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Abstract
Objective To evaluate the associations between intakes of
vitamins A, C, and E and risk of colon cancer.
Methods Using the primary data from 13 cohort studies,
we estimated study- and sex-specific relative risks (RR)
with Cox proportional hazards models and subsequently
pooled RRs using a random effects model.

Results Among 676,141 men and women, 5,454 colon
cancer cases were identified (7–20 years of follow-up
across studies). Vitamin A, C, and E intakes from food only
were not associated with colon cancer risk. For intakes
from food and supplements (total), the pooled multivariate
RRs (95% CI) were 0.88 (0.76–1.02, [4,000 vs. B1,000
lg/day) for vitamin A, 0.81 (0.71–0.92, [600 vs. B100
mg/day) for vitamin C, and 0.78 (0.66–0.92, [200 vs.
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B6 mg/day) for vitamin E. Adjustment for total folate
intake attenuated these associations, but the inverse associations with vitamins C and E remained significant.
Multivitamin use was significantly inversely associated
with colon cancer risk (RR = 0.88, 95% CI: 0.81–0.96).
Conclusions Modest inverse associations with vitamin C
and E intakes may be due to high correlations with folate
intake, which had a similar inverse association with colon
cancer. An inverse association with multivitamin use, a
major source of folate and other vitamins, deserves further
study.
Keywords Vitamin A  Vitamin C  Vitamin E 
Multivitamin  Colon cancer  Cohort study  Pooled
analysis

Introduction
Diet and lifestyle factors play an important role in the
etiology of colon cancer, and a large proportion of colon
cancer incidence might be prevented by a healthy lifestyle
[1]. Among dietary factors, vitamins A, C, and E have been
hypothesized to reduce the risk of colon cancer because of
their anticarcinogenic properties: vitamin A regulates
nuclear receptors that suppress tumor formation, induces
cell apoptosis [2], and enhances immune function [3].
Vitamin C has antioxidant properties and enhances the

V. Krogh  S. Sieri
Nutritional Epidemiology Unit, National Cancer Institute,
Milan, Italy

Cancer Causes Control (2010) 21:1745–1757

immune system [4]. Vitamin E inhibits lipid peroxidation
in cell membranes, prevents oxidative damage of DNA by
scavenging free radicals, and inhibits carcinogen production [5, 6].
A limited number of observational studies have investigated the associations between intakes of vitamins A, C, and
E and risk of colon cancer, and the results for each vitamin
have been inconsistent [7–14]. A pooled analysis of nested
case–control studies from five cohorts reported a modestly
lower risk of colorectal cancer [15] comparing the highest
quartile of serum alpha-tocopherol (vitamin E) concentration to the lowest. On the other hand, a meta-analysis of
seven clinical trials that tested effects of different combinations of b-carotene and vitamins A, C, and E on recurrence
of colorectal adenomas (precursors of colorectal cancer)
found no significant beneficial effects for supplementation
with these nutrients [16]. Two recent clinical trials of vitamin
E supplementation that were not included in the metaanalysis also found no beneficial effects of vitamin E
supplementation compared with a placebo on colorectal
cancer incidence [17, 18]. Some studies [19, 20], but not all
[21], have found that use of multivitamin supplements, a
good source of vitamins A, C, and E, and others, was
associated with lower risk of colorectal cancer.
Whether vitamins A, C, and E provide protection from
colon cancer is of considerable public health importance;
however, this remains as an open question because of
inconsistent findings from previous studies, and random-
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ized trials may have been of insufficient duration to reach
definitive conclusions. In this analysis, we examined
whether intakes of vitamins A, C, and E from foods and
supplemental sources and use of multiple vitamin supplements were associated with risk of colon cancer by reanalyzing the primary data from 13 prospective cohort studies
from Europe and North America.

Materials and methods
Study population
The Pooling Project of Prospective Studies of Diet and
Cancer (Pooling Project), an international consortium of
cohort studies, was established to summarize the associations between dietary factors and risks of several
cancers by analyzing and combining the individual data
from each participating cohort study. The details of the
Pooling Project have been described previously [22].
Thirteen prospective cohort studies from North America
and Europe that met the following inclusion criteria for
the colorectal cancer analyses were identified [13, 14,
23–32]: 1) at least 50 incident colorectal cancer cases; 2)
assessment of usual dietary intake; 3) a validation study
of the dietary assessment method or a closely related
instrument; and 4) assessment of intakes of vitamins A,
C, and E.
Studies including both men and women were separated
into sex-specific cohorts. The Nurses’ Health Study (NHS)
was treated as two separate studies, NHSa (1980–1986)
and NHSb (1986–2000) to take advantage of the more
detailed dietary assessment in 1986. Following survival
data analysis theory, blocks of person-time in different time
periods are asymptotically uncorrelated, regardless of the
extent to which they are derived from the same people [33],
so pooling estimates from these two time periods is a statistically valid alternative to using a single time period.
Because the Alpha-Tocopherol Beta-Carotene Cancer
Prevention Study and the Women’s Health Study were
clinical trials of vitamin E and beta-carotene supplementation, we included participants in the placebo group only
for these studies.
Dietary assessment
Each study assessed nutrient intakes by a self-administered food frequency questionnaire (FFQ) at baseline and
provided intake data for vitamins A, C, and E from
foods only (dietary intake) and from foods and supplements (total intake), if available. Information on use of
vitamin supplements (multivitamins and/or individual
vitamin A, C, or E supplements) at baseline was

1747

available in 10 studies. For the Netherlands Cohort Study
and the New York State Cohort, which collected information on the use of vitamin supplements, but did not
estimate supplemental intake, we derived an estimate of
total intake for each vitamin. For the Netherlands Cohort
Study, we estimated supplemental intake using the most
common dose of vitamins A, C, and E in multivitamins
and in individual vitamin A, C, and E supplements
reported in their FFQ validation study [34]. For the New
York State Cohort, we estimated supplemental intake
using the dose for generic multivitamins and vitamin A,
C, and E supplements used in the Nurses’ Health Study.
For both studies, we assumed a frequency of one multivitamin or each individual supplement a day. Nutrient
intakes from foods were energy-adjusted to 2,100 kcal/
day for men and 1,600 kcal/day for women by the
residual method [35].
In the validation studies (Wolk and Krogh, personal
communication) [34, 36–42], the Pearson correlation
coefficients between dietary vitamin intake estimated by
the FFQ and the reference method were generally 0.4–0.7
for each vitamin. In additional validation studies using
biomarkers, the Pearson correlation coefficients between
dietary vitamin E intake estimated by the FFQ and its
plasma concentration were 0.41 in the Nurses’ Health
Study and 0.51 in the Health Professionals Follow-up
Study [43].
We also had information on nondietary risk factors,
which was collected by self-administered questionnaires at
baseline in each study. We reformatted these variables to
create standardized categories for each variable across
studies.

