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Abstract

ObJectlves To investigate the association between intake of fish and
n-3 polyunsaturated fatty acids (n-3 PUFA) and the risk of breast cancer
and to evaluate the potential dose-response relation.

Deslgn Meta-analysis and systematic review of prospective cohort
studies.

Data sources PubMed and Embase up to December 2012 and
references of retrieved relevant articles.

Eligibllity criterla for selecting studles Prospective cohort studies
with relative risk and 95% confidence intervals for breast cancer
according to fish intake, n-3 PUFA intake, or tissue biomarkers.

Results Twenty six publications, including 20 905 cases of breast cancer
and 883 585 participants from 21 independent prospective cohort studies
were eligible. Eleven articles (13 323 breast cancer events and 687 770
participants) investigated fish intake, 17 articles investigated marine n-3
PUFA (16 178 breast cancer events and 527 392 participants), and 12
articles investigated alpha linolenic acid (14 284 breast cancer events
and 405 592 participants). Marine n-3 PUFA was associated with 14%
reduction of risk of breast cancer (relative risk for highest v lowest
category 0.86 (95% confidence interval 0.78 to 0.94), F=54), and the
relative risk remained similar whether marine n-3 PUFA was measured
as dietary intake (0.85, 0.76 to 0.96, F=67%) or as tissue biomarkers
(0.86, 0.71 to 1.03, I’=8%). Subgroup analyses also indicated that the
inverse association between marine n-3 PUFA and risk was more evident
in studies that did not adjust for body mass index (BMI) (0.74, 0.64 to
0.88, I*=0) than in studies that did adjust for BMI (0.90, 0.80 to 1.01,
1°~63.29:). Dose-response analysis indicated that risk of breast cancer
was reduced by 5% per 0.1g/day (0.95, 0.90 to 1.00, F'=52%) or 0.1%

energy/day (0.95, 0.90 to 1.00, I°'=79% ) increment of dietary marine n-3
PUFA intake. No significant association was observed for fish intake or
exposure to alpha linolenic acid.

Concluslons Higher consumption of dietary marine n-3 PUFA is
associated with a lower risk of breast cancer. The associations of fish
and alpha linolenic acid intake with risk warrant further investigation of
prospective cohort studies. These findings could have public health
implications with regard to prevention of breast cancer through dietary
and lifestyle interventions.

Introduction

Breast cancer is one ol the most commeon cancers and the leading
cause ol death [rom cancer among women, accounting lor 23 %
ol the total cancer cases and 14% ol cancer deaths in 2008.' For
the past [ew decades. epidemiological studies® have suggested
that a healthy diet and lilestyle is critical [or the prevention ol
breast cancer, and dietary [at is one ol the most intensively
studied dietary lactors closely related with risk.™ Among
subtypes ol dietary [at, n-3 polyunsaturated latly acids (n-3
PUFA) are the mostL promising Ly pes Lo inhibil or curtail
carcinogenesis and reduce risk, as shown in rodent models®
and with in vitro cell studies.' Results [rom observational
studies in humans, however, are inconsistent. Several large
prospeclive cohort studies. such as the Singapore Chinese Iealth
Study " and the Japan Collaborative Cohort Study,” have
suggested an inverse association between dietary n-3 PUFA
intake and risk. Furthermore, several case-control studies have
indicaled (hat n-3 PUFA, measured as either dietary intake or
with lissue biomarkers, is inversely associated with risk.”*"
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Most ol the other cohort or case-control studies, however, found
no association between n-3 PUFA and risk * "™ Moreover,
accumulating prospective studies suggest that [ish, the richest
source of marine n-3 PUFA, shows inverse,'> % nu11,7 220 4
or even positive™ * associations with risk. It is therelore
important and inleresting Lo quantitatively assess the association
belween intake ol n-3 PUFA and [ish and the risk ol breasi
cancer [tom the available evidence.

We used meta-analysis 1o summarise the associalions between
dietary intake ol [ish and n-3 PUFA with incident breast cancer
based on prospective cohort studies. We pooled risk estimales
[or the highest versus lowest calegory ol inlake (or lissue
biomarkers) across idenltilied prospective cohort studies o
examine the overall association. We conducted a dose-response
analysis [or the rend estimation and a stratilied analysis Lo
examine the sources ol helerogeneity.

Methods
Search strategy and selection criteria

We [ollowed the criteria ['or conducting and reporting
meta-analysis ol observational studies.” A systemaltic search
was conducted in two databases—PubMed and Embase—up o
December 2012, We used the [ollowing key words reated as
litlefabstract lor the literature search: (“lat” OR “latty acid” OR
“docosahexaenoic acid” OR “eicosapentaenoic acid™ OR
“docosapentaenoic acid” OR “alpha-linolenic acid” OR
“polyunsaturated [aly acid” OR “omega-3 [ally acid” OR *n-3
lalty acid” OR “lish” OR “[ish 0il” OR “sealood™) AND (“breast
cancer” OR “breast neoplasms™). Full details ol the search
stralegy are in appendix 1. OQur search was restricled Lo studies
in humans and studies published in English. The relerences ol
retrieved relevant articles were reviewed Lo identily potential
publications. We did not contact authors lor the detailed
information ol primary studies.

