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ABSTRACT

Background: An increasing number of studies in recent years investigate various dietary and lifestyle patterns and associated breast cancer (BC) risk.
Objectives: This study aimed to comprehensively synthesize and grade the evidence on dietary and lifestyle patterns and BC risk.

Methods: Databases were systematically searched up to 31 March, 2022, for evidence from randomised controlled trials and prospective cohort studies
on adherence to a dietary pattern alone or in combination with lifestyle behaviors and incidence of or mortality from primary BC in adult females.
Findings in all, premenopausal, and postmenopausal females were descriptively synthesized instead of meta-analyzed due to patterns heterogeneity. An
independent Global Cancer Update Programme Expert Panel graded the strength of the evidence.

Results: A total of 84 publications were included. Results for patterns reflecting both a healthy diet and lifestyle were more consistent than for patterns
that included diet only. There was strong-probable evidence that a priori World Cancer Research Fund/American Institute for Cancer Research (WCREF/
AICR) and American Cancer Society (ACS) dietary and lifestyle scores may reduce BC risk in all and postmenopausal females, whereas in premen-
opausal females, less evidence was found contributing to limited-suggestive grade. There was also a limited-suggestive evidence that adherence to the
Healthy Lifestyle Index and other diet and lifestyle scores may reduce BC risk in postmenopausal females; a posteriori Western/Meat/Alcohol dietary
patterns may increase BC risk in postmenopausal females; and Prudent/Vegetarian/Mediterranean dietary patterns may reduce BC risk in all females. For
the remaining patterns, evidence was graded as limited-no conclusions.

Conclusions: Advice to adopt combined aspects of a healthy diet and lifestyle according to WCREF/AICR and ACS scores, encouraging a healthy weight,
physical activity, alcohol and smoking avoidance, and a healthy diet rich in fruits, vegetables, (whole)grains and cereals and discouraging red and
processed meat, can be proposed to females to lower BC risk.

This review was registered at PROSPERO as ID CRD42021270129 (https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42021270129)
on 28 August, 2021, and further updated on 4 May, 2022, in order to extend the search period.

Abbreviations: ACS, American Cancer Society; AHEI, alternate Healthy Eating Index; BC, breast cancer; CUP, Cancer Update Programme; DASH, Dietary Approaches to Stop
Hypertension; DGA, Dietary Guidelines for Americans; HEIL, Healthy Eating Index; HI, Health Index; HLI, Healthy Lifestyle Index; PCA, principal component analysis; RoB, risk of
bias; RR, relative risk; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; WHI-DM, Women'’s Health Initiative Dietary Modification.
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Introduction

Breast cancer (BC) is a leading public health problem owing to its
high incidence (2.3 million new cases in 2020) and mortality (684,996
deaths) in females worldwide [1]. It is known that healthy diet and
lifestyle may play an important preventive role [1-4]. During recent
decades, several studies on BC risk have assessed its relationship with
the intake of single nutrients and food groups (eg, fruits and vegetables,
soy food, fiber, meat, saturated fat, and alcohol) [5,6]. However, this
approach presents several limitations, as the totality of diet is likely to
have interactive, synergistic, and combined effects [7]. Moreover, it is
becoming more evident that an important impact on BC risk may result
from an overall pattern of a healthy diet, physical activity, and main-
tenance of a healthy weight [8]. Thus, a clearer assessment of the
complexity of various dietary and lifestyle patterns and associated BC
risk is warranted.

The 2018 World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) Third Expert Report [9] concluded
that the evidence on the relationship of dietary patterns and the risk of
BC was inconclusive. Although the literature on dietary patterns and BC
was abundant (the report was based on 45 articles published up to the 31
December, 2015), a variety of methods had been used to derive the
patterns, which hindered the validity of summarizing the evidence by
conventional meta-analytical methods [10]. As such, the Global Cancer
Update Programme (CUP) commissioned a group of international ex-
perts to establish a systematic literature review protocol [11] to syn-
thesize the evidence following clear eligibility criteria and instructions
for grouping diet and/or lifestyle patterns by deviation methods.

This work aimed to systematically review the literature on dietary
and lifestyle patterns and BC incidence and mortality using improved
methodologic approaches for reviewing and synthesizing the evidence
and update previous WCRF/AICR systematic reviews [9]. We further
aimed to identify commonalities across different patterns to classify all
the patterns into groups and to synthesize the evidence separately for
risk of overall, premenopausal, and postmenopausal BC.

Methods

This systematic literature review was conducted as part of the
ongoing CUP Global, formally known as the WCRF/AICR CUP [12],
according to the protocol available at https://osf.io/z9naw/ [11]. The
present review was registered in PROSPERO (https://www.crd.york.
ac.uk/prospero/display_record.php?ID=CRD42021270129) on 28
August, 2021, and further updated on 4 May, 2022, in order to extend
the search period. Details on the methods used [search strategy, study
selection, data extraction, risk of bias (RoB) assessment, and data
synthesis] are available in Supplemental Text 1.

Search strategy, selection criteria, and data extraction
PubMed and Embase were searched for relevant publications from
inception to 31 March, 2022. Details on search terms used and the
inclusion and exclusion criteria are provided in Supplemental Text 1
and Supplemental Table 1. Briefly, the inclusion criteria were as fol-
lows: I) randomised controlled trials (RCTs), prospective cohort
studies, nested case—control studies, case—cohort studies, and pooled

analyses of studies with these designs; 2) studies on incidence of or
mortality from primary BC in adults (18 y or older); 3) studies that
examined consumption of and/or adherence to a dietary pattern alone
or in combination with lifestyle behaviors (ie, physical activity,
smoking, and body adiposity) as assessed by indices or scores driven
from data by statistical methods or predefined; and 4) studies that
provided a complete description of the components of the dietary or
lifestyle pattern being investigated, as well as the cutoff points used to
categorize or assign scores to the participants. Studies that examined a
labeled dietary pattern, but did not describe the foods and beverages
consumed, and those patterns that are based solely on nutrient intakes,
were excluded. The reference lists of reviews were hand-searched for
any potential missed articles. To avoid duplication of the results from
the same study population, the publication with the higher number of
cases and longer follow-up was selected. Publications from the same
cohort but reporting different outcomes or using different patterns or
components were maintained. Data required for the analysis (study
characteristics, participants, exposure, outcomes, and results) were
extracted and incorporated into the CUP Global database. Study se-
lection and data extraction was checked in a random sample of pub-
lications (10%) by a second reviewer. Discrepancies were discussed
and resolved by consensus.

RoB assessment

RoB was assessed using a modified version of the tool for nutrition
observational studies tool (Supplemental Table 2) or version 2 of the
Cochrane RoB tool for RCTs (RoB2) (https://www.riskofbias.info/
welcome/rob-2-0-tool/current-version-of-rob-2). To ensure accuracy,
10% of publications were checked by 2 independent reviewers (J.K.,
G.M.), and the percentage of agreement between them was high (78%-
100% depending on the domain). For observational studies, 7 domains
of bias were assessed: /) confounding; 2) selection of participants into
the study; 3) classification of exposure(s); 4) departure from the
intended exposure(s); 5) missing data; 6) measurement of outcome(s);
and 7) selection of reported results. Within each domain, RoB was
judged as low, moderate, serious, critical, or no information. For RCTs,
the following domains of bias were evaluated: /) randomization pro-
cess; 2) deviations from intended interventions; 3) missing outcome
data; 4) measurement of the outcome(s); and 5) selection of the re-
ported results. An overall bias was also graded, and risk was judged as
low, some concerns, or high.

Data synthesis

Patterns were grouped considering the type (dietary only or dietary
and lifestyle pattern) and derivation method used (a priori, a posteriori,
or hybrid). A priori dietary patterns (or hypothesis-oriented) include
indexes or scores constructed according to combinations of different
foods, drinks, and nutrients, based on previous knowledge regarding
the association of individual foods and nutrients with health or disease
or reflecting adherence to existing dietary patterns perceived to provide
health benefits. In turn, a posteriori (also named data-driven or
empirical) dietary patterns are derived empirically from dietary data in
the study populations using data-reducing methods, such as principal
component analyses (PCAs) or cluster analyses. Patterns can be also
derived using hybrid methods, such as reduced rank regression, a 2-
step process to derive data-driven patterns that explain the highest
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variability of a priori selected intermediate factors such as nutrients or
biomarkers [13]. In this review, 4 main groups of patterns were
distinguished (Supplemental Table 3). Dietary patterns were derived
with a priori, a posteriori, and hybrid methods, whereas dietary and
lifestyle patterns were mainly derived with a priori methods (only 1
pattern was obtained using a hybrid method) [14]. To obtain more
homogenous patterns, further classification into subgroups was per-
formed based on the pattern’s origin and detailed study of included
components (Table 1 and Supplemental Table 4). A priori dietary and
lifestyle patterns were divided into those that were based on specific
recommendations for cancer prevention or general recommendations to
follow a healthy lifestyle. Furthermore, a priori dietary patterns were
divided into those based on culturally defined dietary habits or dietary
guidelines. A posteriori dietary patterns were divided into Western/-
Meat/Alcohol, which comprised less healthy dietary patterns; Pru-
dent/Vegetarian/Mediterranean, which was associated with healthier
diets; or traditional/ethnic/mixed, which included patterns that did not
fit into any of these 2 groups. Hybrid dietary patterns were divided
depending on whether the intermediate response variables were bio-
logical markers or nutrients.

Meta-analysis was not used to summarize the results because pat-
terns within groups were heterogeneous in terms of components and
cutoff points. Instead, a descriptive synthesis with vote counting based
on number of studies showing positive [relative risks (RRs) > 1], in-
verse (RR < 1) or null (RR = 1) direction of effects/associations was
used. Neither statistical significance nor the size of the effect was
considered in the vote counting procedure [15]. To aid the interpreta-
tion of associations, forest plots were created for patterns, which were
assessed in >3 studies. For this, RRs with 95% Cls comparing extreme
(highest with lowest) exposure categories were plotted, with additional
information such as total number of cases, without calculating an
overall summary effect. Studies that reported only continuous associ-
ations were reported in tables and in the text.