Case ascertainment
Incident colon cancer cases were identified by each cohort
through either self-report on the questionnaire with subsequent medical record review [14, 31]; linkage with a
cancer registry [13, 26–28, 30, 32]; or both [23–25, 29].
Some studies also had an additional linkage with a death
registry [13, 14, 23–25, 28–30, 32]. Each colon cancer
case was further classified by tumor site: tumors from the
cecum to the splenic flexure were considered to be
proximal colon cancers, and tumors in the descending and
sigmoid colon were defined as distal colon cancers. The
follow-up rate of studies included in this report has
generally been over 90%.
We excluded individuals who had a history of cancer
other than nonmelanoma skin cancer at baseline and those
who reported implausible energy intakes (beyond 3 standard deviations from the study-specific loge-transformed
mean energy intake).
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Statistical analysis
Data analyses were conducted using a two-stage method:
(1) study- and sex-specific analyses and (2) subsequent
pooled analysis of the study-specific results. Study- and
sex-specific relative risks (RR) and two-sided 95% confidence intervals (CI) were estimated with the Cox proportional hazards model [44] using SAS PROC PHREG [45].
The Canadian National Breast Screening Study and the
Netherlands Cohort Study were analyzed as case-cohort
studies [46]. Age at baseline (in years) and the year the
baseline questionnaire was returned were used as stratification variables, thereby creating a time metric which
simultaneously accounted for age, calendar time, and time
since entry into the study. Person-years of follow-up time
were calculated from the date of the baseline questionnaire
until the date of colon cancer diagnosis, death, loss to
follow-up, if applicable, or end of follow-up, whichever
came first.
Two different categorical analyses were conducted for
each vitamin: RRs of colon cancer were estimated
according to study-specific quintiles of intake and in
separate analyses according to absolute intake cutpoints,
which were identical across studies. Study- and sex-specific quintiles of vitamin intake were defined using the
distributions of the baseline cohort in each study except
for the Canadian National Breast Screening Study and the
Netherlands Cohort Study where the distributions in the
subcohorts were used. We excluded the Alpha-Tocopherol
Beta-Carotene Cancer Prevention Study and the Netherlands Cohort Study from the quintile analyses of total
vitamin intake because their prevalence of multivitamin
use was much lower (B8%) than in the other studies
([30%), which resulted in their intake levels for the
highest categories not being comparable to those in the
other studies. However, we included the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study and the
Netherlands Cohort Study in the categorical analyses in
which identical absolute intake cutpoints were applied.
The test for trend across categories of intake was performed by assigning participants the median value of their
category and entering it as a continuous term in a
regression model.
In multivariate analyses, we adjusted for height, body
mass index, education, physical activity, smoking, alcohol
consumption, family history of colorectal cancer, use of
nonsteroidal anti-inflammatory drugs, use of oral contraceptives and postmenopausal hormone therapy use among
women, and intakes of red meat, total milk, dietary folate,
and total energy; multivitamin use was also adjusted for in
analyses of dietary vitamin intake. In some multivariate
models, further adjustment was made for intake of total
folate or total vitamin C or E (see footnotes in the tables for
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the covariates in the specific models and for coding of the
covariates). In the multivariate analyses, the proportion of
missing values for each covariate measured in a study was
generally less than 5%; an indicator variable for missing
responses was created for each covariate in a study, if
needed [47, 48].
The pooled estimates and 95% CIs were calculated
using a random effects model which weighted the studyspecific loge RRs by the inverse of the sum of their
variance and the estimated between-studies variance;
between-studies heterogeneity was tested by the Q statistic [49, 50]. A meta-regression model was used to test
for effect modification by sex, study population, smoking
status, and postmenopausal hormone therapy use in
women because these interactions could only be assessed
between studies (sex and study population) or because the
potential effect modifier was a nominal variable with
three levels (smoking status and postmenopausal hormone
therapy use in women) [47]. We examined whether the
associations for vitamin intakes differed by body mass
index and alcohol consumption by including a crossproduct term of the ordinal score of the level of each
factor and intake of each vitamin expressed as a continuous variable in the model [50]. We tested for differences
in the results between proximal and distal colon cancers
using a contrast test [51].

Results
During follow-up of 209,263 men and 466,878 women
(Total = 676,141) for up to seven to twenty years in thirteen cohort studies, we identified 5,454 incident colon
cancer cases (1,695 cases in men and 3,759 cases in
women; 2,850 proximal colon cancer cases, 2,151 distal
colon cancer cases, and 453 colon cancer cases with
unknown site information). Median dietary intakes (intake
from food only) for each vitamin showed 2–4 fold differences across studies (Table 1). The wide range in dietary
intakes across studies reflects both the differences in the
FFQs used in the studies and the differences in true intake
across the populations. The prevalence of multivitamin
supplement use was higher for the studies from the United
States (30–50%) compared with those from Europe
(3–8%). The most commonly used individual vitamin
supplements were vitamin C supplements (prevalence = 6–38% across studies). In the aggregated dataset
of the ten studies (n = 608,348) with information on use of
both multivitamins and individual vitamin supplements, the
prevalence of vitamin supplement use was 0.5% for vitamin A supplements only, 1% for vitamin E supplements
only, 4% for vitamin C supplements only, 4% for any
combination of individual vitamin A, C, and E supplements

