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ABSTRACT
Background: Evidence that diet is associated with breast cancer
risk is inconsistent. Most studies have examined risks associated with
specific foods and nutrients, rather than measures of overall diet.
Objective: This study aimed to evaluate dietary patterns and their
relation to breast cancer risk in a large cohort of women.
Design: Data from 91,779 women in the California Teachers Study
cohort were analyzed, including data from 4140 women with a di-
agnosis of invasive breast cancer made between 1995 and 2009.
Five predominant dietary patterns were identified by using principal
components factor analysis: a plant-based diet, high in fruit and
vegetables; a high-protein, high-fat diet, high in meats, eggs, fried
foods, and high-fat condiments; a high-carbohydrate diet, high in
convenience foods, pasta, and bread products; an ethnic diet, high in
legumes, soy-based foods, rice, and dark-green leafy vegetables;
and a salad and wine diet, high in lettuce, fish, wine, low-fat salad
dressing, and coffee and tea.
Results: The plant-based pattern was associated with a reduction in
breast cancer risk (RR: 0.85; 95% CI: 0.76, 0.95 for the highest
compared with the lowest consumption quintile; P-trend = 0.003);
risk reduction was greater for estrogen receptor–negative progester-
one receptor–negative (ER–PR–) tumors (RR: 0.66; 95% CI: 0.48,
0.91; P-trend = 0.03). The salad and wine pattern was associated with
an increased risk of estrogen receptor–positive progesterone receptor–
positive tumors (RR: 1.29; 95% CI: 1.12, 1.49); this effect was only
slightly attenuated after adjustment for alcohol consumption.
Conclusion: The finding that greater consumption of a plant-based
dietary pattern is associated with a reduced breast cancer risk, par-
ticularly for ER2PR2 tumors, offers a potential avenue for pre-
vention. Am J Clin Nutr 2013;98:1524–32.

INTRODUCTION

Epidemiologic evidence of a relation between diet and breast
cancer risk is inconsistent; only alcohol consumption has been
shown repeatedly to affect risk (1, 2). One explanation is that
most analyses have focused on individual foods or nutrients and
have not accounted for the complex interactions that occur
between the various nutrients and nonnutritive components of
different foods (3, 4). These interactions may only be captured
statistically when overall measures of diet are analyzed. Thus,
evaluating diet as a whole, based on dietary patterns, may provide
additional information regarding risk and have important im-
plications for public health recommendations because people do
not eat nutrients or foods in isolation.

The use of statistical methods that quantify overall diet has
increased over time (5–21). Many previous studies have used

principal components factor analysis (PCFA)6 to identify dietary
patterns and to assess the relation between dietary patterns and
cancer risk. Most studies have identified at least a healthy and
unhealthy dietary pattern, and some studies have identified ad-
ditional variations of these patterns. For breast cancer, a drinker
dietary pattern, high in alcohol consumption, has been associ-
ated with increased risk (6, 13, 14, 17), as has a Western or
meat-based pattern in some (7, 13, 14, 17, 18, 21, 22) but not all
studies (11, 12, 14–16). Diets high in fruit, vegetables, and salad
(5, 12, 16, 18); a southern diet, high in cooked greens, legumes,
and sweet potatoes (20); a Mediterranean diet (17, 23, 24); and
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a prudent dietary pattern, high in fruit, vegetables, whole grains,
and fish (8, 11, 14, 21) have also been associated with a reduced
risk. Other studies, however, have found no significant relations
(9, 10, 15, 19). In addition, whether these associations are mod-
ified by hormonal factors or vary by hormone-receptor subtype of
the cancer is currently not clear.

The purpose of this study was to evaluate the relation between
dietary patterns and risk of breast cancer and its subtypes, defined
by hormone receptor status, by using PCFA in the large and
diverse California Teachers Study (CTS) cohort.