Two investigators (J-SZ and X-JIT) independently conducted
the literature search, identilied polential studies, and extracted
detailed information [rom each included article. Discrepancies
were resolved through group discussion with the third
investigator (DL). Inclusion criteria were prospective study
design (including prospective cohort, nested case-control, and
case-cohort studies); the exposure ol inlerest was any Lype ol
dietary n-3 PUFA or [ish consumption or tissue n-3 PUFA
concentrations; the endpoint ol interest was incident breast
cancer in women: and the risk estimate with corresponding 95%
conlidence intervals ol breast cancer was reported [orn-3 PUFA
exposure or [ish intake. We excluded retrospective or cross
sectional studies, studies in animals, non-original research
(reviews, edilorials, or commentaries). abstracts, unpublished
studies, and duplicated swudies.

Data extraction

From each identilied article. we extracied the [irst author’s
name. study population and region. study design, duration ol
follow-up. age ol participants, number ol cases and non-cases.
persom years [or the population and [or each exposure calegory.
risk estimates and corresponding 95% conlidence intervals lor
each calegory ol n-3 PUFA or [ish intake. menopausal status,
method ol n-3 PUFA measurement (diel or tissue biomarker),
and covariatles. We extracted risk estimates with the most
adjustment.

Quality assessment was conducted according o the
Newcastle-Ottawa criteria® lor non-randomised studies. A
maximum ol 9 points was assigned Lo each study: 4 [or selection,

2 lor comparability, and 3 lor assessment ol outcomes (lor
cohortstudy) or exposures ([or case-control study). We regarded
scores ol (-3, 4-6, and 7-9 as low, moderate, and high quality.
respectively.

Data synthesis

We used relative risk lor risk estimales. and hazard ratios in
cohort studies and odds ratios in nested case-control studies
were treated as relative risks directly. We used log translormed
relative risk and its corresponding 95% conlidence interval [rom
each eligible study lor the meta-analysis. As dilTerent studies
might use dillerent assessment methods (diet or Lissue
biomarkers) and report different exposure calegories
(dichotomous, thirds, quarters, or [ilths), we used the study
specilic relative risk lor the highest versus lowesl calegory ol
[ish consumption or n-3 PUFA exposure [or the meta-anal ysis.
We then combined the relative risk [rom each study, weighted
by the inverse ol their variance, [or the meta-anal ysis with the
DerSimonian and Laird random elTects model, which lakes
varialion both within and between studies into consideration.™
Studies that reported relative risk ol breast cancer separately
for posimenopausal and premenopausal women'™ " * ¥ were
considered as independent studies [or the mela-analysis. Women
in one study were reported as either premenopausal or
perimenopausal,'” and thus we classed them all as
premenopausal. One study in which only 10% ol women with
breast cancer were premenopausal™ was treated as a
postmenopausal study. Most of the women with breast cancer
in another siudy were postmenopausal,” and we treated this
study as a posimenopausal study.

We conducted meta-analysis [or dillerent types ol n-3 PUFA
separately. Firstly, we estimated the pooled relative risk between
the highest versus lowest category ol [ish intake, total marine
n-3 PUFA, alpha linolenic acid (ALA). and wotal n-3 PUFA,
respeclively. For studies that did not report a relative risk lor
Lotal marine n-3 PUFA bul that reported risks lor
eicosapentaenoic acid (EPA), docosahexaenoic acid (DITA),
and docosapentaenoic acid (DPA) separately,” '™ "7 * we
pooled these relative risks Lo represent the relative risk ol total
marine n-3 PUFA exposure. One study reported relative risks
for intake ol dried and non-dried [ish separately.” and we pooled
the two relative risks with a [ixed ellects model W gel a
summary relative risk [or total [ish intake in this study lor [urther
mela-analysis. Secondly, [or marine n-3 PUFA, we conductled
mela-analysis [or EPA, DITA, and EPA separately.

We carried out a dose-response analysis [or the rend estimation
using generalised least squares regression (lwo stage GLST in
Slala).'w For a study without informaltion on the number ol cases,
number ol healthy controls, or person years [or exposure
categories, we used variance weighted least squares regression
[or the dose-response estimation. Studies with [ewer than three
exposure calegories were excluded [rom trend estimation.
Dose-response analysis was conducted only in studies that
reported dietary intake ol'n-3 PUFA or [ish intake because the
results ol tissue n-3 PUFA compositions varied according o
dilferent tissues (serum, ery throcyles, or adipose) and units used
and were nol appropriate ['or standardisation. For [ish intake,
all the dilTerent units were trans[ormed (o g/day as described.”
One study” reported the unit [or the [ish intake category as
#/1000 keal, which we transformed o g/day assuming an
average energy intake ol 2000 keal/day in this population. For
dietary n-3 PUFA, we carried oul dose-response analysis among
studies with exposure unils as % energy/day and g/day.
separately. We did not do trend estimation [or EPA, DITA, DPA,
or Lotal n-3 PUFA because there were limited studies with
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dietary information [or these exposures. To estimale a polential
curve linear association between [ish, dietary n-3 PUFA. and
breast cancer, we used a restricted cubic spline model (three
knots).