Findings were synthesized separately for all (menopausal status
unspecified), premenopausal, and postmenopausal females. Heteroge-
neity was explored using subgroup analysis within each pattern and
according to menopausal status (if possible), when there were >2
studies in each stratum. Sources of heterogeneity examined were as
follows: cancer outcome subtypes (molecular and morphologic);
geographic location by continent (North America, South America,
Europe, Asia, Australia, Africa, and Antarctica); number of cancer
cases (<100, 100-500, and >500); length of follow-up (<5, 5-10, and
>10 y and unknown); study design (RCTs and observational studies);
presence of specific components in a pattern (ie, alcohol and smoking);
or RoB (low, moderate, serious, critical, or no information). Con-
structed forest plots were visually explored based on the consistency in
the direction (mainly) and magnitude of associations across studies,
without using statistical tests. The presence of small-study effects as an
indication of publication bias was also assessed using the Egger test
and visual inspection of funnel plots [16]. All analyses were conducted
using Stata software, version 17 (StataCorp).

Evidence grading

Members of the independent CUP Global Expert Panel judged the
evidence according to predefined criteria, including the quantity, con-
sistency, magnitude and precision of the effect estimates, the presence
of a dose-response relationship, study design, RoB, generalizability,
and mechanistic plausibility of the results (Supplemental Table 5), with
preliminary judgments made by the CUP Global Expert Committee on
Cancer Incidence. The evidence was graded as strong (subgrades
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evaluating likelihood of causality: convincing, probable, or substantial
effect on risk unlikely) or limited (subgrades: limited-suggestive or
limited-no conclusion). Details on grading criteria and judgment are
available at https://www.werf.org/diet-activity-and-cancer/global-
cancer-update-programme/judging-the-evidence/.

RESULTS

Screening and study characteristics

In total, 3024 distinct publications were screened and 84 included
(flowchart in Figure 1). There were 77 publications from observational
studies and 7 from 3 RCTs, reporting data from different lengths of
follow-up or BC subtypes. Most of the studies were conducted in North
America and Europe and included large study populations (median:
48,835 participants), with a large number of cases (median: 1477) and
follow-up (median: 12 y). Almost all studies addressed total (invasive
and in situ) or invasive BC as an outcome. Only 7 studies reported
results on BC mortality using a variety of patterns [17-23], limiting the
possibility to synthesize these findings. Similarly, evidence synthesis
for molecular or morphologic BC subtypes was hampered by a limited
number of studies within each subtype.

RoB assessment

Overall, RoB was low-to-moderate for most domains of observa-
tional studies (Supplemental Figure 1). Most of the studies (78%)
adjusted for all important confounders (age, adiposity, and reproductive
factor(s) (including >1 of the following: age at menarche, age at
menopause, parity, and lactation) but in half of them (47%) reliability
or validity of measurement of key confounders could not be evaluated
or was low, resulting in an overall moderate-to-serious RoB from
confounding. Although the majority of the patterns were not validated,
the tools used to capture individual components were mostly validated,
resulting in an overall moderate RoB in classification of exposure
(68%). For the departure of intended exposures, RoB was rated pre-
dominantly as critical (84%), given that most studies measured diet and
lifestyle only once, hence incurring measurement error due to intra-
individual variation [24]. None of the studies reported findings based
on a preregistered protocol or statistical analysis plan, as it is quite
uncommon for observational studies; hence, risk of reporting of se-
lective findings is unclear. Most studies from RCTs were considered to
have low RoB (Supplemental Figure 2).

Results by exposure

Main findings with evidence grading conclusions are available in
Table 2. Studies reporting associations for the highest compared with
the lowest category of adherence to the pattern are shown in
Figures 2—4; results from both categorical and continuous associations
can be seen in Supplemental Tables 6-10.

A priori dietary and lifestyle patterns

Twenty-five observational studies (23 prospective cohorts, 1 pooled
analysis of 2 cohorts [22], and 1 case—cohort) [35] examined associa-
tions between a priori dietary and lifestyle scores and BC risk (mostly
incidence, mortality was addressed only in 2 studies) [22,23]. Findings
on these patterns are available in Supplemental Table 6.

A priori dietary and lifestyle patterns based on specific recommen-
dations for cancer prevention. Eighteen publications were identified.
The WCRF/AICR score or its modifications was used in 15 studies
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TABLE 1
Summary of components of dietary and lifestyle patterns.
Pattern No.of | ¢ e Foods and Lifestyle factors
Pattern name public .
subgroup ations | versions
“A Priori” dietary and lifestyle patterns
o
- g 8
2 p 2 E| B
) & 4 2 | o5
= - & 4 D (g
& 2 = £ |5 |E2
z g g E|. |2 |38 B |sE
= 5 2 =18 & | g & | =E
= g & 5|2|%5 |88 3|78 5
151 @ 7 9 Sl =1 & o % <o
| & » 2| g | B 3 Z 12| 2|23 & | & g | 2
28| & |3 <[ 8| 8| g g a2 =22 2 |25 s | =
gl 2|2 | 2 a | 8| 2 2 g 2 | 2| & E g 23| &L |5 g 2|38
Sl e|E|8|2|%|2|z|a|E|3 5|82 |8 5|22 2|53
S| BE|a [T |E|F|z2|&|3|C|& ||| |A|& |H8 A 08| & |S | <
Based on specific | \ycppA1CR seore 15 15 .
recommendations
for cancer American Cancer Society 4 4
prevention (ACS) guidelines
Healthy Lifestyle Index (HLI) 5 5
(and modifications)

Based on general | Dietary Guidelines for 1 1
recommendations | Americans (DGAs)
for a healthy Health Index (HI) (French 1 1
lifestyle recommendations and WHO)
PNNS-Guideline Score 1 1
(PNNS-GS)
Hybrid* Estroge*n-related lifestyle 1 1
pattern

“A priori” dietary patterns

Mediterranean diet score
Based an " (MDS and modifications) = &
culturally-defined i
P Pro-vegetarian/plant-based
dietary habits : 3 3
diets
Healthful pro- 7 5
vegetarian/plant-based diets - -
Unhealthful pro- 5 5
vegetarian/plant-based diets - -
Palaeolithic diet 1 1
Mexican diet 1 1
Healthy Eating Index (HEI) 7 2
and alternate HEI (AHEI)
Dietary Approaches to Stop 5 5
Hypertension (DASIH)
Recommended Food Score 5 7
(RFS) - -
Diet Quality Index (DQI) 1 1
Diabetes Risk Reduction Diet 1 1
(DRRD)
Based on dietary Healthy Diet Index (HDI) 1 1
guidelines (WHO guidelines)
Nordic diet 2 2
Cumulative risk factors (UK 1 1
and Furopean guidelines)
PNNS diet score 1 1
The 2015 Dutch dietary 1 1
guidelines
WCREF diet 2 2
“A posteriori” dietary patterns
Prudent/Vegetarian/Mediterranean 18 24
Western/Meat/Alcohol 17 24
Traditional/Ethnic/Mixed 12 18

Dark green colour is used to indicate a higher intake/positively loaded food groups in most of the patterns; light green colour is used to indicate a
higher intake/positively loaded specific food groups in some of the patterns; dark red is used to indicate a lower intake of food groups in most of
the patterns; light red is used to indicate a lower intake of specific food groups and yellow is used to indicate moderate intake.

Abbreviations: AICR — American Institute for Cancer Research; PNNS — French National Nutrition Health Program; UK — United Kingdom;
WCRF — World Cancer Research Fund; WHO — World Health Organization.

*The dietary component of this lifestyle pattern is obtained using reduced rank regression (hybrid).
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Records identified through PubMed
and Embase database search

(n=3859)
Records of duplicates removed
— (n=835)
Records after duplicates removed
(n=3024)
Records excluded after title and
—— abstract reading (n=2861)

Full text articles assessed
(n=163)

—

Articles included from search
(n=76)

Articles included through
reviews hand screening
(n=8)

—|

Articles included
(n=84)

The American Journal of Clinical Nutrition 121 (2025) 14-31

Full text articles excluded with reason (n=87)

- Reviews, systematic reviews and meta-analysis (n=32)

- In Italian, research perspective, overview (n=3)

- Out of the research topic- no dietary/lifestyle pattern (n=18)

- Out of the research topic- pattern based on nutrients (n=6)

- Joint exposure of two patterns, results overlapped with other paper (n=1)
- Out of the research topic — pattern labelled or not fully described (n=13)
- Out of the research topic- no breast cancer as an outcome (n=6)

- Out of the research topic-exposition in adolescence (n=1)

- Case-only study (n=1)

- Duplication of the results from the same cohort (n=6)

FIGURE 1. Flowchart representing each step of the screening process and inclusion of publications for this review.

[22,25,29,30,31,36-45], and the American Cancer Society (ACS)
score in 4 studies [23,37,46,47] (in 1 study both scores were used) [37].
These scores encourage a healthy weight, physical activity, a
plant-based diet, and discourage red and processed meat and alcohol
consumption [48-50] (see components in Table 1). Notably, results
were consistent in the direction of an inverse association indepen-
dently of menopausal status, with several studies showing strong ev-
idence of an association (Figure 2A and Supplemental Table 6). In
particular, all 14 studies (from 13 publications) conducted in all fe-
males indicated lower BC risk—RRs: 0.49-0.98; 13 scores assessed
categorically [25,30,31,37-40,42-44,46,47] and 1 continuously
[29]—of which in 7 [25,30,37,38,42,46,47], 95% Cls did not cross 1.
In premenopausal females, 5 studies were identified—RRs: 0.67-1.04;
3 scores assessed categorically [40,43,45] and 2 continuously [30,
31]—ofwhich, in 4 [30,40,43,45], an inverse association with BC risk
was found, and in 1, the risk of in situ BC was increased (but with Cls
including 1) [31]. In postmenopausal females—RRs: 0.27-1.00; 6
scores assessed categorically [23,36,40,41,43,45] and 2 continuously
[30,31]—inverse associations were observed in 7 [23,30,31,36,41,43,
45] of 8 studies; with 6 of those studies showing strong evidence of
association [23,30,36,41,43,45]. Nomura et al. [40] found a null as-
sociation with BC risk in categorical analyses but an inverse associ-
ation when the score was analyzed continuously.