SUBJECTS AND METHODS

The CTS cohort comprises 133,479 active and retired female
teachers and administrators who completed a 16-page mailed
questionnaire in 1995–1996 (25). The cohort is followed annu-
ally for cancer diagnosis, change of address, and death. Cancer
diagnoses are determined by linkage with the California Cancer
Registry, a population-based cancer registry that covers the en-
tire state of California. Because .99% of all cancer diagnoses
among California residents are reported to the California Cancer
Registry, those cohort members who continue to reside in Cal-
ifornia are actively followed for cancer outcomes without the
need for further contact. Changes of address are obtained by
annual mailings, notifications from participants, and record
linkages with multiple sources, including the US Postal Service.
California and national mortality files are used to ascertain date
and cause of death.

For the current analysis, we excluded women sequentially
from the total cohort of 133,479 women if they did not reside in
California at baseline (n = 8867); they received their diagnosis of
breast cancer before joining the cohort (n = 6211) or their his-
tory of breast cancer was not known (n = 139); they had missing
or incomplete dietary or alcohol data (n = 9302); their self-
reported food consumption averaged .3500 or ,800 calories/d
(n = 6726); their age was $85 y at baseline (n = 1294); they
reported .50% of calories from alcohol (n = 42); they had
unknown vitamin use (n = 2); or they had missing data for one or
more confounding factors included in this analysis [other than
menopausal status/hormone therapy (HT) use] (n = 9117). Of
the 91,779 women included in this analysis, 4140 received
a diagnosis of invasive breast cancer after joining the cohort,
with follow-up ending 31 December 2009. Estrogen receptor
(ER) and progesterone receptor (PR) status was available for
3483 (84%) of the women with a diagnosis of invasive breast
cancer.

The baseline questionnaire gathered information about po-
tential breast cancer risk factors and personal and lifestyle
characteristics, including menstrual and reproductive events; use
of exogenous estrogens, vitamins, and medications; personal and
family history of cancer and chronic diseases; physical activity;
self-reported height and weight; dietary intake; and consumption
of alcohol and tobacco use. An early version of the 103-item,
1995 Block food-frequency questionnaire, was administered to
obtain dietary intake over the year before baseline and has been
validated in this cohort (26). A summary measure of neighbor-
hood socioeconomic status was determined by linking the baseline
residential street addresses of cohort members to US census data
at the block group level; this measure incorporates neighborhood
data on occupation, education, and income (27).

The CTS study was approved by the Institutional Review Boards
at all participating institutions. This secondary data analysis was
approved by the Institutional Review Board of the Cancer Pre-
vention Institute of California (formerly the Northern California
Cancer Center) and Columbia University.

Dietary patterns

PCFAwas used to identify dietary patterns based on the entire
cohort (not just the women included in the current analysis), who
were aged #84 y at baseline, who completed the dietary as-
sessment, and whose average caloric intake was between 600
and 5000 kcal/d (28). PCFA is a method of reducing numerous
variables, in this case foods, beverages (including separate items
for wine, beer, and liquor), and vitamin supplements, into fewer
variables, or principal components, each of which represents
a group of foods and beverages that are correlated with each
other but not with the other components. PCFA was chosen for
this study because it uses all the dietary information from the
food-frequency questionnaire, and, unlike the statistical methods
used in reduced rank regression, it does not require the use of an
intermediate endpoint. For this analysis, intake of each food or
beverage was calculated as the portion size–adjusted frequency
of consumption and expressed as the number of medium serv-
ings consumed per day. Each variable was standardized to
a mean of zero and variance of one, and then a coefficient was
assigned to each variable, depending on the weight it contributed
to that principal component. Factor scores for each subject for
each dietary pattern were calculated by multiplying the partic-
ipant’s consumption of each food or beverage by the weight (ie,
factor loading) given to that food or beverage for that dietary
pattern and summing these values for all the foods and bever-
ages. An orthogonal varimax rotation procedure was used to
obtain uncorrelated components. The number of factors (com-
ponents) retained was based on eigenvalues $1, examination of
scree plots, and factor interpretability (29). PCFA using oblique
promax rotation, excluding women with a prior breast cancer,
any prior cancer, or calorie-adjusting foods and beverages pro-
duced the same 5 factors with extremely similar factor loadings.

