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Context Inconsistent findings from observational studies have continued the con-
troversy over the effects of dietary fiber on colorectal cancer.

Objective To evaluate the association between dietary fiber intake and risk of co-
lorectal cancer.

Design, Setting, and Participants From 13 prospective cohort studies included
in the Pooling Project of Prospective Studies of Diet and Cancer, 725628 men and
women were followed up for 6 to 20 years across studies. Study- and sex-specific rela-
tive risks (RRs) were estimated with the Cox proportional hazards model and were
subsequently pooled using a random-effects model.

Main Outcome Measure Incident colorectal cancer.

Results During 6 to 20 years of follow-up across studies, 8081 colorectal cancer cases
were identified. For comparison of the highest vs lowest study- and sex-specific quin-
tile of dietary fiber intake, a significant inverse association was found in the age-
adjusted model (pooled RR=0.84; 95% confidence interval [Cl], 0.77-0.92). How-
ever, the association was attenuated and no longer statistically significant after adjusting
for other risk factors (pooled multivariate RR=0.94; 95% Cl, 0.86-1.03). In categori-
cal analyses compared with dietary fiber intake of 10 to <15 g/d, the pooled multi-
variate RR was 1.18 (95% ClI, 1.05-1.31) for less than 10 g/d (11% of the overall
study population); and RR, 1.00 (95% Cl, 0.85-1.17) for 30 or more g/d. Fiber intake
from cereals, fruits, and vegetables was not associated with risk of colorectal cancer.
The pooled multivariate RRs comparing the highest vs lowest study- and sex-specific
quintile of dietary fiber intake were 1.00 (95% Cl, 0.90-1.11) for colon cancer and
0.85 (95% Cl, 0.72-1.01) for rectal cancer (P for common effects by tumor site=.07).

Conclusions In this large pooled analysis, dietary fiber intake was inversely associ-
ated with risk of colorectal cancer in age-adjusted analyses. However, after account-
ing for other dietary risk factors, high dietary fiber intake was not associated with a
reduced risk of colorectal cancer.
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pothesized to reduce the risk

of colorectal cancer. Poten-

tial mechanisms for a pro-
tective effect include dilution of fecal
carcinogens and procarcinogens, re-
duction of transit time of feces through
the bowel, production of short chain
fatty acids, which promote anticarcino-
genic action, and binding of carcino-
genic bile acids.! However, the results

have been inconsistent. Ecological cor-
relation studies and many case-
control studies have found an inverse
association between dietary fiber in-
take and risk of colorectal cancer.? On
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the other hand, most prospective co-
hort studies have found no associa-
tion between dietary fiber intake and
risk of colorectal cancer®” or adeno-
mas (precursors of colorectal can-
cer),® and randomized clinical trials of
dietary fiber supplementation have
failed to show reductions in the recur-
rence of colorectal adenomas.’'? Re-
cently, the European Prospective In-
vestigation into Cancer and Nutrition
(EPIC) study and the Prostate, Lung,
Colorectal, and Ovarian Cancer Screen-
ing Trial observed a statistically signifi-
cant 25% lower risk of colorectal can-
cer®!* or adenomas,' respectively, in
the highest quintile of dietary fiber in-
take compared with the lowest. Be-
cause of these discordant results, the de-
bate continues on whether dietary fiber
consumption decreases colorectal can-
cer risk. In this study, we evaluated the
association between dietary fiber in-
take and risk of colorectal cancer by re-
analyzing the primary data from 13 pro-
spective cohort studies.

METHODS
Study Population

The Pooling Project of Prospective
Studies of Diet and Cancer (Pooling
Project) was established to summa-
rize the association between dietary fac-
tors and risk of cancers, and the de-
tails of the Pooling Project have been
described previously.'® For the colo-
rectal cancer analyses, we identified 13
prospective cohort studies®**!'"?> that
met the following inclusion criteria: (1)
at least 50 incident colorectal cancer
cases; (2) assessment of usual dietary
intake; (3) completion of a validation
study of the dietary assessment method
or a closely related instrument; and (4)
assessment of dietary fiber intake. Stud-
ies including men and women®'$'° were
separated into sex-specific cohorts.