A priori dietary and lifestyle patterns based on general recommen-
dations for a healthy lifestyle. Eight publications were identified.
Patterns from this group share common lifestyle factors, including
BMI, physical activity, smoking, and diet (mostly fruits and vegetables)
(Table 1). In 3 studies [26,35,52], the Healthy Lifestyle Index (HLI)
score developed by McKenzie et al. [26] was used. The remaining
patterns were used in single studies, including other healthy lifestyle
scores [27,53], the Health Index (HI) based on French recommenda-
tions and World Health organization (WHO) [54], Dietary Guidelines

for Americans (DGA) (fifth edition) [55], and the French National
Nutrition Health Program-Guideline Score (PNNS-GS) [30]. In gen-
eral, an inverse association was identified in all studies regardless of
menopausal status with several studies showing strong evidence of
association (Figure 2B). In particular, comparison between the highest
and the lowest adherence categories showed lower BC risk incidence in
2 studies performed in all females (RRs: 0.65-0.96) [30,53], in 1 study
conducted in premenopausal females (RR: 0.80; 95% CI: 0.58, 1.12)
[54], and in all 6 studies in postmenopausal females [26,27,35,52,54,
55]—RRs: 0.62-0.87, in 5 [26,27,35,52,55] of which CIs did not
include 1.

A priori dietary patterns

Associations between a priori dietary patterns and BC risk were
examined in 26 observational studies—22 prospective cohorts, 3
pooled analysis cohorts [56-58], and 1 case—cohort study [59]. In this
section, 3 RCTs, which used predefined dietary interventions, were also
included. Similarities among all these patterns include the combination
of high consumption of fruits and vegetables, nuts and seeds, legumes,
(whole) grains and cereals or fiber, olive or other vegetable oils or high
unsaturated-to-low saturated fatty acids ratio, as well as low con-
sumption of red and processed meat, sugar-sweetened beverages, and
sodium. Incidence of BC was a predominant outcome, and mortality
was addressed in 3 observational studies [17,18,21]and 1 RCT [19,20].
Components of these patterns derived from observational studies are
summarized in Table 1 and findings on risk of BC are shown in Sup-
plemental Table 7. Components and results from the RCTs are tabu-
lated in Supplemental Tables 8 and 9.

A priori dietary patterns based on culturally defined dietary hab-
its. Dietary patterns based on adherence to eating behaviors, traditions,
or even fad diets often believed to be inherently healthy were included
within this category. These include the Mediterranean dietary pattern,
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TABLE 2

Evidence grades and main findings from the descriptive synthesis of dietary and lifestyle patterns and breast cancer risk.

Evidence grades

Pattern

Breast cancer by
menopausal status

Summary of findings

Conclusions

Strong evidence

Convincing

Probable

Decreases risk

A priori dietary and lifestyle
patterns based on specific
recommendations for cancer
prevention (WCRF/AICR and
ACS score)

In all females

In postmenopausal
females

14 RRs (13 RRs for the highest vs the lowest level of
adherence ranged 0.49-0.98 and 1 RR: 0.87; 95% CI:
0.74, 1.03 per 1-unit increment in the score) from 13
studies (13 publications): all inverse associations; in 7
studies 95% CIs did not include null value

8 RRs (6 RRs for the highest vs the lowest level of
adherence ranged 0.27-1.00 and 2 RRs per 1-unit
increment in the score ranged 0.83-0.94) from 8 studies
(8 publications): 7/8 inverse (in 6 studies 95% Cls did not
include null value), 1/8 null association

Evidence based on 14 estimates from cohort studies
showed clearly consistent tendency toward inverse
associations, without heterogeneity (in effect direction,
but little in effect size), supported by plausible
mechanistic evidence for pattern components, unlikely
influenced by methodologic limitations and publication
bias

Evidence based on 8 estimates from cohort studies
showed a consistent tendency toward inverse
associations, without heterogeneity, supported by
plausible mechanistic evidence for pattern components,
and unlikely influenced by methodological limitations
and publication bias

Limited evidence

Limited suggestive

Decreases risk

A priori dietary and lifestyle
patterns based on specific
recommendations for cancer
prevention (WCRF/AICR and
ACS score)

In premenopausal
females

5 RRs (3 RRs for the highest vs the lowest level of
adherence ranged 0.67-0.78 and 2 RRs per 1-unit
increment in the score ranging 0.98—1.04) from 5 studies
(5 publications): 4/5 inverse (in 1 study 95% Cls did not
include null value), 1/5 positive associations (95% CIs
included null value)

Evidence based on 5 estimates from cohort studies is
suggestive of inverse association, without heterogeneity,
supported by plausible mechanistic evidence for pattern
components, and unlikely influenced by methodologic
limitations and publication bias

A priori dietary and lifestyle
patterns based on general
recommendations for a healthy
lifestyle (HLI, HI, and DGA)

In postmenopausal
females

6 RRs from 6 studies (6 publications) ranged 0.62-0.87
for the highest vs the lowest level of adherence: all
inverse associations; in 5 studies 95% Cls did not include
null value

Evidence based on 6 estimates from cohort studies using
3 different patterns, although showed a general consistent
tendency toward inverse associations, supported by
plausible mechanistic evidence for pattern components
and with no strong evidence of influence by
methodologic limitations and publication bias

A posteriori Prudent/Vegetarian/
Mediterranean

In all females

17 RRs from 13 studies (12 publications) ranged
0.64-1.28 for comparison between the highest vs the
lowest levels of adherence or clusters: 15/17 inverse (in 3
studies 95% Cls did not include null value); 2/17 positive
(in both 95% ClIs included null value) associations

The evidence is based on 17 estimates from cohort
studies, and generally consistent in the direction of
inverse association, but is limited in methodologic
quality, supported by plausible mechanistic evidence, and
unlikely influenced by publication bias

Increases risk

A posteriori Western/Meat/
Alcohol

In postmenopausal
females

11 RRs from 10 studies (9 publications) ranged 0.95-1.77
for comparison between the highest and the lowest levels
of adherence or clusters: 8/11 positive (in 1 study 95%
ClIs did not include null value); 3/11 inverse (95% Cls
included null value in all) associations

The evidence is based on 11 estimates from cohort
studies, and generally consistent in the direction of
positive association, but is limited in methodologic
quality, supported by plausible mechanistic evidence,
unlikely influenced by publication bias

(continued on next page)
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TABLE 2 (continued)

Evidence grades Pattern Breast cancer by Summary of findings Conclusions
menopausal status

Limited-no A priori dietary and lifestyle patterns based on general recommendations for a healthy lifestyle: HI, PNNS (in The evidence is based on 1 estimate from cohort study,
conclusion premenopausal females) pooled analysis, or RCT

A priori dietary patterns based on culturally defined dietary habits: AHEI (in premenopausal females), healthful

provegetarian/plant-based dietary patterns (in premenopausal and postmenopausal females), Paleolithic diet (in

premenopausal and postmenopausal females), traditional Mexican diet (in postmenopausal females), unhealthful

provegetarian/plant-based dietary patterns (in premenopausal and postmenopausal females)

A priori dietary patterns based on dietary guidelines: DASH (in premenopausal females), Dutch Dietary Guidelines (in all

females), DQI-R (in postmenopausal females), DRRD (in all, premenopausal, and postmenopausal females), HNFI (in all

and premenopausal females), low-fat dietary interventions (in all and premenopausal females), PNNS-GS2 (in all,

premenopausal, and postmenopausal females), RFS (in all and postmenopausal females), UK and European dietary

guidelines score (in all females), and WHO HDI (in all, premenopausal, and postmenopausal females)

Hybrid dietary patterns derived from biological markers: proinflammatory dietary pattern (in all, premenopausal, and

postmenopausal females); proestrogen dietary pattern (in all females)

Hybrid dietary patterns derived from nutrients: discretionary fats dietary pattern (in all females), fructose dietary pattern (in

all females), high-alcohol dietary pattern (in all and postmenopausal females), high-fiber dietary pattern (in postmenopausal

females), simplified dietary pattern (in all women), and vitamin D dietary pattern (in all females)

Hybrid dietary and lifestyle patterns: estrogen-related lifestyle score (in postmenopausal females)

A priori dietary and lifestyle patterns based on general recommendations for a healthy lifestyle: HI and PNNS (in all The evidence is based on 2 or more estimates from cohort
females) studies, pooled analyses, or RCTs but shows
A priori dietary patterns based on culturally defined dietary habits: healthful provegetarian/plant-based dietary patterns (in  inconsistency in the direction of associations
all females), Mediterranean dietary pattern (in all, premenopausal, and postmenopausal females), provegetarian/plant-based

dietary patterns (in all, premenopausal, and postmenopausal females), unhealthful provegetarian/plant-based dietary

patterns (in all females)

A priori dietary patterns based on dietary guidelines: HEI and AHEI (in all and postmenopausal females), DASH (in all and

postmenopausal females), HNFI and mNDI (in postmenopausal females), low-fat dietary interventions (in postmenopausal

females), and WCRF/AICR dietary score (in postmenopausal females)

A posteriori dietary patterns: Prudent/Vegetarian/Mediterranean (in premenopausal and postmenopausal females),

traditional/ethnic/mixed (in all, premenopausal, and postmenopausal females), Western/Meat/Alcohol (in all and

premenopausal females)

Hybrid dietary patterns derived from biological markers: proestrogen dietary pattern (in postmenopausal females)

Hybrid dietary patterns derived from nutrients: high-fiber dietary pattern (in all females)