Data analysis

We used Cox proportional hazards regression to estimate the
RRs (hazard rate ratio) and 95% CIs associated with the de-
velopment of invasive breast cancer for each of the dietary
patterns. All analyses used age (in d) as the time metric and were
stratified by age at baseline (in y). Each woman was given a factor
score for each dietary pattern. Factor scores were categorized into
quintiles; higher scores represent greater adherence to that dietary
pattern. Factor scores for all 5 dietary patterns for each woman
were included in each model.

Women were followed from the date they completed the baseline
questionnaire until diagnosis with invasive or in situ breast cancer,
death, a move out of California, or 31 December 2009, whichever
occurred first. We tested the assumption of proportional hazards
for each covariate using a likelihood ratio test of interaction with
the time metric (continuous age) based on cross-product terms.
Only the effect for a history of benign breast biopsy changed
significantly with age (being more strongly associated with risk
among younger than among older women); thus, an interaction
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term with time-dependent age was included as an adjustment
factor. Models were adjusted for race-ethnicity/birthplace (non-
Latina white, other race-ethnicity born in North America, other
race-ethnicity born elsewhere); family history of breast cancer in
a first-degree relative (mother or sister; yes, no, adopted); age at
menarche (in y from #9 to $17); parity (nulliparous, parous),
and, among parous women, age at first full-term pregnancy (in
y); average daily caloric intake (kcal); average annual long-term
(high school to age 54 y or age at baseline if younger) moderate
physical activity (h/wk); neighborhood-level socioeconomic
status (deciles based on the statewide distribution); history of
a benign breast biopsy (yes, no) and its interaction with time-
dependent age; BMI at baseline (in kg/m2); height at baseline (in
inches); and menopausal status at baseline [premenopausal, peri-
menopausal, postmenopausal, undetermined (ie, women aged
,56 y who started HTwhile still having menses or who reported
a simple hysterectomy), unknown], and among perimenopausal
and postmenopausal women, HT use at baseline (never used,
past use only, current use of estrogen-alone therapy, current use
of combined estrogen plus progesterone therapy). Likelihood
ratio tests for trend across dietary pattern quintiles were con-
ducted by using an ordinal variable coded as the median value of
each category. Effect modification by menopausal status/HT use
[premenopausal, postmenopausal/not currently using HT (ie,
never or past use), postmenopausal/current use of HT] and by
BMI (in kg/m2; ,25, $25] was examined, as was modification
by calendar period (1995–2002, 2003–2009 corresponding to the
large cessation of HT use after media coverage of the Women’s
Health Initiative) for associations among current HT users. In-
teractions were formally evaluated by using a likelihood ratio
test comparing models with and without cross-product terms.
However, because none of these interactions were statistically
significant, these stratified results are not presented.

For analyses stratified by ER and PR status, all women with
a known ERPR subtype (ie, ER+PR+, ER+PR2, ER2PR+, and
ER2PR2 subtypes) were included in each model, with women
with a diagnosis of a different ERPR subtype than the one being
censored at the time of their diagnosis; for example, in the analysis
of ER+PR+ breast cancer, women with ER+PR2, ER2PR+,
and ER2PR2 tumors contributed person-time to the analysis
until the date of their breast cancer diagnosis. Women with in-
vasive breast cancer whose ER or PR status was borderline or
unknown were excluded from these analyses. There were 2422
ER+PR+ cases, 509 ER+PR2 cases, and 514 ER2PR2 cases
included in these analyses. ER2PR+ breast cancers were not
analyzed separately because of the small number of cases with
this subtype (n = 38). We used SAS (version 9.3; SAS Institute
Inc) for all analyses.

