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Abstract

Fruits and vegetables contain many bioactive components that may contribute to improved survival
after diagnosis of breast cancer, however, evidence to date is insufficient. We prospectively
assessed the associations of post-diagnostic fruit and vegetable consumption with breast cancer-
specific and all-cause mortality among 8,927 women with stage I-I11 breast cancer identified
during follow-up of the Nurses’ Health Study (NHS; 1980-2010) and NHSII (1991-2011), using a
validated food frequency questionnaire completed every 4 years after diagnosis. We prospectively
documented 2,521 deaths, including 1,070 from breast cancer through follow-up until 2014 in the
NHS and 2015 in the NHSII. Total fruit and vegetable and total vegetable consumption was related
to lower all-cause [HRqgsysq1, 0.82; 95% confidence interval (CI), 0.71-0.94; Pyenqy=0.004, and
HRqsvsq1, 0.84; 95% Cl, 0.72-0.97; Pyepg= 0.001, respectively], but not breast cancer-specific
mortality. Total fruit consumption was not related to breast cancer-specific or all-cause mortality.
Greater intake of green leafy and cruciferous vegetables was associated with lower all-cause
mortality. Each 2 servings/week of blueberries was associated with a 25% (HR, 0.75; 95% Cl,
0.60-0.94) lower breast cancer-specific and a 17% (HR, 0.83; 95% ClI, 0.72-0.96) lower all-cause
mortality. In contrast, higher fruit juice consumption was associated with higher breast cancer-
specific (HRqsysq1, 1.33; 95% CI, 1.09-1.63; Peng= 0.002) and all-cause mortality (HRgsvsq1.
1.19; 95% ClI, 1.04-1.36; Psrang= 0.003). Apple juice largely accounted for these higher risks and
orange juice was not associated with risk. Higher post-diagnostic fruit and vegetable consumption
among breast cancer survivors was not associated with breast cancer-specific mortality. However,
our findings suggest that higher vegetable consumption, particularly green leafy and cruciferous
vegetables, was associated with better overall survival among patients with breast cancer. Higher
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fruit juice consumption, but not orange juice, was associated with poorer breast cancer-specific
and all-cause survival.

Significance: A large-scale study shows that high fruit and vegetable consumption may be
associated with better overall survival among breast cancer patients, while high fruit juice
consumption may be associated with poorer prognosis.

Introduction

The population of breast cancer survivors has increased over time, and identification of ways
to minimize disease progression has become increasingly important. Survival rates after
breast cancer diagnosis differ widely, raising the possibility that improvements in lifestyle as
part of breast cancer care may increase life expectancy. However, survival benefits
associated with dietary factors remain largely unclear (1-13).

Fruits and vegetables consist of many potentially anti-carcinogenic substances (14, 15)
which may play an important role in decreasing mortality. However, the World Cancer
Research Fund/American Institute for Cancer Research concluded that data were insufficient
to recommend high post-diagnostic fruit and vegetable consumption for breast cancer
survival (16). In a recent meta-analysis, pre- or post-diagnostic fruit or vegetable
consumption was not significantly associated with overall mortality in patients with breast
cancer (17). Furthermore, fruits and vegetables differ greatly in composition and
examination of specific subgroups may provide more relevant information for survival. For
example, some evidence suggests that cruciferous vegetables may affect breast cancer
survival (9), but overall, the evidence is sparse and results inconsistent (12).

Using combined data from the Nurses’ Health Study (NHS) and the Nurses’ Health Study 11
(NHSIT), we evaluated the relationship between post-diagnostic fruit and vegetable
consumption and breast cancer survival, using repeated assessments and accounting for pre-
diagnostic diet. As the associations may vary by hormone receptor status and disease stage,
we conducted analyses separately by these variables.