Abbreviations: ACS, American Cancer Society; AHEI, Alternate Healthy Lifestyle Index; CI, confidence interval; DASH, Dietary Approaches to Stop Hypertension; DGA, Dietary Guidelines for Americans; DQI-
R, Diet Quality Index-Revised; DRRD, Diabetes Risk Reduction Diet; HEIL, Healthy Eating Index; HI, Health Index; HLI, Healthy Lifestyle Index; HNFI, Healthy Nordic Food Index; mNDI, modified Nordic
Dietary Index; PNNS, French National Nutrition Health Program; PNNS-GS2, French National Nutrition Health Program-Guideline Score 2; RFS, Recommended Food score; RR, relative risk; UK, United
Kingdom; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; WHO HDI, World Health Organization Healthy Diet Index.
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Author Year Dietary patterns Study Cases RR (95% CI) Comparison
Pre- and postmenopausal
Karavasiloglou 2019 2018 WCRF/AICR EPIC 1277 —— 0.98 (0.80, 1.22) 5.50 - 8.00 vs 0.00 - 3.00 score
Xu 2019 2007 WCRF/AICR ATP 454 e 0.86 (0.68, 1.09) 4.00 - 6.00 vs 0.00 - 2.00 score
Romaguera 2012 2007 WCRF/AICR EPIC 9358 - 0.84 (0.78, 0.90) 5.00 - 7.00 vs 0.00 - 3.00
Nomura 2016 2007 WCRF/AICR BWHS 1567 ——t 0.84 (0.65, 1.08) >4.00 vs <3.00 score
Kabat 2015 ACS NIH-AARP Diet and Health 9072 - 0.81(0.76, 0.87) 8.00 - 11.00 vs 0.00 - 3.00 score
Catsburg 2014 2007 WCRF/AICR CNBSS 1970 ——t 0.79 (0.57, 1.10) 6.00 - 7.00 vs 0.00 - 1.00
Cifu 2018 ACS NIH-AARP Diet and Health 7088 - 0.76 (0.70, 0.82) Q5vs Q1
Akinyemiju 2017 2007 WCRF/AICR NIH-AARP Diet and Health 12698 - 0.72 (0.86, 0.79) 5.00 vs <1.00 score
Catsburg 2014 ACS CNBSS 1938 —— 0.69 (0.49, 0.97) 6.00 vs 0.00 - 1.00
Lavalette 2018 2007 WCRF/AICR NutriNet-Santé 488 —— 0.64 (0.46, 0.89) Q5vs Q1
Barrios-Rodriguez 2020 2018 WCRF/AICR SUN 119 e e 0.62 (0.27, 1.43) 5.25-7.00 vs 0.00 - 3.00 score
Wie 2014 Risk factors (2007 WCRF/AICR) CSECK 29 < > 0.49 (0.05, 5.07) 23.00 vs <2.00 score
Harris 2016 2007 WCRF/AICR sMC 1388 —_—— 0.49 (0.35, 0.70) 6.00-7 vs 0.00-2.00 score
Premenopausal
Arthur 2020 modified HLI (modified 2018 WCRF/AICR) UK Biobank 706 —— 0.78 (0.64, 0.94) 3.25-5.00 vs 0.00 - 2.50 score
Nomura 2016 2007 WCRF/AICR BWHS 678 0.67 (0.44, 1.03) >4.00 vs <3.00 score
Barrios-Rodriguez 2020 2018 WCRF/AICR SUN 67 —_— 0.67 (0.30, 1.47) 5.25-7.00 vs 0.00 - 5.00 score
Postmenopausal
Nomura 2016 2007 WCRF/AICR BWHS 826 — 1.00 (0.72, 1.40) >4.00 vs <3.00 score
Thomson 2014 ACS WHI-08 3549 —— 0.78 (0.67, 0.92) 7.00 - 8.00 vs 0.00 - 2.00 score
Nomura 2016 2007 WCRF/AICR IWHS 3189 - 0.76 (0.67, 0.87) 6.00 - 8.00 vs 0.00 - 3.50 score
Arthur 2020 modified HLI (modified 2018 WCRF/AICR) UK Biobank 2716 - 0.69 (0.63, 0.77) 4.00 - 6.00 vs 0.00 - 3.00 score
Hastert 2013 2007 WCRF/AICR VITAL 899 —_—— 0.40 (0.25, 0.65) 5.00 - .00 vs 0.00 score
Barrios-Rodriguez 2020 2018 WCRF/AICR SUN 42 L 0.27 (0.08, 0.93) 5.25 -7.00 vs 0.00 - 3.00 score
! I |
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Author Year Dietary patterns Study Cases RR (95% CI) Comparison
Pre- and postmenopausal
Lavalette 2018 PNNS guideline NutriNet-Santé 488 —_— 0.96 (0.72,1.28) 10.81 - 14.50 score vs 1.00 - 7.80 score
Elwood 2018 Healthy lifestyle UK Biobank 2769 —— 0.65 (0.52,0.83) 5.00 vs 0.00 - 1.00 score
Premenopausal
Dartois 2014 Health Index (French rec. and WHO) E3N 609 0.80(0.58, 1.12) 4.50 - 5.00 vs 0.00 - 2.00
Postmenopausal
Dartois 2014 Health Index (French rec. and WHO) E3N 2874 - 0.87 (0.74,1.03) 4.50 - 5.00 vs 0.00 - 2.00
Harnack 2002 DGA (5thed.) IWHS 1666 - 0.76 (0.65, 0.89) Q5vs Q1
Chen 2021 HLI NOWAC 3677 —— 0.73 (0.55, 0.98) 16.00 —20.00 vs 0.00 — 5.00 score
Arthur 2018 HLI WHI 8363 - 0.70 (0.64,0.76) 216.00 vs 0.00 - 9.00 score
Arthur 2018 HLI CSDLH 410 —— 0.70(0.53, 0.93) 215.00 vs 0.00 - 10.00 score
McKenzie 2015 HLI EPIC 7756 - 0.62 (0.54,0.72) 216.00 vs <5 score
T I I
25 5 1 2

FIGURE 2. Relative risks (RRs) and 95% Cls of breast cancer incidence for the highest compared with the lowest level of adherence to a priori dietary and
lifestyle patterns: (A) based on cancer-specific recommendations; (B) based on general recommendations for a healthy lifestyle. For comparability between
studies [to show the comparison between the highest (the best) with the lowest (the worst) level of adherence to the pattern] the estimates (95% CI) from the
study by Akinyemiju et al. [25] were inverted (A); and those from the studies by McKenzie et al. [26] and Chen et al. [27] were recalculated using an approach
implemented in Excel software and described by Hamling et al. [28] (B). Scores analyzed only continuously per 1-unit increment in the WCREF/AICR score: in
all females, RR: 0.87; 95% CI: 0.74, 1.03 [29]; in premenopausal females, RR: 0.98; 95% CI: 0.81, 1.17 [30] and RR: 1.04; 95% CI: 0.95, 1.15 [31]; in
postmenopausal females, RR: 0.83; 95% CI: 0.75, 0.92 [30] and RR: 0.94; 95% CI: 0.87, 1.02 [31]. AARP, formerly the American Association of Retired
Persons) Diet and Health Study; ATP, Alberta’s Tomorrow Project; BWHS, Black Women’s Health Study; CNBSS, Canadian National Breast Screening Study;
CSDLH, Canadian Study of Diet, Lifestyle and Health; CSECK, Cancer Screening Examination Cohort of Korea; E3N, Etude Epidémiologique auprés des
femmes de la Mutuelle Générale de I’Education Nationale (MGEN); EPIC, The European Prospective Investigation into Cancer and Nutrition; IWHS, Iowa
Women’s Health Study; NOWAC, Norwegian Women’s and Cancer Study; Q, quintile; SMC, Swedish Mammography Cohort; SUN, Seguimiento Universidad
de Navarra Study; VITAL, Vitamins And Lifestyle Study; WHI-OS, Women’s Health Initiative Observational Study.

provegetarian/plant-based diets, and others such as the Paleolithic diet.
Overall, the 19 publications retrieved in this category were trending
toward lower BC risk with healthy dietary patterns.

- Mediterranean dietary pattern

Sixteen publications (15 observational studies and 1 RCT) were
identified. The traditional Mediterranean diet score or its modifications
[60,61] encourages the intake of vegetables, legumes, fruits and nuts,
cereals, fish and seafood, unsaturated fats, and a moderate intake of
alcohol and discourages the intake of dairy, meat and meat products.

21

We synthesized the evidence from studies using the traditional scoring
system including moderate alcohol intake, albeit it is an established risk
factor for BC [2,6,9]. Overall, a tendency toward an inverse association
between a higher adherence to the Mediterranean diet and BC risk was
observed among postmenopausal females, although 95% Cls included
null value in most of those studies (Figure 3A).

Nine studies performed in all females showed inconsistent associ-
ations with BC incidence—RRs: 0.90-1.42; 8 scores assessed cate-
gorically [30,56,62—67] and 1 continuously [34]. Four of the 9
associations were positive [30,56,62,63] and 5 were inverse [34,
64-67]. A similar pattern of mixed associations was found in
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A

Author Year Dietary patterns Study Cases Design RR (95% CI) Contrast
Pre- and postmenopausal
Couto 2013 Full MedDiet score SWLH 1278 Observational —8— 1.42(0.99, 2.05) 8.00 -9.00 vs 0.00 - 2.00 score
Pot 2014 MedDiet Score (MDS) UKDCC 610 Observational T 1.20(0.92, 1.56) T3vsT1
Lavalette 2018 MedDiet (MEDI-LITE) NutriNetSanté 488 Observational s e 1.13(0.84, 1.53) 11.00 - 16.00 vs 1.00 - 6.00 score
Dela Cruz 2020 alternate MedDiet Score (aMED) MEC 7749 Observational - 1.01(0.94, 1.09) 6.00 - 9.00 vs 0.00 - 2.00 score
Cade 2011 MedDiet Score UKWCS 718 Observational —— 0.96 (0.70, 1.32) 6.00 - 9.00 vs 0.00 - 2.00 score
Butler 2010 MedDiet Score SCHS 629 Observational —a— 0.96 (0.76, 1.21) 27.00 vs 0.00 - 4.00 score
Buckland 2013 MedDiet score EPIC 10225 Observational - 0.94 (0.89, 1.00) 6.00 - 9.00 vs 0.00 - 3.00 score
Petimar 2019 Alternative MedDiet (AMED) score Sister Study 1700 Observational — 0.90(0.77, 1.06) Q4vsQ1
Premenopausal
Couto 2013 Full MedDiet score SWLH 736 Observational —— 2.12(1.39, 3.24) 8.00 - 9.00 vs 0.00 - 2.00 score
Haridass 2018 Alternate MedDiet (aMED) index CTS 346 Observational 1.14 (0.95, 1.38) 6.00 - 8.00 vs 0.00 - 2.00 score
Buckland 2013 MedDiet score EPIC 1216 Observational b 0.99 (0.84, 1.18) 6.00 - 9.00 vs 0.00 - 3.00 score
Cade 2011 MedDiet Score UKWCS 350 o] { = 0.65(0.42, 1.02) 7.00-10.00 vs 0.00 - 2.00 score
Postmenopausal
Cade 2011 MedDiet Score UKWCS 478 Observational - 1.30 (0.83, 2.05) 7.00 - 10.00 vs 0.00 - 2.00 score
Pot 2014 MedDiet Score (MDS) UKDCC 409 Observational i e 1.10(0.80, 1.51) T3vsT1
Fung 2006  Alternate MedDiet Score (aMED) NHS 3580  Observational - 0.98 (0.88, 1.10) Q5vs Q1
Buckland 2013 MedDiet score EPIC 9009 Observational - 0.94 (0.88, 0.99) 6.00 - 9.00 vs 0.00 - 3.00 score
Haridass 2018 Alternate MedDiet (aMED) index CTS 3523 Observational - 0.93(0.83,1.03) 6.00 - 8.00 vs 0.00 - 2.00 score
van den Brandt 2017 modified MedDiet Score (nMED) NLCS 2321 Observational —a- 0.88(0.73, 1.07) 6.00 - 9.00 vs 0.00 - 3.00 score
van den Brandt 2017 alternate MedDiet Score (aMED) NLCS 2321 Observational —a— 0.88 (0.73, 1.06) 6.00 - 9.00 vs 0.00 - 3.00 score
Mannisto 2021 modified MedDiet index (mMEDI) METCA project 274 Observational —— 0.88 (0.59, 1.30) Q5vsQ1
Couto 2013 Full MedDiet score SWLH 448 Observational e 0.63(0.29, 1.37) 8.00 - 9.00vs 0.00 - 2.00 score
Toledo 2015 MedDiet with nuts PREDIMED 35 RCT —_— 0.53(0.23, 1.26) MedDiet with nuts vs Control diet
Toledo 2015 MedDiet with extra virgin olive oil PREDIMED 35 RCT _— 0.31(0.13,0.77) MedDiet with olive oil vs Control diet
T I I
5 1 3 5