Study heterogeneily was eslimated with I7 stalistic, with values
ol 25%. 50%. and 75% representing low, moderate, and high
degrees ol heterogeneily. Subgroup analysis was conducted Lo
examine sources ol study helerogeneily and the inlluence ol
potential residual confounding lactors, such as age. body mass
index (BMI), total energy intake, and education. Univariale

mela-regression was perlormed o examine the signilicance ol

the dilTerence in relative risks by dillerent subgroups, including

study region (Asian countries v weslern countries). duration ol

follow-up (lower vhigher than mean duration), exposure
measurement (diet v issue biomarker). study type (cohort v
nested case-control), menopausal status (premenopausal v
postmenopausal), study quality (score <7 v >7), risk expression
(hazard/rate ratio, relative risk, or odds ratio), and adjustment
ol covariales (including age, BML wotal energy intake. and
education). Sensitivily analysis was conducted by omilting one
study at a time and examining the inlluence ol each individual
study on the overall relative risk. Publication bias was evaluated
by visual inspection ol a [unnel plot and Egger’s regression Lest
(signilicant at P<0.1). We used a rim and [ill alg_orilhm” il
possible publication bias was detected Lo identily and correct
for the asymmetry ol [unnel plot [rom publication bias and
provide an adjusted summary relative risk based on all the
studies, including the estimaled missing studies. Stala version
12 (StataCorp LP, College Station, TX, USA) was used lor all
the statistical analyses.

Results
Literature search

Through [ull text examination ol 215 potential publications we
identilied 26 eligible publications, including 20 905 cases ol
breast cancer and 883 585 participants, [tom 21 independent
prospective cohort studies ([ig 1])). Among these articles, 11
6R 1921 21 30 32 38 12 13 l l [‘I'()ITI
Europe, and lour [rom Asia.’ ¥ * Eleven
articles described the association between [ish intake and risk
ol breast cancer,” * ™ *' ** 2 17 described the association
between marine n-3 PUFA intake and risk,” ®'* 72! #7378 8.0
12 reported the association between ALA and

rigk, P ITOBB T G0d 10 described the associalion between
total n-3 PUFA and risk.’® " #1921 8

were [tom the United States,
17 15 23 25 26 28 31 33 37 11 45

Study characteristics

The 26 eligible articles were prospective cohort studies with
mean [ollow-up ranging [rom 4.3 o 20 years. Among these,
eight were nested case-control studies' ™ * ' " % and two
were case-cohortstudies™ 7 (see table A in appendix 2 and table
B in appendix 3). For two cohorts, relative risks lor [ish intake
and n-3 PUFA were reported in two dillerent

publications. 19263312 Bor one cohorl, the relative risks lor [ish
inlake. n-3 PUFA intake. and tissue n-3 PUFA concenlrations
were reporled in three dillerent articles.” **' One study reported
the relative risk lor additional breast cancer events in a cohort
ol women who had received a diagnosis and been treated lor
early stage breast cancer.” One study reported only the relative
risk [or the percentage change of dietary n-3 PUFA." and thus
it was included only in the dose-response analysis. The average
score [or the qualily assessment ol included studies was 7.6,
and the score [or all the studies was 5 or above (moderale or

high quality) (see supplemental table C in appendix 3).

Fish consumption and risk of breast cancer

Eleven studies [tom 11 independent cohorts reported an
association between [ish intake and risk of breast cancer, with
13 323 breast cancer events and 687 770 participants. Overall,
[ish intake was nol associated with risk (relative risk 1.03,95%
conlidence interval L93 w 1.14) (ig 21/). There was moderalte
study heterogeneily (I’=549%). No publication bias was observed
[rom the [unnel plot (see supplemental [ig A in appendix 4) or
Eggers test (P=0.6).

All eleven studies were eligible ['or the trend estimaltion.
Dose-response analy sis [ound no association with risk ol breast
cancer per 15 gfday increment ol [ish intake (relative risk 1.00,
95% conlidence interval .97 o 1.03) (see supplemental [ig B
in appendix 4). No publication bias was observed. We did not
lind a curvilinear association between [ish intake and risk
(P=0.22 lor non-linearily) (see supplemental [ig C in appendix
4).