1992–1999
1986–2000
1986–1993
1980–1987

Cancer Prevention Study II
Nutrition Cohort (CPS II)

Health Professionals Follow-up
Study (HPFS)

Netherlands Cohort Study (NLCS)

New York State Cohort (NYSC)

49,654

1980–2000
1992–1999

Canadian National Breast Screening
Study (CNBSS)

Cancer Prevention Study II Nutrition
Cohort (CPS II)

9,594

1980–1986
1986–2000
1987–2001

Nurses’ Health Study (a) (NHSa)

Nurses’ Health Study (b) (NHSb)f

Prospective Study on Hormones, Diet
and Breast Cancer (ORDET)

Swedish Mammography Cohort (SMC) 1987–2003

Women’s Health Study (WHS)d
5,454

40

485

43

429

162

96

223

1,172 (677–2,081)

1,302 (721–2,314)

1,025 (553–2,318)

1,331 (783–2,328)

1,375 (734–2,712)

1,122 (641–2,024)

1,586 (833–3,500)

814 (561–1,282)

1,479 (740–2,679)

1,099 (683–1,705)

1,016 (613–1,739)

1,270 (735–2,205)

1,650 (884–3,714)

937 (661–1,416)

1,555 (874–3,004)

1,325 (798–2,104)

13 (8–22)

8 (5–11)

11 (8–14)

8 (6–15)

128 (70–211)

66 (30–124)

116 (71–182)

141 (76–234)

120 (61–209)

164 (81–278)

182 (99–295)

101 (59–161)

132 (71–217)

128 (58–220)

131 (66–215)

148 (64–273)

5 (4–8)

5 (4–7)

6 (5–9)

6 (4–8)

4 (3–6)

8 (6–11)

7 (4–10)

11 (7–17)

8 (6–11)

9 (6–16)

Intake from food and supplements

Vitamin C
(mg/day)

8

94 (53–154)

106 (62–167)

3

–

6
11 (5–312) 49

11 (7–18)

10 (7–232) 33

19 (7–288) 42

–

13 (7–278) 33

10 (5–311) 38

14 (8–23)

–

–

1,440 (736–3,030) 156 (78–415)

–

–

1,736 (870–3,982) 198 (91–795)

1,767 (808–4,089) 155 (71–674)

7 (4–223)

–

–

8 (5–407)

5 (3–206)

30

–

–

43

34

2,031 (780–3,507) 249 (108–1,194) 17 (7–287) 50

2,275 (987–5,423) 237 (119–769)

834 (569 –1,327)

1,883 (820–4,064) 177 (83–672)

1,459 (762–3,138) 183 (72–759)

–

1,613 (803–3,422) 194 (78–845)

2,167 (988–5,386) 240 (121–769)

950 (668–1,451)

2

–

–

7

4

7

9

4

8

6

–

3

7

2

9

5

–

8

–

–

36

19

37

30

7

29

28

–

20

24

6

38

24

–

14

–

–

20

13

27

22

2

15

23

–

15

19

2

21

17

–

Multivitamins Vitamin Vitamin Vitamin
(%)
A (%)
C (%)
E (%)

13 (8–251) 33

8 (6–17)

Vitamin E
(mg/day)

Prevalence of supplement use

2,053 (972–4,919) 235 (100–1,165) 10 (6–413) 43

1,606 (870–3,344) 166 (68–722)

1,319 (730–2,730) 76 (44–156)

Vitamin A
(lg/day)

16 (10–23) –

9 (6–16)

197 (107–321) 7 (5–11)

90 (53–148)

160 (82–276)

128 (58–220)

1,243 (712–2,382)e 73 (43–122)

Vitamin E
(mg/day)

Intake from food only. Unit is retinol equivalents lg/day for vitamin A and a-tocopherol equivalents mg/day for vitamin E

676,141

68,502

88,651

13,258

22,550

353

799

349

431

349

335

393

456

467

44

Vitamin C
(mg/day)

Total intakeb

f

e

d

These women are a subset of the women included in Nurses’ Health Study (a) and are not included in the total baseline cohort size

Calorie-adjusted median (10th–90th percentile) intake among baseline cohort or subcohort for the Canadian National Breast Screening Study and the Netherlands Cohort Study

Placebo group only

Cohort sizes after applying study-specific exclusion criteria and then excluding participants with loge-transformed energy intake values beyond three standard deviations from the study-specific mean and previous cancer diagnoses
(other than nonmelanoma skin cancer); the Canadian National Breast Screening Study and the Netherlands Cohort Study are analyzed as case-cohort studies so their baseline cohort sizes do not reflect the above exclusions

c

b

a

Total

60,950

1985–1998

New York University Women’s
Health Study (NYUWHS)

1993–2003

9,027

1980–1987

New York State Cohort (NYSC)

34,588

Netherlands Cohort Study (NLCS)

62,573

1986–2001
1986–1993

Iowa Women’s Health Study (IWHS)

74,046

41,987

30,363

58,279

47,766

66,071

6,784

Baseline
Cancer
Dietary intakea
cohortc (n) cases (n)
Vitamin A
(lg/day)

Breast Cancer Detection Demonstration 1987–1998
Project Follow-up Cohort (BCDDP)

