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Summary

Objective. To determine whether fruit, vegetable, and micronutrient intake 1 year prior to breast cancer diagnosis is
associated with a reduction in the subsequent risk of all-cause or breast cancer-specific mortality.

Methods. Follow-up data from 1,235 invasive breast cancer cases age 25–98 years from the Long Island Breast
Cancer Study Project were analyzed. At the 1996–1997 case-control interview, respondents completed a food
frequency questionnaire, which assessed dietary intake of fruits, vegetables, and vitamin supplement use in the
previous 12 months. All-cause mortality (n=186 deaths) and breast cancer-specific mortality status (n=125 deaths,
67.2%) were determined through December 31, 2002.

Results. Hazard ratios (HRs) for all-cause mortality were insignificantly reduced for intake of any fruits, fruit
juices, and vegetables (HR=0.68, 95% CI: 0.42–1.09) and leafy vegetables (HR=0.72, 95% CI: 0.41–1.24) among
post-menopausal women only. Both of these associations were more pronounced among those with ER+PR+
tumors (HR=0.54, 95% CI: 0.27–1.10, and HR=0.66, 95% CI: 0.33–1.31, respectively). Similar associations were
observed for breast cancer-specific mortality.

Conclusions. In a cohort of women diagnosed with breast cancer, higher intake of fruits, vegetables, and
micronutrients was associated with a non-significant survival advantage in post-menopausal women only.

Introduction

Fruit, vegetable, and antioxidant intake around the time
of breast cancer diagnosis may be associated with an
improved prognosis. Previous research, however, has
provided inconclusive results. Several studies [1–5], but
not all [3,6,7], have suggested that intake of these food
items may prolong survival, with estimates ranging from
a 20 to 90% reduction in risk of death. However,
because of variability in the results and in the dietary
factors examined [1–5], the data do not provide con-
clusive evidence.

Components of fruits and vegetables have demon-
strated the ability to inhibit breast tumor cell prolifer-
ation in cell culture and animal studies [8,9], which may
result in potential beneficial influences on survival
among breast cancer patients. Retinoic acid and some of
its isomers and derivatives have been shown to promote
cell differentiation in many epithelial cells and to inhibit
mammary cell growth [10]. Carotenoids, which are rich

in many fruits and vegetables, have demonstrated simi-
lar effects through induction of apoptosis and inhibition
of mammary cell proliferation [11–13].

Isothiocyanates found in broccoli have demon-
strated favorable effects on estrogen metabolism via the
induction of cytochrome P450 enzymes [2,14]. In
mammalian biologic systems, soluble and insoluble fi-
ber, which is found in high quantities in fruits and
vegetables, binds with estrogen and interferes with re-
absorption, thus reducing circulating estrogen concen-
trations [2].

Fruit and vegetable intake may be differentially
associated with survival by estrogen and progesterone
receptor (ERPR) status [15]. ERPR status is an
important prognostic indicator for breast cancer sur-
vival [16,17] with ER+ or PR+ tumors associated
with better prognosis compared to ER) or PR) tu-
mors [7,18–24]. In a previous report [25], we noted that
the inverse association between fruit and vegetable
intake and breast cancer development was more
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pronounced among women with ER+PR+ tumors,
which are the most frequently diagnosed hormone
receptor subtype among post-menopausal women in
the U.S. [26]. Determination of whether these foods
also differentially affect breast cancer survival by hor-
mone receptor subtype is therefore of public health
importance.

We examined whether intake of fruits, vegetables, or
micronutrients around the time of diagnosis is associated
with subsequent mortality among a population-based
sample of women with breast cancer who participated in
the Long Island Breast Cancer Study Project (LIBCSP)
[27]. The large number of cases and detailed information
on diet and other important exposures permitted con-
sideration of whether the association between con-
sumption of fruits, vegetables, and antioxidants and
breast cancer survival varied with menopausal status, as
well as a joint measure of ER and PR status. Further,
LIBCSP study participants have been found to have a
high and varied intake of fruits and vegetables [25],
comparable to the range of intake found in Mediterra-
nean countries, which should increase our ability to
detect any potential beneficial effects on prognosis.

