; Pre: Premenopausal; Post: Postmenopausal;
NA: Data not applicable.

META-ANALYSIS
As the results of four studies were presented separately for preand postmenopausal women without a pooled analysis with total
women (30-33), 23 studies were selected for analysis. Signiﬁcant
heterogeneity was found in the results across the 23 studies (Q
= 69.09, p < 0.001, I2 = 68.0%). The summary RR for the 23
studies showed that high fish consumption was not associated
with a reduction in breast cancer risk (summary RR = 0.96, 95%
CI = 0.87-1.07) (Fig. 2).
Significant heterogeneity was found among the 15 case-control
studies (Q = 49.04, p < 0.001, I2 = 71.0%) and the 8 cohort studies (Q = 15.49, p = 0.03, I2 = 55.0%). Similar to the results from
all studies combined, there was no significant association between
fish consumption and breast cancer risk either in the case-control
(summary RR = 0.92, 95% CI = 0.79-1.06) or cohort (summary
RR = 1.05, 95% CI = 0.91-1.20) studies (Table II). The difference
between study design strata was not significant (Q = 1.68, p =
0.19, I2 = 40.5%).
In case-control studies, the design could be further divided into
hospital-based and population-based studies. By stratified analysis of two subgroups, signiﬁcant heterogeneity was found within
population-based studies (Q = 49.04, p < 0.001, I2 = 71.0%),

but not among the hospital-based case-control studies (Q = 8.72,
p = 0.12, I2 = 43.0%). The summary RR among hospital-based
case-control studies showed a signiﬁcant reduction in the risk of
breast cancer with high ﬁsh consumption (summary RR = 0.77,
95% CI = 0.65-0.90) (Table II).
In stratified analysis by geographical locations (Europe, North
America, South America, and Asia), we found no association
between fish consumption and breast cancer risk for any of the
geographical regions (Europe, summary RR = 0.95, 95% CI =
0.82-1.12; North America, summary RR = 0.95, 95% CI = 0.871.04; South America, summary RR = 0.64, 95% CI = 0.38-1.09;
Asia, summary RR = 0.98, 95% CI = 0.64-1.51) (Table II).
We also limited the meta-analysis to studies that controlled
for total energy input, fruit or vegetables intake. Regarding the
12 studies that controlled for energy input, signiﬁcant heterogeneity was found among them (Q = 50.13, p < 0.001, I2 =
78.0%), and no signiﬁcant association was found between ﬁsh
consumption and breast cancer (summary RR = 0.95, 95% CI
= 0.8-1.14). Among the four studies that controlled for fruit or
vegetables intake, no signiﬁcant heterogeneity was found (Q =
1.12, p < 0.54, I2 = 0%), and no signiﬁcant association between
ﬁsh consumption and breast cancer was observed (summary RR
= 0.89, 95% CI = 0.75-1.05) (Table II).
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Figure 2.
Forest plot of risk of fish consumption associated
with breast cancer.

Alcohol consumption, smoking, physical activity, education,
family history of breast cancer and body mass index (BMI) are
important confounders for breast cancer risk. When we limited
the meta-analysis to studies that controlled for these potential risk
factors, we also found no association between fish consumption
and breast cancer risk (Table II).
Four studies provided available data for subgroup analysis
about lean fish. No signiﬁcant heterogeneity was found among
the four studies (Q = 0.81, p = 0.85, I2 = 0%), and there was a
small increase effect of lean ﬁsh consumption on breast cancer
(summary RR = 1.09, 95% CI = 1.00-1.19). Five studies provided
available data for subgroup analysis about fatty fish. Among the
five studies, signiﬁcant heterogeneity was observed (Q = 30.29, p
< 0.001, I2 = 87%), and the association between ﬁsh consumption and breast cancer was not statistically signiﬁcant (summary
RR = 0.81, 95% CI = 0.58-1.12) (Table II).
Four studies provided RR with corresponding CI for subgroup
analysis about menstrual conditions. No signiﬁcant heterogeneity was found (Q = 10.34, p = 0.24, I2 = 23%) among the
eight studies, and we also found no association between fish
consumption and breast cancer risk in premenopausal women
(summary RR = 0.90, 95% CI = 0.79-1.03). Among the four
studies providing RR about postmenopausal women, signiﬁcant
heterogeneity was observed (Q = 27.56, p < 0.02, I2 = 49%),
and the association between ﬁsh consumption and breast can-
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cer was not statistically signiﬁcant in postmenopausal women
(summary RR = 0.96, 95% CI = 0.85-1.10).
PUBLICATION BIAS
The shape of the funnel plots for studies on the association
between fish consumption and breast cancer risk seemed symmetrical, indicating no publication bias (Fig. 3).
DISCUSSION
Fish consumption has long been thought to play a role in the
development of breast cancer, though evidence from the present
studies is inconclusive. This present study summarized the evidence
to date regarding the association between fish consumption and
breast cancer risk. Overall, the summary RR for all of the studies
suggested no significant association between fish consumption
and breast cancer risk. There was significant heterogeneity among
the studies. Although the pooled analysis from the hospital-based
case-control studies suggested a small reduction in risk, the results
from the population-based case-control and cohort studies were null.
The association between fish consumption and breast cancer
is biologically plausible. Consumption of ﬁsh provides unsaturated

