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Abstract

Objective: Although animal studies suggest an inverse association between consumption of plant foods and risk of
colorectal cancer, many observational data have failed to support such an association. We prospectively examined
the association between dietary intakes of fruit, vegetables, and fiber and colorectal cancer risk in a large female
cohort from the Women’s Health Study.

Methods: Among 39,876 healthy women aged =45 years at baseline, 36,976 with baseline self-reported information
on dietary intakes and other risk factors for colorectal cancer were included in the analyses. During an average
follow-up of 10 years, 223 women were diagnosed with colorectal cancer. Intakes of fruit, vegetables, and fiber were
assessed by a baseline food-frequency questionnaire. The analyses were carried out using the Cox proportional
hazards regression and all tests were two-sided.

Results: Intakes of fruit, vegetables, and the specific subgroups were not found to be associated with colorectal
cancer risk. Multivariate relative risks (RRs) comparing the highest with lowest quintile were 0.79 (95% CI = 0.49—
1.27, p for trend = 0.30) for fruit intake, and 0.88 (95% CI=0.56-1.38, p for trend =0.30) for vegetables intake.
Similarly, intake of total fiber was not associated with colorectal cancer risk; the RR for the highest relative to
lowest quintile was 0.75 (95% CI1=0.48-1.17, p for trend =0.12). However, higher intake of legume fiber was
associated with a lower risk of colorectal cancer; the RR for the highest versus lowest quintile was 0.60 (95%
CI=0.40-0.91, p for trend =0.02).

Conclusions: Our data offer little support for associations between intakes of fruit, vegetables, and fiber, and
colorectal cancer risk. However, our data suggest that legume fiber and/or other related sources may reduce risk of
colorectal cancer.

Introduction

Numerous animal studies suggest that fruit and vegeta-
bles inhibit the development of colorectal cancer [1-5].
Fruit and vegetables contain several anticarcinogenic
components, such as antioxidant vitamins, folate, phy-
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toestrogens, and protease inhibitors, that protect against
DNA damage and mutations [6]. In addition, a diet high
in fiber may prevent gastrointestinal cancer by increas-
ing stool weight, reducing transit time and stimulating
anaerobic bacterial fermentation [7, 8].

Epidemiologic data supporting an inverse association
between dietary intakes of fruit and vegetables derive
mostly from case—control studies [9], while data from
prospective cohort studies have been inconsistent. Some
found no association between intakes of fruit and
vegetables and risk of colorectal cancer [10-13]; others
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found an inverse association confined to fruit or
vegetables alone [14—18]. Intake of fiber in relation to
colorectal cancer risk has also been inconclusive in most
cohort studies. Although two recent cohort studies
found an inverse association between fiber intake and
colorectal cancer or recurrence of colorectal adenomas
[19, 20], several other prospective studies [15, 17, 21-24]
as well as three interventional trials with fiber supple-
ments [25-27] found no such an association. The role of
fruit, vegetables, and fiber in prevention of colorectal
cancer remains unclear.

To further address this issue, we prospectively exam-
ined dietary intakes of fruit, vegetables, and fiber in
relation to risk of colorectal cancer as well as specific
tumor location (e.g., proximal and distal colon) in a
large cohort of female health professionals. We also
investigated the risk associated with specific subgroups
of fruit, vegetables, and fiber.

Materials and methods
Study cohort

The Women’s Health Study (WHS) is a randomized,
double-blind, placebo-controlled 2 x 2 factorial trial
evaluating low-dose aspirin and vitamin E for the
primary prevention of cardiovascular disease and cancer
[28]. In 1993, 39,876 female professionals aged >45 years
and free of cardiovascular disease and cancer (except
non-melanoma skin cancer) were randomized into the
trial. The participants in the WHS are mainly nurses
(75% registered nurses and 14.6% licensed practical
nurses or vocational/visiting nurses) followed by 11%
physicians and other health professionals. They reside in
the 50 states of the United States; 28% of them are from
the Midwest, 23% are from the Northeast, 22% are
from the South, 15% are from the far west, 9% are from
the Southwest, and 3% are from the Mountain area. For
the current analysis, we excluded women who did not
provide sufficient dietary information at baseline, had
implausible total energy intake (<600 or >3500 kcal/
day), or failed to provide information on potential risk
factors at baseline, resulting in 36,976 women in the
present study.