Methods

Overview

This study draws upon data collected as part of the
LIBCSP, which began as a case-control study [27] and
now includes assessment of survival among the breast
cancer cases. For the analysis reported here, we esti-
mated the risk of mortality among the LIBCSP case
participants, who were initially diagnosed with invasive
breast cancer in 1996–1997, in relation to fruit and
vegetable intake in the year prior to the baseline, case-
control interview (n=1,235). Vital status through the
end of 2002 was determined through the National Death
Index (NDI). Information on dietary intake, con-
founders, and effect modifiers used in this analysis are
based on data collected at the baseline, case-control
study in 1996–1997. Treatment information is derived
from the baseline (1996–1997) and follow-up (2002–
2004) interviews, and the medical records abstracted as
part of the baseline and follow-up studies. Details of the
relevant study methods are as follows.

Study subjects

Eligible cases for the original LIBCSP case-control
study included English-speaking women who were
newly diagnosed with a first primary in situ or inva-
sive breast cancer between August 1, 1996 and July
31, 1997 and who were residents of Nassau and Suf-
folk counties, Long Island, New York. Cases were
identified through a rapid reporting system that was
developed specifically for this study. The attending
physician was contacted to confirm study eligibility

and to seek permission to contact the patient. A total
of 1,273 women with invasive breast cancer provided
written consent to participate in the case-control study
interview [27].

Exposure assessment

Baseline data
The dietary and covariate data used in this analysis are
based on information that was collected as part of the
baseline case-control interview [27]. The baseline ques-
tionnaire was administered by a trained interviewer
approximately 3 months after diagnosis (average time
was 96 days), and elicited information on reproductive
and menstrual histories, active and passive smoking,
alcohol intake, body size, physical activity, and medical
history (http://www.epi.grants.cancer.gov/LIBCSP/pro-
jects/Questionnaire.html).

As part of the baseline interview, information on
diet history in the previous 12 months was obtained
using a respondent-completed, modified Block food
frequency questionnaire (FFQ) [28], which covered
approximately 100 foods and beverages and included
assessment of the frequency and portion size of fruit
and vegetable intake, fruit juice consumption, and
vitamin supplement use. Additional details on the food
items included in the fruit and vegetable groups (see
Appendix 1) and the derived nutrient database have
been described previously [25]. To facilitate the com-
parison of our results with other studies, 38 invasive
cases with daily energy intakes above or below three
standard deviations of the log-transformed mean were
excluded from the analysis [25], resulting in a final case
total of 1,235 women.

Treatment data
Treatment information is based on data from respon-
dent reports at the interviews and the medical records
collected as part of the baseline/case-control and follow-
up studies. At baseline, medical records were abstracted
to obtain information on disease stage, initial course of
breast cancer treatment, and ERPR status. Nearly two-
thirds of the baseline case interviews occurred prior to
the initiation of chemotherapy [27]. Thus, additional
treatment information was obtained by re-interviewing
case participants or their proxy in 2002–2004 and
re-abstracting medical records as part of the follow-up
study.

During follow-up in 2002–2004, case women or their
proxy were interviewed via telephone by a trained
interviewer to assess more detailed information for the
initial breast cancer diagnosis. Of the 1,273 case par-
ticipants with invasive breast cancer in the case-control
study, 868 gave us permission to re-contact them and the
remaining 405 refused to participate in the follow-up
interview, were untraceable, or were deceased and had
no identifiable proxy. Respondents were asked about the
treatment modalities undergone for the initial breast
cancer diagnosis, and outcomes and treatments for those
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outcomes since the initial breast cancer diagnosis.
Respondents or their proxy were asked to sign a Health
Insurance Portability and Accountability Act (HIPAA)-
approved medical record release form. Medical records
regarding all treatment types and outcomes were
retrieved from the appropriate hospitals.

Trained abstractors reviewed and abstracted all
medical records to determine each case’s treatment
regimen for their initial breast cancer (i.e., surgery,
radiation therapy, chemotherapy, hormone therapy).
For the LIBCSP follow-up, medical records were
abstracted for 474 cases with invasive breast cancer. A
high correspondence was found between treatment
(radiation (98.5%), chemotherapy (98.3%), and hor-
mone therapy (96.4%)) reported by the respondent
during the follow-up interview with the information
abstracted from the medical record. Thus, for our
analysis, treatment is based on the information reported
by the respondent at the baseline and follow-up inter-
views.