Marine n-3 PUFA and risk of breast cancer

Sevenleen articles [rom 16 independent cohort studies reported
the association between marine n-3 PUFA and risk ol breast
cancer, involving 16 178 breast cancer events and 527 392
participants. Marine n-3 PUFA was inversely associated with
risk (relative risk (.86, 95% conlidence interval (.78 1o (0.94;
*=549%) ([ig 3/)). The [unnel plot (see supplemental lig D in
appendix 4) and Eggers test (P=0.017) indicated slight
publication bias. Trim and (i1l analysis. however, did not change
the resullL.

Eight articles were eligible [or the dose-response analysis ol
dietary marine n-3 PUFA and risk o['breast cancer.”® >3 2 78
Three studies reported marine n-3 PUFA as gfday. while
the [ive other studies®® * ** * reported marine n-3 PUFA as %
energy intake/day. Dose-response analysis indicaled that a
0.1g/day incrementol dietary marine n-3 PUFA was associated
wilth 5% lower risk of breast cancer (relative risk (0.95, 95%
conlidence interval 0.90 o 1.00, ’=52%). A 0.1% energy
increment ol daily dietary marine n-3 PUFA was inversely
associaled 5% reduction ol risk (0.95, 0.90 w 1.00. 13279%]
(lig 41)). There was no signilicant curvilinear association
between marine n-3 PUFA (g/day) and risk (P=0.21 lor
non-linearity, [ig 5/). For studies with n-3 PUFA measured as
% energy/day. however, we observed a signilicant curvilinear
association (P=0.011 lor non-linearity. lig 6/,).

We then summarised the relative risks [or EPA. DITA. and DPA
B 1T-1923 21 26 37 3 M I_cp()l_lcd

2127 13

[rom identilied studies. Ten articles
relative risk lor both EPA and DITA., while lour articles'® ' "
reported relative risk [or DPA. There were marginally signilicant
imverse associations [or EPA (relative risk 0.93, 95% conlidence
interval (.85 o 1.02) and DITA (0.88, (.75 10 1.03) and risk.
No signilicant association was [ound for DPA and risk (see
supplemental table D in appendix 3).

ALA, total n-3 PUFA, and risk of breast cancer

Twelve articles, involving 14 284 breast cancer events and 403
592 participants, were included in the analysis ol association
between ALA exposure and risk ol breast cancer. We [ound no
signilicant association between ALA and risk (relative risk 0.97,
95% conlidence interval .90 1w 1.04) (see supplemental [ig E
in appendix 4) and no study helerogeneity (I'=0) or publication
bias (P=0.37 [or Egger’s test) (see supplemental [ig F in
appendix 4). Dose-response analysis showed no signilicant
association with breast cancer per ().1 g/day increment ol dietary
ALA intake (0.99, 0.98 10 1.01) or per (L.1% energy/day
increment ol dietary ALA intake (1.00, 0.99 1o 1.00) (see
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supplemental [ig G in appendix 4). No curvilinear association
was observed lor dietary ALA intake and risk (data not shown).

Ten articles reported relative risk lor total n-3 PUFA and risk
ol breast cancer, and there was no signilicant association (.96,
0.86 1 1.06, ’=13%). Slight publication bias was observed
(P=0.04 lor Eggers lest; see supplemental [ig ITin appendix 4);
however the results remained unchanged alter trim and [ill
analysis.

Subgroup analysis

For [ish intake and ALA exposure, mela-regression and
subgroup analyses did not show any substantial change in the
summary relative risk (tablel/, and supplemental table E in
appendix 3). Exclusion ol any individual study did not change
the results. Total n-3 PUFA, however, was signilicantly
inversely associated with risk (relative risk .77, 95% conlidence
interval (.60 w 0.99) only in swudies without adjustment [or
BMI, and no association was observed l[or studies with
adjustment for BML

For total marine n-3 PUFA, the inverse association was present
in both Asian countries and western countries, though it was
more evident in Asian countries (relative risk 0.69, 95%
conlidence interval (.56 o (.85) and no study helerogeneity
was observed (I’=0) (Lable)). Stratified by dilTerent measurement
methods ol n-3 PUFA, the relative risk lor dietary n-3 PUFA
was similar o that ol tissue biomarkers. while study
heterogeneity was much lower in studies measured as
biomarkers (I'=8% [or diet v 67% lor biomarker). The inverse
association between marine n-3 PUFA and risk was more
evident in studies without adjustment for BMT (0.74. (.64 Lo
0.86) compared with studies with such adjustment ((.90, .80
Lo 1.01).

For individual marine n-3 PUFA, the signilicant inverse
association with risk ol breast cancer was observed only in
studies with shorter [ollow-up (relative risk (.82 (95%
conlidence interval (.70 Lo 0.96) for EPA and 0.74 (0.62 1o
(.89) lor DITA; see supplemental table D in appendix 3). while
it was not signilicant lor either n-3 PUFA among studies with
longer [ollow-up. which could be attributed Lo the limited
number ol studies with long [ollow-up. In addition. [or both
EPA and DITA exposure, their inverse associations with risk
were more evident in studies that adjusted [or BMI or education
compared with studies without such adjustment.