B Author Year Dietary patterns Menopause Study Cases RR (95% CI) Contrast
Overall
Romanos-Nanclares 2020 Provegetarian food Premenopausal SUN 57 —_— 0.89 (0.50, 1.58) T3vs T1
Kane-Diallo 2018 Pro plant-based dietary score Premenopausal NutriNet-Santé 83 — 0,60 (0.33, 1.09) T3vs T1
Romanos-Nanclares 2020 Provegetarian food Pre- and postmenopausal SUN 101 —— 1.03 (0.67, 1.60) T3vs T1
Romanos-Nanclares 2021 Plant-based dietary index Pre- and postmenopausal NHS & NHS II 12482 - 0.89 (0.84, 0.95) QsvsQl
Kane-Diallo 2018 Pro plant-based dietary score Pre- and postmenopausal NutriNet-Santé 487 — 0.86 (0.69, 1.08) T3vs T1
Romanos-Nanclares 2020 Provegetarian food Postmenopausal SUN 34 —_— 141(0.61,3.24) T3vs T1
Kane-Diallo 2018 Pro plant-based dietary score Postmenopausal NutriNet-Santé 404 — 0.90 (0.71, 1.15) T3vs T1
Healthy
Romanos-Nanclares 2020 Healthful provegetarian food Premenopausal SUN 57 ———— 0.79 (0.40, 1.57) T3vs T1
Romanos-Nanclares 2021 Healthful plant-based dietary index Pre- and postmenopausal NHS & NHS Il 12482 - 0.89 (0.83, 0.94) Q5vs Q1
Romanos-Nanclares 2020 Healthful provegetarian food Pre- and postmenopausal SUN 101 —_—— 0.83 (0.50, 1.37) T3vs T1
Romanos-Nanclares 2020 Healthful provegetarian food Postmenopausal SUN 34 0.71(0.28, 1.84) T3vs T1
Unhealthy
Romanos-Nanclares 2020 Unhealthful food SUN 57 D L —— 1.09 (0.56, 2.13) T3vs T1
Romanos-Nanclares 2020 Unhealthful provegetarian food Pre- and postmenopausal SUN 101 —_ 131(0.79, 2.19) T3vs T1
Romanos-Nanclares 2021 Unhealthful plant-based dietary index ~ Pre- and postmenopausal NHS & NHS Il 12482 = 1.04 (0.97, 1.10) QsvsQl
Romanos-Nanclares 2020 Unhealthful ian food SUN 34 212(0.76, 5.68) T3vs T1

I I I
5 1 3 5

C Author Year Dietary patterns Study Cases RR (95% CI) Contrast
Pre- and postmenopausal
Dela Cruz 2020 Healthy Eating Index 2015 (HEI-2015) MEC 7749 M- 1.06 (0.98, 1.14) Q5vs Q1
Dela Cruz 2020 Alternate Healthy Eating Index 2010 (AHEI-2010) MEC 7749 - 0.96 (0.90, 1.04) Q5vs Q1
Petimar 2019 Alternative Healthy Eating Index 2010 (AHEI-2010) Sister Study 1700 —i 0.90 (0.78, 1.03) Q4 vs Q1
Lavalette 2018 Alternate Healthy Eating Index (AHEI)-2010 NutriNet-Santé 488 —— 0.88 (0.65, 1.19) Q5vs Q1
Premenopausal
Haridass 2018 Alternative Healthy Eating Index-2010 (AHEI-2010) CTS 346 —— 0.95(0.79, 1.13) Q5vs Q1
Postmenopausal
Fung 2006 Healthy Eating Index (HEI-1995) NHS 3580 - 1.04 (0.92, 1.18) Q5vs Q1
Fung 2006 Alternate Healthy Eating Index (AHEI) NHS 3580 —— 0.99 (0.88, 1.11) Q5vs Q1
Mannisto 2021 modified Alternate Healthy Eating Index (mAHEI) ~ METCA project 274 ——p— 0.89 (0.60, 1.32) Q5vs Q1
Haridass 2018 Alternative Healthy Eating Index-2010 (AHEI-2010)CTS 3523 - 0.88 (0.79, 0.98) Q5vs Q1

! ! I
5 1 3 5

(caption on next page)
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premenopausal females, when comparing extreme categories of the
scores (RRs: 0.65-2.12): 2 of the 4 associations were positive [62,68]
and the other 2 were inverse [64,66]. Among postmenopausal females
(RRs: 0.63-1.30), most (7/9) point estimates from observational
studies were <1 [57,59,62,66,68,69], and only 2 were positive [56,64].
The only RCT “Prevencién con Dleta MEDiterranea” (PREDIMED)
[32] performed in postmenopausal females demonstrated that a Med-
iterranean diet supplemented either with extra-virgin olive oil or nuts
lowered BC risk in comparison with a low-fat diet (control group). The
evidence of an effect was stronger in females supplemented with
extra-virgin olive oil. These results were based on 35 incident cases
after 4.8 y of follow-up.

- Provegetarian/plant-based dietary patterns

The original provegetarian dietary score positively weighs the
consumption of plant-based foods (ie, vegetables, legumes, fruits,
cereal products, potatoes, nuts, and vegetables oils) and animal foods
(ie, meat/meat products, eggs, animal fat, dairy products, and fish and
other sea food) negatively, independently of their quality or type [70,
71]. In some studies, an adherence to healthful or unhealthful versions
of diets were assessed [72]. In all females, the estimates for higher
compared with lower levels of the provegetarian/plant-based score and
BC risk ranged 0.86—1.03 [71,73,74], being negative in 2 [71,73] of 3
studies (Figure 3B). In the 2 studies that performed analysis by
menopausal status, the associations were inversed, but weak in pre-
menopausal females (RRs: 0.60-0.89) [71,74] and mixed in post-
menopausal females (RRs: 0.90-1.41) [71,74]. In 2 studies [73,74] that
addressed the quality and types of foods of the score, a healthful dietary
pattern was associated with a lower risk of BC in all females (RRs:
0.83-0.89), whereas an unhealthful plant-based pattern was associated
with a higher risk (RRs: 1.04-1.31), albeit Cls included null value in
most of those associations.

- Other culturally based dietary patterns

The remaining dietary patterns based on culturally defined dietary
habits derived using a priori approaches were used in single studies,
such as the Paleolithic [68] or the traditional Mexican diet [75], and
were associated with increased and decreased BC risk, respectively (for
both patterns, 95% Cls included null value).

A priori dietary patterns based on dietary guidelines. Seventeen
publications from observational studies using dietary scores and
indices based on country-specific guidelines and on chronic disease
prevention guidelines, and 6 publications from RCTs on predefined
low-fat dietary interventions were identified. The most studied dietary
patterns in this category were the Dietary Approaches to Stop Hyper-
tension (DASH) and the Healthy Eating Index (HEI) and alternate
Healthy Eating Index (AHEI) scores. A few other scores were also
identified, such as the Healthy Nordic Food Index (HNFI), the
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Recommended Food score (RFS), and the WCRF dietary score.
Overall, a tendency toward a decrease in BC risk was mostly observed
in all and postmenopausal females.

- Dietary Approaches to Stop Hypertension

The DASH dietary index characterizes the adherence to a dietary
pattern that encourages the intake of vegetables, fruits, nuts and le-
gumes, whole grains, and low-fat dairy, and de-emphasizes sodium-
rich foods, sweetened beverages, and red and processed meats. This
diet was originally developed to lower blood pressure and later
assessed using a scoring system (based on quintiles of subject’s
intake) proposed by Fung [76]. Association between extreme cate-
gories of the score and BC risk was addressed in 5 publications. The 2
studies conducted in all females (RRs: 0.78-0.95, in 1 study 95% CI
did not cross 1) [63,67] and the 2 in postmenopausal females (RRs:
0.91-0.97, in both CIs included null value) [68,77] reported an in-
verse associations. The only study conducted in premenopausal fe-
males showed an RR of 1.03 (95% CI: 0.86, 1.23) [68] (Supplemental
Figure 3).

- The HEI and AHEI

The HEI measures diet quality in relation to the DGA, which aim to
promote healthy eating in the general population and are updated every
5 years [78]. The AHEI defines diet quality using evidence-based rec-
ommendations for chronic disease prevention [79]. Although there are
components that are specific to each index and both differ on how
components are scored, similarities include that both indices encourage
consumption of fruits, vegetables, legumes, wholegrains, and poly-
unsaturated fats, and discourage sodium and saturated fat [80]. The
association between versions of the HEI [63,69] or AHEI [30,63,67,68,
81] scores and risk of BC was assessed in 6 publications. As shown in
Figure 3C, estimates <1 (highest compared with lowest category) were
found in 3 of the 4 studies in all (RRs: 0.88-0.96) [30,63,67] or post-
menopausal (RRs: 0.88-0.99) [57,68,69] females and in 1 single study
conducted in premenopausal females (RR: 0.95; 95% Cl: 0.79, 1.13)
[68], although CIs crossed null value in most of those associations.