Dietary and Nondietary
Assessment

Each study provided baseline intake
data of foods and nutrients that were
assessed by a study-specific food fre-
quency questionnaire. We calculated
energy-adjusted intakes using the re-
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sidual method,* in which log, trans-
formed intake of each nutrient (exclud-
ing energy) was regressed against log,
transformed energy intake and then
standardized to energy intakes of 2100
kcal/d for men and 1600 kcal/d for
women. Pearson correlation coeffi-
cients between dietary fiber intake from
the food frequency questionnaire and
the reference method in the validation
studies were higher than 0.50 in all
studies.””*® Grain foods were catego-
rized as either whole grain foods (>50%
whole grain content) or refined grain
foods (=50% whole grain content).’”
We also received information on non-
dietary risk factors, which was col-
lected by self-administered question-
naires at baseline in each study.

Case Ascertainment
Incident colorectal cancer cases were

identified by each cohort through self-
administered questionnaires with sub-
sequent medical record review,*?**%
linkage with a cancer registry,*'"?! or
both.>**** Some studies also had an ad-
ditional linkage with a death regis-
try F617:1921-4 The follow-up rate of these
studies was generally over 90%.

Statistical Analysis

In addition to applying the exclusion-
ary criteria used by each study, we also
excluded individuals from the analy-
ses who had a history of cancer other
than nonmelanoma skin cancer at base-
line and who reported implausible en-
ergy intakes (beyond 3 SDs from the
study-specific log.-transformed mean
energy intake).

Data analyses comprised study- and
sex-specific analyses and subsequent
pooled analyses of the study-specific re-
sults. Study- and sex-specific relative
risks (RRs) and 2-sided 95% confi-
dence intervals (Cls) were estimated
with the Cox proportional hazards
model.>® SAS statistical software (ver-
sion 8, SAS Institute Inc, Cary, NC)*
was used for all studies except the Ca-
nadian National Breast Screening Study
and the Netherlands Cohort Study,
which were analyzed as case-cohort
studies™ using Epicure software (ver-

sion 2.11, HiroSoft International Corp,
Seattle, Wash).*! Age at baseline (in
years) and the year when the baseline
questionnaire was returned were used
as stratification variables, thereby cre-
ating a time metric that simulta-
neously accounted for age, calendar
time, and time after entry into the study.
Person-years of follow-up time were cal-
culated from the date of the baseline
questionnaire until the date of colorec-
tal cancer diagnosis, death, or end of
follow-up, whichever came first. The
person-time experienced during the fol-
low-up of the Nurses’ Health Study was
divided into 2 asymptotically uncorre-
lated segments* to take advantage of
the more detailed dietary assessment in
1986. The RRs of colorectal cancer were
estimated according to study-specific
quintiles, as well as to categories de-
fined by absolute intake cut points that
were identical across studies. We per-
formed study- and sex-specific age-
adjusted and multivariate analyses. The
proportion of missing values for each
covariate measured in a study was gen-
erally less than 5%; an indicator vari-
able for missing responses was cre-
ated for each covariate in a study if
needed. The test for trend across cat-
egories of intake was performed by as-
signing participants the median value
of their category and entering those val-
ues as a continuous term in a regres-
sion model.

The pooled estimates and 95% Cls
were calculated using a random-effects
model that weighted individual study-
specific log. RRs by the inverse of the
sum of their variance. Between-studies
heterogeneity was tested by the Q sta-
tistic.® Differences in results among tu-
mor sites were tested by the Wald test
statistic.” A meta-regression model was
used to test for variation in RRs by sex,
geographical location of the study, and
follow-up time.*

In addition, we evaluated whether di-
etary fiber intake was log-linearly asso-
ciated with risk of colorectal cancer by
comparing the nonparametric regres-
sion curve obtained using restricted cu-
bic splines with the linear model using
the likelihood ratio test and by visual in-
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spection of the restricted cubic spline
graphs.*® For this analysis, all studies
were combined into a single data set
stratified by study, and the number and
location of the knots were identified
through a stepwise selection process.

The effect of misclassification of di-
etary fiber intake was evaluated by the
method developed by Zucker and
Spiegelman.*

RESULTS

During follow-up times of 6 to 20 years
in 13 cohort studies, 7 328 414 person-
years were accumulated and 8081 in-
cident colorectal cancer cases were
identified (2776 men and 5305 wom-
en; 5726 colon cancer and 2188 rectal
cancer cases plus 167 site unspeci-
fied). Among the studies, median en-
ergy-adjusted dietary fiber intake
ranged from 14 to 28 g/d in men and
from 13 to 24 g/d in women. The ma-

DIETARY FIBER AND COLORECTAL CANCER RISK

jor source of dietary fiber varied across
studies with cereals as a major con-
tributor to dietary fiber intake in the Eu-
ropean studies, and fruits and veg-
etables as the main sources in the North
American studies (TABLE 1).

