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Abstract

Background: Epidemiologic evidence suggests that certain dietary patterns were associated with breast cancer risk,
but the results have been inconclusive. We assessed the associations between different dietary patterns and the risk
of breast cancer by conducting a meta-analysis of observational studies.

Methods: Relevant articles were searched in PubMed, Embase, and Cochrane library databases through September
2017. Multivariable-adjusted relative risks (RRs) and 95% confidence intervals (Cls) comparing the highest and lowest
categories of Western and prudent dietary patterns were combined by using the random-effects meta-analyses.

Results: We identified 32 eligible articles including 14 cohort and 18 case-control studies (34 Western and 35
prudent studies). The pooled analyses found that a Western dietary pattern was associated with a 14% increased risk
(RR 1.14, 95% CI 1.02, 1.28), whereas a prudent dietary pattern was associated with an 18% reduced risk of breast
cancer (RR 0.82, 95% Cl 0.75, 0.89). In addition, sub-group analyses showed that the positive association between a
Western dietary pattern and breast cancer risk was significant among postmenopausal (RR 1.20, 95% Cl 1.06, 1.35), but
not premenopausal women (RR 1.18, 95% Cl 0.99, 1.40), and significant for hormone receptor-positive tumors (RR 1.18,
95% Cl 1.04, 1.33), but not receptor-negative tumors (RR 0.97, 95% Cl 0.83, 1.12). In contrast, the inverse association
between a prudent dietary pattern and breast cancer was significant in premenopausal (RR 0.77, 95% Cl 0.61, 0.98), but
not postmenopausal women (RR 0.88, 95% Cl 0.74, 1.03), and significant for both hormone receptor-positive
and receptor-negative tumors.

Conclusions: The results of the current meta-analysis suggest a possible increased risk of breast cancer associated
with a Western dietary pattern and a reduced risk with a prudent dietary pattern. Large-scale cohort studies with a
high quality need to be conducted to further confirm the findings of the current meta-analysis. As dietary patterns are
modifiable, these findings may provide viable strategies for breast cancer prevention through changes in dietary intake.
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Background

Breast cancer is the most commonly diagnosed cancer
and the leading cause of cancer death among women in
both developed and developing countries. Globally, the
incidence rate of breast cancer has been rising rapidly
over the past few decades [1]. Most of the well-estab-
lished breast cancer risk factors, such as family history,
age at menarche, age at menopause, and reproductive
history, e.g., age at first birth and parity, are, in general,
not readily modifiable [2]. Migrant studies suggest that
potentially modifiable lifestyle factors, in particular diet,
also play an important role in breast cancer prevention
[3].

A substantial number of epidemiological studies have
examined the associations between individual foods and
the risk of breast cancer. High intakes of red meat, ani-
mal fats, and refined carbohydrates have been shown to
be associated with an increased risk [4—6], whereas in-
take of fruits, vegetables, whole grains, and dietary fiber
has been linked with a reduced risk of breast cancer [6—
8]. However, foods contain many nutrients and the dif-
ferent nutrients interact with each other. Although these
individual food items have been associated with breast
cancer in some instances, the totality of evidence is in-
clusive, as supported by the World Cancer Research
Fund (WCREF) Report on Nutrition and Physical Activity
[9]. Therefore, dietary patterns, which are derived from
factor analysis and/or principal component analysis,
have been adopted and considered as better indicators of
overall dietary intake and nutritional status than individ-
ual food items.

Numerous epidemiological studies have assessed the
associations between different dietary patterns and the
risk of breast cancer. Some studies have found a positive
association between a Western dietary pattern and
breast cancer risk [10, 11], and others observed an in-
verse association between prudent or healthy dietary
patterns and breast cancer risk [12, 13]. However,
contradictory results have also been reported [11, 14]. In
addition, no association between different dietary pat-
terns and the risk of breast cancer has been reported in
some other studies [15-17]. A previous meta-analysis
published in 2010 which included 8 case-control studies
and 8 cohort studies showed that a prudent/healthy diet-
ary pattern was associated with a reduction in the risk of
breast cancer, but no association between a Western/un-
healthy dietary pattern and breast cancer risk. Since
then, additional 16 original observational studies have
been published including 6 cohort and 10 case-control
studies, more than double the number of breast cancer
cases (n=43,285 vs. 19,908 cases) than in the previous
meta-analysis. Considering the inconsistent results in
the current evidence and the insufficient statistical
power of the previous meta-analysis due to the small
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number of studies and breast cancer cases, we con-
ducted an updated meta-analysis of observational
studies to review and summarize the epidemiologic
evidence on the association between dietary patterns
and the risk of breast cancer. We further examined
these associations by study designs and characteristics
of study populations.