Dietary assessment

On the 131-item food-frequency questionnaire, partic-
ipants were asked to report the average use of foods
and beverages during the past year. There were nine
possible responses, ranging from ‘never or less than
once per month’ to ‘six or more times per day.” We also
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asked about the brand of breakfast cereal and multiv-
itamin use. Responses regarding individual food
items were converted to average daily intake of each
fruit and vegetable item in servings per day. The
average daily intake of individual food items was then
combined to obtain intakes of total fruit and vegeta-
bles, as well as their subgroups, which were defined
based on those used by Michels and colleagues [10].
The composite items of fruit, vegetables as well as their
subgroups are provided in Appendix 1. Sweet potatoes
were considered vegetables, but regular potatoes were
not. Nutrient intake was computed by multiplying the
frequency of responses by the nutrient content of
specified portion size based on USDA food-composi-
tion data [29] and supplemented with information from
manufacturers. Values for total dietary fiber and its
subgroups were first derived from food composition
data tables based on the AOAC method [30, 31] and
were then adjusted for total energy using the residuals
method [32].

The reproducibility and validity of individual fruit
and vegetable items have been assessed in the Nurses’
Health Study (NHS), which enrolled a cohort of female
nurses sharing similar profiles with the participants in
our study. In the NHS, the average Pearson correlation
coefficient between specific intake of fruit and vegetables
from the food-frequency questionnaire and from four
1-week dietary records was 0.54, ranging from 0.17 for
spinach to 0.84 for orange juice [33]. The Pearson
correlation coefficient for crude intake of total fiber was
0.61 [34]. With respect to individual food contributors to
dietary fiber, the energy-adjusted correlation coefficients
between intake from the food-frequency questionnaire
and from the dietary records were 0.69 for broccoli, 0.80
for apples, 0.79 for cold cereal, 0.50 for peas, and 0.63
for string beans [33].

Ascertainment of colorectal cancer cases

Every six months during the first year and annually
thereafter, participants were asked on the follow-up
questionnaires whether they had been diagnosed with
colorectal cancer. When a case of colorectal cancer was
reported, we sought permission to obtain hospital
records and pathology reports. An endpoints committee
of physicians then reviewed the records. During an
average follow-up of ten years, we documented 240
colorectal cancer cases in the entire cohort; 223 among
those with self-reported information on dietary intake
and other risk factors for colorectal cancer were
included in the current analysis. Ninety-one cases were
further identified as cancer of the proximal colon, 81
cases were cancer of the distal colon, and 46 were cancer
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of the rectum. Five cases had tumors that could not be
designated as either proximal or distal colon.

Statistical analysis

Intakes of fruit, vegetables, fiber as well as their
subgroups were divided into quintiles on the basis of
the distribution of dietary intake in all women. The
baseline distribution of risk factors for colorectal cancer
was compared according to the quintiles of dietary
intake. We tested difference in proportions with strat-
ified Cochran—Mantel-Haeszel test [35], and in means
with multiple linear regression [36].

We used Cox proportional hazards regression to
estimate relative risks (RRs) and 95% confidence
interval (CI) for colorectal cancer, comparing the
incidence rate for a given quintile of intake with the
rate for the lowest quinitle. Multivariate models were
simultaneously adjusted for risk factors for colorectal
cancer assessed at baseline, including age (in years),
body mass index (<23, 23-24.9, 25-26.9, 27-29.9,
>30 kg/m?), family history of colorectal cancer in a
first-degree relative (yes, no), self-reported colon or
rectal polyps (yes, no), cigarette smoking (never, past,
current), physical activity (quartiles of total calories
spent per week, which was calculated based on the MET
score of reported activities, time spent on these activi-
ties, and body weight), alcohol consumption (never,
<15, 215 ethanol gram/day), red meat consumption

227

(serving/day, in tertiles), aspirin use before the trial (yes,
no), menopausal status (pre-, post-menopausal, uncer-
tain/unknown), use of post-menopausal hormone ther-
apy (HT) (never, past, current), total energy intake
(kcal/day, in quintiles), and randomized treatment
assignment (aspirin versus placebo, vitamin E versus
placebo). We additionally adjusted for total folate
intake (mcg/day, in tertiles) and multivitamin use (never,
past, current use for <5 years, current use for five to
nine years, and current use for 210 years) at baseline in
the multivariate models. Tests for trend were performed
by treating dietary intakes of fruit, vegetables, and fiber,
as continuous variables. All p values were two-sided.
In our cohort, glycemic load has been shown to be
associated with colorectal cancer risk [37]. However,
inclusion of glycemic load in the multivariate model was
not found to change the overall results, and therefore,
glycemic load was not added to the final models.