Study outcome

The NDI was used to ascertain all-cause and breast
cancer-specific mortality. Among the 1,235 women
diagnosed with invasive breast cancer in 1996–1997 with
adequate dietary intake data available for these analy-
ses, 186 (15.1%) deaths occurred by December 31, 2002.
Of these, 125 (67.2%) deaths were due to breast cancer
determined based on ICD codes 174.9 and C-50.9 listed
as a primary or secondary code on the death certificate.
Other causes of death among this cohort include 5
deaths from lung cancer, 17 from other cancers, 24 from
cardiovascular disease, and 21 from other causes. Of the
1,210 case women with known menopausal status, 175
died during the follow-up period.

Statistical analysis

Kaplan–Meier survival curves [29] were used to compare
the survival function by intake of fruits, vegetables, and
micronutrients assessed at the baseline case-control
study with vital status. Each dietary factor of interest
was evaluated to determine whether the proportional
hazards assumption was met. Cox proportional hazards
regression [29] was used to estimate hazard ratios and
95% confidence intervals (CI) for the association of se-
lected fruit and vegetable groups, as well as antioxi-
dants, and risk of all-cause and breast cancer-specific
mortality. Variables for age at diagnosis (continuous)
and dietary energy intake (continuous) were included in
all models. Tests of trend were conducted using the
continuous values for the food groups and micronutri-
ents.

Effect measure modification on the multiplicative
scale was evaluated using the log likelihood ratio test to
compare proportional hazards regression models with
and without the interaction term [29]. Factors consid-
ered as potential effect measure modifiers were based on

data collected as part of the baseline case-control
interview and included: menopausal status (pre- and
post-menopausal), family history of breast cancer in a
first-degree relative, physical activity levels from men-
arche to reference date (hours/day), active/passive cig-
arette smoking, body mass index (BMI) [weight (kg)/
height (m)2] at reference date, average lifetime alcohol
intake (g/day), education, income, and radiation treat-
ment and chemotherapy undergone for the original
breast cancer diagnosis. None of the potential effect
measure modifiers were statistically significant at the
p<0.05 level.

Because results were found to vary modestly by
menopausal status, all models were constructed for pre-
and post-menopausal women separately. Menopausal
status was defined according to criteria previously
published [27]. A total of 25 cases had missing data on
menopausal status and were not included in the meno-
pause-specific analyses. Menopause-specific quintiles of
intake (based on the distributions in controls) were
evaluated, but were nearly identical to those based on all
invasive cases, regardless of menopausal status. To
facilitate comparisons between the two groups, only the
latter are shown.

To test for potential heterogeneity by ERPR status,
stratified analyses were conducted, with ER+PR+
cases considered as one group because of their high
frequency, and all other hormonal receptor types
(ER+PR), ER)PR+, ER)PR)) were grouped
together because of their relative infrequency. In addi-
tion, when the latter receptor types were analyzed indi-
vidually, their respective hazard ratios and confidence
intervals were similar.

Confounding was evaluated starting with a full
model and using backward elimination. Factors con-
sidered as potential confounders were the same as those
considered as effect modifiers, except that menopausal
status was excluded and parity was included. Potential
confounding by radiation therapy and chemotherapy
treatment was evaluated utilizing data collected at the
case-control and follow-up studies. None of the poten-
tial confounders altered the effect estimates of the fruit,
vegetable, and micronutrient intake exposures by more
than 10% (data not shown).

Results

As shown in Table 1, among post-menopausal women,
risk of mortality was decreased in relation to intake of
fruits, fruit juices, and vegetables, though none of the
results were statistically significant at the p<0.05 level.
The HRs were reduced by approximately 30% among
post-menopausal women, comparing the highest quin-
tile of intake to the lowest quintile, of leafy vegeta-
bles (HR=0.72, 95% CI: 0.41–1.24) and any fruits,
fruit juices, and vegetables (HR=0.68, 95% CI:
0.42–1.09). However, there was no evidence of a trend
with increasing consumption. Intake of several other
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Table 1. Age and energy-adjusted HRs and 95% CIs stratified by menopausal status for the association between fruit and vegetable intake in

relation to all-cause mortality among breast cancer cases diagnosed in 1996–1997

Variable Pre-menopausal Post-menopausal

Cases (n=376) Deaths (n=43) HR (95%CI) Cases (n=834) Deaths (n=132) HR (95% CI)