RESULTS

We identified 5 major dietary patterns and designated them as
plant-based; high-protein, high-fat; high-carbohydrate; ethnic;
and salad and wine (Table 1). The plant-based pattern was
characterized by a high consumption of fruit and vegetables. The
high-protein, high-fat dietary pattern included sources of animal
protein (eg, meat and eggs) and added fats (eg, butter and may-
onnaise). The high-carbohydrate pattern was characterized by
a high consumption of convenience foods, pasta, and bread. The
ethnic pattern was high in legumes, soy-based foods, rice, and

dark-green leafy vegetables. The salad and wine pattern was char-
acterized by a high consumption of salad and low-fat dressing,
fish, wine, and coffee and tea. Together, these 5 factors explained
18.6% of the total variation in standardized dietary intakes in the
CTS cohort (plant-based: 4.7%; high-protein, high-fat: 4.5%;
high-carbohydrate: 3.3%; ethnic: 3.2%, and salad and wine:
2.9%). Fifteen percent of the eligible cohort primarily consumed
a single dietary pattern (defined as having a score greater than
the median for only one factor), whereas 82% had diets char-
acterized by a combination of patterns; only 3% had diets that
were not characterized by any of the 5 patterns.

The characteristics of the women included in this analysis
overall and those scoring in the highest quintile of each of the 5
dietary patterns are described in Table 2. Median cohort follow-
up was 14.1 y (IQR: 13.6, 14.1). Although the median and IQR
for age at baseline varied by dietary pattern, the absolute age
ranged from 22 to 23–84 y for all dietary patterns. Whereas 36%
of the women in the analytic cohort scored in the top quintile of
only one pattern, the mixed diet consumed by most of the cohort
members resulted in 28% scoring in the top quintile of more
than one dietary pattern and 36% not scoring in the top quintile
of any of the dietary patterns. Of the 64% of women who scored
in the highest quintile of one or more of the dietary patterns, the
women in the highest quintile of the plant-based or salad and
wine pattern were generally older, more likely to be white, more
likely to have reported a history of a benign breast biopsy, and
less likely to be nulliparous. Those in the highest quintile of the
salad and wine pattern also were more likely to live in neigh-
borhoods with a higher socioeconomic status and were more
likely to use HT. Women in the highest quintile of the high-
protein, high-fat or high-carbohydrate dietary pattern consumed
the greatest amount of calories. Those in the highest quintile
of the high-protein, high-fat pattern were also heavier, less likely
to engage in moderate physical activity, and of lower socioeconomic
status. Women in the highest quintile of the high-carbohydrate
pattern were younger and more likely to be nulliparous and of
moderate socioeconomic status. Finally, those in the highest
quintile of the ethnic dietary pattern were more likely to be non-
white, nulliparous, and of lower socioeconomic status.

The plant-based diet was associated with an overall reduction
in breast cancer risk, whereas the salad and wine diet was as-
sociated with an increased risk (Table 3). These overall effects
were generally modest, with the highest quintile of intake of the
plant-based diet associated with a 15% lower breast cancer risk
(95% CI: 0.76, 0.95) relative to the lowest quintile and the salad
and wine diet with a 12 greater risk (95% CI: 1.01, 1.25) for the
highest relative to the lowest quintile. Nonetheless, a statistically
significant trend was evident for both patterns. The increased
risk associated with the salad and wine pattern was only slightly
related to its alcohol component. The correlation between al-
cohol consumption and the score for the salad and wine pattern
was 0.44. Adjustment for alcohol intake [none, ,20 g/d, $20
g/d; categories based on our previous findings (30)] reduced the
RR associated with the highest compared with the lowest
quintile of this pattern to 1.09 (95% CI: 0.97, 1.23; P-trend =
0.06). Furthermore, the RR associated with alcohol consumption
was not completely accounted for by consumption of a salad and
wine dietary pattern: the RR for alcohol consumption of $20 g/d
(compared with none) was reduced from 1.24 (95% CI: 1.11,
1.38) to 1.12 (95% CI: 0.99, 1.27) with adjustment for all 5 dietary

1526 LINK ET AL



patterns, including the salad and wine pattern. The plant-based
dietary pattern was less affected by alcohol intake. The corre-
lation between alcohol intake and the score for the plant-based
pattern was 20.23. Adjustment for alcohol intake resulted in an
RR of 0.88 (95% CI: 0.78, 0.99) for consumption of the highest
compared with the lowest quintile of the plant-based dietary
pattern. The risks associated with the salad and wine (RR: 1.10;
95% CI: 0.96, 1.27 for the highest compared with the lowest
quintile) and the plant-based (RR: 0.80; 95% CI: 0.69, 0.93)

dietary patterns among those exclusively consuming each of
these patterns (ie, excluding women who scored in the highest
quintile of more than one dietary pattern) were similar to those
observed in all women (as reported in Table 3).