Women

1985–1999

Follow-up
period

Alpha-Tocopherol Beta-Carotene
Cancer Prevention Study (ATBC)d

Men

Study

Table 1 Description of studies in the analyses of intakes of vitamins A, C, and E and use of vitamin supplements and colon cancer in the Pooling Project
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without multivitamins, 14% for multivitamins only, and
17% for multivitamins with any combination of individual
vitamin A, C, and E supplements. The prevalence of
vitamin supplements use in the US-based cohort studies
included in this pooled analysis was similar to that of the
US population [52].
In the age-adjusted model, dietary vitamin A intake was
inversely associated with risk of colon cancer (pooled
RR = 0.86, 95% CI: 0.79–0.94 for comparison of the
highest quintile versus the lowest, p-value, test for
trend = 0.01, Table 2); however, after adjusting for other
colon cancer risk factors, the association was attenuated
and no longer statistically significant (pooled multivariate
RR = 0.92, 95% CI: 0.81–1.05 for comparison of the
highest quintile vs. the lowest, p-value, test for trend =
0.17). This attenuation in the RR was largely due to control
of confounding by dietary folate intake (pooled RR from
the model adjusting for age and dietary folate only = 0.92,
95% CI: 0.80–1.05 for comparison of the highest quintile
versus the lowest). Dietary vitamin C and E intakes were
not associated with risk of colon cancer in either the ageadjusted or multivariate models when modeled as quintiles.
When more extreme categories of dietary vitamin intake
were examined, we observed similar results. Comparing
the highest versus the lowest decile of intake, the pooled
multivariate RR was 0.89 (95% CI: 0.73–1.09) for dietary
vitamin A, 0.99 (95% CI: 0.84–1.18) for dietary vitamin C,
and 1.01 (95% CI: 0.89–1.15) for dietary vitamin E. For
each vitamin, there was no significant between-studies
heterogeneity and no effect modification by sex in the
multivariate models. When we examined the associations
between dietary intakes of vitamins A, C, and E and colon
cancer risk in the studies that collected multivitamin and/or
individual vitamin A, C or E supplement use data, we
observed similar results (data not shown). In addition,
when the associations were examined in only individuals
who did not use multivitamins, the results for dietary intake
of each vitamin were similar to those reported in Table 2
(data not shown).
Total intakes of vitamins A, C, and E (sum of intakes
from food, multivitamins and individual vitamin supplements) were associated with 24–30% lower risks of colon
cancer for comparisons of the highest quintile versus the
lowest in age-adjusted models (Table 2). After adjusting
for other colon cancer risk factors, the inverse associations
for total intakes of vitamins A, C, and E were attenuated
slightly, but remained statistically significant. When we
adjusted for total folate intake, the associations were further attenuated. Comparing the highest versus the lowest
quintile of intake, the pooled multivariate RR was 0.81
(95% CI: 0.71–0.94, p-value, test for trend = 0.07) for
total vitamin A, 0.84 (95% CI: 0.74–0.95, p-value, test for
trend = 0.004) for total vitamin C, and 0.83 (95% CI:
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0.73–0.94, p-value, test for trend = 0.04) for total vitamin
E. When the associations were examined by age at diagnosis (B65 vs. [65 years old), total vitamin A intake
showed a marginally significant difference (p-value test for
difference = 0.05), but total intakes of vitamins C and E
did not show a significant difference (data not shown). In
addition, the associations were not modified by body mass
index, smoking habits, alcohol consumption, or postmenopausal hormone therapy use in women (data not shown).
When we examined the associations by different periods of
follow-up time, we observed stronger associations between
total vitamin A, C, and E intake and risk of colon cancer
during the first five years of follow-up than those observed
after a 5-year lag. When follow-up time was limited to the
first five years, the pooled multivariate RRs comparing the
highest versus the lowest quintile of intake were 0.70 (95%
CI: 0.59–0.84) for total vitamin A, 0.77 (95% CI:
0.65–0.92) for total vitamin C, and 0.73 (95% CI:
0.58–0.93) for total vitamin E. After a 5-year lag, the
pooled multivariate RRs for the same comparisons were
0.84 (95% CI: 0.72–0.98) for total vitamin A, 0.84 (95%
CI: 0.72–0.98) for total vitamin C and 0.90 (95% CI:
0.78–1.04) for total vitamin E. The associations for total
vitamin A and C intake did not differ significantly
(p [ 0.15) by follow-up time, but the test for total vitamin
E intake was of borderline significance (p = 0.05).
A major source of intake of vitamins was multivitamin
supplements, many of which contain folate. Because total
folate intake was also significantly inversely associated
with risk of colon cancer in this study population (pooled
multivariate RR = 0.85, 95% CI: 0.77–0.95 for comparison of the highest quintile of total folate intake versus the
lowest; [60]), we performed categorical analyses using
identical absolute intake cutpoints across studies to separate the effect of total vitamin A, C, and E intake on risk of
colon cancer from that of total folate intake (Table 3). We
chose cutpoints to differentiate nonusers of multivitamins,
users of multivitamins only, and users of individual vitamin
supplements (regardless of whether they also used multivitamins). In these analyses, for each vitamin, the prevalence of supplement use in the aggregated dataset for the
reference category was B5% for multivitamins and B0.1%
for the corresponding individual vitamin supplements; in
the highest category, the prevalence was [70% for multivitamins in the analysis of each vitamin and 45% for
vitamin A supplements, 94% for vitamin C supplements,
and 100% for vitamin E supplements in the analyses for
each corresponding vitamin. In the multivariate model,
which adjusted for dietary folate intake and other risk
factors for colon cancer (multivariate model 1), we found
statistically significant inverse associations between total
intakes of vitamins C and E and risk of colon cancer. The
median correlation coefficient between intakes of each

Multivariateb

1.00

Multivariate

1.00

Multivariate

1.00

1.00

Age-adjusted

Multivariate

For quintile 5

1.00

Multivariate

0.95 (0.86–1.05)

0.93 (0.84–1.02)

0.91 (0.82–1.01)

0.88 (0.79–0.97)

0.89 (0.79–0.99)

0.84 (0.75–0.95)

1.04 (0.93–1.16)

1.01 (0.91–1.12)

0.97 (0.89–1.07)

0.95 (0.87–1.04)

1.01 (0.92–1.11)

0.98 (0.90–1.06)

Quintile 2

0.91 (0.82–1.01)

0.88 (0.80–0.97)

0.96 (0.86–1.07)

0.91 (0.82–1.00)

0.86 (0.77–0.95)

0.80 (0.73–0.89)

0.94 (0.84–1.04)

0.91 (0.82–1.00)

0.90 (0.81–0.99)

0.85 (0.78–0.93)

1.00 (0.91–1.09)

0.93 (0.85–1.01)

Quintile 3

0.88 (0.79–0.97)

0.82 (0.74–0.91)

0.89 (0.79–0.99)