710

W. Zhihui et al.

Table II. Subgroup analysis of relative risks for the association between fish consumption
and risk of breast cancer
Subgroup

References

Relative risk

Tests for heterogeneity

(95% CI)

Q

p

I2 (%)

Geographical region
Europe

(10,13,17,20,22,25,28,37)

0.95 (0.82, 1.12)

27.64

< 0.001

75

North America

(12,15,16,18,19,21,24,26,29)

0.95 (0.87, 1.04)

7.87

0.45

0

South America

(23)

0.64 (0.38, 1.09)

NA

NA

NA

Asia

(9,11,14,27,38)

0.98 (0.64, 1.51)

28.4

< 0.001

86

Population

(14,18-21,24,26,29,38)

1.06 (0.87, 1.28)

27.02

< 0.001

71

Hospital

(9-11,22,23,27)

0.77 (0.65, 0.90)

8.72

0.12

45

Cohort studies

(12,13,15-17,25,28,37)

1.05 (0.91, 1.20)

15.49

0.003

55

Case-control studies

(9-11,14,18-24,26,27,29,38)

0.92 (0.79, 1.06)

49.04

< 0.001

71

Lean fish

(9,13,26,37)

1.09 (1.00, 1.19)

0.81

0.85

0

Fatty fish

(9,13,20,26,37)

0.81 (0.58, 1.12)

30.29

< 0.001

87

Premenopausal

(9,23,29-33,37)

0.90 (0.79, 1.03)

10.34

0.24

23

Postmenopausal

(9,12,13,16,19,20,23,26,29-33,37)

0.96 (0.85, 1.10)

27.56

0.02

49

Source of control group

Study design

Fish type

Menstrual conditions

Adjustment for confounders
Energy intake

(9-12,14,16,17,19,23,24,37,38)

0.95 (0.80, 1.14)

50.13

< 0.001

78

Fruit or vegetables intakes

(11,12,23)

0.89 (0.75, 1.05)

1.22

0.54

0

Alcohol consumption

(9,10,12,13,16-18,20,22,37)

0.97 (0.85, 1.09)

28.74

< 0.001

69

Smoking

(9,11,12,16,22)

0.92 (0.82, 1.03)

7.61

0.11

47

Physical activity

(9,11,12,14,16)

0.99 (0.69, 1.44)

25.36

< 0.001

84

BMI

(9,11-13,16,17,20-22)

0.99 (0.85, 1.15)

17.66

0.02

55

Education

(9,10,12-14,18,19,22)

0.96 (0.78, 1.19)

45.67

< 0.001

85

Family history

(9,11,14,16,18,21,23)

0.99 (0.74, 1.33)

27.86

< 0.001

78

NA: Not applicable.