Discussion

In this meta-analysis dietary intake ol marine n-3
polyunsaturated lally acids (PUFA), but not alpha linolenic acid
(ALA), was associaled with a lower risk ol breast cancer. Fish
consumplion was nol associaled with risk. Dose-response
analyses indicated a 5% lowerrisk ol breast cancer per (). 1g/day
or .19 energy/day increment ol dietary marine n-3 PUFA, but
no signilicant wrend [or ALA or [ish intake. To the best ol our
knowledge. this is the [irst ime meta-analysis has systematically
and quantitatively evaluated the association between intake ol
lish and n-3 PUFA and risk ol breast cancer.

Results in relation to other studies

- = 6 AT = - 1228 29
Ecological studies ™" and prospective cohort studies have

suggesled an inverse association between [ish consumption and
risk ol breast cancer and mortality. Marine n-3 PUFA (EPA.
DIIA, and DPA) are abundant in [ish [at and a [ew large
prospective cohort studies” 7 and case-control studies™ " have
reporled an inverse association with risk ol breast cancer. These

[indings all agreed with one mela-analysis' based on studies
that assessed the biomarkers ol intakes ol dietary latly acids.
which suggested a potential protective ellect of marine n-3
PUFA on breast cancer. Another syslemalic review suggested
that there was no protective association between n-3 PUFA and
breast cancer.” Further evidence has been published since then,
and quile a [ew ol the newly published prospective siudies
indicaled potential protlective elTects ol n-3 PUFA on breast
cancer.” ™™ Qurmela-analysis based on this evidence, logether
with previous publications. supports a protective role ol marine
n-3 PUFA on the incidence ol breast cancer.

Subgroup analysis indicated that the protective ellect o marine
n-3 PUFA was more evident in Asian countries than in the US
or European countries. Fish intake also lended Lo be associated
with a lower risk ol breast cancer in Asian populations, rather
than in western populations. This could be because Lypical [ish
intake is much higher in Asian populations than in western
populations.” Therelore [ish intake in these western populations
might be wo low Lo delect an expected protective ellect.
Furthermore, in North America and some European countries,
a large proportion ol intake o'marine n-3 PUFA probably comes
[rom [ish oil supplementation in the [orm ol capsules, thereby
contributing Lo the dillerent ellects on risk. In addition, the
protective ellect ol ish intake might be attenuated or even
reversed by other constituents in [ish, such as organometallics
and pesticides. Taken together, these [actors could explain our
[inding ol an overall null association between [ish intake and
risk ol breast cancer, which was in line with a previous large
pooled analysis.”

Tissue n-3 PUFA concentrations, compared with dietary
assessment, might provide a more accurate eslimation ol intake.
Subgroup analysis [or marine n-3 PUFA and risk, however,
indicated that the summary risk estimate [or studies with dietary
information was similar wo that ol tissue biomarkers. which
[urther conlirmed the robustresults ol the present meta-analysis.
Further concems regarding n-3 PUFA and risk are menopausal
status and hormone receptor status (oestrogen receplor and
progesterone receptlor). Previous cohort studies indicated that
the protective elfect of marine n-3 PUFA against breast cancer
was more evident in postmenopausal women than in
premenopausal women.'” '* Our meta-analysis conlirmed that
n-3 PUFA intake was signilicantly inversely associated with
breast cancer in postmenopausal bul not in premenopausal
women; this could mean that any benelit ol marine n-3 PUFA
is usually alter long term exposure, which could be observed
best at the postmenopausal period because breast cancer is a
disease with along latency between exposure and development.
Another explanation could be related Lo the dilTerent ellects of
body [al on premenopausal and postmenopausal risk ol breast
cancer. One recenl mela-analysis suggested that high BMI tends
Lo be prolective against premenopausal breast cancer but is a
risk [actor [or postmenopausal breast cancer,™ and an inleraction
between BMI and menopausal status on breast cancer has been
proposed. Therelore, marine n-3 PUFA could inlluence risk
through BMI., which was supported by our subgroup analy sis.
The inverse association between marine n-3 PUFA and risk was
greally atlenuated in studies that adjusted lor BMI compared
with studies without such adjustment. Most ol the studies that
investigaled marine n-3 PUFA intake and postmenopausal breast
cancer. however, did adjust lor BMI, and an overall signilicant
inverse association belween marine n-3 PUFA and risk still
existed in these postmenopausal studies. This suggests that the
ellect ol marine n-3 PUFA on risk was partly independent ol
BMI. and a more precise mechanism lor this discrepancy
remains Lo be investigated. In addition, only a lew studies

Mo commercial reuse: See rights and reprints hitp www oml comlpermizsions

Subscribe: htt p: fwww. b com/ subscribe




BMJ 2013;346:13706 doi: 10.1136/bmj.f3706 (Published 27 June 2013)

Page 5aof 10

RESEARCH

examined the inlTuence ol vestrogen receplor and progesterong
receplor status on the association between [ish intake and risk
ol breast cancer. Suripp and colleagues reported an adverse ellect
ol [ish consumption only [or oestrogen receplor positive breast
cancer in a cohort of postmenopausal women.” Two other
studies based on large prospeclive cohorts found no evidence
[or the inlluence ol hormone receplor status on n-3 PUFA and
risk.” * More prospective studies are warranted Lo investigale
the impact ol hormone receplor status.