Any fruits, fruit juices, and vegetablesa

0–18 95 8 1.00 160 28 1.00

19–25 70 7 0.91 (0.40–2.07) 161 27 1.24 (0.80–1.90)

26–33 79 10 1.13 (0.56–2.30) 174 21 0.69 (0.43–1.10)

34–45 68 7 0.78 (0.35–1.76) 172 33 1.30 (0.88–1.94)

46+ 64 11 1.38 (0.65–2.91) 167 23 0.68 (0.42–1.09)

p for trend* 0.31 0.33

Any fruits and fruit juicesa

0–6 106 12 1.00 130 23 1.00

7–12 88 8 0.79 (0.36–1.71) 201 31 1.02 (0.68–1.54)

13–16 63 7 0.94 (0.42–2.11) 140 21 0.96 (0.60–1.53)

17–23 66 8 0.97 (0.45–2.10) 179 28 0.94 (0.62–1.42)

24+ 53 8 1.10 (0.48–2.52) 184 29 0.87 (0.57–1.35)

p for trend* 0.28 0.34

Citrus fruitsa

0–1 115 15 1.00 163 23 1.00

2–4 85 7 0.65 (0.29–1.45) 180 33 1.36 (0.91–2.02)

5–7 62 7 1.03 (0.46–2.33) 176 26 0.93 (0.60–1.42)

8–11 75 6 0.56 (0.24–1.33) 168 27 0.93 (0.61–1.42)

12+ 39 8 1.70 (0.75–3.89) 137 22 0.90 (0.56–1.44)

p for trend* 0.51 0.46

Any vegetablesa

0–8 74 5 1.00 165 29 1.00

9–13 92 13 1.41 (0.73–2.72) 200 31 1.02 (0.68–1.53)

14–17 59 5 0.67 (0.27–1.71) 152 27 1.09 (0.71–1.66)

18–23 70 7 0.80 (0.35–1.80) 167 22 0.79 (0.50–1.25)

24+ 80 13 1.40 (0.71–2.76) 138 22 0.92 (0.57–1.48)

p for trend* 0.53 0.52

Leafy vegetablesa

0–2 133 19 1.00 289 57 1.00

3 16 5 3.57 (1.39–9.13) 44 6 0.80 (0.35–1.81)

4–5 68 6 0.74 (0.31–1.76) 197 27 0.86 (0.56–1.31)

6–8 84 5 0.40 (0.16–1.02) 172 25 0.87 (0.56–1.35)

9+ 74 8 0.85 (0.39–1.85) 117 15 0.72 (0.41–1.24)

p for trend* 0.21 0.31

Yellow vegetablesa

0–4 93 5 1.00 170 31 1.00

5–7 70 9 1.21 (0.58–2.54) 198 32 1.04 (0.70–1.55)

8–10 70 10 1.31 (0.64–2.65) 151 18 0.72 (0.44–1.18)

11–15 73 9 1.08 (0.52–2.25) 152 25 1.06 (0.69–1.64)

16+ 70 10 1.09 (0.52–2.28) 163 26 0.90 (0.58–1.40)

p for trend* 0.27 0.36

Cruciferous vegetablesa

0–1 108 9 1.00 255 40 1.00

2 97 11 1.01 (0.51–2.00) 198 31 0.99 (0.66–1.48)

3 31 3 0.82 (0.25–2.67) 95 13 0.87 (0.49–1.54)

4–5 53 11 2.23 (1.12–4.44) 145 24 1.02 (0.66–1.60)

6+ 86 9 0.72 (0.34–1.54) 126 21 1.07 (0.67–1.72)

p for trend* 0.78 0.82

*p-Value for linear trend for continuous variable.
aIn 0.5 cup servings per week.
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categories fruits and vegetables showed smaller reduc-
tions. Only cruciferous vegetable intake was not asso-
ciated with a decreased risk of mortality. In pre-
menopausal women, those consuming the most crucif-
erous vegetables (HR=0.72, 95% CI: 0.34–1.54) and
leafy vegetables (HR=0.85, 95% CI: 0.39–1.85) had a
slight reduction in mortality compared to those con-
suming the least of these products, respectively. Among
pre-menopausal women, mortality was non-significantly
increased in the remaining food groups, although there
was no dose–response relationship.