Materials and Methods

Study Population

As ongoing cohort studies, the NHS began in 1976 with an enrollment of 121,700 US
female nurses aged 30-55 years, and the NHSI|I started in 1989 with an enrollment of
116,429 female nurses aged 25-42 years. For this study, we included women with invasive
breast cancer that diagnosed from 1980 to 2010 in the NHS, and from 1991 to 2011 in the
NHSII. After excluding women with prior cancer diagnosis (except non-melanoma skin
cancer) or death before the baseline food frequency questionnaire (FFQ) (1980 in the NHS
and 1991 in the NHSII), implausible total energy intake (<600 or >3500 kcal/day), left blank
more than 70 food items, left blank all fruit and/or vegetable items, missing diet information
at least 12 months after diagnosis, a cancer diagnosis (except nonmelanoma skin cancer)
before breast cancer, stage IV disease at diagnosis, or missing information on disease stage,
8,927 patients with breast cancer were included in the analyses.
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Completion of the questionnaire was considered to imply informed consent when the study
protocol was approved in 1976 (NHS) and 1989 (NHSII) by the Institutional Review Boards
of the Brigham and Women’s Hospital (Boston, MA) and Harvard T.H. Chan School of
Public Health (Boston, MA), and those of participating registries as required. The studies
were conducted in accordance with recognized ethical guidelines (Declaration of Helsinki).

Assessment of Dietary Intake

In the NHS, a 61-item semi-quantitative FFQ was first administered in 1980. Subsequently,
the FFQ was expanded to 116-130 items in 1984, 1986, and every four years thereafter. In
the NHSII, a ~130-item FFQ was administered in 1991 and every four years thereafter
(questionnaires available at http://www.nurseshealthstudy.org/participants/questionnaires).
Post-diagnostic fruit, vegetable, and fruit juice consumption was collected from FFQs
completed at least 12 months after diagnosis. To reduce measurement error and within-
person variation and evaluate dietary intake over a long period after diagnosis, we calculated
the cumulative average of postdiagnostic fruit, vegetable, and fruit juice intake from all
available FFQs after diagnosis up to the start of each 2-year follow-up interval. The FFQ has
been extensively validated in our cohorts using multiple analyses by comparison with more
detailed methods (18-20) and biomarkers of intake (19). For example, for the validity of the
questionnaire, long-term intake was compared with weighed diet records among NHS
participants: the mean of correlation coefficients was 0.80 for apples and 0.69 for broccoli,
calculated using the 1986 FFQ and multiple dietary records obtained in 1986 (18). Fruit and
vegetable consumption calculated using these FFQs has also predicted a lower risk of type 2
diabetes (21) and coronary heart disease (22).

Individual items reported in the FFQs were summed to create total fruit (not including
juices), total vegetable (not including potatoes), and total fruit juice intake (Table S1).
Vegetable subgroups included leafy greens, yellow/orange, tomatoes, cruciferous, and other.
We also grouped fruits and vegetables based on amount of specific nutrients including
vitamin C (=240mg/100g), a-carotene (=3000mcg/100g), p-carotene (=3000mcg/100g), and
lutein (=10mg/100g) (22-25).

Ascertainment of Breast Cancer and Death

Covariates

Breast cancers were identified through self-report on the biennial questionnaires. We then
requested permission from participants (or next of kin) to access medical records and
pathology reports to confirm the diagnosis and obtain information on tumor characteristics,
disease stage, estrogen receptor (ER) and progesterone receptor (PR) status, and other
relevant information. Deaths were reported by family members or the postal service or
determined through search of the National Death Index. The cause of death was ascertained
by physician review of the death certificate and medical record.

Data on post-diagnostic body mass index (BMI), smoking status, physical activity, and
aspirin use were collected from biennial questionnaires. To minimize assessment during
active treatment, only measurements taken at least 12 months after diagnosis were
considered. To reduce the possibility of reverse causation, we calculated the cumulative
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averages of post-diagnostic BMI and physical activity using 4-year lagged data. We
calculated pre-diagnostic BMI from the last questionnaire returned before diagnosis. We also
considered changes in BMI from pre- to post-diagnosis, age at menopause, menopausal
status, postmenopausal hormone use, and oral contraceptive use before diagnosis. In
addition, we collected information about breast cancer characteristics, including age at
diagnosis, disease stage, ER/PR status, self-reported radiotherapy, chemotherapy, and
hormonal treatment.

Statistical analysis—We calculated person-time of follow-up from the return date of the
FFQ that was used for the first post-diagnostic assessment to the end of the study period
(June 1, 2014 in the NHS and June 1, 2015 in the NHSII) or death, whichever came first. We
evaluated breast cancer-specific, all-cause, and cardiovascular disease (CVD) mortality as
endpoints.

In the combined NHS and NSHII data, Cox proportional hazards regression models were
used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls). Participants
diagnosed with breast cancer were divided into quintiles according to the cumulative average
of dietary intake. For vegetables high in lutein, participants were divided into quartiles
according to the cumulative average of intake. For apple juice, participants who did not
consume it were assigned to the lowest group and others were divided into 3 categories, as
was other juices.