- Other dietary patterns based on dietary guidelines

Some additional a priori dietary patterns based on dietary guidelines
were found. Contrasting results on BC risk were found in 2 studies that
calculated HNFI or its variants [57,82], RFS [17,69], and WCRF/AICR
dietary score [58,59]. Other scores and indices were used in single
studies—WHO Healthy Diet Index [64], the 2015 Dutch dietary
guidelines [83], the Diabetes Risk Reduction Diet [84], the 2017
PNNS-GS2 [85], the cumulative dietary risk factors score (based on
United Kingdom and European dietary guidelines) [21], and the Diet
Quality Index-Revised [69]—and showed mostly inverse, but weak,
associations with BC risk.

‘FIGURE 3. Relative risks (RRs) and 95% Cls of breast cancer risk for the highest compared with the lowest level of adherence to a priori dietary patterns: (A)
Mediterranean dietary pattern; (B) provegetarian/plant-based dietary patterns; (C) Healthy Eating Index (HEI) and Alternate Healthy Eating Index (AHEI)
scores. Results from the publication by Toledo et al., originally published in 2015 [32], present estimates (95% CI) recalculated accounting departures from the
protocol of individual randomization [33]. Scores analyzed only continuously per 1-tertile increment in the Mediterranean dietary score in all women (RR: 0.98;
95% CI: 0.92, 1.05) [34]. CTS, California Teachers Study; EPIC, The European Prospective Investigation into Cancer and Nutrition; MEC, Multiethnic Cohort
Study; METCA, The Prospective Meta-Cohort Study of Cancer Burden in Finland; NHS, Nurses’ Health Study; NLCS, The Netherlands Cohort Study;
PREDIMED, PREvencion con Dleta MEDiterranea Clinical Trial; Q, quartile; SCHS, Singapore Chinese Health Study; SUN, Seguimiento Universidad de
Navarra Study; SWLH, The Swedish Women’s Lifestyle and Health Study; T, tertile; UKDCC, UK Dietary Cohort Consortium; UKWCS, UK Women

Cohort Study.
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Author Year Dietary patterns Study Cases RR (95% CI) Contrast
Pre- and postmenopausal
Gardeazabal 2020 Western SUN 100 T— 1.70(0.93, 3.12) Q4vs Q1
Engeset 2009 Western EPIC-Norway 547 —a— 1.37 (0.99, 1.89) Western pattern vs Average
Shin 2016 Westernised JPHC &I 718 il 1.32(1.03, 1.70) Q5vs Q1
Terry 2001 Drinker SMC 1328 — 1.27 (1.06, 1.52) Q5vs Q1
Catsburg 2015 Meat and potatoes CSDLH 1496 -— 1.13 (0.92, 1.39) Q5vs Q1
Baglietlo 2011 Meat MCCS 815 —— 1.12(0.85, 1.46) Q5vs Q1
Mannisto 2005 Pork, Processed Meat, Potatoes DIETSCAN-ORDET 210 — 1.07 (0.58, 1.98) Q4vs Q1
Agurs-Collins 2009 Western BWHS 1094 — 1.06 (0.81, 1.37) Q5vs Q1
Catsburg 2015 Meat and potatoes CNBSS 3659 —— 1.06 (0.86, 1.31) Q5vs Q1
Shin 2020 Meat HEXA-G 359 —— 1.05 (0.76, 1.47) Q4vs Q1
Engeset 2009 Alcohol users EPIC-Norway 547 D — 1.01(0.71, 1.45) Alcohol pattern vs Average
Terry 2001 Western sSMC 1328 —— 1.00(0.79, 1.26) Q5vs Q1
Sieri 2004 Canteen ORDET 207 — 0.95 (0.63, 1.45) T3vsT1
Willemsen 2022 Western ATP 542 —— 0.95(0.71, 1.28) Q4vs Q1
Mannistd 2005 Pork, Processed Meat, Potatoes  DIETSCAN-SMC 1932 - 0.92 (0.78, 1.09) Q4vs Q1
Sieri 2004 Western ORDET 207 —— 0.90 (0.58, 1.41) T3vsT1
Mannistd 2005 Pork, Processed Meat, Potatoes DIETSCAN-NLCS 1127 —— 0.69 (0.52, 0.92) Q4vs Q1
Premenopausal
Gardeazabal 2020 Western SUN 57 —_—— 1.64 (0.77, 3.51) Q4vs Q1
Engeset 2009 Western EPIC-Norway 49 ——— 1.28 (0.84, 1.96) Western pattern vs Average
Shin 2016 Westernised JPHC &1l 185 ——— 1.26 (0.81, 1.96) Q5vs Q1
Agurs-Collins 2009 Western BWHS 509 —— 1.14 (0.80, 1.61) Q5vs Q1
Catsburg 2015 Meat and potatoes CSDLH 591 — 0.99 (0.73, 1.34) Q5vs Q1
Adebamowo 2005 Western NHS Il 710 —_— 0.97 (0.71, 1.33) Q5 vs Q1
Engeset 2009 Alcohol users EPIC-Norway 21 —_— 0.86 (0.51, 1.45) Alcohol pattern vs Average
Catsburg 2015 Meat and potatoes CNBSS 1795 —— 0.83 (0.61, 1.12) Q5vs Q1
Kojima 2017 Animal food JACC 48 _— 0.42(0.18, 0.93) T3vsT1
Postmenopausal
Gardeazabal 2020 Western SUN 34 ————————————— 1.7 (0.57, 5.56) Q4 vs Q1
Engeset 2009 Western EPIC-Norway 29 1.49 (0.90, 2.46) Western pattern vs Average
Catsburg 2015 Meat and potatoes CNBSS 1864 —t— 1.31(0.98, 1.76) Q5vs Q1
Shin 2016 Westernised JPHC 1 & 1I 533 [—— 1.29 (0.99, 1.76) Q5vs Q1
Catsburg 2015 Meat and potatoes CSDLH 625 -.T— 1.26 (0.92, 1.73) Q5vs Q1
Cottet 2009 Alcohol/Western E3N-EPIC 2381 e 1.20 (1.03, 1.38) Q4vs Q1
Engeset 2009 Alcohol users EPIC-Norway 28 —— 1.19(0.73, 1.93) Alcohol pattern vs Average
Velie 2005 Beef/pork-starch BCDDP 1868 s ol 1.03 (0.89, 1.20) Q5vs Q1
Kojima 2017 Animal food JACC 7 —— e 0.98 (0.48, 1.99) T3vsT1
Fung 2005 Western NHS 3026 - 0.97 (0.83, 1.14) Q5vs Q1
Agurs-Collins 2009 Western BWHS 442 — 0.95 (0.60, 1.49) Q5vs Q1
T T
5 1 5
Author Year Dietary patterns Study Cases RR (95% Cl) Contrast
Pre- and postmenopausal
Sieri 2004 Prudent ORDET 207 -+ 1.28 (0.90, 1.83) T3vs T1
Engeset 2009 Healthy EPIC-Norway 547 —t— 1.12 (0.85, 1.47) Healthy pattern vs Average
Baglietto 2011 Vegetable MCCS 815 —— 0.98 (0.76, 1.28) Q5vs Q1
Shin 2016 Prudent JPHC 1 &1l 718 — 0.96 (0.75, 1.23) Q5vs Q1
Willemsen 2022 Prudent ATP 542 —— 0.94 (0.72,1.22) Q4vs Q1
Terry 2001 Healthy SMC 1328 - 0.92(0.76, 1.13) Q5vs Q1
Ménnistd 2005 Vegetables DIETSCAN-SMC 1926 - 0.91(0.79, 1.05) Q4vs Q1
Mannistd 2005 Vegetables DIETSCAN-NLCS 127 —r 0.90 (0.67, 1.20) Q4vs Q1
Agurs-Collins 2009 Prudent BWHS 1094 - 0.86 (0.68, 1.08) Q5vs Q1
Link 2013 Plant-based CTs 4140 - 0.85 (0.76, 0.95) Q5vs Q1
Catsburg 2015 Healthy CNBSS 3659 —r 0.84 (0.65, 1.10) Q5vs Q1
Butler 2010 Vegetable-fruit-soy SCHS 629 —— 0.82 (0.63, 1.05) Q4vs Q1
Baglietto 2011 Fruit and salad MCCs 641 —— 0.81(0.63, 1.03) Q5vs Q1
Mannisto 2005 Vegetables DIETSCAN-ORDET 210 —— 0.79 (0.50, 1.27) Q4vs Q1
Catsburg 2015 Healthy CSDLH 1496 —— 0.73(0.58, 0.91) Q5vs Q1
Sieri 2004 Salad vegetables ORDET 207 —— 0.66 (0.47, 0.95) T3vsT1
Gardeazabal 2020 Mediterranean SUN 100 —_— 0.64 (0.30, 1.37) Q4 vs Q1
Premenopausal
Butler 2010 Vegetable-fruit-soy SCHS 190 e 1.09 (0.68, 1.73) Q4vs Q1
Catsburg 2015 Healthy CSDLH 591 —— 1.01(0.75, 1.37) Q5vs Q1
Engeset 2009 Healthy EPIC-Norway 39 — 0.96 (0.65, 1.44) Healthy pattern vs Average
Catsburg 2015 Healthy CNBSS 1795 —f— 0.90 (0.61, 1.32) Q5vs Q1
Adebamowo 2005 Prudent diet NHS II 710 b 0.90 (0.68, 1.18) Q5vs Q1
Shin 2016 Prudent JPHC 1 &1l 185 —— 0.83 (0.51, 1.36) Q5vs Q1
Kojima 2017 Vegetable JACC 48 ——— 0.81(0.35, 1.89) T3vsT1
Agurs-Collins 2009 Prudent BWHS 509 —— 0.70 (0.52, 0.96) Q5vs Q1
Gardeazabal 2020 Mediterranean SUN 57 e e, 0.33(0.12,0.91) Q4vs Q1
Postmenopausal
Engeset 2009 Healthy EPIC-Norway 54 - 1.29 (0.88, 1.88) Healthy pattern vs Average
Agurs-Collins 2009 Prudent BWHS 442 —— 1.19(0.76, 1.84) Q5vs Q1
Velie 2005 Vegetable-fish/poultry-fruit ~ BCDDP 1868 - 1.03 (0.88, 1.20) Q5vs Q1
Shin 2016 Prudent JPHC & 11 533 —— 1.01(0.77, 1.34) Q5vs Q1
Fung 2005 Prudent NHS 3026 - 0.97 (0.86, 1.11) Q5vs Q1
Kojima 2017 Vegetable JACC 7 —— 0.93 (0.48, 1.78) T3vsT1
Gardeazabal 2020 Mediterranean SUN 34 —_— 0.86 (0.21, 3.47) Q4 vs Q1
Cottet 2009 Healthy/Mediterranean E3N-EPIC 2381 - 0.85 (0.75, 0.95) Q4vs Q1
Catsburg 2015 Healthy CSDLH 625 —— 0.84 (0.52, 1.36) Q5vs Q1
Catsburg 2015 Healthy CNBSS 1864 —— 0.82(0.56, 1.18) Q5vs Q1
Butler 2010 Vegetable-fruit-soy SCHS 439 — 0.70 (0.51, 0.95) Q4vs Q1
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- Low-fat dietary interventions