In contrast with marine n-3 PUFA, the ellect of ALA, a plant
based n-3 PUFA, on breast tumour growth is less clear, and we
[ound no signilicant association. The explanation lor the
inconsistency among studies regarding dietary ALA and risk
olbreastcancer could be the dilTerent dietary sources. Thiebaut
and colleagues showed that dietary ALA [rom [Tuit and
vegelables and vegelable oils was inversely associated with risk
but observed a positive association [or ALA [rom nut mixes
and processed meal.” In addition, the biological elTect of ALA
on breast cancer per se might be not as strong as marine n-3
PUFA, as suggested by the summarised relative risk ol
biomarker data with no signilicant association in our study.
Taken together, we [ound no signilicant protective association
with ALA, and the inconsistent associations observed among
previous studies mightrellect dilTerent dietary/lood patlems
involving other nutrients related o risk ol breast cancer.

The anticarcinogenic ellects ol marine n-3 PUFA are
biologically plausible. Possible mechanisms include inhibition
ol eicosanoid derived [rom arachidonic acid. regulation ol
transcription [actor activity, gene expression and activities ol
molecules involved in the signal transduction ol cell growth,
dilferentiation apoplosis, angiogenesis, and melastasis.” In
addition, marine n-3 PUFA could decrease the production off
oestrogen, thus reducing oestrogen stimulated cell growth.”™
Specilically, studies using cell lines and on rodent models have
shown the protective ellects ol marine n-3 PUFA against breast
tumour growth,”" #

Strengths and limitations

The present mela-anal ysis has several strengths. Firstly, the
large sample size allowed us o quantitatively assess the
association ol [ish and n-3 PUFA intake and risk ol breast
cancer, thus making it more power[ul than any individual study.
Secondly. the prospective nature of the included studies avoided
the inlTuence of recall and selection bias. Thirdly. we
systematically reviewed and assessed the summarised
association between breast cancer with dillerent types ol
individual n-3 PUFA, including EPA, DITIA, DPA, and ALA.
These dala gave a most comprehensive view ol the association
between n-3 [ally acids and risk based on the current evidence.
The meta-analysis does, however, also have several limitations.
Firstly, dilTerent methods ol assessment (diet and Lissue
biomarker) were used in the included studies, and the unils were
helerogeneous across dillerent studies. Nevertheless, we used
relative risks lor the highest versus lowest calegory ol n-3 or
[ish intake. which could, o some extent, reduce the bias caused
by dilTerentunits or exposure assessment methods. Furthermore,
dose-response analysis supports our results. Secondly. available
data on the individual n-3 PUFA, especially DPA, is rather
limited. Therelore, [ulure prospective studies are needed [or the
detailed analysis ol association between individual n-3 PUFA
and risk ol breast cancer. Thirdly, the observational nature ol
the included studies makes it subject W the influence ol residual
confounders. In addition, possible language bias could oceur
because we excluded articles not in English. Our eligible articles.

however, covered a wide range ol non-English countries, such
as countries across Europe and Asia. and the number ol large
cohorts in other non-English countries is limited.

Conclusions

Our [indings have important public health implications. The
prevention ol breast cancer continues Lo be an important public
health issue [or researchers, especially with regard (o the
investigation ol relations between breast cancer, diet, and
lilestyle. Evidence [tom either experimental or observational
studies suggests a protective ellect ol marine n-3 PUFA on
breast cancer, though no conclusive results have been achieved.
Systemalic review and mela-analysis are the most powerlul
Lools Lo assess Lthese kinds ol inconsistent associations.
Therelore, our present study provides solid and robust evidence
that marine n-3 PUFA are inversely associated with risk of
breast cancer. The protective ellect ol [ish or individual n-3
PUFA warrants [urther investigation ol prospective studies.
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Table

& 1| Subgroup analyses of Intake of fish and marine n-3 polyunsaturated fatty aclds (PUFA) and risk of breast cancer (highest versus
lowest category)

Flsh Intake Marine n-3 PUFA

Subgroup No of studles Relatlve risk (95% CI) P (%) No of studles Relatlve risk (95% Cl)  1(%)
Overall 14 1.03 (09310 1.14) 54 19 0.86 (0.78t0 0.94) 54
Regions:

Asian couniries 4 0.84 (0.6510 1.08) 40 4 0.69 (0.56 to 0.85) 0

Western countries 10 1.08 (0.96 to 1.20) 54 15 0.89 (0.81t0 0.98) 52

us 6 1.05 (0.92 to 1.20) 53 0.87 (0.76 t0 1.00) 67

European countries 4 1.11 (0.90t0 1.37) 58 7 0.93 (0.80 t0 1.07) 23
Duration of follow-up (years)*:

=Mean 9 1.05(0.8810 1.24) 1 0.79 (0.71 t0 0.88) 0

=Mean 1.00 (0.90t0 1.10) 16 8 0.91 (0.81101.03) 61
Menopausal status:

Premenopausal 4 1.04 (0.91 to 1.20) 0 4 0.96 (0.7810 1.18) 0

Postmenopausal 1.08 (09210 1.27) 73 10 0.88 (0.76 t0 1.00) 85

Combined 0.87 (0.67t0 1.12) 38 5 0.77 (0.64 t0 0.83) 47
Study type:

Prospedtive cohort 13 1.03(0.92t0 1.14) 57 10 0.84 (0.74 to 0.95) 70

Nested case-control 1 1.02 (0.61t0 1.71) == Fé 0.83 (0.67 t0 1.03) 8

Case-cohort 0 — — 2 0.98 (0.811t0 1.20) 0
Measurement method:

Dietary intake 14 1.03 (0.93to 1.14) 4 11 0.85 (0.76 to 0.96) 67

Biomarker 0 — — 8 0.86 (0.71t0 1.03) 8
Covariate adjustment:

Adjustment for age 10 0.97 (0.85t0 1.10) 56 11 0.86 (0.77 to 0.97) 64

No adjustmert for age 4 1.15(1.02t0 1.31) 9 8 0.83 (0.70t0 0.98) 16

Adjustment for BMI 7 1.07 (0.91 to 1.26) 70 1 0.90 (0.80t0 1.01) 63

No adjustmert for BMI 7 0.99 (0.87t0 1.13) 25 8 0.74 (0.64 to 0.86) 0

Adjustment for energy 6 0.98 (0.89 to 1.08) 15 7 0.87 (0.74 to 1.01) 5

No adjustment for energy 8 1.08 (0.91t0 1.28) 62 12 0.85 (0.77 t0 0.94) 76

Adjustment for education 3] 1.00 (0.75t0 1.34) 77 10 0.86 (0.7510 1.00) 69

No adjustrnert for education 8 1.03 (0.96t0 1.11) 0 9 0.87 (0.78 10 0.96) 0
Study quality:

Score=7 8 0.98 (0.85t0 1.14) &1 1 0.86 (0.77 t0 0.97) 64

Score<7 [ 1.10 (0.95 to 1.26) 35 8 0.83 (0.70t0 0.98) 16
Risk expression:

Hazard'rate ratio 1.06 (0.89 to 1.27) 59 ¥ 0.90 (0.79 10 1.03) 70

Relafive risk 8 1.00 (0.86 to 1.16) 80 0.77 (0.63 to 0.94) 37

QOdds ratio 1 1.02 (0.61t0 1.71) — 7 0.83 (0.67 t0 1.03) 17

"Mean duration of follow-up was 9.4 years for fish intake, and 6.8 years for marine n-3 PUFA.
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Figures

Studies identified from PubMed by Studies identified from Embase by
predefined searching strategy (n=3257) predefined searching strategy (n=3442)

! l
1

Records after duplicates removed (n=4003)

|

Records identified for further review (n=4003)

— Records excluded by screeningtitles or abstracts (n=3791)
Full text articles assessed for eligibility (n=212)
|-s———— Additional records identified through review of selected reference list (n=3)

Full text articles excluded (n=189):
Retrospective case contral or cohort studies (n=56)
Cross-sectional or intervention studies (n=9)
Updated by other publications (n=4)
Reviews (n=10}
No detailed infarmation on risk estimate of breast cancer for omega 3
fatty acid or fish intake (n=35)
Due to other reasons (n=75)

Studies included in qualitative synthesis (n=26)

Studies included in quantitative synthesis (meta-analysis) (n=26)

Fig 1 Flow diagram for selection of studies in meta-analysis of intake of polyunsaturated fatty acids and risk of breast cancer

Study Relative risk Weight  Relative risk
(95% Cl) (%) (95% CI)