Methods

Search strategy

We followed the PRISMA standard guidelines to per-
form the meta-analyses of observation studies and write
the manuscript according to the PRISMA checklist
(Additional file 1). PubMed, EMBASE, and Cochrane Li-
brary databases were searched through September 2017
for relevant articles that reported the association be-
tween different dietary patterns and the risk of breast
cancer. To avoid missing any relevant study, reference
lists and review papers on this topic were also reviewed.
The following keywords or phrases were used in the
structured literature search, including “diet”, or “dietary”,
or “pattern”, or “risk” in combination with “breast”, or
“breast cancer”, or “breast neoplasm”, or “cancer”, or
“tumor”, or “carcinoma”, or “neoplasm”, or “mammary”,
and “human” to search articles published in English.

Study selection
Studies were included if they met the following inclusion
criteria: (1) it was a case-control or a cohort study; (2)
the exposure of interest was the most common dietary
consumption pattern derived from factor analysis and/or
principal component analysis. To reduce the heterogen-
eity across the studies, only the dietary patterns with
similar factor loadings of foods were selected. For ex-
ample, the Western or Western-like dietary pattern with
high loadings of foods including red and/or processed
meats, high-fat dairy products, potatoes, and sweets was
selected as a representative unhealthy dietary pattern,
whereas a prudent or similar dietary pattern with high
loadings of foods such as fruits, vegetables, fish, whole
grains, and low-fat dairy products was considered as a
healthy dietary pattern; (3) the outcome of interest was
incident breast cancer cases excluding recurrent cases;
all incident breast cancer cases were diagnosed and veri-
fied by pathological biopsies or other standard methods,
with controls/non-cases being females without breast
cancer; all breast cancer types were included such as in
situ or invasive cancer; (4) the relative risks (RRs), haz-
ards ratios (HRs), or odds ratios (ORs) and the corre-
sponding 95% CI for the highest compared with the
lowest category of dietary patterns were reported.

Two reviewers independently screened the titles and
abstracts of the searched papers and excluded the arti-
cles which did not meet the above-described inclusion
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criteria. For those that were difficult to determine their
eligibility, a full-text assessment was conducted. All dis-
putes, if any, were resolved by discussion.

We initially identified 2517 potentially relevant articles
from the databases, and 370 records were excluded be-
cause they were duplicates. After title and abstract review,
2080 articles were further excluded. After reviewing the
full text of the remaining 67 articles, 35 papers were ex-
cluded due to the following reasons: one article was not
an observational study [18]; eight studies did not assess
the relevant exposure of dietary patterns [19-26]; three
were meta-analyses [8, 27, 28]; one was a review paper
[29]; one study reported breast density as the outcome
[30]; one used benign breast disease as the outcome [31],
seven studies looked at breast cancer survival, not breast
cancer risk [32-38], and an additional 13 papers did not
use dietary patterns that were derived by factor analysis
and/or principal components analysis [39-51]. Because
one article reported on two cohort studies [52] and an-
other article reported on three cohort studies within the
single article [14], finally, 32 eligible articles that reported
34 studies (17 case-control and 17 cohort studies) of
Western and 35 studies (18 case-control and 17 cohort
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studies) of prudent dietary patterns with breast cancer risk
were included in the current meta-analysis. A flow chart
of the study selection process is presented in Fig. 1.

Data extraction and quality assessment
Two reviewers independently abstracted data on study
characteristics and results by using a standardized data
collection form. Discrepancies in data extraction be-
tween the reviewers were resolved by consensus. Data
extracted included the following: first author’s last name;
year of publication; location of the study; study design;
sample size; average age of participants; dietary assess-
ment methods; dietary patterns; RRs, HRs, and ORs with
the corresponding 95% ClIs from the fully adjusted
model for the highest compared with the lowest category
of dietary patterns; and potential confounders adjusted
in the multivariate analysis.

We also systematically assessed the study quality. Briefly,
a nine-score system on the basis of the Newcastle Ottawa
Scale (NOS) was used to assess the quality of the included
studies. Each study was evaluated on three broad criteria:
(1) the proper selection of study population, (2) the com-
parability of the study groups, and (3) the ascertainment of
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the exposure or outcome of interest. Two reviewers inde-
pendently assessed the quality of each study. Disagreements
were resolved through discussion to reach a consensus.
Studies scored greater or equal to 7, out of a maximum 9
points, were considered to be high-quality studies.