As shown in Table 2, weak inverse associations were
found with all antioxidants (cryptoxanthin HR=0.82,
95% CI: 0.53–1.28; lutein HR=0.68, 95% CI: 0.42–1.12;
lycopene HR=0.79, 95% CI: 0.48–1.30; vitamin E
HR=0.77, 95% CI: 0.47–1.27), except alpha and beta-
carotene, and vitamin C in post-menopausal women. In
pre-menopausal women, inverse associations were found
with all antioxidants (alpha-carotene HR=0.76, 95%
CI: 0.35–1.67; beta-carotene HR=0.82, 95% CI: 0.37–
1.82; lycopene HR=0.61, 95% CI: 0.29–1.29; vitamin C
HR=0.90, 95% CI: 0.42–1.94; vitamin E HR=0.96,
95% CI: 0.44–2.09) except cryptoxanthin and lutein.
However, none of the associations were statistically sig-
nificant and there was no evidence of a dose–response.

Among post-menopausal women with ER+PR+
tumors (Table 3), there appears to be a consistent,
reduced mortality for vegetable intake, comparing the
highest two-fifths of intake to the lowest three-fifths of
intake (HR=0.54, 95% CI: 0.27–1.10 for all vegetables,
HR=0.66, 95% CI: 0.33–1.31 for leafy vegeta-
bles, HR=0.53, 95% CI: 0.26–1.09 for cruciferous veg-
etables, HR=0.83, 95% CI: 0.44–1.59 for yellow
vegetables), although none of the results are statistically
significant. For micronutrient intake among post-
menopausal women, there was little or no heterogeneity
by hormone receptor status (data not shown). Pre- and
post-menopausal consumers of any vitamin supplement
did not experience a reduction in risk of mortality (data
not shown). For post-menopausal cases with ER+PR+
tumors, theHRs in relation tomicronutrient intake ranged
from 0.52 to 0.92 and for all other hormonal receptor
types, the HRs ranged from 0.60 to 0.89 (data not shown).

All models were re-run using breast cancer-specific
mortality as the outcome (data not shown). These results
were approximately equal to those for all-cause mortal-
ity, and the subsequent conclusions were identical.

Discussion

In this cohort of women with invasive breast cancer, we
observed some suggestion of a slight, non-significant
decrease in the risk of all-cause and breast cancer-spe-
cific mortality associated with higher consumption of
leafy vegetables and any fruits, fruit juices, and vegeta-
bles among post-menopausal women only. In pre-men-
opausal women, inverse associations were not observed
for most foods. However, higher intakes of leafy and

cruciferous vegetables, as well as lycopene and vitamin
E, indicated some beneficial effect at the highest quin-
tiles of intake for both pre- and post-menopausal wo-
men. There was little effect modification with hormone
receptor status, although the reduction in mortality
associated with cruciferous vegetable intake was more
pronounced among post-menopausal women with
ER+PR+ tumors.

A recent review of eight prior studies [2,30] provides
some supportive but inconsistent evidence of a slight
beneficial effect of fruits, vegetables, and antioxidants.
Of the eight studies that examined these dietary con-
stituents [1,3–7,31,32], three found a significant inverse
association with mortality [1,4,5] while the remaining
studies found no significant associations [31] or no
relationship [3,6,7]. All of these studies, similar to ours,
assessed dietary intake, usually in the 12 months prior
to the interview with a FFQ. However, reasons for the
inconsistent results across studies may be associated
with differences in: sample sizes; the participants’ age or
menopausal status distributions; or lengths of follow-up.

Only one [4] of the previous reports on fruit, vege-
table, and/or micronutrient intake and breast cancer
survival [1,3–5,32,33] showed results stratified by ERPR
status. The authors [4] found that with increasing levels
of vitamin C and beta-carotene intake, mortality risk
was more strongly reduced among women with
ER+PR+ tumors than in women with ER)PR) tu-
mors. Consistent with this, in the LIBCSP, mortality
among post-menopausal women was reduced by 47% in
relation to cruciferous vegetable intake if the tumor was
ER+PR+, but was increased by 45% for all other
hormonal receptor types.

As with all epidemiologic studies that rely on the
FFQ to assess dietary intake, our results should be
interpreted cautiously. FFQs are imprecise methods of
dietary assessment, particularly for micronutrients and
macronutrients [34]. When micronutrient data, such as
carotenoids, are assessed, this imprecision is especially
problematic [34]. However, FFQs ability to rank indi-
viduals according to their position in the distribution of
intake provides information on relative, not absolute,
intake [35]. This feature facilitates the estimation of
disease association risks [35].