Results

The baseline distribution of risk factors for colorectal
cancer according to intakes of fruit, vegetables, and total
fiber is presented in Table 1. Women who consumed
greater amounts of fruit, vegetables, and fiber appeared
to be older, less likely to have a history of colon polyps,
and less likely to smoke currently. They were more likely
to be physically active, take multivitamins, and have

Table 1. Age-adjusted baseline characteristics according to intakes of fruit vegetable and fiber in the Women’s Health Study

Characteristics Fruit® Vegetable® Fiber™?

ch Q3 QS Ptrend Ql Q3 QS Ptrend Ql Q3 Q5 Ptrend
Participants 7394 7369 7381 7396 7389 7387 7403 7410 7388
Age (years) 522 540 554 <0.001 53.0 54.1 546 <0.001 522 539 557 <0.001
BMI (kg/m?) 264 26.0 256 <0.001 26.1 259  26.1 <0.001 26.5 26.1 25.3 <0.001
Family history of colorectal cancer (%) 10.2  10.7 10.6 0.95 10.7 104  10.0 0.22 10.5 10.2 10.1 0.50
Colon polyps (%) 2.8 2.6 2.2 <0.01 2.9 2.6 2.1 <0.01 2.9 2.3 2.5 0.20
Post-menopausal HT? (% current use) 39.4 433 427 <0.001 41.0 42.6 42.5 <0.01 38.0 425 44.8 <0.001
Physical activity (kcal/week) 675 944 1323 <0.001 698 931 1331  <0.001 639 933 1360  <0.001
Current cigarette smoking (%) 24.2 109 69 <0.001 17.2 123 98 <0.001 239 1.2 6.5 <0.001
Alcohol consumption (g/day) 4.9 4.1 3.5 <0.001 3.6 4.2 4.5 <0.001 5.8 3.9 2.9 <0.001
Total calories intake (kcal/day) 1424 1708 2097 <0.001 1377 1704 2110 <0.001 1707 1753 1701 0.003
Redmeat (serving/day) 0.77 072 0.68 <0.001 0.64 073 0.75 <0.001 098 074 042 <0.001
Aspirin (% current use) 1.6 108 122 0.24 1.6 1L.5 11.6 0.84 122 114 107 0.04
Multivitamin use (% current use) 247 294 32,6 <0.001 285 295 30.2 0.03 26.0 29.0 33.1 <0.001
Total folate (mcg/day) 304 415 549  <0.001 319 410 553 <0.001 331 419 513 <0.001
Total calcium (mg/day) 768 1006 1214 <0.001 807 998 1198  <0.001 899 1008 1069  <0.001
Total vitamin D (IU/day) 269 344 408 <0.001 292 342 396 <0.001 316 346 364 <0.001

# Intake ranges by quintile were <1, 1-<2, 2-<2.3, 2.3-<3.1, 23.1 for fruit (serving/day), <2.1, 2.1-<3.0, 3.0-<4.0, 4.0-<5.4, >5.4 for
vegetables (serving/day), and <12.5, 12.5-<17.0, 17.0-<20.0, 20.0—<23.1, 223.1 for fiber (g/day).

® Intake values of fiber was energy—adjusted.
¢ Q = quintile.
4 HT = hormone therapy.
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higher intakes of folate, vitamin D, and calcium. Women
with higher intakes of fruit and fiber tended to consume
less alcohol and red meat. Intakes of fruit and vegetables
were positively associated with consumption of total
calories. Intakes of fruit, vegetables and fiber in relation
to baseline uses of post-menopausal HT and aspirin were
less clear. Family history of colorectal cancer in a first-
degree relative did not appear related to intakes of fruit,
vegetables, and fiber.