The associations between dietary pattern and breast cancer by
hormone receptor status are presented in Table 4. The plant-
based diet was associated with a reduction in risk of ER2PR2
tumors (RR: 0.66; 95% CI: 0.48, 0.91 for the highest compared
with the lowest quintile; P-trend = 0.03), whereas the salad and

TABLE 1

Factor loadings from principal components factor analysis for foods and beverages defining dietary patterns in the California Teachers Study, n = 118,4651

Dietary pattern

Food item

Plant-

based

High-protein,

high-fat

High-

carbohydrate Ethnic

Salad and

wine

Peaches, apricots (fresh) 0.57 — — — —

Strawberries, other berries 0.55 — — — —

Carrots, mixed vegetables with carrots 0.52 — — — —

Apples, apple sauce 0.51 — — — —

Other fruit (eg, grapes, raisins, kiwi, fruit cocktail) 0.50 — — — —

Oranges 0.46 — — — —

Broccoli 0.46 — — — —

Bananas 0.45 — — — —

Watermelon 0.44 — — — —

Cantaloupe 0.41 — — — —

Other vegetables 0.39 — — — —

String beans, green beans 0.38 — — — —

Peas 0.36 — — — —

Cauliflower, Brussels sprouts 0.36 — — — —

Peaches, apricots (dried) 0.35 — — — —

Butter, margarine, or fat added to vegetables — 0.55 — — —

Beef roasts, steaks, sandwiches — 0.52 — — —

Sausage, bacon — 0.49 — — —

Pork — 0.46 — — —

Hamburgers, cheeseburgers — 0.45 — — —

Fried chicken — 0.44 — — —

Beef stew or pot pie with vegetables — 0.43 — — —

Eggs — 0.40 — — —

Fried potatoes — 0.39 0.36 — —

Butter on bread or rolls — 0.39 — — —

Salad dressing or mayonnaise (regular) — 0.38 — — —

Burritos or tacos with meat or beans — — 0.54 — —

Pizza — — 0.50 — —

Salsa, ketchup, taco sauce — — 0.49 — —

Tortillas — — 0.43 — —

Spaghetti, lasagna, other pasta with tomato sauce — — 0.42 — —

Bagels, English muffins, hamburger buns — — 0.40 — —

Lentil, pea, and bean soups — — — 0.50 —

Beans (eg, baked beans, pinto, kidney, but not including in

soup)

— — — 0.49 —

Tofu, bean curd — — — 0.44 —

Vegetable soups — — — 0.39 —

Rice — — — 0.38 —

Meat substitutes made from soy — — — 0.38 —

Mustard, turnip greens, collards — — — 0.37 —

Sweet potatoes, yams — — — 0.35 —

Green salad — — — — 0.50

Fish (broiled or baked) — — — — 0.43

Wine, champagne — — — — 0.42

Salad dressing or mayonnaise (low-fat) — — — — 0.42

Coffee, tea — — — — 0.37

Tomatoes, tomato juice — — — — 0.37

1 Foods and beverages with factor loadings $0.35 are shown.
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wine pattern increased the risk of ER+PR+ tumors (RR: 1.29;
95% CI: 1.12, 1.49 for the highest compared with the lowest
quintile; P-trend , 0.001). Adjustment for alcohol did not affect
the risk associated with a plant-based dietary pattern and only
slightly attenuated the RR associated with the highest con-
sumption of the salad and wine pattern (RR: 1.26; 95% CI: 1.08,
1.46; P-trend = 0.002).

DISCUSSION

Of the 5 major dietary patterns identified in this cohort of
California women, only the plant-based and salad and wine
patterns were associated with breast cancer risk overall. Greater
adherence to the plant-based diet was associated with a reduced
risk of breast cancer, whereas greater adherence to the salad and
wine pattern was associated with an increased risk. The latter
finding was only slightly attenuated when overall alcohol con-
sumption was accounted for.