In the age-adjusted model, dietary fi-
ber intake was significantly associated
with a 16% lower risk of colorectal can-
cer in the highest quintile compared with
the lowest (pooled age-adjusted
RR=0.84;95% CI,0.77-0.92) (TABLE 2).
This association was attenuated slightly
but still remained statistically signifi-
cant after adjusting for nondietary risk
factors, multivitamin use, and total en-
ergy intake (multivariate model I). Ad-
ditional adjustment for dietary folate in-
take further weakened the association
(multivariate model II). In the final
model, which further adjusted for red
meat, total milk, and alcohol intake, only
a nonsignificant weak inverse associa-

tion was found (pooled RR=0.94; 95%
CI, 0.86-1.03; P for trend=.75; multi-
variate model III). There was no statis-
tically significant heterogeneity be-
tween studies for the highest quintile
indicating that the differences in the
study-specific results were compatible
with random variation (FIGURE 1).
When we combined the studies into a
single data set and analyzed associa-
tions using across-study sex-specific
quintiles and adjusted for the same co-
variates in multivariate model III, the
results were similar: compared with the
lowest quintile (mean intake=11 g/d in
men and 10 g/d in women), for quin-
tile 2 (multivariate RR, 0.91; 95% CI,
0.84-0.99); for quintile 3 (multivari-
ate RR, 0.98; 95% CI, 0.89-1.07); for
quintile 4 (multivariate RR, 0.95; 95%
CI, 0.86-1.04); and for quintile 5 (mul-
tivariate RR, 0.95; 95% CI, 0.86-1.06,
mean intake=31 g/d in men and 25 g/d

]
Table 1. Description of Studies in the Analyses of Dietary Fiber and Colorectal Cancer in the Pooling Project

Median (10th-90th Percentile)

Colorectal Fiber Intake From, g/d
Follow-up Baseline Cancer Dietary Fiber I 1
Study Time Cohort, No. Cases, No. Intake, g/d* Cereals Fruits Vegetables
Men
Alpha-Tocopherol Beta-Carotene 1985-1999 26987 321 19 (13-27) 12 (7-20) 2 (1-4) 4 (2-6)
Cancer Prevention Study (ATBC)
Cancer Prevention Study Il Nutrition 1992-1999 66 090 720 14 (9-22) 5(3-9) 3(1-6) 5(3-9)
Cohort (CPS2)
Health Professionals Follow-Up Study 1986-2000 47766 597 21 (14-31) 5(3-11) 4 (1-9) 7 (4-12)
(HPFS)
Netherlands Cohort Study (NLCS) 1986-1993 58279 646 27 (20-38) 11 (6-19) 3(1-6) 4(2-7)
New York State Cohort (NYSC) 1980-1987 30363 492 28 (20-39) 6 (5-7) 6 (2-12) 14 (9-22)
Women
Breast Cancer Detection Demonstration 1987-1998 41987 436 13 (8-21) 5(2-9) 3(1-7) 3 (2-6)
Project Follow-up Study (BCDDP)
Canadian National Breast Screening 1980-2000 49613 612 16 (10-24) 3 (2-5) 6 (4-11) 3(1-7)
Study (CNBSS)
Cancer Prevention Study Il Nutrition 1992-1999 74053 479 13 (8-19) 4 (2-8) 3(1-6) 4 (2-8)
Cohort (CPS2)
lowa Women'’s Health Study (IWHS) 1986-2001 34588 1010 18 (12-26) 4 (2-8) 4 (2-8) 7 (4-11)
Netherlands Cohort Study (NLCS) 1986-1993 62573 501 24 (18-32) 9 (5-15) 4 (2-7) 4 (2-7)
New York State Cohort (NYSC) 1980-1987 22550 296 24 (17-33) 5 (4-6) 5(2-10) 11 (7-18)
New York University Women’s Health 1985-1998 13258 127 14 (8-22) 3 (2-7) 4 (1-8) 5 (2-10)
Study (NYUWHS)
Nurses’ Health Study (a) (NHSa) 1980-1986 88651 220 13 (8-20) 2(1-4) 4(1-8 4 (2-8)
Nurses’ Health Study (b) (NHSb)T 1986-2000 68502 648 17 (12-24) 4(2-7) 4(1-8) 6 (3-10)
Prospective Study on Hormones, Diet, 1989-2001 9027 61 18 (13-23) 8 (5-11) 5(2-9 3 (2-6)
and Breast Cancer (ORDET)
Swedish Mammography Cohort (SMC) 1987-2003 61459 714 20 (14-27) 13 (7-19) (1-7 1(1-3)
Women’s Health Study (WHS) 1993-2002 38384 201 17 (12-25) 4 (2-6) 3(1-7 6 (3-10)
Total 725628 8081