The median value for each category was used for tests for trend, modeled as a continuous
variable. Models were stratified by cohort and adjusted for age at diagnosis and calendar
year of diagnosis. In the analysis of breast cancer-specific mortality, follow-up was censored
with death from other causes. Multivariable models included time between diagnosis and
first FFQ after diagnosis, calendar year at start of follow-up of each-2-year questionnaire
cycle, potential predictors of breast cancer survival and total energy intake (see Table 2
footnote). For missing covariates, we used the carried-forward method for continuous
variables and missing indicator method for categorical variables. To address role of other
dietary factors, we also evaluated the associations after additionally controlling for the post-
diagnostic modified alternate healthy eating index (AHEI), glycemic load (GL), total fat, and
sugar-sweetened beverage (SSB) intake. We adjusted for cereal fiber, not total fiber, because
it is redundant variable. Furthermore, in secondary analyses, the association of post-
diagnostic fruit and vegetable consumption was examined by additionally adjusting for pre-
diagnostic fruit and vegetable consumption, which was calculated from the last FFQ
reported before breast cancer diagnosis. We also evaluated the associations with changes in
fruit and vegetable intake from pre- to post-diagnosis, controlling for pre-diagnostic intake.
We also evaluated the risk of breast cancer-specific and all-cause mortality with cross-
classification of pre- and post-diagnostic intake (high/high, low/high, high/low, compared
with low/low). Less than 3 servings/day of total fruit and vegetable intake was considered
low intake, as was less than 2 servings/day for total fruit and for total vegetable intake.

We conducted stratified analyses to evaluate potential effect modifiers of the fruit and
vegetable association with survival by lifestyle and clinical-pathological factors including
age at diagnosis (<60 vs. =60 years), post-diagnostic smoking status (never vs. ever), alcohol
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consumption (<3.5 vs. 23.5 g/day), BMI (<25 vs. 225 kg/m?2), physical activity (<10 vs. 210
MET-hrs/week), aspirin use (never vs. ever), ER status (ER+ vs. ER-), and disease stage (I,
I1, 111). In stratified analyses, the HR of mortality was calculated for two servings/day
increments of total fruit and vegetable, total fruit, and total vegetable intake. The p value for
interaction was calculated using the Wald test. To assess heterogeneity by causes of death,
we compared the HR between competing causes of death, using data duplication methods
(26). We also performed 4-year time-lagged analysis to examine potential bias due to reverse
causation. All analyses were conducted using SAS software version 9.4 (SAS Institute, Cary,
NC) with a two-sided p-value of <0.05.

Baseline characteristics of participants at diagnosis

During following up of the 8,927 eligible women diagnosed with stage I-I11 breast cancer,
we documented 2,521 deaths, of which 1,070 were classified as breast cancer-specific from
the date of return of the first post-diagnostic FFQ to end of the study period (mean follow-up
time = 11.5 years, up to 30 years). Participants with higher total fruit and vegetable intake
tended to be more physically active and were more likely to use postmenopausal hormone.
They were also less likely to smoke or drink alcohol, and they consumed more dietary fiber
and less total fat and animal fat (Table 1). Stage of breast cancer did not differ across
quintiles of total fruit and vegetable consumption.

Post-diagnostic total fruit and vegetable consumption was associated with lower all-cause
mortality (HRqsysq1=0.82, 95%CI=0.71-0.94; Py,~0.004), but not breast cancer-specific
mortality (HRqsysq1=0.88, 95%CI1=0.71-1.09; Pye,~0.55) (Table 2). The associations
between total fruit and vegetable consumption and all-cause mortality remained significant
after additional adjustment for pre-diagnostic total fruit and vegetable consumption or post-
diagnostic dietary GL or total fat intake. However, there was no significant association
between total fruit and vegetable intake and all-cause mortality after additional adjustment
for modified AHEI (excluding fruit, vegetable, and alcohol scores) (HRqgsys01=0.88,
95%CI1=0.75-1.02; Pyn~0.07). Higher post-diagnostic total vegetable consumption was
associated with lower all-cause (HRgsys1=0.84, 95%CI1=0.72-0.97; Py¢,=0.001), but not
breast cancer-specific mortality. The associations between total vegetable consumption and
all-cause mortality remained significant after additional adjustment for post-diagnostic GL,
total fat, or cereal fiber intake. Additional adjustment for pre-diagnostic vegetable intake
resulted in a stronger inverse association between consumption of total vegetables and all-
cause mortality. The association was attenuated after additional adjustment for modified
AHEI (excluding fruit, vegetable, and alcohol scores) (HRqsysq1=0.89, 95%CI=0.76-1.02;
Pyreng=0.02). Fruit consumption was not associated with breast cancer-specific or all-cause
mortality.