Dietary patterns that have been characterized by a high veg-
etable intake have been inversely associated with breast cancer
risk in many studies (5, 8, 14, 17, 18, 20, 21, 33). In addition,
a meta-analysis of 8 cohort and 8 case-control studies published
between 2001 and 2009 found a significantly reduced risk of
breast cancer for a prudent/healthy diet (OR: 0.89; 95% CI: 0.82,
0.99 for the highest compared with the lowest categories of
intake) (14). Consistent with our finding of a protective effect of
a plant-based diet on ER2PR2 breast cancer, the Nurses’ Health
Study found a prudent diet to be associated with a lower risk of
ER2 breast cancer (21), and the Melbourne Collaborative Co-
hort Study found that a fruit and salad diet reduced the risk of
ER2PR2 tumors but not of ER+PR+ tumors (12). In contrast,
a reduced risk of invasive breast cancer associated with a healthy

Mediterranean diet did not vary by hormone-receptor subtype in
the European Prospective Investigation into Cancer and Nutri-
tion cohort (17). Whether hormone levels from endogenous or
exogenous sources, as reflected in menopausal status, HT use,
and body mass, modify the diet-cancer relation is not clear.
Whereas some studies have reported a reduced risk associated
with a healthy diet only among postmenopausal women (16, 24),
others have found a reduced risk only among premenopausal
women (11, 23). The Hormones and Diet in the Etiology of
Breast Cancer cohort found that the salad/vegetables dietary
pattern was inversely associated with breast cancer risk only among
women of normal weight, regardless of menopausal status (5).
We observed no statistically significant interactions between the
dietary patterns and menopausal status/HT use or BMI. Taken
together, our findings and much of the published literature
suggest that greater adherence to a healthy diet characterized by
greater consumption of plant-based items may reduce the risk of
some types of breast cancer.

Many components of a plant-based diet might reduce breast
cancer risk. The fiber component of fruit and vegetables, par-
ticularly insoluble fiber, may bind with estrogens and lead to
excretion, which reduces serum estrogen concentrations (34). A
greater intake of soluble fiber, generally associated with a diet
characterized by a lower glycemic load, may help maintain lower
concentrations of glucose, insulin, and insulin-like growth factors
(35, 36). Many fruit and vegetables are also high in antioxidants
or contain phytochemicals which have been shown to inhibit the
growth of breast cancer cells (37, 38).

Most studies that have used principal component analysis or
cluster analysis to evaluate overall diet have identified healthy-
and Western-type dietary patterns (6, 11, 14, 15, 39–41). However,
other patterns, such as our ethnic or salad and wine patterns, are

TABLE 3

Associations between dietary patterns and breast cancer risk1

Quintile

Dietary pattern 1 2 3 4 5 P-trend2

Plant-based

No. of cases 749 807 847 887 850

RR 1.0 0.97 0.95 0.93 0.85 0.003

95% CI 0.88, 1.07 0.86, 1.05 0.84, 1.04 0.76, 0.95

High-protein, high-fat

No. of cases 779 763 849 865 884

RR 1.0 0.94 1.01 1.02 1.00 0.60

95% CI 0.85, 1.04 0.91, 1.12 0.91, 1.13 0.88, 1.14

High-carbohydrate

No. of cases 1,013 906 853 716 652

RR 1.0 0.93 0.94 0.86 0.91 0.11

95% CI 0.84, 1.02 0.85, 1.04 0.77, 0.97 0.79, 1.05

Ethnic

No. of cases 907 854 831 788 760

RR 1.0 0.99 0.99 0.97 0.94 0.24

95% CI 0.90, 1.09 0.90, 1.09 0.88, 1.07 0.85, 1.05

Salad and wine

No. of cases 581 692 856 891 1,120

RR 1.0 0.95 1.03 0.98 1.12 0.010

95% CI 0.85, 1.06 0.92, 1.14 0.88, 1.09 1.01, 1.25

1Cox proportional hazards regression model with age as the time metric and stratified by age at baseline; adjusted for race-ethnicity/birthplace, family