0.83 (0.74–0.93)

0.90 (0.81–1.01)

0.84 (0.74–0.94)

1.00 (0.89–1.13)

0.95 (0.86–1.06)

0.98 (0.88–1.08)

0.90 (0.82–0.98)

0.91 (0.81–1.02)

0.84 (0.77–0.92)

Quintile 4

0.82 (0.74–0.91)

0.76 (0.68–0.85)

0.80 (0.71–0.90)

0.73 (0.66–0.81)

0.78 (0.69–0.87)

0.71 (0.64–0.79)

0.99 (0.89–1.11)

0.95 (0.86–1.05)

1.06 (0.95–1.18)

0.95 (0.87–1.03)

0.92 (0.81–1.05)

0.86 (0.79–0.94)

Quintile 5

\0.001

0.01

0.53

0.32

0.87
0.95

\0.0001

0.001

0.79

0.54

0.24

0.14

0.68

0.55

0.13

0.48

p-value, test for
between-studies
heterogeneitya

0.001

\0.001

0.71

0.35

0.12

0.28

0.17

0.01

p-value, test
for trend

0.85

0.88

0.56

0.73

0.38

0.25

0.51

0.81

0.27

0.65

0.76

0.68

p-value, test for
between-studies
heterogeneity
due to sexa

c
The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study and the Netherlands Cohort Study were excluded from these analyses because the prevalence of multivitamin and vitamin C
and E supplement use in these studies was much lower than that in the other studies with supplement use data. Consequently, the total intakes in the highest quintiles of the Alpha-Tocopherol
Beta-Carotene Cancer Prevention Study and the Netherlands Cohort Study are not comparable to those in the other studies
d
Adjusted for same covariates in footnote b except multivitamin use

Adjusted for body mass index (\23, 23–\25, 25–\30, C30 kg/m2), height (men: \1.70, 1.70–\1.75, 1.75–\1.80, 1.80–\1.85, C1.85 m; women: \1.60, 1.60–\1.65, 1.65–\1.70, 1.70–
\1.75, C1.75 m), education (\high school graduate, high school graduate, [high school graduate), physical activity (low, medium, high), family history of colorectal cancer (no, yes), use of
nonsteroidal anti-inflammatory drugs (no, yes), multivitamin use (no, yes \6 times/wk, yes C6 times/week, yes missing dose for BCDDP, HPFS, IWHS, NYUWHS, NHS a and b, and WHS;
no, yes for ATBC, CPS II, NLCS and NYSC), smoking (never, past (\ 20, 20–\40, C40 years), current (\25 cigarettes/day and \40 years, \25 cigarettes/day and C40 years, C25 cigarettes/
day and \40 years, C25 cigarettes/day and C40 years), alcohol consumption (0, [0–\5, 5–\15, 15–\30, C30 g/day), intakes of red meat (quintiles), total milk (quartiles), dietary folate
(quintiles) and total energy (continuous), and use of postmenopausal hormone therapy (premenopausal, never, ever) and oral contraceptive use (never, ever) in women. Age in years and year of
questionnaire return were included as stratification variables

b

a

1.00

Age-adjusted

Vitamin E

1.00

1.00

Age-adjusted

Multivariated
Vitamin C

Vitamin A

Total intakec

1.00

Age-adjusted

Vitamin E

1.00

Age-adjusted

Vitamin C

1.00

1.00

Age-adjusted

Vitamin A

Dietary intake

Quintile 1

Table 2 Pooled relative risks of colon cancer for quintiles of dietary and total vitamin A, C, and E intakes
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1.00

1.00

Multivariate 1c

Multivariate 2d

1.00

1.00

1.00

1.00

Multivariate 1c

Multivariate 2d

Multivariate 3f
0.94 (0.82–1.07)

0.93 (0.83–1.05)

0.94 (0.83–1.06)

0.90 (0.79–1.01)

1,208

[6–9

0.88 (0.79–0.98)

0.89 (0.80–0.99)

0.88 (0.79–0.97)

0.85 (0.77–0.94)

934

[100–150

0.93 (0.84–1.02)

0.92 (0.84–1.01)

0.89 (0.81–0.97)

1,072

[1,000–1,500

0.89 (0.79–1.01)

0.89 (0.78–1.01)

0.89 (0.79–1.00)

0.96 (0.76–1.21)

0.93 (0.73–1.19)

0.91 (0.72–1.13)

0.83 (0.70–0.99)

0.80 (0.65–0.97)

0.78 (0.66–0.92)

0.08

0.02

0.002

\0.001

p-value, test
for trend

0.21

0.01

\0.001

0.16

0.06

0.01

0.001

p-value, test
for trend

0.86 (0.74–1.00)

0.86 (0.74–0.99)

0.81 (0.71–0.92)

0.73 (0.65–0.82)

602

[600

0.93 (0.79–1.10)

0.88 (0.76–1.02)

0.78 (0.68–0.89)

372

[4,000

0.71 (0.59–0.83)

487

[200

0.90 (0.78–1.03)

0.91 (0.79–1.03)

0.86 (0.76–0.98)

0.79 (0.70–0.88)

675

[250–600

0.91 (0.78–1.08)

0.87 (0.77–0.98)

0.79 (0.70–0.88)

794

[2,500–4,000

0.84 (0.65–1.06)

553

[25–200

1.01 (0.87–1.16)

1.02 (0.89–1.18)

1.00 (0.86–1.16)

0.94 (0.80–1.11)

497

[200–250

0.93 (0.81–1.06)

0.91 (0.80–1.03)

0.84 (0.74–0.94)

492

[2,000–2,500

0.83 (0.74–0.93)

1,679

[9–25

0.99 (0.88–1.11)

1.02 (0.89–1.16)

0.98 (0.87–1.10)

0.93 (0.83–1.05)

781

[150–200

0.90 (0.80–1.02)

0.89 (0.79–1.00)

0.82 (0.74–0.92)