*Median and 10th-90th percentile intake.

TThe NHSb is a subset of the NHSa and is not included in the total baseline cohort.
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]
Table 2. Pooled Relative Risks of Colorectal Cancer for Quintiles of Dietary Fiber Intake

P Value
P Value for P Value
for Between- for
Quintile* P Value Between- Studies Common
[ 1 for Studies Heterogeneity  Effects by
1 2 3 4 5 Trend Heterogeneityt Dueto Sext  Tumor Sitet
Colorectal cancer
(n =8081)
Age-adjusted  1.00 0.90 (0.84-0.97) 0.86 (0.79-0.94) 0.90 (0.84-0.97) 0.84 (0.77-0.92) .002 14 .66
Multivariate I+ 1.00 0.91 (0.85-0.98) 0.88 (0.82-0.95) 0.93 (0.87-1.00) 0.88 (0.82-0.95) .01 .38 .92
Multivariate 1§ 1.00 0.92 (0.85-0.99) 0.90 (0.83-0.97) 0.96 (0.88-1.04) 0.92 (0.84-1.01) .38 .31 .98
Multivariate Ill]]  1.00 0.93 (0.86-1.00) 0.91 (0.84-0.98) 0.97 (0.90-1.05) 0.94 (0.86-1.03) .75 45 74
Colon cancer
(n=5726)
Age-adjusted  1.00 0.91(0.83-0.99) 0.86 (0.78-0.95) 0.91(0.84-0.99) 0.87 (0.79-0.95) .03 .31 7
Multivariate Il 1.00 0.94 (0.86-1.03) 0.92 (0.83-1.02) 1.00 (0.91-1.10) 1.00 (0.90-1.11) .40 .70 .83
Rectal cancer
(n=2188)
Age-adjusted  1.00 0.91(0.80-1.04) 0.86 (0.75-0.98) 0.89 (0.77-1.01) 0.81(0.71-0.93) .03 A7 .81 44
Multivariate Ill]]  1.00 0.93 (0.81-1.07) 0.89 (0.77-1.03) 0.93 (0.80-1.09) 0.85 (0.72-1.01) 18 52 .66 .07

*The quintiles were defined within each individual study using the subcohort for the 2 case-cohort studies (the Canadian National Breast Screening Study and the Netherlands Cohort
Study) and the baseline cohort for the remaining studies.

FFor quintile 5.

FAdjusted for age; body mass index (calculated as weight in kilograms divided by the square of height in meters) (<23, 23-<25, 25-<30, =30; height (men: <1.70, 1.70-<1.75,
1.75-<1.80, 1.80-<1.85, =1.85 m; women: <1.60, 1.60-<1.65, 1.65-<1.70, 1.70-<1.75, =1.75 m); education (<high school graduate, high school graduate,>high school gradu-
ate); physical activity (low, medium, high); family history of colorectal cancer (no, yes); use of postmenopausal hormone therapy (premenopausal, never, ever); oral contraceptive use
(never, ever); use of nonsteroidal anti-inflammatory drugs (no, yes); multivitamin use (no, yes <6 times/wk, yes =6 times/wk, yes missing dose for the Breast Cancer Detection
Demonstration Project Follow-up Study, Health Professionals Follow-up Study, lowa Women'’s Health Study, Nurses’ Health Study [a and b], and Women'’s Health Study; no, yes,
for the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study, Cancer Prevention Study Il Nutrition Cohort, Netherlands Cohort Study, and New York State Cohort); smoking
habits (never, past [<20 y, 20-<40y, =40 y], current [<25 cigarettes/d and <40y, <25 cigarettes/d and =40y, =25 cigarettes/d and <40y, =25 cigarettes/d and =40 y]); and
total energy (continuous).