Statistical analyses

RRs were used as a common measure of the association
between dietary patterns and the risk of breast cancer
across studies. HRs, ORs, or incidence rate ratios (IRRs)
were directly considered as estimates of RR. To calculate
summary RR and its 95% CI, we pooled the results by using
random-effects meta-analysis. The random-effects analysis
was chosen a priori because of the anticipated clinical and
methodological heterogeneity and because it is considered
more conservative than the fixed-effects analysis, as it ac-
counts for both within- and between-study heterogeneity
[53]. Heterogeneity across studies was evaluated by using
the Q statistics at the P < 0.10 level of significance. We also
calculated the I* statistic, which describes the total variation
across studies attributable to heterogeneity rather than
chance; an I value greater than 50% indicates at least mod-
erate heterogeneity [54].

Because participant characteristics and confounder ad-
justment differed across the studies, which may result in
different associations between dietary patterns and
breast cancer risk among the studies, we further con-
ducted stratified analyses to explore possible sources of
heterogeneity and to examine the influence of various
inclusion criteria on the overall risk estimate. Pre-speci-
fied subgroup analyses by menopausal status, hormone
receptor status, study design, number of breast cancer
cases, number of adjusted variables, quality scores of
studies, and with or without adjustment for certain risk
factors were performed to assess whether these variables
modify the overall risk estimate. We also conducted a
sensitivity analysis to investigate the influence of each
individual study or a group of studies, for example, stud-
ies that used diet history questionnaires, or with the low
quality score, on the overall risk estimate by removing
one study or a group of studies at a time.

Potential publication bias was assessed by visual in-
spection of Begg’s funnel plots in which the log RRs
were plotted against their standard errors (SEs). We also
performed Begg’s rank correlation test and Egger’s linear
regression test [55, 56]. All analyses were performed
using STATA version 11.0 (StataCorp LP, College Sta-
tion, Texas). A P value < 0.05 was considered statistically
significant, except where otherwise specified.

Results

Study characteristics

The characteristics of the included 32 articles are pre-
sented in Table 1. Eighteen articles reported results from
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case-control studies [11, 12, 15, 16, 57-70], and 14 arti-
cles reported findings from cohort studies [10, 13, 14,
17, 52, 71-79], of which one article reported on two co-
hort studies [52] and another article reported on three
cohort studies within the single article [14]. Therefore,
there are a total of 18 case-control studies and 17 cohort
studies included in the current meta-analysis. The arti-
cles were published between 2001 and 2016. Of these,
11 studies were conducted in North America, 4 in South
America, 11 in Europe, and 8 in Asia. Sample sizes of
studies ranged from 274 to 91,779. The number of
breast cancer cases varied from 100 to 4140. Dietary in-
take was assessed using food-frequency questionnaire
(FFQ) in 33 studies and diet history questionnaire in two
studies [10, 11]. A wide range of potential confounding
factors were adjusted, including age at interview, age at
menarche, age at first delivery, body mass index (BMI),
smoking, alcohol consumption, energy intake, family his-
tory of breast cancer, physical activity, hormone use, and
menopausal status.

Table 2 shows the methodological quality of the in-
cluded studies. The NOS scores ranged from 6 to 9, with
30 high- and 5 low-quality studies. Bias related to expos-
ure assessment and selection bias were found, and
non-response rates were not reported in most
case-control studies; bias related to exposure assessment
was also found, and follow-up rates were not reported in
most cohort studies.

Associations between dietary patterns and the risk of
breast cancer

The multivariable-adjusted RRs for each study and
the combined RR for the highest compared with the
lowest categories of a Western dietary pattern are
shown in Fig. 2. The pooled result found a positive
association between the Western dietary pattern and
the risk of breast cancer (RR 1.14, 95% CI 1.02, 1.28,
P=0.017), with significant heterogeneity (I* = 85.3%,
P<0.001). The positive association was only signifi-
cant in case-control studies (RR 1.36, 95% CI 1.08,
1.71, P<0.001) with significant heterogeneity (I* =
91.1%, P <0.001), but not in cohort studies (RR 1.02,
95% CI 0.96, 1.09, P=0.49) with no evidence of sig-
nificant heterogeneity (# =30.9%, P=0.109).