High post-diagnostic fruit juice intake was associated with both higher breast cancer-specific
(HRQsvsQ1=1.33, 95%CI=1.09-1.63; Py;~0.002) and all-cause (HRsys01=1.19,
95%C1=1.04-1.36; Pten~0.003) mortality (Table 3). Although we did not observe a
significant association for breast cancer-specific and all-cause mortality in the Model 1, none
of the covariates accounted individually for the difference in HRs for fruit juice consumption
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between the age-adjusted and the multivariable models. These associations with breast
cancer-specific mortality were significant after additionally adjusting for total fiber intake,
dietary GL or modified AHEI (excluding SSB and alcohol scores). However, the
associations of fruit juice with all-cause mortality were attenuated after adjusting for dietary
GL (HRqsys01=1.13, 95%CI1=0.99-1.30; Py;s~0.05). Additional adjustment for pre-
diagnostic fruit juice intake resulted in a stronger positive association between consumption
of fruit juice and breast cancer-specific and all-cause mortality. Furthermore, the
associations between post-diagnostic fruit juice consumption and breast cancer-specific and
all-cause mortality remained significant after additional adjustment for post-diagnostic SSB:
HRqsvs01=1.27, 95%C1=1.04-1.55; Pye,~0.008 for breast cancer-specific mortality and
HRqsvs01=1.16; 95% Cl, 1.02— 1.32; Pyreng= 0.01 for all-cause mortality. Higher risk of
breast cancer-specific and all-cause mortality was observed with apple juice and with other
juices (not including apple and orange juices). Orange juice was not associated with higher
risk of breast cancer-specific or all-cause mortality (Table 3).

We also examined the change in fruit and vegetable consumption from before to after
diagnosis. One or more servings/day decrease in total fruit and vegetable intake from pre- to
post-diagnosis was associated with a higher all-cause mortality (HR=1.14, 95%CI=1.01-
1.27) (Figure S1-B). A =1 servings/day decrease in total vegetable intake was also
associated with a higher risk of all-cause mortality (HR=1.16, 95%CI1=1.02-1.30) (Figure
S1-F). A decrease in post-diagnostic total fruit intake was not significantly associated with
increased mortality among breast cancer survivors. Furthermore, we evaluated the risk of
breast cancer-specific and all-cause mortality with cross-classification of pre- and post-
diagnostic intake (high/high, low/high, high/low, compared with low/low). Compared to
both low pre- and low post-diagnostic vegetable consumption, we did not observe significant
decreased or increased risk of breast cancer-specific mortality among women with low pre-
(<2 servings/day) and high post-diagnostic (=2 servings/day), both high pre- and post-
diagnostic, or high pre- and low post-diagnostic intake (Figure S2E). Risk of all-cause
mortality was higher among women who had high pre- (=2 servings/day) and low post-
diagnostic (<2 servings/day) vegetable consumption (HR=1.22, 95%CI=1.05-1.42),
however, there was no significant decreased or increased risk of all-cause mortality among
women with both high pre- and post-diagnostic vegetable intake (HR=1.03; 95%CI1=0.91-
1.16) or low pre- and high post-diagnostic intake (HR=0.96; 95%CI=0.83-1.11) (Figure S2—
F). No significant associations were observed for total fruit and vegetable or total fruit intake
(Supplementary Figure S2A, S2B, S2C, and S2D).

Among subgroup of vegetables, post-diagnostic green leafy vegetable intake was associated
with lower risk of all-cause mortality (HRqsysq1=0.80, 95%CI1=0.70-0.91; Pyr;<0.0001),
but not breast cancer-specific mortality (Table 4). Intake of cruciferous vegetables was
associated with lower risk of all-cause mortality (HRqsysq1=0.87, 95%C1=0.76-0.99;
Preng=0.01). Also, lower all-cause mortality was observed with greater intake of post-
diagnostic fruits and vegetables high in vitamin C (HRqsys01=0.86, 95%CI1=0.75-0.98;
Prrend=0.02) as well as vegetables high in B-carotene with all-cause mortality
(HRQsvs01=0.80, 95%CI1=0.70-0.91; Py;<0.0001) (Table S2). These associations
remained significant after additional adjustment for cereal fiber intake. Additional
adjustment for pre-diagnostic intake of these vegetables did not appreciably change the
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results. Furthermore, green leafy vegetables and vegetables high in p-carotene were
somewhat associated with lower CVD mortality (Table S3).