In both analyses adjusted for age and random treat-
ment assignment (Model 1 in Table 2), and additionally
for multiple risk factors for colorectal cancer (Model 2 in
Table 2), we found no association between intakes of
fruit and vegetables and risk of colorectal cancer. The
multivariate-adjusted RRs comparing the highest with
lowest quintile were 0.79 for fruit intake (95% Cl=
0.49-1.27, p for trend =0.30), and 0.88 for vegetable
intake (95% CI=0.56-1.38, p for trend = 0.30). How-
ever, we observed a non-linear relationship with intakes
of fruit and legumes; the lowest RR was shown in the
second quintile of intakes relative to those in the higher
quintiles of intake (Table 2). When examining intakes of
specific fruit or vegetable subgroups, we found no
decreased risk with intakes of citrus fruit, cruciferous
vegetables, legumes, green leafy vegetables, and potatoes
(Table 2). Additional adjustment for folate intake and
multivitamin use in the multivariate model did not
appreciably change the results (Model 3 in Table 2).
Similarly, results were not changed with further adjust-
ment for intakes of calcium and vitamin D (data not
shown). Intakes of individual fruit and vegetable items
were also found not appreciably to be associated with
colorectal cancer risk (data not shown).

A non-significantly inverse association was observed
between energy-adjusted intake of dietary fiber and risk
of colorectal cancer; the multivariate RR for the highest
compared with lowest quintile was 0.75 (95%
CI=0.48-1.17, p for trend=0.12) (Table 3). When
examining fiber from specific food sources, intakes of
fiber from fruit, vegetables, cruciferous vegetables, and
cereals, were not associated with risk of colorectal
cancer (Table 3). However, a significantly inverse asso-
ciation with intake of fiber from legumes was noted; the
RR for the highest intake of quintile relative to the
lowest was 0.60 (95% CI=0.40-0.91, p for tren-
d=0.02). The RRs for intakes of total fiber and
subgroups of fiber did not change when we added folate
intake and multivitamin use to the multivariate model
(Table 3), or when we further adjusted for intakes of
calcium and vitamin D (data not shown).

Since cancers of the proximal and distal colon are
believed to have distinct etiologies [38—40], we examined
whether the risk associated with intakes of fruit,
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vegetables, and fiber pertained specifically to either
tumor site. Intakes of fruit, vegetables, fiber as well as
their subgroups were not associated with risk of
proximal colon. However, a decrease in risk of distal
colon cancer was found with increasing intake of
legumes; the multivariate RRs comparing the higher
four quintiles with the lowest one were 0.68 (95%
CI1=0.35-1.34), 1.15 (95% CI=0.61-2.16), 0.62 (95%
CI=0.32-1.20), and 0.56 (95% CI=0.26-1.19), respec-
tively (p for trend =0.05). Intake of legume fiber was
also inversely associated with risk of distal colon cancer;
the multivariate RRs for the higher four quintiles were
0.79 (95% CI=0.42-1.50), 0.62 (95% CI=0.33-1.15),
0.70 (95% CI=0.33-1.50), 0.52 (95% CI=0.26-1.006),
respectively (p for trend =0.03). We did not assess the
associations related to risk of rectal cancer due to the
small number of cases.

Since women might have changed their dietary habit
in response to clinical symptoms of colorectal cancer
before they were diagnosed, we reexamined the associ-
ation between intakes of fruit, vegetables, and fiber, and
colorectal cancer risk using cases identified after the first
two years of follow-up (new n cases=186). We also
adjusted for screening test of colonoscopy/sigmoidos-
copy acquired during this time period in the multivariate
model. The results were not appreciably changed (data
not shown).

Discussion

In this prospective study, we observed no overall
association between consumption of fruit and vegetables
and colorectal cancer incidence. Intakes of specific
subgroups of fruit and vegetables, including citrus fruit,
cruciferous vegetables, legumes, green leafy vegetables,
and potatoes, also had similar null associations. Intake
of total fiber was also not significantly associated with
colorectal cancer. However, we observed an inverse
association between legume fiber intake and colorectal
cancer risk.