Overall, the combined RR of breast cancer for the
highest compared with the lowest category of a prudent
pattern was 0.82 (95% CI 0.75, 0.89; P<0.001), with
large heterogeneity (I* = 78.1%, P < 0.001) (Fig. 3). A sig-
nificantly reduced risk of breast cancer was observed in
case-control studies (RR 0.70, 95% CI 0.58, 0.85, P<
0.001), with large heterogeneity (I* = 87.4%, P < 0.001).
In addition, an inverse association between prudent diet-
ary and breast cancer risk was also observed in cohort
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\

Study %
ID RR (95% CI) Weight
case-control !
Mourouti et al (2015) - 1.15(0.94, 1.41)3.45
Castello et al {2014) -_— 1.46(1.06, 2.01)2.94
Tumas et al (2014) H —_— 3.13(2.59, 3.78) 3.50
Karimi et al (2013} i —> 7.78(2.31,26.2)0.68
Bessaoud et al (2012) —ﬁ——:— 0.82(0.48, 1.40)2.04
Buck et al (2011) —_— 0.96 {0.82, 1.13)3.60
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Murtaugh et al (2008) —— 1.37(1.09, 1.72) 3.35
Edefonti et al (2008) —_— 0.74 (0.60, 0.91)3.43
Hirose et al (2007) —_—— 0.99 (0.86, 1.14) 3.67
Cui et al (2007) e —— 1.30(0.99, 1.70) 3.17
Ronco et al (2006) : —_— 2.16(1.46, 3.20) 2.62
Nkondjock and Ghadirian (2005) ————————t=—t—T— 0.85{0.54, 1.34)2.35
Subtotal (l-squared = 91.1%, p = 0.000) -l 1.36 (1.08, 1.71)46.51

1
cohort -
Shin et al (2016) —_ 1.32(1.02, 1.70)3.24
Harris et al (2016) — 0.99 (0.83, 1.18) 3.55
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Cottet et al (2009) — 1.20 (1.04, 1.38)3.67
Agurs-Collins et al (2009) —_— 1.06 {0.82, 1.37)3.23
Velie et al (2005) ——— 1.04 (0.88, 1.23)3.58
Adebamowo et al (2005) —_— 0.97 (0.71, 1.33) 2.96
Fung et al (2005) —_— 0.97 (0.83, 1.14) 3.60
Mannisto (NLCS) (2005) —_— 0.69 (0.52, 0.92) 3.09
Mannisto (ORDET) (2005) - 1.07 (0.58, 1.98) 1.77
Mannisto (SMC) (2005) —o——: 0.92(0.78, 1.09) 3.57
Sieri et al (2004) —_— 0.90(0.57, 1.41)2.38
Terry et al (2001) —_— 1.00 {0.79, 1.26) 3.33
Subtotal (l-squared = 30.9%, p = 0.109) : 1.02 (0.96, 1.09) 53.49
Overall {I-squared = 85.3%, p = 0.000) <> 1.14 {1.02, 1.28) 100.00
Weights are from random effects analysis : I
4 1 5
Fig. 2 Forest plot shows the association between the highest category of a Western dietary pattern and the risk of breast cancer

studies (RR 0.89, 95% CI 0.85, 0.93, P <0.001), with no
heterogeneity (I* = 0.0%, P = 0.58).

Dietary patterns and the risk of breast cancer by
menopausal status

Because breast cancers diagnosed at premenopausal
stage are different from those diagnosed at postmeno-
pausal stage, stratified analysis was performed to exam-
ine whether the association between dietary patterns and
breast cancer risk differs by menopausal status. No sig-
nificant association between a Western dietary pattern
and breast cancer risk was observed among premeno-
pausal women (15 studies, RR 1.18, 95% CI 0.99, 1.40, P
=0.058) (Fig. 4A), with significant heterogeneity (P =
60.9%, P =0.001). However, a significantly increased risk
of breast cancer was found among postmenopausal
women (16 studies, RR 1.20, 95% CI 1.06, 1.35, P=
0.004) (Fig. 4B), with significant heterogeneity (P =
57.6%, P =0.002). In contrast, a significant inverse asso-
ciation comparing the highest to the lowest category of
prudent dietary patterns and breast cancer risk was ob-
served among premenopausal women (13 studies, RR

0.77, 95% CI 0.61, 0.98, P =0.034; I* =78.3%, P < 0.001;
Fig. 4C), but not among postmenopausal women (15
studies, RR 0.88, 95% CI 0.74, 1.03, P = 0.112; I* = 79.2%,
P <0.001; Fig. 4D).