Among individual fruits and vegetables, each 2 servings/week of blueberries after diagnosis
was associated with lower breast cancer-specific mortality (HR=0.75, 95%CI1=0.60-0.94)
and all-cause mortality (HR=0.83, 95%CI1=0.72-0.96). Post-diagnostic consumption of
strawberries was associated with lower breast cancer-specific mortality (HR=0.73,
95%C1=0.54-0.99), as was mixed vegetable intake (HR=0.85, 95%CI1=0.73-0.98). Post-
diagnostic broccoli intake was associated with lower risk of all-cause mortality (HR=0.89,
95%C1=0.83-0.95), as was lettuce intake (HR=0.95, 95%C1=0.93-0.97). Post-diagnostic
intake of peas was associated with higher all-cause mortality (HR=1.13, 95%CI=1.02-1.24)
(Figure 1). The significant association of pea intake was observed even after adjusting for
dietary GL.

We also compared the HRs of breast cancer-specific mortality with other causes of mortality.
We observed a significant inverse association of total fruit and vegetable, total fruit, and total
vegetable consumption with other causes of mortality (for each two servings/day HR=0.88,
95%CI1=0.82-0.94, P for heterogeneity=0.05; HR=0.84, 95%CI1=0.73-0.97, P for
heterogeneity=0.11; and HR=0.84, 95%CI=0.76-0.92, P for heterogeneity=0.12;
respectively). Each two servings/day of fruit juice intake were associated with a 30% higher
risk of breast cancer-specific mortality (HR=1.30, 95%CI=1.10-1.53), but the association
was not significant with other causes of death (HR=1.06, 95%CI1=0.92-1.22; P for
heterogeneity=0.06).

In exploratory analyses, we examined whether the association between total fruit and
vegetable intake and mortality differed by other predictors of cancer prognosis, including
age at diagnosis, post-diagnostic smoking status, alcohol consumption, aspirin use, BMI,
and physical activity, ER status, and disease stage. Associations were generally similar
across all strata, with the exception of age at diagnosis, smoking, and stage of disease, where
we observed significant effect modification. Among women younger than 60 years at
diagnosis, positive associations were observed between total fruit intake and breast cancer-
specific and all-cause mortality. Inverse associations of total fruit and vegetable, total fruit,
and total vegetable intakes with all-cause mortality were observed among women ages 60 or
more years at diagnosis (Table S4). In addition, the inverse associations of total fruit and
vegetable and total vegetable with all-cause mortality were observed among women who
were current or past smokers after breast cancer diagnosis. Furthermore, total fruit intake
was associated with lower all-cause mortality among women with stage | breast cancer.

We did not observe significant associations of pre-diagnostic intakes of total fruits and
vegetables, total fruits, total vegetables, or fruit juice with risk of breast cancer-specific or
all-cause mortality (Table S5).

Given dietary intake may change due to recurrences or undiagnosed major illnesses, we
performed a 4-year time-lagged analysis. The associations were similar, although somewhat
weaker (Table S6).
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Finally, associations with the first post-diagnostic measure of fruit and vegetable intake (i.e.,
without updating) were similar, although somewhat weaker, compared with those using
cumulative averages of post-diagnostic food intake (Tables S7).

Discussion

In this analysis, combining cumulatively updated dietary assessments from two large
prospective cohorts, we observed lower all-cause mortality with higher intake of total fruits
and vegetables, and total vegetables, and subgroups of vegetables including green leafy
vegetables, cruciferous vegetables, fruits and vegetables high in vitamin C, and vegetables
high in B-carotene. High post-diagnostic fruit juice intake, but not intake of orange juice,
was associated with increased risk of death due to breast cancer and all causes. Among
individual fruits and vegetables, higher intake of blueberries was significantly associated
with lower breast cancer-specific and all-cause mortality. High intakes of strawberries and
mixed vegetables were associated with lower risk of breast cancer-specific mortality and
high intakes of broccoli and lettuce were associated with lower risk of all-cause mortality.