history of breast cancer, age at menarche, parity/age at first full-term pregnancy, average daily caloric intake, physical activity, socioeconomic status, history of

a benign breast biopsy and its interaction with time-dependent age, BMI, height, menopausal status/hormone therapy use, and the other 4 dietary patterns.
2Likelihood ratio test for trend across dietary pattern quintiles by using an ordinal variable coded as the median value of the quintile.
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observed to be prominent in a few populations (12, 13, 39, 40,
42). These studies thus allow for the examination of a greater
diversity of dietary intake. Some (6, 13, 17, 22), but not all (5,
18, 19), studies that evaluated dietary patterns that have iden-
tified individual patterns, including high factor loadings for al-
coholic beverages, have found a drinker pattern associated with
increased breast cancer risk. Furthermore, similar to our study,
the E3N- European Prospective Investigation into Cancer and
Nutrition study found a significantly increased risk with an
alcohol/Western diet for ER+PR+, but not for ER2PR2, tumors
(17). A meta-analysis that included 4 of the above studies (6, 18,
19, 22) found a significantly increased risk of breast cancer
associated with the drinker dietary pattern (OR: 1.21; 95% CI:
1.04, 1.41 for the highest compared with the lowest category)
(14). Consistent with these studies, the salad and wine pattern in
our study was associated with an increased risk of ER+PR+ breast
cancer—an association that was not accounted for by alcohol
consumption. Furthermore, given the high reproducibility (r =
0.87) and validity (r = w0.75) for alcohol intake in our vali-
dation study (26), it is unlikely that this association was due to
residual confounding from misclassification resulting from er-
rors in self-reported alcohol intake. However, because of the
synergistic effects between alcohol intake and HT use on breast
cancer risk (30–32, 43–47) and the higher prevalence of HT use
among those who consumed the salad and wine pattern, the in-
fluence of HT use on this association warrants further investigation.

A major strength of this analysis was its basis in a large diverse
cohort with dietary intake data collected before breast cancer
diagnosis and based on a widely used and validated food-
frequency questionnaire (26). Also, the reporting of cancer
outcomes is essentially complete for cohort members who re-
side in California. Several limitations should also be noted. The

dietary intake data for these analyses were based on the 1-y
period preceding the baseline assessment. To the extent that diet
has changed or it is diet during other potentially critical periods of
life, such as puberty, that are important, these analyses become
less meaningful. In addition, several studies have evaluated raw
vegetable intakes and found them to be inversely related to breast
cancer risk (48). However, the CTS dietary assessment did not
separate cooked from raw vegetables; therefore, if a separate
dietary pattern characterized by raw, as opposed to cooked,
vegetable intake were present, we would not have been able to
distinguish it here.

Finally, there are limitations to using PCFA. Dietary patterns
identified with PCFA may not have distinct biological effects on
the body; thus, their relation with health or disease risk may be
attenuated (49, 50). Also, the dietary patterns in this study ex-
plained only 19% of the variance in dietary intake; while typical
(49, 50), it is still rather low. Whereas the interpretation for those
falling into the lowest and highest quintiles for a dietary pattern
was likely to represent a clear distinction in the consumption of
the foods that define that pattern, the interpretation in the middle
quintiles is less clear. PCFA also has been criticized because it
captures dietary patterns that are relatively unique to specific
populations (51). However, because the literature on dietary
patterns is growing, similar core patterns appear to be present in
most populations, with specific patterns evident in different
populations. Exploring dietary patterns from diverse populations
may help identify combinations of foods that decrease the risk of
specific diseases, such as has been observed for heart disease and
the Mediterranean diet (52). Finally, despite its limitations, the
PCFA approach to studying dietary intake reflects the combi-
nations of foods that are consumed and the nutrient interactions
that may thus occur.