While our results suggest that dietary intake of fruits
and vegetables around the time of diagnosis may bene-
ficially affect prognosis, they do not provide information
on whether changes in dietary intake after diagnosis
affect risk, unless intakes in the two periods are corre-
lated. Although selected interventions [36] have helped
some breast cancer survivors increase their fruit and
vegetable intake, for most women, it is not clear whether
intake around diagnosis is correlated with intake long
after diagnosis [37–39].

Some researchers have recommended against taking
any antioxidant supplements during treatment, because
antioxidants could repair cellular oxidative damage to
cancer cells caused by treatments such as radiation
therapy and chemotherapy [40,41]. Thus, fruit and
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Table 2. Age and energy-adjusted HRs and 95% CIs stratified by menopausal status for the association between dietary and supplemental

sources of micronutrients in relation to all-cause mortality among breast cancer cases diagnosed in 1996–1997

Variable Pre-menopausal HR

(95% CI)

Post-menopausal HR (95% CI)

Dietary a-carotene, lg/d

0–74.5 1.00 1.00

74.5–150.8 1.58 (0.79–3.16) 1.57 (1.07–2.29)

150.8–254.3 1.07 (0.53–2.18) 0.72 (0.45–1.16)

254.3–401.9 0.92 (0.43–2.00) 0.74 (0.46–1.18)

401.9+ 0.76 (0.35–1.67) 1.20 (0.79–1.81)

p for trend* 0.85 0.79

Dietary b-carotene, lg/d

0–1067.9 1.00 1.00

1067.9–1724.9 0.88 (0.39–2.01) 1.74 (1.19–2.53)

1724.9–2487.6 1.48 (0.75–2.90) 0.69 (0.42–1.13)

2487.6–3753.8 1.15 (0.57–2.30) 0.67 (0.42–1.08)

3753.8+ 0.82 (0.37–1.82) 1.07 (0.70–1.64)

p for trend* 0.69 0.29

Dietary cryptoxanthin, lg/d

0–31.2 1.00 1.00

31.2–59.4 0.58 (0.24–1.37) 1.19 (0.78–1.82)

59.4–90.0 1.84 (0.92–3.68) 0.98 (0.65–1.49)

90.0–133.6 1.10 (0.54–2.23) 1.01 (0.66–1.54)

133.6+ 1.13 (0.53–2.41) 0.82 (0.53–1.28)

p for trend* 0.10 0.34

Dietary lutein, lg/d

0–675.6 1.00 1.00

675.6–1169.8 0.77 (0.32–1.82) 0.93 (0.60–1.45)

1169.8–1774.4 1.20 (0.59–2.45) 1.40 (0.94–2.07)

1774.4–3073.5 0.82 (0.38–1.77) 0.71 (0.44–1.15)

3073.5+ 1.71 (0.89–3.29) 0.68 (0.42–1.12)

p for trend* 0.32 0.80

Dietary lycopene, lg/d

0–548.6 1.00 1.00

548.6–1030.6 1.47 (0.67–3.22) 1.03 (0.68–1.56)

1030.6–1517.0 1.35 (0.68–2.69) 1.57 (1.06–2.33)

1517.0–2263.9 0.96 (0.48–1.90) 0.55 (0.32–0.94)

2263.9+ 0.61 (0.29–1.29) 0.79 (0.48–1.30)

p for trend* 0.20 0.11

Dietary vitamin C, mg/d

0–60.7 1.00 1.00

60.7–93.4 1.36 (0.68–2.70) 1.03 (0.66–1.60)

93.4–127.2 0.96 (0.43–2.16) 1.02 (0.67–1.54)

127.2–173.0 1.15 (0.57–2.34) 0.68 (0.42–1.09)

173.0+ 0.90 (0.42–1.94) 1.08 (0.70–1.66)

p for trend* 0.33 0.52

Dietary vitamin E, a-te/d

0–4.4 1.00 1.00

4.3–5.9 0.69 (0.26–1.84) 0.86 (0.55–1.34)

5.9–7.6 1.44 (0.71–2.89) 1.05 (0.68–1.60)

7.6–10.4 0.70 (0.32–1.52) 0.97 (0.63–1.50)

10.4+ 0.96 (0.44–2.09) 0.77 (0.47–1.27)

p for trend* 0.18 0.27

*p-Value for linear trend for continuous variable.
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vegetable intake following diagnosis may not be bene-
ficial to breast cancer patients. Although, others have
noted there may be a net benefit to help protect normal
cells from the damage associated with these therapies
[42].