Dietary patterns and the risk of breast cancer by
hormone receptor status

The Western dietary pattern was significantly associated
with an 18% increase in the risk of estrogen receptor
(ER+) and/or progesterone (PR+) breast tumors (12
studies, RR 1.18, 95% CI 1.04, 1.33, P =0.012; I* = 59.2%,
P = 0.005; Fig. 5A). However, no association was found
for the ER- and/or PR- tumors (12 studies, RR 0.97,
95% CI 0.83, 1.12, P=0671; * =14.1%, P=0.307;
Fig. 5B). In addition, the prudent dietary pattern was sig-
nificantly associated with a 20% reduction in the risk of
ER+ and/or PR+ tumors (11 studies, RR 0.80, 95% CI
0.66, 0.98, P=0.03; I =84.5%, P <0.001; Fig. 5C) and
32% reduction in the risk of ER- and/or PR- tumors (11
studies, RR 0.68, 95% CI 0.55, 0.83, P < 0.001; I* = 54.8%,
P = 0.014; Fig. 5D), respectively. Further meta-analyses
according to ER subtypes within strata of menopausal
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Study %
ID RR (95% Cl) Weight
case-control :
Mourouti et al (2015) —_— | 060(048,0.75)3.28
Castello et al (2014) Ih-o— 1.09(0.79, 1.50) 2.65
Tumas et al (2014) _— 056 (041,0.77) 2.66
Karimi et al (2013) < | 0.25(0.08,0.78) 0.49
Bessaoud et al (2012) — 0.97 (0.64,148)2.07
Demetriou et al {2012) —_— 0.67 (049, 0.92) 2.67
Buck et al (2011} | ——— 1.04(0.88,1.23) 364
Zhang et al (2011) — i 0.26 (0.16,0.42) 1.80
Ronco et al (2010) - 0.90 (049, 1.66) 1.32
Cho et al {2010} «— ! 0.14 (0.08,0.25) 1.43
W et al (2009) —_— 0.72(0.54,0.96) 2.85
De Stefani et al (2009) —_— 0.63(047,085)2.78
Murtaugh et al (2008) ! —— 144(1.16,1.79)3.32
Edefonti et al (2008) —— 0.87(0.73,1.04) 357
Hirose et al (2007) ——r 0.73(0.63,0.84)3.80
Cui et al (2007) |——— 1.00(0.83, 1.20) 355
Ronco et al (2006) —— ! 046 (0.31,069) 2.16
Nkondjock and Ghadirian (2005) ——t——— 1.14(0.76,171)2.16
Subtotal (I-squared = 87 4%, p = 0.000) - 0.70(0.58,0.85) 46.18
1
cohort ;
Shin et al {2016) —_— 096(0.75,1.23)3.12
Harris et al (2016) — 0.86(0.73,1.02) 3.62
Kojima et al (2016) —_— e 0.88 (0.56, 1.38) 1.94
Catsburg (CSDLH) (2015) —_— 0.73(0.59,091)3.30
Catsburg {(NBSS) (2015) —_— 0.84(0.64, 1.10) 2.97
Link et al {2013) —_— 0.85(0.76,095)3.95
Baglietto et al {2011) —_—— 0.81(0.64,1.03)3.17
Cottet et al (2009) — 0.85(0.76, 0.95) 3.95
Agurs-Collins et al (2009) —_— 0.86 (0.68, 1.08) 3.25
Velie et al (2005) | ——— 1.04 (0.86, 1.26) 349
Adebamowo et al (2005) —l— 0.90 (0.69, 1.18) 2.96
Fung et al (2005) | — 0.97(0.85,1.11)3.83
Mannisto (NLCS) (2005) —_— 0.90 (0.68, 1.20) 2.85
Mannisto (ORDET) (2005) —_— 0.79(049,1.27)1.82
Mannisto (SMC) (2005) et 091(0.79,1.05)3.78
Sieri et al (2004) | ———— 1.28(0.90,183)242
Terry et al (2001) ——— 0.92(0.75,1.13)3.40
Subtotal (-squared = 0.0%, p = 0.577) & 0.89(0.85,0.93)53.82
Overall {l-squared = 78.1%, p = 0.000) é 0.82{0.75, 0.89) 100.00
NOTE: Weights are from random effects analysis : I
andpm effects anak
2 1 2
Fig. 3 Forest plot shows the association between the highest category of a prudent dietary pattern and the risk of breast cancer

status found no significant association between Western
or prudent dietary patterns and breast cancer risk
(Table 3).