Consistent with several other cohort studies [10—13],
we found no association in our cohort between con-
sumption of fruit and vegetables and colorectal cancer
risk. In a recent report of two prospective cohorts from
the NHS and the Health Professionals Follow-up Study,
higher intakes of fruit and vegetables were not related to
colon and rectal cancer incidence [10]. In addition, the
Iowa Women’s Health Study found that the non-signifi-
cant RRs were greatly attenuated when additional
adjustment for energy was carried out [13]. Similarly,
in a cohort of Seventh-day Adventists, consumption of
green salad was not associated with colorectal cancer
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Table 2. Relative risks (RRs) and 95% confidence intervals (CIs) of colorectal cancer according to quintile intakes of fruit and vegetables, and

their subgroups in the Women Health’s Study

Quintile intake Ptrend
1 2 3 4 5

Fruit and vegetables (serving/day)

Median intake 2.6 4.1 5.5 7.0 10.0

No. of cases 42 43 44 42 52

Model 1* 1.00 0.96 (0.63-1.47) 0.91 (0.59-1.38) 0.82 (0.54-1.26) 0.98 (0.65-1.47) 0.28

Model 2° 1.00 0.98 (0.64-1.51) 0.92 (0.59-1.45) 0.81 (0.51-1.30) 0.96 (0.59-1.57) 0.18

Model 3¢ 1.00 0.99 (0.64-1.53) 0.95 (0.60-1.50) 0.84 (0.51-1.37) 0.96 (0.58-1.62) 0.14
Fruit (serving/day)

Median intake 0.6 1.3 1.9 2.6 3.8

No. of cases? 43 32 51 48 48

Model 1% 1.00 0.67 (0.43-1.08) 1.01 (0.66-1.56) 0.84 (0.53-1.31) 0.82 (0.54-1.24) 0.38

Model 2° 1.00 0.66 (0.42-1.05) 0.98 (0.62-1.55) 0.81 (0.50-1.32) 0.79 (0.49-1.27) 0.30

Model 3¢ 1.00 0.67 (0.42-1.06) 1.00 (0.65-1.55) 0.88 (0.55-1.39) 0.79 (0.48-1.30) 0.27
Vegetables (serving/day)

Median intake 1.5 2.5 34 4.5 6.8

No. of cases 48 41 44 40 50

Model 1* 1.00 0.82 (0.54-1.25) 0.84 (0.56-1.26) 0.74 (0.49-1.13) 0.90 (0.61-1.34) 0.38

Model 2° 1.00 0.83 (0.54-1.27) 0.85 (0.55-1.30) 0.74 (0.47-1.16) 0.88 (0.56-1.38) 0.30

Model 3¢ 1.00 0.84 (0.55-1.28) 0.86 (0.56-1.32) 0.76 (0.48-1.21) 0.89 (0.56-1.41) 0.27
Citrus fruit (serving/day)

Median intake 0.1 0.3 0.6 1.0 1.6

No. of cases” 41 53 38 36 54

Model 1* 1.00 1.08 (0.72-1.62) 1.02 (0.65-1.58) 0.75 (0.48-1.17) 1.07 (0.71-1.62) 0.60

Model 2° 1.00 1.08 (0.71-1.62) 1.04 (0.66-1.63) 0.76 (0.48-1.21) 1.10 (0.71-1.70) 0.64

Model 3¢ 1.00 1.09 (0.72-1.65) 1.06 (0.67-1.66) 0.78 (0.49-1.24) 1.11 (0.71-1.74) 0.61
Cruciferous vegetables (serving/day)

Median intake 0.1 0.3 0.4 0.6 1.1

No. of cases 56 38 41 41 47

Model 1* 1.00 0.90 (0.60-1.36) 0.83 (0.55-1.24) 0.89 (0.60-1.34) 0.91 (0.61-1.34) 0.86

Model 2° 1.00 0.91 (0.61-1.38) 0.83 (0.55-1.24) 0.88 (0.58-1.33) 0.86 (0.57-1.30) 0.65

Model 3¢ 1.00 0.92 (0.61-1.39) 0.84 (0.56-1.26) 0.89 (0.59-1.35) 0.87 (0.57-1.31) 0.63
Legumes (serving/day)

Median intake 0.1 0.2 0.4 0.5 0.9

No. of cases 65 31 33 56 38

Model 1* 1.00 0.64 (0.41-0.97) 0.88 (0.58-1.33) 0.93 (0.65-1.34) 0.82 (0.55-1.22) 0.23

Model 2° 1.00 0.65 (0.42-1.00) 0.88 (0.58-1.37) 0.94 (0.65-1.36) 0.83 (0.54-1.27) 0.20

Model 3¢ 1.00 0.66 (0.43-1.01) 0.90 (0.59-1.38) 0.95 (0.66-1.38) 0.83 (0.54-1.28) 0.19
Green leafy vegetables (serving/day)