Dietary recall has been found to vary with whether
or not a woman has initiated chemotherapy, as higher
intakes of macronutrients and calories have been re-
ported among those receiving chemotherapy compared
to those who were not [28]. These recall differences were
not observed in our study sample [27].

Potential confounding is another consideration that
may affect interpretation of our study results. For
example, many lifestyle factors are highly correlated
with fruit and vegetable intake and may confound the
relationship between fruits and vegetables and breast
cancer mortality [4,32,43,44]. However, when we con-
trolled for physical activity, cigarette smoking, alcohol,
and vitamin supplements, our results were not sub-
stantially altered.

This follow-up study of a population-based sample
of breast cancer survivors provides only weak evidence
for an inverse association between all-cause or breast

cancer-specific mortality and leafy vegetable intake and
any fruit, fruit juice, and vegetable intake in post-men-
opausal women. Results were less consistent among pre-
menopausal women, with slight reductions observed for
intake of leafy or cruciferous vegetables only. Lycopene
and vitamin E intake were associated with decreased
risks in both pre- and post-menopausal women. To
clarify these important issues, future studies will need to
follow large numbers of women previously diagnosed
with breast cancer and include assessments of dietary
intake at diagnosis as well as any changes after diag-
nosis. Further research that examines the association
between survival and specific phytochemicals in fruits
and vegetables may also be useful.
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Appendix 1: Composition of food groups

Fruits Fruit juices Any fruits

and fruit

juices

Citrus

fruits

Any

vegetables

Any fruits

and

vegetables,

including juices

Leafy

vegetables

Yellow

vegetables

(and fruits)

Cruciferous

vegetables

Apples,

applesauce,

pears

Orange juice

or grapefruit

juice

All items

in fruit

and fruit

juices

Oranges String beans,

green beans

All items

in fruits

and fruit

juices and

vegetables

Spinach

(raw)

Peaches,

apricots,

nectarines

(fresh in

season)

Coleslaw,

cabbage,

sauerkraut

Bananas Fruit drinks

with added

vitamin C,

such as Hi-C

Grapefruit Green peas Spinach

(cooked)

Peaches,

apricots

(canned,

frozen,

or dried)

Broccoli

Peaches,

apricots

(in season)

Tomatoes,

tomato juice,

V8 juicea

Orange

juice or

grapefruit

juice

Corn, including

corn on the cob

Mustard greens,

turnip greens,

collards, kale

Cantaloupe

(in season)

Cauliflower

or Brussel

sprouts

Peaches,

apricots

(canned,

frozen,

or dried)

Winter squash,

baked squash

Green salad Watermelon

(in season)

Mustard

greens,

turnip

greens,

collards,

kale

Cantaloupe

(in season)

Broccoli Winter squash,

baked squash

Watermelon

(in season)

Cauliflower or

Brussel sprouts

Broccoli

Strawberries

(in season)

Spinach (raw) Spinach (raw)

Cherries

(in season)

Spinach (cooked) Spinach (cooked)

Oranges Mustard greens,

turnip greens,

collards, kale

Mustard greens,

turnip greens,

collards, kale

Grapefruit Cole slaw, cabbage,

sauerkraut

Carrots, or mixed

vegetables

containing

carrots
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Appendix 1: Continued

Fruits Fruit juices Any fruits

and fruit

juices

Citrus

fruits

Any

vegetables

Any fruits

and

vegetables,

including juices

Leafy

vegetables

Yellow

vegetables

(and fruits)

Cruciferous

vegetables

Tomatoes,

tomato

juice, V8

juicea

Carrots, or

mixed

vegetables

containing

carrots

Sweet potatoes,

yams

Red or green

peppers

Tomatoes, tomato

juice, V8 juicea

Green salad Red or green peppers

Alfalfa sprouts

Sweet potatoes,

yams

Other potatoes,

including boiled,

baked, mashed,

and potato salad

aA woman’s intake of was split between the categories of any fruit and fruit juice.
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