Subgroups, meta-regression, and sensitivity analyses
Table 4 presents the results of the subgroup analyses. In
stratified analyses by study design, number of cases, geo-
graphical location, number of adjusted covariates, study
quality score, and with or without adjustment for several
confounders, we found that the Western dietary pattern
was positively associated with the risk of breast cancer
in some subgroups with significant heterogeneity in the
subgroups. In comparison, the prudent dietary pattern
was inversely associated with the risk of breast cancer
among the subgroups also with significant heterogeneity.
However, no evidence of heterogeneity was observed
among the subgroups with meta-regression analyses.
Sensitivity analyses were also conducted to determine
whether the results would change when one study was
removed at a time. The results were fairly robust. The
summary estimates ranged from 1.08 (95% CIs 1.01,
1.18) to 1.16 (95% Cls 1.04, 1.30) for the Western dietary

pattern (Additional file 2: Figure S1) and from 0.81 (95%
ClIs 0.74, 0.88) to 0.84 (95% Cls 0.78, 0.91) for the pru-
dent dietary pattern (Additional file 3: Figure S2). When
the two studies [10, 11] that used diet history question-
naires were excluded, the Western dietary pattern was
still significantly associated with an increased (RR 1.14,
95% CI 1.01, 1.28, P=0.036) and the prudent dietary
pattern was significantly associated with a reduced risk
of breast cancer (RR 0.80, 95% CI 0.73, 0.87, P <0.001),
respectively. In addition, when the five studies [13, 14,
59, 64, 72] with the low quality score of less than seven
were removed, the results did not materially change.

Publication bias

Although the funnel plot was slightly asymmetric, after
using the trim-and-fill method, visual inspection of
Begg’s funnel plot did not identify substantial asymmetry
(Additional file 4: Figure S3 and Additional file 5: Figure
S4). In addition, Begg’s and Egger’s tests showed no evi-
dence of publication bias for Western dietary pattern
studies (Begg’s test P =0.138, Egger’s test P =0.347). Al-
though there was marginally significant publication bias
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Fig. 4 Forest plot shows the association between dietary patterns and the risk of breast cancer by menopause status. a Western dietary pattern
in premenopausal women. b Western dietary pattern in postmenopausal women. ¢ Prudent dietary pattern in premenopausal women d Prudent

for prudent dietary pattern studies (Begg’s test P =0.088,
Egger’s test P=0.049), no evidence of publication bias
was observed after using the trim-and-fill method
(Begg’s test P =0.687, Egger’s test P =0.975), and the as-
sociation remained significant (RR 0.87, 95% CI 0.79,
0.97, P =0.009).

Discussion

This meta-analysis of 32 observational studies including
43,285 breast cancer cases supports a positive associ-
ation of a Western dietary pattern and an inverse associ-
ation of a prudent dietary pattern with the risk of breast
cancer. The Western dietary pattern was overall associ-
ated with a 14% increased risk, when comparing high vs.
low groups, which was only significant in case-control
studies (35% increased risk) but not in cohort studies
(2% increase), suggesting that recall bias might at least
partially explain the discrepant results in different study
designs. The prudent dietary pattern, comparing high vs.
low groups, was associated with a reduced risk (overall

18% decrease) of breast cancer in both case-control
(30% decreased risk) and cohort studies (11% decrease).
Furthermore, results of a Western dietary pattern are
null in study designs with greater covariate adjustment
and higher study quality, suggesting that the observed
association may be limited to study designs with more
limitations. Other stratified-analyses showed that the
positive association between a Western dietary pattern
and breast cancer risk was statistically significant among
postmenopausal women, but not significant among pre-
menopausal women. In contrast, the inverse association
between a prudent dietary pattern and the risk of breast
cancer was significant among premenopausal women,
but not significant among postmenopausal women. In
addition, the Western dietary pattern was significantly
associated with an increased risk of ER+ and/or PR+,
but not ER- and/or PR- breast tumors. In comparison,
the prudent dietary pattern was significantly associated
with a lowered risk of both ER+ and/or PR+ and ER-
and/or PR- tumors.
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Fig. 5 Forest plot shows the association between dietary patterns and the risk of breast cancer by hormone receptor status. a Western dietary
pattern in breast cancer patients with estrogen and/or progesterone receptor positive. b Western dietary pattern in breast cancer patients with
estrogen and/or progesterone receptor negative. ¢ Prudent dietary pattern in breast cancer patients with estrogen and/or progesterone receptor
positive. d Prudent dietary pattern in breast cancer patients with estrogen and/or progesterone receptor negative

Table 3 Meta-analyses on the association between dietary patterns and breast cancer risk according to ER subtypes within strata of
menopausal status