Median intake 0.1 0.4 0.6 0.9 1.4

No. of cases 43 62 22 46 50

Model 1* 1.00 1.22 (0.83-1.80) 0.73 (0.44-1.23) 1.02 (0.67-1.55) 1.23 (0.82-1.85) 0.93

Model 2° 1.00 1.23 (0.88-1.90) 0.80 (0.47-1.34) 1.09 (0.73-1.67) 1.30 (0.85-2.01) 0.87

Model 3¢ 1.00 1.30 (0.87-1.93) 0.82 (0.48-1.38) 1.12 (0.73-1.72) 1.33 (0.85-2.08) 0.90
Potatoes (serving/day)

Median intake 0.1 0.3 0.4 0.6 1.0

No. of cases 47 44 58 33 41

Model 1* 1.00 1.21 (0.84-1.83) 1.27 (0.87-1.87) 0.94 (0.60-1.47) 1.08 (0.71-1.64) 0.81

Model 2° 1.00 1.29 (0.85-1.96) 1.33 (0.90-1.99) 1.06 (0.66-1.70) 1.19 (0.75-1.99) 0.84

Model 3¢ 1.00 1.30 (0.85-1.97) 1.34 (0.90-2.00) 1.07 (0.66-1.72) 1.21 (0.76-1.92) 0.80

& Models were adjusted for age and randomized treatment assignment.

® Multivariate models were adjusted for age, randomized treatment assignment, body mass index, family history of colorectal cancer in a first-
degree relative, history of colon polyps, physical activity, smoking status, baseline aspirin use, red meat intake, alcohol consumption, total energy

intake, menopausal status and baseline post-menopausal HT use.
¢ Multivariate models were adjusted for variables denoted in b, as well as folate intake and multivitamin use.
9 The number of cases did not add up to the total because one woman had missing value for the intake.
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Table 3. Relative risks (RRs) and 95% confidence intervals (CIs) of colorectal cancer according to quintile intake of energy-adjusted total dietary

fiber and fiber from different sources in the Women Health’s Study

Energy-adjusted quintile intake Ptrend
1 2 3 4 5

Total fiber (g/day)

Median intake 12 16 18 21 26

No. cases 43 44 33 50 53

Model 1* 1.00 0.92 (0.61-1.40) 0.65 (0.41-1.02) 0.91 (0.61-1.38) 0.87 (0.58-1.32) 0.36

Model 2° 1.00 0.89 (0.58-1.37) 0.61 (0.38-0.97) 0.84 (0.55-1.29) 0.75 (0.48-1.17) 0.12

Model 3¢ 1.00 0.90 (0.59-1.38) 0.62 (0.39-0.98) 0.84 (0.54-1.31) 0.75 (0.47-1.18) 0.11
Fruit fiber (g/day)

Median intake 2.5 3.5 4.2 4.9 6.0

No. cases* 46 39 48 36 53

Model 1* 1.00 0.88 (0.51-1.19) 1.19 (0.74-1.74) 0.70 (0.45-1.08) 1.07 (0.72-1.58) 0.59

Model 2° 1.00 0.89 (0.51-1.19) 1.15 (0.75-1.76) 0.68 (0.44-1.05) 1.00 (0.67-1.49) 0.67

Model 3¢ 1.00 0.78 (0.51-1.19) 0.95 (0.63-1.43) 0.67 (0.44-1.04) 1.00 (0.67-1.49) 0.65
Vegetable fiber (g/day)

Median intake 5.9 6.4 6.8 7.3 8.0

No. cases 39 36 46 59 43

Model 1* 1.00 0.88 (0.56-1.39) 1.19 (0.74-1.74) 1.44 (0.96-2.15) 1.02 (0.66-1.57) 0.59

Model 2° 1.00 0.89 (0.57-1.40) 1.15 (0.75-1.76) 1.45 (0.97-2.18) 1.00 (0.64-1.55) 0.67

Model 3¢ 1.00 0.90 (0.57-1.41) 1.16 (0.75-1.78) 1.46 (0.97-2.20) 1.00 (0.65-1.56) 0.66
Cereal fiber (g/day)