613

[1,500–2,000

p-value,
test for trend

0.31

0.13

0.27

0.18

p-value, test for
between-studies
heterogeneitya

0.79

0.87

0.84

0.71

p-value, test for
between-studies
heterogeneitya

0.51

0.81

0.71

p-value, test for
between-studies
heterogeneitya

0.83

0.79

0.89

0.61

p-value, test for
between-studies
heterogeneity
due to sexa

0.47

0.61

0.65

0.50

p-value, test for
between-studies
heterogeneity
due to sexa

0.94

0.44

0.30

p-value, test for
between-studies
heterogeneity
due to sexa

Adjusted for covariates in multivariate model 1 and intake of total vitamin E (B6, [6–9, [9–25, [25–200, [200 mg/day)

Adjusted for covariates in multivariate model 1 and intake of total vitamin C (B100, [100–150, [150–200, [200–250, [250–600, [600 mg/day)

f

Adjusted for same covariates listed in Table 2 footnote b except multivitamin use
Adjusted for covariates in multivariate model 1 except dietary folate intake (quintiles) was replaced with total folate intake (quintiles)

e

d

c

For vitamin A analyses, the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study and the Netherlands Cohort Study were excluded from the highest category because these studies did
not have any cases in that category. For vitamin C analyses, the Netherlands Cohort Study was excluded from the highest category because the study did not have any cases in that category. For
vitamin E analyses, the male cohort of the New York State Cohort was excluded from [25 to 200 mg/day category, and the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study and the
Netherlands Cohort Study were excluded from the highest category because these studies did not have any cases in that category. The participants who were not cases who would have been in
the highest category were included in the next highest category

b

For the highest category

568

Age-adjusted

a

b

B6 (mg/day)

Categories

Case (n)

Total vitamin E

1.00

1.00

Multivariate 3

1,006

Age-adjusted

e

b

B100 (mg/day)

Categories

Case (n)

Total vitamin C

1.00

1.00

Multivariate 1c

Multivariate 2

1.00

d

1,152

Age-adjusted

B1,000 (lg/day)

Categoriesb

Case (n)

Total vitamin A

Table 3 Pooled relative risks of colon cancer for categories of total vitamin A, C, and E intakes
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vitamin and total folate across studies was 0.56 for total
vitamin C, and 0.51 for total vitamin E. When we adjusted
for total folate intake rather than dietary folate intakes
(multivariate model 2), we observed that total intakes of
vitamin C and E retained statistically significant inverse
associations with risk of colon cancer. Total vitamin A
intake was not significantly associated with risk of colon
cancer in either of the multivariate models. Mutual
adjustment for total intakes of vitamins C and E (multivariate model 3) also attenuated the association for each
vitamin (median correlation coefficient between intakes of
vitamins C and E = 0.57). When we examined the association between supplemental intakes of vitamins A, C, and
E and risk of colon cancer, we observed results similar to
those for total intakes of each vitamin (data not shown).
The joint effect of total intakes of vitamins C and E on
risk of colon cancer was also examined. Compared to the
group with intakes of B200 mg/day vitamin C and
B25 mg/day vitamin E (low intakes for both vitamins), the
group with intakes of [600 mg/day of vitamin C and
[200 mg/day of vitamin E (high intakes for both vitamins)
had a significantly lower risk of colon cancer (pooled
multivariate RR = 0.84, 95% CI: 0.72–0.98). The pooled
multivariate RR was 1.09 (95% CI: 0.87–1.36) for the
group with low vitamin C but high vitamin E intake
(B200 mg/day vitamin C and[200 mg/day vitamin E) and
0.88 (95% CI: 0.75–1.04) for the group with high vitamin
C but low vitamin E intake ([600 mg/day vitamin C and
B25 mg/day vitamin E).
We also examined the associations between vitamin
intakes and risk of colon cancer by tumor site (Table 4).
The associations with dietary vitamin A, C, and E intake
did not differ by tumor site in the multivariate models
(p-value, test for common effects by tumor site for quintile
5 C 0.45, data not shown). For total vitamin A, C, and E
intakes, the associations were slightly stronger in the distal
colon than the proximal colon, but the differences were not
statistically significant (p-value, test for common effects by
tumor site for the highest category C0.34).
Because multivitamin supplements were an important
source of supplemental vitamin intake, we analyzed the
relation of multivitamin use to risk of colon cancer (Fig. 1).
We found that multivitamin use was associated with a
significantly lower risk of colon cancer; the pooled ageadjusted RR was 0.84 (95% CI: 0.77–0.92; p-value test for
between-studies heterogeneity = 0.12) and the pooled
multivariate RR was 0.88 (95% CI: 0.81–0.96; p-value test
for between-studies heterogeneity = 0.17) comparing users
versus nonusers. The association was not modified by sex,
age at diagnosis, or alcohol intake (data not shown). The
association also did not differ significantly by tumor site
(p-value, test for common effects by tumor site = 0.50); the
pooled multivariate RRs were 0.86 (95% CI: 0.78–0.94,
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p-value, test for between-studies heterogeneity = 0.45) for
proximal colon cancers and 0.91 (95% CI: 0.80–1.02,
p-value, test for between-studies heterogeneity = 0.34) for
distal colon cancers comparing users versus nonusers.
When we examined the association between multivitamin
use and risk of colon cancer by different periods of followup time, the pooled multivariate RRs were 0.85 (95% CI:
0.75–0.97) when follow-up time was limited to the first five
years and 0.91 (95% CI: 0.83–1.00) after a 5-year lag
(p-value, test for difference by follow-up period = 0.41).
We also examined the association between use of multivitamins and individual vitamin supplements and risk of
colon cancer by mutually adjusting for combinations of
vitamin supplement use. Compared to nonusers of supplements, the pooled multivariate RRs of colon cancer
were 0.92 (95% CI: 0.82–1.04) for users of multivitamins
only; and 0.77 (95% CI: 0.70–0.85) for those who used
any combination of vitamin A, C and E supplements and
used multivitamins. There was no statistically significant
between-studies heterogeneity for these comparisons.