Premenopausal Postmenopausal
No.of RR p Heterogeneity x> 1 (%) P No.of RR p Heterogeneity X° 1 (%) P Hererogeneity
studies  (95% Cl) Heterogeneity  Studies  (95% Cl)
Prudent
ER+ and/ 2 0.39(0.08, 0243 1415 929 <0.001 6 0.87(0.69, 0246 22.06 773 0.001
or PR + 1.88) 1.09)
ER—and/ 2 047(0.13, 0255 387 741  0.049 5 0.72(0.49, 0.102 13.15 696 0011
or PR— 1.70) 1.06)
Western
ER+and/ 3 1.08(0.83, 0532 236 153 0307 7 1.15(0.99, 0.057 10.26 415 0114
or PR+ 1471) 1.34)
ER—and/ 3 0.94(0.67, 0.760 0.13 0 0936 6 0.91(0.81, 0322 7.29 314 0.200
or PR— 1.33) 1.01)

ER, estrogen receptor; PR, progesterone
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In 2007, the WCRF report concluded that there was
insufficient evidence to make a judgment about the rela-
tionship between dietary patterns and the risk of breast
cancer [9]. Subsequently, a meta-analysis published in
2010 including eight case-control and eight cohort stud-
ies showed that a prudent/healthy dietary pattern was
associated with an 11% reduction in the risk of breast
cancer, whereas no association was found between a
Western/unhealthy dietary pattern and breast cancer
risk [27]. The results from our analyses are consistent
with those of the previous meta-analysis to some extent.
The 18% reduction in breast cancer risk associated with
the prudent dietary pattern was stronger than the result
in the previous meta-analysis. We also found a 14% in-
crease in breast cancer risk associated with the Western
dietary pattern. The result of a positive association be-
tween the Western dietary pattern and breast cancer risk
in case—control but not cohort studies is also in line
with the finding of subgroup analyses in the previous
meta-analysis. However, an inverse association between
the prudent dietary pattern and the risk of breast cancer
was observed only in cohort but not case-control studies
in that meta-analysis, whereas an inverse association was
observed in both case-control and cohort studies in our
meta-analysis. With an additional 10 case-control [15,
62-70] and 6 cohort studies [13, 17, 52, 77-79] and
more than double the number of breast cancer cases (n
=43,285 vs. 19,908 cases) than in the previous
meta-analysis, the current study had greater statistical
power to detect significant associations.

Because estrogens have long been hypothesized to play
an essential role in breast cancer development and the
source and metabolic pathway of estrogens are different
between premenopausal and postmenopausal women
[80], the etiology and risk factors of breast cancer differs
by menopausal status. Hence, we further conducted
stratified analysis to examine the dietary pattern-breast
cancer association by menopausal status. Interestingly,
the Western dietary pattern was associated with a 20%
increased risk of breast cancer among postmenopausal
but not among premenopausal women. In contrast, the
prudent dietary pattern was associated with a 23% re-
duction in breast cancer risk among premenopausal but
not among postmenopausal women. The different asso-
ciations between dietary patterns and breast cancer risk
by menopausal status may be explained by the
diet-estrogen pathway. After menopause, when ovarian
production of estrogen ceases, the serum levels of estro-
gen come from aromatization of androstenedione to es-
trone in the stroma of fat cells followed by conversion to
estradiol; therefore, adipose tissue is the major source of
estrogen among postmenopausal women [81]. Obese
postmenopausal women have both relatively high serum
concentrations of estradiol and an increased risk of
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breast cancer [82]. Our results also showed that adjust-
ment for BMI attenuated the magnitude of the positive
Western dietary pattern-breast cancer risk. Therefore,
one plausible mechanism that the Western dietary pat-
tern, characterized by high intakes of energy, red meat
and processed meat, and animal fat, can increase breast
cancer risk is through increased BMI and increased
levels of estrogen, and particularly among postmeno-
pausal women. These explanations need to be further
examined in future studies. As diet is advocated by the
WCREF as a potentially modifiable means to reduce can-
cer risk, the prudent dietary pattern should be adopted,
particularly among younger premenopausal women, to
protect against the development of breast cancer. The
prudent dietary pattern is characterized by high intakes
of fruit, vegetables, and whole grains. Fruits and vegeta-
bles contain a variety of micronutrients with anti-cancer
properties, including antioxidant vitamins such as vita-
min E and vitamin C, folate, dietary fiber, dithiolthiones,
isothiocyanates, glucosinolates, indoles, protease inhibi-
tors, and phytochemicals (lycopene, phenolic com-
pounds, and flavonoids). These nutrients may influence
carcinogenic process by affecting the immune system
and oxidative stress, altering hormonal status, modifying
the structure and function of cell membranes, and
modulating cell signaling transduction pathways and
gene expression [83, 84]. The inverse association be-
tween a prudent dietary pattern and breast cancer ob-
served among premenopausal women may be due to the
high estrogen levels and potentially stronger protective
effect of various nutrients rich in fruits and vegetables of
this dietary pattern.