Median intake 3.1 3.9 4.4 5.0 6.1

No. cases 51 46 26 45 55

Model 1* 1.00 0.98 (0.66-1.49) 0.56 (0.35-0.90) 0.97 (0.66-1.44) 1.02 (0.69-1.49) 0.93

Model 2° 1.00 1.00 (0.67-1.49) 0.56 (0.35-0.90) 0.94 (0.63-1.41) 0.97 (0.66-1.43) 0.72

Model 3¢ 1.00 1.00 (0.67-1.49) 0.56 (0.35-0.90) 0.95 (0.63-1.42) 0.97 (0.66-1.42) 0.69
Cruciferous fiber (g/day)

Median intake 0.7 0.9 1.1 1.3 1.6

No. cases 57 35 58 45 28

Model 1* 1.00 1.00 (0.65-1.52) 1.19 (0.83-1.72) 1.14 (0.77-1.69) 0.76 (0.49-1.20) 0.50

Model 2° 1.00 0.99 (0.65-1.51) 1.18 (0.82-1.70) 1.12 (0.78-1.67) 0.74 (0.47-1.17) 0.40

Model 3¢ 1.00 0.99 (0.65-1.52) 1.18 (0.82-1.71) 1.13 (0.76-1.68) 0.74 (0.47-1.17) 0.40
Legume fiber (g/day)

Median intake 0.4 0.8 1.1 1.4 1.8

No. cases 62 47 51 26 37

Model 1* 1.00 0.74 (0.51-1.08) 0.61 (0.42-0.88) 0.69 (0.43-1.08) 0.62 (0.41-0.93) 0.03

Model 2° 1.00 0.75 (0.51-1.11) 0.62 (0.42-0.90) 0.67 (0.43-1.07) 0.60 (0.40-0.91) 0.02

Model 3¢ 1.00 0.76 (0.51-1.11) 0.63 (0.43-0.91) 0.67 (0.42-1.08) 0.60 (0.40-0.91) 0.02

& Models were adjusted for the same variables denoted in Model 1 in table 2.

® Multivariate models were adjusted for the same risk factors denoted in Model 2 in table 2.

¢ Multivariate models were adjusted for variables denoted in Model 3 in table 2.

9 The number of cases did not add up to the total because one woman had missing value for the intake.

mortality [11]. In the same cohort, a later analysis
continued to observe a null association between higher
consumption of cooked green vegetables or of salad and
colon cancer risk [12]. Other cohort studies found that
the reduced risk was confined to consumption of fruit or
vegetables alone [14-18]. Among these studies, three
found an inverse association between fruit intake and
incident colon or colorectal cancer in women (the RRs
for the highest versus lowest intake category in the range
of 0.50-0.73, p values in the range of 0.01-0.10), but a
null association between consumption of vegetables and

colon cancer risk in either sex [16—-18]. Conversely, the
other two studies found that intake of vegetables, but
not fruit, was inversely associated with colon cancer
incidence in men (RR for the highest versus lowest
quintile of vegetable intake =0.69, p = 0.10) (15), or in
men and women (RR for the highest versus lowest
quintile=0.76, 95% CI=0.57-1.02 in men, and 0.62,
95% CI=0.45-0.86 in women) [14]. Moreover, we
found a non-linear relationship in our cohort between
intakes of fruit and legumes, and colorectal cancer; the
lowest RR was shown in the second quintile of intakes



Dietary intakes and risk of colorectal cancer

(a median intake of 1.3 and 0.2 serving/day for fruit and
legumes, respectively) as compared with those in the
higher quintiles of intake. Similar pattern of relative
risks were also observed in other cohort studies [13, 17,
18]; the risk reduction for fruit (and/or legumes)
consumption was most noticeable in the lower intake
categories but no greater reduction in risk could be
observed when further increasing the intake.

Most retrospective case—control studies showed an
inverse association between intake of vegetables, and
possibly fruit, and colon cancer risk [9]. A meta-analysis
of six case—control studies found that higher intake of
vegetables was associated with nearly half the risk of
colon cancer (OR =0.48, 95% CI=0.41-0.57) [41]. The
differences in findings between case—control and cohort
studies remain to be elucidated. In general, case—control
studies are more prone to bias because dietary infor-
mation is collected retrospectively and controls may not
represent the underlying population from which cases
were drawn [42]. Given the null association observed
from most cohort studies and in a recent randomized
trial for recurrence of colorectal adenomas [25], fruit
and vegetables may play a smaller role in risk reduction
of colorectal cancer than had previously been thought.