TABLE 4

Associations between dietary patterns and breast cancer risk by hormone receptor status1

Hormone receptor status

and dietary pattern

Quintile

P-trend21 2 3 4 5

ER+PR+ (n = 2422 cases)

Plant-based 1.0 1.00 (0.87, 1.14) 1.00 (0.87, 1.14) 1.01 (0.89, 1.16) 0.91 (0.78, 1.05) 0.19

High-protein, high-fat 1.0 0.94 (0.82, 1.07) 1.03 (0.90, 1.18) 1.05 (0.91, 1.20) 1.02 (0.86, 1.21) 0.52

High-carbohydrate 1.0 0.95 (0.84, 1.08) 0.96 (0.84, 1.10) 0.89 (0.76, 1.03) 0.91 (0.76, 1.10) 0.26

Ethnic 1.0 0.98 (0.86, 1.10) 0.99 (0.88, 1.12) 0.93 (0.82, 1.06) 0.89 (0.78, 1.02) 0.07

Salad and wine 1.0 1.02 (0.88, 1.18) 1.15 (0.99, 1.32) 1.05 (0.91, 1.21) 1.29 (1.12, 1.49) ,0.001

ER+PR2 (n = 509 cases)

Plant-based 1.0 1.08 (0.81, 1.46) 1.08 (0.80, 1.45) 1.05 (0.77, 1.42) 1.03 (0.74, 1.41) 0.94

High-protein, high-fat 1.0 0.95 (0.72, 1.26) 0.94 (0.70, 1.26) 1.01 (0.74, 1.37) 0.90 (0.62, 1.31) 0.70

High-carbohydrate 1.0 0.84 (0.65, 1.08) 0.85 (0.64, 1.13) 0.67 (0.48, 0.94) 0.69 (0.45, 1.06) 0.05

Ethnic 1.0 1.07 (0.81, 1.42) 1.08 (0.81, 1.43) 1.39 (1.06, 1.83) 1.03 (0.76, 1.40) 0.45

Salad and wine 1.0 0.85 (0.62, 1.19) 0.96 (0.70, 1.31) 1.03 (0.75, 1.40) 1.10 (0.80, 1.50) 0.22

ER2PR2 (n = 514 cases)

Plant-based 1.0 0.84 (0.64, 1.11) 0.84 (0.63, 1.10) 0.86 (0.65, 1.15) 0.66 (0.48, 0.91) 0.03

High-protein, high-fat 1.0 0.91 (0.68, 1.22) 1.01 (0.76, 1.35) 1.11 (0.82, 1.50) 1.02 (0.70, 1.47) 0.64

High-carbohydrate 1.0 0.85 (0.65, 1.11) 0.79 (0.58, 1.06) 0.97 (0.70, 1.33) 0.99 (0.66, 1.48) 0.88

Ethnic 1.0 1.14 (0.88, 1.49) 0.92 (0.70, 1.22) 0.90 (0.68, 1.20) 1.06 (0.79, 1.42) 0.89

Salad and wine 1.0 0.81 (0.61, 1.09) 0.75 (0.56, 1.00) 0.78 (0.58, 1.05) 0.85 (0.63, 1.14) 0.41

1Values are RRs; 95% CIs in parentheses. Cox proportional hazards regression models with age as the time metric and stratified by age at baseline;

adjusted for race-ethnicity/birthplace, family history of breast cancer, age at menarche, parity/age at first full-term pregnancy, average daily caloric intake,

physical activity, socioeconomic status, history of a benign breast biopsy and its interaction with time-dependent age, BMI, height, menopausal status and

hormone therapy use, and the other 4 dietary patterns. ER–, estrogen receptor negative; ER+, estrogen receptor positive; PR–, progesterone receptor negative;

PR+, progesterone receptor positive.
2Likelihood ratio test for trend across dietary pattern quintiles by using an ordinal variable coded as the median value of the quintile.
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In conclusion, our study found that a plant-based diet was as-
sociated with a reduced risk of ER2PR2 breast cancer. In addition,
despite the inclusion of healthy foods in the salad and wine
dietary pattern, the risk of ER+PR+ breast cancer remained el-
evated among women consuming this type of diet, although the
effect of HT use on this association warrants further investigation.
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