Mills?? ——a— 7  1.54(1.00t01.81)
Vatten2® _— 4 0.70 (0.40t0 1.00)
Toniolo? —-— 3 1.02[0.61t01.71)
Key’ — 8 1.05[0.8210135)
Cho’® —a— 9 0.92(0.73t01.15)
Gago-Dominguez premenopausal'’ 2 0.89 (0.48 10 1.66)
Gago-Dominguez postmenopausal'? —-—. 5  0.71(0.49t0 1.01)
Stripp™? . 7 147 (1.10ta1.98)
Holmes premenopausal™ —-—I— 8  1.17 (0.92ta 1.50)
Holmes postmenopausal® —I— 13 1.00(0.89t01.12)
Folsom’" _.._ 10 0.92 (0.761t01.12)
Wakai® —_— 3 0.63(0.38t01.03)
Engeset premenopausal®! —w-l—- 8  1.11 (0.84 to 1.45)
Engeset postmenopausal®! R 12 1.10(0.95t0 1.28)

Overall: P=0.009, 12=54% ' 100 1.03 (0.93 to 1.14)

0.5 1 15

Fig 2 Relative risk of breast cancer for highest v lowest category of dietary fish intake. Overall relative risk calculated with
random effects model
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Study Relative risk Weight  Relative risk
Tissue biomarler (95% C1) (%) (95%C1)
Vatten? —_— 3 0.72(0.421t01.24)
Chajes'® _— 2 0.67(0.38101.19)
Pala®* —_— 2 0.51(0.251 1.04)
Saadatian-Elahi premenopausal‘ —-I-_ 2 0.93 (0.51 ta 1.69)
Saadatian-Elahi postmenopausal® -—-l~—— 2  0.79(0.45t0 1.36)
Chajes®’ Al m—— 3 1.35(0.86t02.13)
Wit ——J—— 4 0.96 (0.64t01.43)
Takata —-I:—lr-* 5 0.81(0.57t01.15)
Subtotal: P=0.4, I’=8% —~ 23 0.86(0.711t01.03)
Diet
Voorrips ¥ —— 8  0.99 (0.79 to 1.24)
Cho®* —-—h— 6 1.05(0.80t01.38)
Gago-Dominguez premenopausal'? —l—— 2 0.90 (0.49 to 1.65)
Gago-Dominguez postmenopausal® + 5  0.68 (0.47 t0 0.97)
Folsom?* —i— 9 0.91(0.77 ta 1.08)
Wakai® —_— 3 0.50(0.30t00.85)
Thiebaut?* - 10 0.94 (0.801t0 1.10)
Patterson™’ —il— 28 0.76 (0.61100.95)
MurfF — 5  0.74 (0.52t0 1.05)
Sczaniecka®® —— 9 0.69(0.57100.82)
Park® E | 12 1.02 (0.94 ta 1.09)
Subtotal: P=0.001, I’=67% 4- 77 0.85(0.76 to 0.96)
Overall: P=0.003, I*=54% <+ l 100 0.86 (0.78 to 0.94)

0.5

Fig 3 Relative risk of breast cancer for highest v lowest category of marine n-3 PUFA. Overall relative risk calculated with

random effects model

1

2

Study Relative risk Weight  Relative risk
Per 0.1 g/day increment of dietary (5% 01 (%) (as3ich
marine n-3 PUFA
Folsom?*! J 53 0.95(0.95t0 1.01)
Patterson™’ - 38  0.92 (0.87 to 0.98)
Murff?” —— 9  0.88 (0.75to 1.04)
Subtotal: P=0.1, 1*=52% | 100 0.95 (0.90 to 1.00)
Per 0,1% energy/day increment of
dietary marine n-3 PUFA
Cho*” —s— 10 1.02 (0.89t0 1.17)
Gago-Dominguez premenapausal'? b 5 1.02(0.90t0 1.25)
Gago-Dominguez postmenopausal™® — 11  0.78 (0.60 ta 0.89)
Wakai® o 19  0.90 (0.80 to 0.97)
Kim® n 29 1.00 (1.00 to 1.01)
Thiebaut?* o 26 0.98 (0.90ta 1.02)
Subtotal: Pe0.001, 14=79% > 100 0.95 (0.90 ta 1.00)

0.5

2

Fig 4 Dose-response meta-analysis for per 0.1g/day or 0.1% energy/day increment in intake of marine n-3 PUFA intake
and risk of breast cancer. Overall relative risk calculated with random effects model
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1.2
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Relative risk
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% - °
0.7

0.6
0 0.1 0.2 0.3 0.4 0.5
Intake of marine n-3 PUFA (g/day)

Fig 5 Dose-response analysis for curvilinear association between marine n-3 PUFA intake (g/day) and risk of breast cancer.

Shaded area represents 95% confidence limits for fitted curve. P=0.21 for non-linearity, which indicates no curvilinear
association

1.5

Relative risk

0.3

(1] 0.2 0.4 0.6 0.8
Intake of marine n-3 PUFA (% energy/day)

Fig 6 Dose-response analysis for curvilinear association between marine n-3 PUFA intake (% energy/day) and risk of breast

cancer. Shaded area represents 95% confidence limits for fitted curve. P=0.011 for non-linearity, which indicates no
curvilinear association
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