Low-fat diets (independently of fat quality) were promoted in di-
etary guidelines for BC prevention for decades. Two interventional
trials that tested a low-fat diet (15%-20% of total energy) were iden-
tified (Supplemental Tables 8 and 9). These trials were the Women’s
Health Initiative (WHI) Dietary Modification (DM) Trial (WHI-DM)
[19,20,51,86,87], carried out in postmenopausal females, and the Ca-
nadian Diet and Breast Cancer Prevention (CDBCP) trial [88] in pre-
menopausal and postmenopausal females with high mammographic
densities. For WHI-DM, different follow-up periods or BC outcomes
were reported in 5 publications [19,20,51,86,87]. The incidence of
invasive BC was reduced, albeit 95% ClIs included null value, in fe-
males on a low-fat diet compared with control diet from the WHI-DM
trial after an average of <8.5 y of follow-up (intervention) and <19.6 'y
for the cumulative (intervention-postintervention) period [19,20], but
opposite direction of findings (CI crossed 1) were revealed in the
CDBCP trial after an average of 10 y of follow-up [88].

A posteriori dietary patterns

Twenty-one publications from observational studies—20 prospec-
tive cohorts, 2 case cohorts [89,90], 1 nested case control [91], and 1
pooled analysis [56]—identified 66 different patterns conducted in 27
study populations. Most studies used PCA or factor analyses to derive a
posteriori dietary patterns, except for 1 study in which cluster analyses
was used [92].

- Western/Meat/Alcohol dietary patterns

We identified associations between 24 dietary patterns and BC
incidence (from 17 publications, 20 study populations). Overall,
Western/Meat/Alcohol patterns were characterized by high consump-
tion of red and processed meats, snacks, sweets, and ultraprocessed
foods, potatoes, eggs, (refined) grains and cereals, and some of them
also included sugar-sweetened beverages, alcohol, dairy, poultry, and
animal fats (Table 1). Even though the results were inconsistent, a
tendency for an association between a higher consumption of Western/
Meat/Alcohol patterns and increased overall and postmenopausal BC
risk was observed, albeit with 95% ClIs crossing null value in most of
those associations (Figure 4A and Supplemental Table 10). In all fe-
males, RRs ranged from 0.69 to 1.70, when comparing the highest with
the lowest adherence category (or comparing the patterns obtained
using cluster analyses with the reference pattern). Most of the associ-
ations (11/17) were positive [89,90,92-98]; in 1 study, the association
was null [96], and in 5 studies, it was inverse [90,99,100]. In pre-
menopausal females, RRs for the risk associated with 9 different pat-
terns ranged from 0.42 to 1.64. Four associations were positive [92,93,
95,98], and 5 other were inverse [89,92,101,102]. The RRs for the 11
associations with postmenopausal BC ranged from 0.95 to 1.77. For
most patterns (8/11), positive associations were observed [89,92,93,95,
103,104], although weak evidence of inverse associations were found
in the remaining 3 studies [98,102,105].
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- Prudent/Vegetarian/Mediterranean dietary patterns

Twenty-four dietary patterns (from 18 publications, 21 study pop-
ulations) were retrieved. Major food groups in these patterns included
fruits, vegetables, legumes, fish and seafood, and some of them also
included (whole) grains and cereals, potatoes, poultry, dairy products,
and olive or other vegetable oils (Table 1). A tendency for an inverse
association between Prudent/Vegetarian/Mediterranean dietary patterns
and BC risk was observed, and particularly among all and premeno-
pausal females, albeit 95% Cls crossed null value in most of those
associations (Figure 4B and Supplemental Table 10). Risk estimates for
all 17 patterns comparing the highest with the lowest level of adherence
(or comparing the patterns obtained using cluster analyses with the
reference pattern) in all females ranged from 36% lower risk to 28%
higher risk. Nearly all studies (15/17) found an inverse association [65,
89,90,93,95-100,106], although 2 other found positive associations
[92,99]. In  premenopausal females, 9  Prudent/Vegetar-
ian/Mediterranean dietary patterns were evaluated, reporting RRs from
67% lower risk to 9% higher risk. An inverse association was reported
in most (7/9) of the studies [89,93,95,98,101,102], and in another 2
studies, estimates were >1 [65,89]. In postmenopausal females, esti-
mates for 11 different patterns and BC risk ranged from 30% lower to
29% higher risk. Most of the studies (7/11) reported an inverse asso-
ciation [65,89,93,102,103,105], but 4 other studies found positive as-
sociations [92,95,98,104].

- Traditional/Ethnic/Mixed dietary patterns

Eighteen different patterns (from 12 publications, 16 study pop-
ulations) were explored in relation to the risk of BC incidence (total,
invasive, or hormone receptor subtypes). These patterns were named
traditional [91,95,97,104] or ethnic [89,106]; high-protein, high-fat,
high-carbohydrate, salad, and wine [106]; fish eaters; bread eaters [92];
dairy product [102]; white rice [94]; meat-dim sum [65]; sugar, fruit,
and dairy [100]; other (vegetable, fish, and legumes) [94], and PCA
factor 1 (dairy, crisps, and plant foods) [56]. These patterns were
comprised of foods that are considered healthy (i.e. mostly vegetables,
grains and cereals, and fish and seafood) and unhealthy (ie, red and
processed meat) (Table 1). There was inconsistency in the direction of
associations with BC risk (RRs: 0.84-1.35,0.79-1.22 and 0.85-1.51 in
all, premenopausal, and postmenopausal females, respectively) (Sup-
plemental Figure 4 and Supplemental Table 10).

Hybrid dietary patterns

In 8 studies (from 8 publications, 11 study populations), the hybrid
method (reduced rank regression) was used to derive 12 different
patterns. Patterns for which biological markers were used as the
response variables were the inflammatory dietary pattern, assessed in 1
study [107], and the estrogenic dietary pattern, examined in 4 studies
[108-111]. Patterns for which the derivation was based on nutrients
included a simplified dietary pattern associated with intake of all types
of fatty acids [112], as well as patterns characterized by the intake of

‘FIGURE 4. Relative risks (RRs) and 95% ClIs of breast cancer risk for the highest compared with the lowest level of adherence to a posteriori dietary patterns:
(A) Western/Meat /Alcohol; (B) Prudent/Vegetarian/Mediterranean. ATP, Alberta’s Tomorrow Project; BCDDP, The Breast Cancer Detection Demonstration
Project; BWHS, Black Women’s Health Study; CNBSS, Canadian National Breast Screening Study; CSDLH, Canadian Study of Diet, Lifestyle and Health;
CTS, California Teachers Study; DIETSCAN, A common approach for analyzing dietary patterns; E3N, Etude Epidémiologique auprés des femmes de la
Mutuelle Générale de I’Education Nationale (MGEN); EPIC, The European Prospective Investigation into Cancer and Nutrition; HEXA-G, Health Examinees-
Gem Study; JACC, Japan Collaborative Cohort Study; JPHC, Japan Public Health Center—based Prospective Study; MCCS, Melbourne Collaborative Cohort
Study; NHS, Nurses’ Health Study; NLCS, The Netherlands Cohort Study; ORDET, Hormones and Diet in Etiology of Tumors Study; Q, quartile; SCHS,
Singapore Chinese Health Study; SMC, Swedish Mammography Cohort; SUN, Seguimiento Universidad de Navarra Study; T, tertile.
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alcohol [56], fiber [56,100], vitamin D [100], fructose [100], and
discretionary fats [100], which were mostly used in single studies.
Components of these patterns and findings on BC risk are shown in
Supplemental Tables 4 and 11, respectively. The association between
an estrogen dietary pattern (high consumption of red/processed meat,
legumes, ultraprocessed foods, and alcohol, and low consumption of
coffee, and nuts and seeds) and BC risk was evaluated predominantly
among postmenopausal females, showing contrasting results across 4
studies (RRs: 0.95-1.26) [108—111] (Supplemental Figure 5). Simi-
larly, estimates of mixed directions were found for patterns associated
with fiber intake in 2 studies performed in all females (RRs: 0.89—1.08)
[56,100].

Additional analyses

Details on the results from stratified and sensitivity analyses can be
found in Supplemental Text 2 and Supplemental Figures 6-23. Overall,
little evidence of heterogeneity between studied subgroups was found.
Only Western/Meat/Alcohol dietary patterns that included high alcohol
consumption, or studies with less RoB due to confounding and missing
data, were slightly more consistently associated with increased BC risk
in all and postmenopausal females, than studies without alcohol
component in the pattern, or the ones with more RoB in these domains.
Furthermore, a tendency toward an inverse association between Pru-
dent/Vegetarian/Mediterranean and BC risk seemed to be more
consistent in studies with longer follow-up among all and post-
menopausal females. Finally, we found that studies showed greater
evidence of lower BC risk when patterns included several lifestyle
components compared with patterns based solely on diet. There were
few studies within each of the molecular subtypes or histologic vari-
ants, limiting the synthesis of the evidence considering BC subtypes.
Even though the results were inconclusive, there was a slight tendency
toward an inverse association between higher adherence to healthy
dietary patterns and hormone negative tumors, when combining studies
among all and postmenopausal females.