Fruit and vegetable intake has been hypothesized to improve health in patients with breast
cancer, but the overall evidence has been conflicting. A meta-analysis of three prospective
studies included earlier data from the NHS (13), Collaborative Women’s Longevity Study
(CWLS) (12), and the Women’s Healthy Eating and Living (WHEL) Study (10); with a total
of 9,511 cases of breast cancer and 1,218 deaths during follow-up from 5.5-13.1 years (17).
Post-diagnostic total fruit or total vegetable consumption was not significantly associated
with overall mortality (pooled HR for total fruits=1.04, 95% CI1=0.77-1.42; and HR for total
vegetables=1.08, 95% CI=0.75-1.55). Our analysis including 8,927 women with breast
cancer and 2,521 deaths during up to 30 years of follow-up substantially expands the
available evidence on post-diagnostic total fruit and vegetable as well as total vegetable
consumption in relation to survival after breast cancer. Considering both pre- and post-
diagnostic diet, we observed that the post-diagnostic total fruit and vegetable and total
vegetable consumption specifically was associated with better survival. The repeated
assessments of diet (up to eight) after diagnosis of breast cancer allowed us to account for
changes in diet over time and reduce error in assessing long-term intake. The associations
based on the cumulative average of dietary assessments were stronger than when using a
single measure of intake, which was a limitation of previous analyses. Given the long
survival of the majority of women with breast cancer, the updated diet is a more relevant
reflection of exposure over time to examine with respect to survival. Our findings are
consistent with a recent report from the Women’s Health Initiative (WHI) Dietary
Modification trial indicating total survival benefits for a low-fat dietary pattern without
benefits for breast cancer-specific survival (11). As there was an increase in fruit and
vegetable consumption in addition to a reported decrease in dietary fat intake between
randomized groups within the WHI trial (11), but no change in the fat-sensitive biomarkers
(27), the benefit was potentially due to the difference in consumption of fruits, vegetables,
and possibly other foods. Our study helps the interpretation of that trial because we were
able to adjust for total fat intake and our findings support a benefit for total fruit and
vegetable as well as total vegetable consumption independent of fat intake.
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Because most deaths among women with breast cancer are not due to breast cancer, both
breast cancer-specific and overall survival are important. Substantial evidence supports the
benefits of fruit and vegetable consumption on longevity. Our findings with overall survival
are consistent with a meta-analysis of prospective studies among healthy persons in which
greater total fruit and vegetable consumption was associated with lower all-cause mortality
(28).

We observed that high fruit juice consumption after breast cancer diagnosis was associated
with worse breast cancer-specific and all-cause mortality. These associations were
particularly strong for apple juice, and orange juice was not associated with higher risk.
High glycemic index of fruit juices may play an important role in breast cancer survival,
however, adjusting for GL or SSB did not account for the associations with fruit juice. These
findings merit further investigation in studies which take the nutritional content, which may
vary by type and brand of these fruit juices, into account.

Because fruits and vegetables differ greatly in their composition, they would not be expected
to have similar relationships with breast cancer survival. This was supported by our
analyses. Particularly, post-diagnostic berry consumption may be important in improving
survival. The growing /n vivo and in vitro evidence indicates that berries and their bioactive
components such as phenolic and anthocyanin contents have antiproliferative, anti-
inflammatory, and antiangiogenic properties (29) and may inhibit cancer progression, induce
apoptosis in breast cancer cells, and reduce tumor growth and metastasis (30-37).

Our results suggest that post-diagnostic cruciferous vegetable consumption may be
important in improving overall survival. In the WHEL Study, among patients with breast
cancer taking tamoxifen, high post-diagnostic cruciferous vegetable intake was associated
with 35% lower breast cancer recurrence (9), but no association was observed in the After
Breast Cancer Pooling Project (38), or CWLS (12).

We previously reported that higher intake of vegetables high in B-carotene was associated
with a lower incidence of breast cancer, especially tumors with negative ER status (39).
Furthermore, in a meta-analysis of seven cohort studies, both higher intake and circulating
level of B-carotene were associated with a significant reduced risk of all-cause mortality
(highest versus lowest group, pooled relative risk (RR) for p-carotene intake = 0.83, 95%ClI:
0.78-0.88; and pooled RR for circulating level of B-carotene=0.69, 95%ClI: 0.59-0.80)
among healthy populations (40). This study also supports the role of these foods in reducing
all-cause mortality among breast cancer survivors. The association of vegetables high in B-
carotene with all-cause mortality was independent of the amount of fiber intake, suggesting
other vegetables’ compounds such as carotenoids may play an important role through
antioxidant or antiproliferative properties (41).