essential fatty acids, certain vitamins and minerals. In a mouse
model system, researchers have found that supplementing the
diet of tumor-bearing mice or rats with n-3 fatty acids or inorganic
selenium can slow the growth of various types of cancers (42,43).
Larsson highlighted current knowledge on the potential mechanisms of the n-3 fatty acids’ anti-carcinogenic actions. These
included suppression of arachidonic acid-derived eicosanoid biosynthesis; influence on transcription factor activity, gene expression, and signal transduction; alteration of estrogen metabolism;
increased or decreased production of free radicals and reactive
oxygen species; and effect on insulin sensitivity and membrane
fluidity (44).
There may be reasons for the discrepancies observed between
the studies included. First, the protective effect of ﬁsh consump-

tion on breast cancer risk may be counterbalanced by the negative effect of contaminants. Among contaminants found in ﬁsh
are mercury (45), polychlorinated biphenyls (46), organochlorine
residues, and other chemicals. These chemicals have high toxicity and carcinogenic potency, and a few epidemiological studies
suggested that pesticides and some of these chemicals may be
related to breast cancer risk (47,48).
Second, existing reports suggested n-6 fatty acids as pro-oncogenic and n-3 fatty acids as anti-oncogenic factors. N-6 fatty acids
from fish oils induced growth of human breast cancer cells (49),
and postmenopausal breast cancer was positively associated with
high intakes of n-6 fatty acids (50). Fresh water fish contain lower
levels of n-3 fatty acids but higher levels of n-6 fatty acids than
marine fish. Most of the studies included in our meta-analysis,
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Figure 3.
Funnel plot of studies evaluating the association between fish consumption and
risk of breast cancer.

however, did not specify what type of fish was consumed. Third,
variation in cooking methods across study populations on these
studies may have contributed to the inconsistent findings. Heterocyclic amines (HA) and polycyclic aromatic hydrocarbons (PAH)
formed during cooking ﬁsh at high temperatures may be one
of the reasons. Four, self-reported dietary intake (especially via
food frequency questionnaire) is notoriously poor and plagued by
problems of random error and systematic error associated with
participant characteristics.
We tried to carry out an analysis stratified by adjustment for
confounding factors, smoking, alcohol consumption, physical
activity, BMI, etc. However, we also found no association between
fish consumption and breast cancer risk. Data from individual
studies suggested that the association between fish consumption
and the risk of breast cancer was stronger in premenopausal
women than in postmenopausal women (51,52). It is also plausible that diet has a stronger impact on breast cancer risk during
early adult life than later in life. However, the results from our
analysis demonstrated no relationship between fish consumption
and breast cancer risk both in pre- and postmenopausal women.
Most of the contaminants accumulate in the fat; therefore, contaminants are more likely present in fatty ﬁsh. Because these
agents accumulate in fat tissue, one would expect the elevated
risk to be more pronounced with higher consumptions of fatty
ﬁsh compared with lean ﬁsh, which was not the case in our study.
Contrarily, there was a small increase effect of lean ﬁsh consumption on breast cancer, but not of fatty fish consumption. An
explanation of this discrepancy could be that lean fish contain fewer contaminants, but the level of n-3 fatty acids on lean fish was
lower than that on fatty fish. Only four studies were included in the
subgroup analysis, thus results must be interpreted with caution.
Our meta-analysis has several strengths:
1. Studies were included after a comprehensive and systematic search of the literature by using an extensive search strategy.
2. The majority of the studies included evaluated multiple confounders including age, smoking, alcohol consumption, BMI, etc.
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3. With available evidence and enlarged number of studies to
date, we have enhanced statistical power to detect any associations between fish consumption and breast cancer risk.
Our meta-analysis has limitations that affect interpretation
of the true results. First, 15 of 21 studies in this meta-analysis used a case-control design, which was more susceptible to
recall and selection biases than a cohort design. On the other
hand, cohort studies may be affected by detection bias. Second,
there is substantial heterogeneity across studies. Heterogeneity
was likely due to the variation in exposure deﬁnitions, exposure
ranges, fish consumption assessment methods, and population
characteristics between studies. Methods and units for measuring fish consumption varied across studies. Third, unmeasured
or uncontrolled confounding inherited from original studies is a
concern in this meta-analysis. Most risk estimates were derived
from multivariable models, but individual studies did not adjust
for potential confounding factors in a consistent way. Four, we
included only those studies that were published in English. This
is mainly because it is difficult for the authors to interpret all the
data that are available in different languages.
In summary, from the present meta-analysis we still cannot
draw the conclusion that fish consumption has preventive effects
on breast cancer. Given the small number of cohort studies included in this meta-analysis, further prospective cohort studies with
larger sample size, well-controlled for confounding factors, and
more accurate assessment of fish consumption are needed to
affirm the effect of fish on breast cancer.
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