Evidence grading

Evidence was graded as strong probable for a priori WCRF/AICR
and ACS lifestyle scores based on specific recommendations for cancer
prevention and lower risk of BC in all and postmenopausal females,
whereas in premenopausal females the evidence was limited suggestive.
Similarly, limited-suggestive evidence of a lower risk of BC was found
for a group of dietary and lifestyle patterns based on general recom-
mendations for a healthy lifestyle (HLI, HI, and DGA) in post-
menopausal females only. There was also limited-suggestive evidence
that a posteriori Western/Meat/Alcohol dietary patterns were associated
with higher BC risk in postmenopausal females and that a posteriori
Prudent/Vegetarian/Mediterranean dietary patterns were associated with
lower risk in all females. The evidence for associations with remaining
patterns was graded as limited-no conclusion. The rationale for the
Expert panel judgment is provided in Table 2 and Supplemental Table 12.

Discussion

This systematic review encompasses 84 publications, mainly from
prospective cohort studies. Patterns were divided into 4 groups: a priori
dietary and lifestyle patterns, and dietary only patterns derived with a
priori, a posteriori, or hybrid methods. The evidence for risk of BC was
synthesized overall and by menopausal status, if possible. Very few
studies reported results on BC mortality and within each BC subtype
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(molecular/morphologic), limiting the possibility to synthesize these
findings. Owing to the heterogeneity of the patterns in terms of com-
ponents and cutoff points, evidence was descriptively synthesized
using vote counting. The independent CUP Global Expert Panel judged
the strength of the evidence. Overall, higher adherence to healthy
patterns that included diet and other lifestyle factors—such as adiposity
and physical activity—consistently showed inverse associations with
BC risk, and the evidence for these patterns was graded as strong-
probable. Results from studies on dietary patterns only were less
consistent and more heterogeneous, depending on their method of
derivation and across menopausal statuses, hence the evidence for these
patterns was graded as limited suggestive or limited-no conclusion.

Combined dietary and lifestyle patterns were based on advice to
maintain a healthy weight, be physically active, consume moderate-to-
zero alcohol, and follow a healthy diet. Patterns based on an overall
healthy lifestyle (ie, HLI, HI, and DGA) were more likely to include
smoking as a component, whereas patterns specific for cancer pre-
vention (ie, WCRF/AICR and ACS scores) included specific dietary
components associated with lower cancer risk [ie, high consumption of
fruits, vegetables, (whole) grains and cereals, and low consumption of
red and processed meat]. Inverse associations with BC were found for
all these patterns independently of menopausal status and other plau-
sible sources of heterogeneity. However, a considerable number of
cohort studies consistently showing inverse associations and presence
of mechanistic evidence for pattern components was found only for the
WCREF/AICR and ACS scores in all and postmenopausal females, and
thus, the evidence was graded as strong probable. Fewer studies were
found for these patterns in premenopausal females and on HLI and
other indices based on general healthy recommendations in post-
menopausal females, and the evidence was judged as limited-
suggestive. These findings are in line with those from categorical
meta-analysis of observational studies that evaluated associations be-
tween BC risk and adherence to WCRF/AICR guidelines, either in its
2007 [113] or 2018 [114] version, or the great diversity of healthy
lifestyle indices combined [8]. It is to note that this group of patterns
was heterogeneous in terms of components and cutoffs, and their re-
sults were not meta-analyzed for this review. Future standardization of
the operationalization of dietary and lifestyle patterns is warranted to
strengthen the evidence in this field.

The associations between BC risk and a group of a posteriori less
healthy Western/Meat/Alcohol dietary patterns [high intake of red and
processed meats, snacks, sweets, and ultraprocessed foods, potatoes,
eggs, and (refined) grains and cereals] were generally consistent in the
positive direction, but the evidence was graded as limited-suggestive in
postmenopausal females due to potential confounding resulted from
self-reported or lack of information in the assessment. In all and pre-
menopausal females, the findings were inconclusive. We found that
patterns including high alcohol consumption were slightly more
consistently, than studies without alcohol component, associated with a
higher BC risk, which is in accordance with the evidence showing
alcohol is a risk factor for BC [9]. Recent meta-analyses of case—control
and cohort studies also found a positive association between a Western
dietary pattern and BC risk, with an association being strong only among
postmenopausal females in subgroup analysis [115]. In turn, in former
reviews and meta-analyses, no overall association was shown for a
Western/unhealthy dietary pattern, but risk of BC was increased with
better adherence to drinker/alcoholic dietary patterns [116,117].

Adherence to healthier empirically derived dietary patterns, labeled
as Prudent/Vegetarian/Mediterranean, which included vegetables, le-
gumes, and fish and seafood, tended to be inversely associated with BC
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risk, particularly among all females. However, study quality issues
mostly due to confounding were raised by Expert Panel, hence the
evidence was judged as limited-suggestive. In particular, most of these
studies did not provide information on how the confounders were
assessed, and some of them did not adjust for relevant confounders,
such as reproductive factors, age or adiposity. In premenopausal and
postmenopausal females, the findings were less consistent and incon-
clusive. Our findings support those from previously published sys-
tematic reviews and meta-analyses on this topic [115-117]. However,
patterns derived with an a posteriori approach are population specific.
Hence, any advice on food behaviors that might emerge from a pos-
teriori patterns should be interpreted with caution.

The evidence on a priori dietary patterns was broadly heterogeneous
and inconclusive due to the inclusion of the variety of scores, incom-
parable cutoff points, and the small number of studies by outcome
groups, hence it was graded as limited-no conclusion. Despite the
studies using a variety of dietary scores, similarities in food compo-
nents were found, in line with a healthy diet [higher intake of fruits and
vegetables, nuts and seeds, legumes, (whole) grains and cereals, olive
or other vegetable oils, and lower intake of red and processed meat,
sugar-sweetened beverages, and sodium]. Studies investigating a
Mediterranean diet (with or without moderate alcohol consumption),
healthy vegetarian/plant-based diets, as well as DASH, HEI/AHEI or
other scores based on healthy dietary recommendations, were trending
toward inverse associations with BC risk among postmenopausal fe-
males. However, more epidemiologic data are warranted to strengthen
these observations.

Different biological mechanisms have been proposed to explain
observed associations. Most likely biological processes linking dietary
patterns to BC include the reduction of inflammation and oxidative
stress and improvement of insulin resistance. Several meta-analyses of
both observational studies and RCTs reported inverse associations
between adherence to healthy dietary patterns such as the Mediterra-
nean diet, DASH, HEIL or the Paleolithic diet and proinflammatory
markers or insulin [118-120]. Adherence to a Western diet was, on the
contrary, associated with elevated levels of proinflammatory and
oxidative stress markers. Both inflammation and insulin have been
associated with BC risk in observational prospective studies or Men-
delian randomization studies [121,122].

To our knowledge, this updated systematic review was the first to
conduct a comprehensive critical synthesis of a variety of dietary and
lifestyle patterns derived using different methodologic approaches
through a wide time frame (22-y period based on publication dates) in
relation to BC risk. Moreover, the evidence was synthesized by
menopausal status, and potential sources of heterogeneity for important
factors were assessed. Included studies were conducted in relatively
large cohorts with a long follow-up. Unlike previous works on the topic,
RoB was assessed in this review for each included study following
standardized criteria. Finally, an independent Expert Panel examined
and judged the evidence using the standardized grading criteria.

A potential limitation is the fact that only few intervention studies
were identified. Consequently, most of the evidence came from
observational studies, which are susceptible to several biases, such as
exposure measurement error and confounding. In fact, identified pat-
terns were mostly based on tools validated for capturing specific
components, not on the patterns themselves. Moreover, reliance on
self-reported questionnaires to collect data on dietary intake, as well as
physical activity and adiposity (as is the case of dietary and lifestyle
patterns), is subject to potential measurement error. Although included
studies adjusted for relevant confounders, in half of them reliability or
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validity of measurement of key confounders could not be evaluated or
was low. Moreover, most studies assessed patterns only once at base-
line and did not consider possible fluctuations that may have occurred
during follow-up. Furthermore, most cohorts were mainly from North
America and Europe, potentially affecting generalizability of the re-
sults. Neither the synthesis method based on vote counting does not
provide information on the magnitude of the effects/associations nor it
takes into account differences in the relative sizes of the studies [15].
Moreover, we could not assess the clinical relevance of the results, as
these were not comparable in terms of magnitude of effect (different
contrasts were used across studies) but were still comparable in terms
of direction. This aspect also justifies that the used approach (vote
counting) might be the most sensible method in case of this review.
Finally, new evidence may emerge after our literature search (31
March, 2022). However, we performed a quick search that resulted in
only 1 new publication with data corroborating our results on the as-
sociation between greater adherence to WCRF/AICR score and lower
BC risk [123].

In conclusion, there was strong-probable evidence that a higher
adherence to the WCRF/AICR and ACS dietary and lifestyle scores
decreases BC risk in all and postmenopausal females. The associations
with the remaining dietary patterns were less conclusive. This work
sheds light on dietary and lifestyle behaviors to adopt for BC protec-
tion. Thus, besides not smoking, recommendations to maintain a
healthy weight, be physically active, consume moderate-to-zero
alcohol, and follow a healthy diet rich in fruits, vegetables, (whole)
grains, and cereals and low in red and processed meat, could be given
to females as a strategy to lower BC risk. It is to highlight that the
greatest benefits may be achieved when these recommendations are
followed simultaneously (healthy diet, body weight, and physical ac-
tivity). The evidence from this review may form the basis of guidance
developed by the CUP Global for reducing BC risk. However, it should
be acknowledged that the evidence for most of the patterns did not
support associations being causal. This suggest the need for more large
and well-conducted RCTs and observational studies (including trial
emulation studies and pooled analyses applying standardized methods)
with repeated measures of exposures and confounders and validated
tools to reduce exposure misclassification. It is also critical for future
research to assess BC risk in premenopausal females and within (mo-
lecular/morphologic) tumor subtypes, reflect greater demographic di-
versity (eg, race, ethnicity, and socioeconomic status), and address the
issue of clinical relevance in order to better evaluate the strength of the
aforementioned associations.
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