Discussion
We found no association between dietary intakes of vitamins A, C, and E and risk of colon cancer in this pooled
analysis of thirteen prospective cohort studies. However,
total intakes of vitamins A, C, and E were each inversely
associated with risk of colon cancer. After adjusting for
total folate intake, the inverse association between total
vitamin A intake and risk of colon cancer in the categorical
analysis was attenuated and no longer statistically significant, whereas the inverse associations between total intakes
of vitamins C and E and risk of colon cancer were slightly
weakened but remained statistically significant. Multivitamin use, particularly in combination with use of individual
vitamin A, C and/or E supplements, was inversely associated with risk of colon cancer.
Because multivitamin supplements containing folate
were one of the main sources of total vitamin intakes, total
vitamin A, C, and E intakes were positively correlated with
total folate intake. However, total vitamin A intake was
more highly correlated with total folate intake than total
vitamin C and E intakes. Therefore, the different degree of
attenuation in the RRs for total intakes of vitamins A, C,
and E may be due to differences in the correlations between
total intake of each vitamin and total folate. The inverse
association observed for total vitamin A intake in the ageadjusted analysis may be partially due to folate and other
nutrients in multivitamins.
Plausible biologic mechanisms support our results, which
suggest that total vitamin C and E intakes may be associated
with a decreased risk of colon cancer independently of total
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598/497d
1.00
1.00

287/241
1.00
1.00

B6 (mg/day)

Categoriesb

539/418
1.00
1.00

[2,000–2,500

[2,500–4,000

[4,000

[200–250

[250–600

[600

656/459
0.96 (0.80–1.15)
0.90 (0.74–1.09)

[6–9

872/690
0.83 (0.70–0.97)
0.97 (0.80–1.16)

[9–25

301/214
0.81 (0.63–1.05)
0.99 (0.75–1.32)

[25–200

276/170
0.82 (0.67–0.99)
0.73 (0.58–0.92)

[200

0.14
0.02

p-value,
test for
trend

493/391
399/306
282/176
350/264
329/219
0.85 (0.71–1.00) 0.94 (0.76–1.16) 1.08 (0.82–1.41) 0.85 (0.71–1.01) 0.85 (0.70–1.05) 0.09
0.92 (0.79–1.07) 0.98 (0.76–1.25) 0.89 (0.71–1.11) 0.83 (0.68–1.02) 0.72 (0.55–0.93) 0.01

[150–200

0.63
0.56

0.66

0.49
0.63

p-value, test for
between-studies
heterogeneityc

0.31
0.19

0.24
0.46

p-value, test for
between-studies
heterogeneity
due to sexc

0.74
0.97

0.58

p-value, test for
common effects
by tumor sitec

0.34

p-value, test p-value,
p-value, test for p-value, test for
for trend
test for betweenbetween-studies common effects
c
studies heterogeneity heterogeneity
by tumor sitec
due to sexc

0.94
0.80

p-value, test for
common
effects by
tumor sitec

b

Adjusted for same covariates listed in Table 2 footnote c
The following studies were excluded from a category because these studies did not have any cases in that category; the participants who were not cases who would have been in that category were
included in the next highest category. The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study was excluded from the highest category of total vitamins A and E intake in both the proximal and the
distal colon cancer analyses. The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study was also excluded from the [ 250–600 mg/d category of total vitamin C intake in the proximal colon cancer
analyses, the [ 25–200 mg/d category of total vitamin E intake in the proximal colon cancer analyses, and the [ 200–250 mg/d category of total vitamin C intake in the distal colon cancer analyses. Both
the male and the female cohorts of the Netherlands Cohort Study were excluded from the highest category of total vitamins A, C, and E intake in both the proximal and distal colon cancer analyses. The
male cohort of the Netherlands Cohort Study was also excluded from the [2,000–2,500 and [2,500–4,000 lg/day categories of total vitamin A intake in the distal colon cancer analyses. The Women’s
Health Study was excluded from the highest category of total vitamin C intake in the proximal colon cancer analyses and of total vitamin A intake in the distal colon cancer analyses. The New York
University Women’s Health Study was excluded from the distal colon cancer analyses for total vitamin C intake and total vitamin E intake because the study had no cases in the reference category. Both the
male and the female cohorts of the New York State Cohort were excluded from the [25–200 mg/d category of total vitamin E intake in both the proximal and distal colon cancer analyses
c
For the highest category
d
Cases in proximal/distal colon

a

Case (n)
Proximal
Distal

Total vitamin E

Case (n)
Proximal
Distal

[1,500–2,000

p-value,
p-value, test
p-value, test
test for trend for between-studies for between-studies
c
heterogeneity
heterogeneity
due to sexc

580/414
347/235
270/183
405/326
192/150
0.96 (0.84–1.09) 0.96 (0.82–1.13) 0.94 (0.80–1.12) 0.85 (0.72–0.99) 0.87 (0.71–1.07) 0.02
0.84 (0.72–0.97) 0.80 (0.67–0.97) 0.82 (0.67–1.00) 0.85 (0.67–1.09) 0.83 (0.65–1.05) 0.15

B100 (mg/day) [100–150

Total vitamin C Categoriesb

Case (n)
Proximal
Distal

B1,000 (lg/day) [1,000–1,500

Total vitamin A Categoriesb

Table 4 Pooled multivariate relative risksa of colon cancer for categories of total vitamin A, C, and E intakes by tumor site
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Fig. 1 Study-specific and
pooled multivariate RRs
(adjusted for covariates listed in
Table 2 legend c) of colon
cancer in multivitamin users
versus nonusers. The squares
and horizontal lines correspond
to the study-specific
multivariate RR and 95% CIs,
respectively. The size of a
square reflects the studyspecific weight (inverse of the
variance), and the diamond
represents the pooled
multivariate RR and 95% CI.
The vertical dotted line
represents the pooled RR. The
abbreviations of the studies are
the same as in Table 1

ATBC
WHS
NLCS-M
NLCS-F
NYUWHS
NHSa
NYSC-F
NYSC-M
CPS II-F
BCDDP
CPS II-M
NHSb
HPFS
IWHS

1755
# of cases
(non-users/users)
41/ 3
25/ 13
379/ 14
341/ 12
49/ 47
114/ 48
107/ 89
221/ 85
218/124
226/123
332/129
255/162
252/191
548/235
Pooled RR=0.88 (95% CI: 0.81-0.96), p-value, test
for between-studies heterogeneity=0.17