Hormone receptor status is an important diagnostic
and prognostic characteristic of breast tumor and, there-
fore, merits consideration. Among the studies which ex-
amined the dietary patterns and breast cancer
association by hormone receptor status [10, 13, 16, 17,
58, 62, 64, 67, 74, 76-78], the Western dietary pattern
has been found to be associated with an increased risk
of hormone receptor-positive breast tumors in some
studies [58, 67, 76, 78], whereas no association was
found regardless of hormone receptor status in some
other studies [13, 17, 74]. Conlflicting results were also
reported for the association between the prudent dietary
pattern and breast cancer risk by hormone receptor sta-
tus. In our stratified analyses, the Western dietary pat-
tern was associated with an 18% increased risk of ER-
and/or PR-positive tumors but not ER- and/or
PR-negative tumors. In contrast, the prudent dietary pat-
tern was associated with a 20% reduced risk of ER- and/
or PR-positive tumors and 32% reduced risk of ER- and/
or PR-negative tumors, respectively. The prudent dietary
pattern may play an important role in estrogen metabol-
ism and breast cancer protection, as it is characterized
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by high intakes of fruit, vegetables, and whole grains,
which are rich sources of phytoestrogens, isothiocya-
nates, flavonoids, antioxidants, and folate, all of which
have been found to be associated with a reduced breast
cancer risk [85, 86]. The positive association between
the Western dietary pattern and hormone receptor-posi-
tive tumors is consistent with the results from a previous
intervention study which found that decreased fat intake
was associated with risk reduction mainly in ER+ tumors
[87].

Our study had several strengths. With a larger number
of studies and breast cancer cases than the previous
meta-analysis, our meta-analysis had more statistical
power to detect a significant association between the
Western dietary pattern and breast cancer risk and to
calculate a more reliable estimate for the prudent dietary
pattern and breast cancer association. In addition, to the
best of our knowledge, this is the first meta-analysis to
analyze the dietary pattern and breast cancer risk by
menopausal status and hormone receptor status. We
also carried out sensitivity analyses to show that the re-
sults were fairly robust.

Potential limitations of this study should also be con-
sidered. First, the quality of meta-analyses is largely
dependent on the quality of the original studies included
in the meta-analyses. The current meta-analysis included
18 case-control studies and 14 cohort studies. Therefore,
the possibility of recall bias related to differential recalls
of dietary intake between cases and controls and control
selection bias in case-control studies cannot be com-
pletely ruled out. Due to a lack of significance in associ-
ation between a Western dietary pattern and breast
cancer in cohort studies, the significant association in
case-control studies may not be a true association as a
result of recall bias. Second, unmeasured and uncon-
trolled confounding is always of a concern in observa-
tional studies, although most included studies adjusted a
large number of factors which may potentially confound
the dietary patterns and breast cancer association. How-
ever, not all potential confounders were adjusted for in
every study, such as breast density [88] and history of
chest exposure to high doses of radiation [89]. Third, be-
cause the two dietary patterns were identified and classi-
fied differently in the studies reviewed, it is also possible
that the two dietary patterns may be misclassified and
the results may be influenced. To minimize potential
misclassification, we selected only the most commonly
identified dietary patterns across studies and ensured as
far as possible that the dietary patterns were similar with
regard to factor loadings of foods most commonly con-
sumed. Furthermore, we estimated the summary RRs
comparing the highest category of the particular dietary
patterns to the lowest category. Fourth, the FFQs and
diet histories were used to assess dietary patterns in the
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studies. Although the reproducibility and validity of
these methods was reported [90], the variability in the
factor analysis and/or principal component analysis may
still exist [91]. As a result of the uncorrelated data-
driven patterns, only certain aspects of diet were cap-
tured within a given pattern. For example, a prudent
pattern often had factor loading near 0 for animal prod-
ucts; thus, these diet high in both plants and animal
products were not penalized for consuming some proc-
essed/animal products that may be harmful. Finally,
publication bias was found among the studies which re-
ported a prudent dietary pattern. However, after using a
trim-and-fill method, the inverse association remained
significant.

Conclusions

In summary, our meta-analysis provides potential evi-
dence of a possible positive association between the
Western dietary pattern and an inverse association be-
tween the prudent dietary pattern and breast cancer risk.
However, the results should be interpreted with caution,
as the observed positive association may be limited to
study designs with more limitations. Subgroup analyses
found that these associations differed by menopausal
status and hormone receptor status. As diet is poten-
tially modifiable, the findings may have important impli-
cations to promote a prudent dietary pattern for breast
cancer prevention.
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