In contrast, we observed that high intake of peas was associated with higher all-cause
mortality. The mechanisms through which peas may increase mortality is unclear. This may
be due to their higher content of carbohydrates with a high glycemic index compared to
other vegetables, however, the association remained significant after additional adjustment
for dietary GL. This finding warrants further investigation in other studies.
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The current study has several strengths. Using a prospective design and comprehensive and
updated information on pre- and post-diagnostic diet and lifestyle factors allowed us to
evaluate the role of fruit and vegetable consumption after diagnosis on breast cancer survival
after controlling potential predictors. These analyses also highlighted the strength of using
repeated assessments of diet instead of only one diet assessment after diagnosis for
evaluating the role of diet on breast cancer survival. Standardized medical record review of
reported breast cancer, a wide range of fruit and vegetable consumption, and long duration
of follow-up are also strengths of the current study.

The potential limitations also need consideration. As an observational study, this is subject
to residual confounding. However, we controlled for many potential confounders, including
breast cancer characteristics, treatment, pre-diagnostic fruit and vegetable consumption, and
other lifestyle factors associated with survival, including BMI and physical activity. Another
limitation of our study is that the findings may not be generalizable to other racial/ethnic
groups since the majority of participants were white. Dietary habits may vary according to
the seasonal availability of foods and other factors and despite having repeated measures,
some misclassification of the exposures is still likely. However, the resulting measurement
error is likely to bias the results toward the null, suggesting true associations may be
stronger than those observed. Furthermore, we did not inquire about intake of organic fruits
or vegetables in the FFQ. Type I error is possible due to multiple comparisons. While chance
may play a role, our results are consistent with other literature on overall mortality and
specific breast cancer findings, and have biologic plausibility.

In summary, we observed better overall survival after breast cancer diagnosis among women
with higher vegetable consumption; specifically, green leafy vegetables as well as
cruciferous vegetables, fruits and vegetables high in vitamin C, and vegetables rich in p-
carotene. Although eating higher amounts of vegetables may not affect breast cancer-
specific mortality, high intake of vegetables and some fruits may improve overall survival.
High post-diagnostic fruit juice intake may also be associated with increased risk of death
due to breast cancer and all causes, and this finding needs further evaluation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Post-diagnostic specific fruit and vegetable consumption in relation to mortality after breast
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Characteristics of 8,927 women with breast cancer in the NHS and NHSII reported after diagnosis, according

to quintile of post-diagnostic total fruit and vegetable intake.

Total fruits and vegetables

Quintilel Quintile2 Quintile3 Quintile4 Quintile5
Number 1,922 1,791 1,741 1,698 1,775
Mean
Total fruit intake, servings/day 0.6 11 15 1.9 29
Total vegetable intake, servings/day 14 2.2 29 3.7 5.6
Age at diagnosis, years 59.3 58.9 58.7 58.2 58.1
BMI, kg/m? 26.4 26.9 26.4 26.7 26.4
Physical activity, MET-hrs/week 12.0 15.7 18.0 19.8 23.9
Alcohol consumption, g/day 6.0 5.9 5.7 5.7 5.2
Total fiber intake, g/day 155 18.6 20.3 221 26.0
Animal fat intake, % energy/day 15.8 15.1 14.6 13.8 125
Total fat intake, % energy/day 32.2 31.0 30.8 30.0 28.9
Total energy intake, kcal/day 1,376 1,552 1,700 1,871 2,134
%
Current smokers 15 10 9 6 5
Ever used oral contraceptives 59 57 58 56 57
Ever used postmenopausal hormone 47 48 48 48 49
Current use of aspirin 43 46 43 46 44
Pre-menopausal at diagnosis 25 27 26 26 27
Stage of breast cancer
| 60 60 61 60 59
1 30 31 29 30 30
1 10 9 10 10 11
Estrogen receptor status
Positive 76 77 7 75 78
Negative 18 16 18 18 15
Missing 6 7 5 7 7
Treatment
Radiotherapy 56 57 58 55 57
Chemotherapy 45 45 46 46 47
Hormonal treatment 69 69 69 68 71
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