Pooled
.10

1.00

5.00

Relative risk

folate intake. Vitamin C as an electron donor reduces
reactive radicals and iron. Vitamin E (a-tocopherol), which
acts as an antioxidant, breaks free radical chain reactions by
transferring a phenolic hydrogen to a free radical leaving a
less reactive a-tocopheroxy radical. The a-tocopheroxy
radical then may react with vitamin C to regenerate
a-tocopherol [53]. In this process, vitamin C acts as an
electron donor to spare vitamin E. Thus, vitamins C and E
may act jointly to have a beneficial effect on risk of colon
cancer.
We observed that the associations between total vitamin
C and E intake and risk of colon cancer were stronger in
the distal colon than in the proximal colon although the
differences were not statistically significant. The different
strength of the associations may be partially due to physiologic differences between the proximal and distal colon.
The proximal colon plays a major role in fermentation of
undigested substances such as dietary fiber, whereas the
distal colon is more involved in water absorption and
electrolyte transport [54]. It has also been suggested that
tumors in the proximal and distal colon might follow different molecular carcinogenic pathways [54].
Multivitamin use was associated with a significantly
lower risk of colon cancer in our study. One may argue that
multivitamin users may be more health conscious and have
a healthier lifestyle than nonusers, which may confound the
association observed between multivitamin use and risk of
colon cancer. In our analysis, we adjusted for several colon
cancer risk factors including lifestyle and other dietary
factors and observed no substantial confounding by these
factors. However, in most studies included in these analyses, information on colorectal cancer screening practices
and nonsteroidal anti-inflammatory drug use was lacking,
thus incomplete adjustment for healthy behaviors which

may be related to supplement use may result in our
observed associations being confounded.
In contrast to our findings, randomized clinical trials
have failed to confirm beneficial effects of antioxidant
vitamins on colorectal adenomas or cancer [16, 55].
However, the results of trials do not provide conclusive
evidence against the protective effect of antioxidant vitamins because of alternative explanations related to the
trials. The duration of the available trials has been relatively short, mostly 4–7 years, which may not be sufficiently long enough to observe preventive effects. In
addition, some trials used small adenomas as an endpoint.
If antioxidant vitamins play a role during the progression of
small to advanced adenomas or the progression of
advanced adenomas to invasive cancer, but not in the
development of adenomas, the beneficial effects of vitamins would not be detected in those trials.
We observed stronger associations with vitamins and
multivitamin use during the first 5 years of follow-up than
those observed after a 5-year lag. Because most studies did
not reassess diet during the follow-up, the different strength
of the associations observed during different follow-up
periods may partially be due to increasing misclassification
of vitamin intakes over time. In the Alpha-Tocopherol
Beta-Carotene Cancer Prevention Study trial, compared to
the nonvitamin E supplementation group, the vitamin E
supplementation group had a modestly lowered risk of
colorectal cancer during the approximately 6 years of the
trial (RR = 0.78, 95% CI: 0.55–1.09). However, this suggestive inverse association disappeared during the posttrial follow-up period (RR = 1.02, 95% CI: 0.70–1.47,
3–6 years after the end of the trial) [56]. The stronger
associations observed during the first 5 years of follow-up
rather than after a 5-year lag also suggest that vitamin
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intakes may not have long-term effects on colon cancer
risk. However, other studies have reported that past, but not
recent, long-term multivitamin supplement use was associated with a lower risk of colorectal cancer [19, 20].
In our study, information on duration and past use of
vitamin supplements at baseline was not available from
most studies. This may induce misclassification of intakes
of total vitamins A, C, and E because the reference group
may include former vitamin supplement users whose usual
intakes of vitamins A, C, and E may have been higher than
that measured at baseline. Also, we could not examine the
effect of duration of vitamin supplement use as has been
done in some studies that found the beneficial effect of
vitamin supplement use on colon cancer among only those
individuals who had used vitamin supplements for a long
duration [57, 58]. Selenium, which is another nutrient
important in the antioxidant system suggested to have a
protective effect on colon cancer risk [59], was not
investigated in our study due to a lack of reliable food
composition data for selenium.
Our study had several strengths. This study included
over 5,000 colon cancer cases from thirteen studies of
diverse populations, which provided a wide range of vitamin intakes and prevalence of vitamin supplement use.
Moreover, as opposed to meta-analyses of the published
literature, we were able to examine dose–response relationships in detail by reanalyzing the primary data from
each study and we were able to adjust for other colon
cancer risk factors by standardizing the format of the
covariates across studies. In addition, due to the large
sample size, we could examine whether associations with
specific vitamin intakes and vitamin supplement use were
modified by various factors.
In conclusion, we found null associations for dietary
vitamin A, C, and E intakes and total vitamin A intake and
inverse associations for total vitamin C and E intake and
multivitamin use. These associations were generally consistent across studies, between men and women, and across
subsites of the colon. Separating the effect of each vitamin
from the effect of multivitamins containing folate and other
vitamins which may protect against colon cancer was
challenging. Although we made an effort to separate the
effect of each vitamin independent from that of multivitamins in the categorical analyses and in analyses of vitamin supplement use, moderate to high correlations among
these vitamins made it difficult to separate completely the
effect of each vitamin on risk of colon cancer. As reported
in our accompanying article [60], high folate intake, mostly
from multivitamin supplements, was associated with a
lower risk of colon cancer. Because modest inverse associations with vitamins C and E and multivitamin use were
similar to that with folate, we cannot rule out the possibility
that the apparent protective effects of total vitamin C and E
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intakes and of multivitamin supplement use against colon
cancer were due to their positive correlations with total
folate intake or intakes of other vitamins present in multivitamins such as vitamin B6.
Financial support The study was funded by research grants
CA55075 from the National Institutes of Health and the National
Colorectal Cancer Research Alliance of the Entertainment Industry
Foundation.
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