Findings of an association between total fiber intake
and colorectal cancer risk have been inconclusive. Our
study, like most other cohort [15, 17, 21-24, 43] and
intervention [25-27] studies found no evidence that fiber
consumption contributes to the prevention of colorectal
cancer or colorectal adenoma recurrence. Conversely, a
meta-analysis pooling 13 case—control studies obtained
an odds ratio of 0.53 for colon cancer comparing the
highest with the lowest quintile of fiber intake (95%
CI=0.47-0.61) [44]. Two very recent prospective cohort
studies also reported a lower risk of colorectal cancer
and adenoma recurrence with higher intake of total fiber
[19, 20]. The higher consumption of fiber in those two
cohorts relative to most other cohorts may have
explained their significant findings. In those two cohorts,
the median intake of total fiber in the highest intake
group was 33-36 g/day, approximately 30-40% higher
than that in our cohort (26 g/day). In addition, different
food sources preferentially consumed by different pop-
ulation groups are likely to be responsible, since differ-
ent food sources may have different implications for
cancer. The significant association in one of those two
cohorts was attributable to higher intake of cereal/grain
fiber [20], consistent with a recent cohort study suggest-
ing that higher intake of cereal fiber over a long period
may prevent development of advanced colonic neoplasia
[45]. If intake of cereal fiber truly prevents development
of colorectal cancer, then our cohort may not have
benefited since cereal intake in our cohort was low.
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However, we observed a lower risk of colorectal
cancer with higher intake of legume fiber. The dietary
fiber in legumes is a good source of insoluble dietary
fiber that has been shown to be readily converted to
short-chain fatty acids, such as butyrate, in the colon
[46], resulting in reduction of colonic pH and altering
bile acid metabolism [47]. Short-chain fatty acids
including butyrate have also been shown to regulate
the APC and f-catenin genes, believed to be respon-
sible for initiation of colorectal tumors [48]. Alterna-
tively, the lower risk associated with intake of legume
fiber may be attributed to other components in the
legume that are highly correlated with fiber. Our
finding of legume fiber intake warrants more exami-
nation.

At least three limitations are present in this study.
First, intakes of fruit, vegetables and fiber were mea-
sured only once at baseline without further update,
which could be a potential source of bias. However, the
NHS has found that results from baseline diet ques-
tionnaire were consistent with those from updated data
[10]. Second, changes in diet intake after enrollment are
likely, especially among individuals who had clinical
symptoms of colorectal cancer before they were diag-
nosed. When we repeated the analyses by excluding
cases with a diagnosis of colorectal cancer in the first
two years of follow-up, we found no appreciable change
in the results. Finally, we have limited statistical power
for subgroup analyses by colon subsite due to limited
number of cases.

In conclusion, our data could not confirm an inverse
association of intakes of fruit, vegetables, and fiber with
colorectal cancer risk. However, our data suggest that
higher intake of legume fiber and/or other sources
related to this intake may reduce risk of colorectal
cancer.
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Appendix A. Definition of fruit and vegetable groups in the Women’s Health Study

Fruits:
Citrus fruit:

Vegetables:

Cruciferous vegetables:
Green leafy vegetables:

apples, apple juice, avocado, banana, blue berries, cantaloupe, grape fruit

juice, grape fruit, orange juice, oranges, other juice, peaches, prunes, raisins,
and strawberries.

grapefruit, oranges, grapefruit juice, orange juice.
beans, beets, broccoli, Brussels sprouts, cabbage, cooked carrots, raw carrots,

cauliflower, celery, red chili sauce, corn, eggplant, green pepper, iceberg
lettuce, kale, mixed vegetables, cooked onions, raw onions, orange squash,
peas, romaine lettuce, cooked spinach, raw spinach, string beans, soybeans,
tofu, tomatoes, tomato juice, tomato sauce, yams/sweet potatoes.

broccoli, kale, cauliflower, cabbage, and Brussels sprouts.
Head lettuce, iceberg lettuce, kale, mustard greens, chard greens, leaf lettuce,

romaine lettuce, spinach.

Legumes: beans, lentils, lima beans, peas, string beans, soybeans, tofu.

Potatoes: potatoes, french fries, potato chips.
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