§Multivariate | + intake of dietary folate (quintiles).

[Multivariate Il + intake of red meat (quintiles), total milk (quartiles), and alcohol (0, >0-<5, 5-<15, 15-<30, =30 g/d).

inwomen). The association between di-
etary fiber intake and risk of colorec-
tal cancer was not significantly modi-

Figure 1. Study-Specific and Pooled Multivariate Relative Risks (RRs) of Colorectal Cancer
Comparing the Highest vs the Lowest Quintile of Dietary Fiber Intake

Source ‘ fied by sex or age at diagnosis;
NHSa . — compared with the lowest quintile the
A\’T\’ss 4.—\Lj pooled multivariate RR for the highest

- .. i quintile was 0.96 (95% CI, 0.82-1.13)
NLCS-w = e for men; 0.93 (95% CI, 0.83-1.04) for
HPFS 4._}* women; (P for between-studies hetero-
BCDDP — e geneity due to sex=.74); 0.96 (95% CI,
NHSb 47 0.82-1.12) for cases diagnosed in pa-
NYSC-w tients younger than age 65 years (3048
oreen + cases); and 0.92 (95% CI, 0.79-1.06) for
WHS . patients diagnosed at age 65 years and

CNBSS older (5033 cases). We also found no

sMC Jfl— statistically significant differences in the

NLCS-m — - association between dietary fiber in-

NYSC-m e take and colorectal cancer risk by body

ORDET [ " mass index (calculated as weight in ki-

Pooled RR (95% Ci) - 094086109 lograms divided by the square of height
‘ ‘ ‘ — in meters), smoking, alcohol consump-

0.2 0.5 1.0 2.0 7.0

tion, and red meat intake (data not
RR (95% Confidence Interval)

shown). In addition, the results were
The squares and horizontal lines correspond with the multivariate study-specific relative risks (RRs) and 95 % similar in European and North Ameri-
confidence intervals (Cls), for the highest quintile of dietary fiber intake compared with the lowest. The rela- foc -

tive risks were adjusted for the covariates listed in multivariate model 11l in Table 2. The size of a square reflects ,Can studles. the Poqled multivariate RR
the study-specific weight (inverse of the variance), and the diamond represents the pooled relative risk and 111 the hlgh€St qumtlle vs the lowest was
95% confidence interval. The vertical dashed line represents the pooled relative risk. The abbreviations of the () 99 (95% CI, 0.80-1.23) for the Fu-

studies are isted In Table 1. ropean studies and 0.92 (95% CI, 0.83-
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1.02) for the North American studies
(P for difference=.45).

To examine whether the associa-
tion between dietary fiber intake and
risk of colorectal cancer was modified
by length of follow-up, we performed
separate analyses for cases diagnosed
within the first 5 years of follow-up and
for cases diagnosed at least 5 years af-
ter their baseline assessment. When fol-
low-up time was limited to only the first
5 years, there was a suggestion of an in-
verse association (pooled multivariate
RR=0.87; 95% CI, 0.76-1.00 in the
highest quintile vs the lowest; 3257
cases). However, after a 5-year latency
period between the baseline diet as-
sessment and outcome ascertainment,
no association was observed (pooled
multivariate RR=1.00; 95% CI, 0.89-
1.12 in the highest quintile vs the low-
est; 4824 cases).

In categorical analyses using identi-
cal absolute intake cut points across

DIETARY FIBER AND COLORECTAL CANCER RISK

studies, the pooled age-adjusted RR was
0.90 (95% CI,0.75-1.08) and the pooled
multivariate RR was 1.00 (95% CI, 0.85-
1.17) (TABLE 3) for comparisons of di-
etary fiber intake of 30 or more g/d vs
10 to less than 15 g/d. However, the
pooled multivariate RR was signifi-
cantly elevated (RR=1.18;95% CI, 1.05-
1.31) among individuals with dietary fi-
ber intake less than 10 g/d (11% of the
overall study population) compared with
10 to less than 15 g/d. Because the as-
sociation between dietary fiber intake
and risk of colorectal cancer was non-
linear, we calculated measurement er-
ror corrected RRs for comparisons of less
than 10 g/d vs 10 or more g/d. For this
comparison, the strongest confounder
was smoking status. Among the stud-
ies that had colorectal cancer cases with
dietary fiber intake of less than 10 g/d,
measured smoking status, and had a suf-
ficient range of dietary fiber intake in
their validation study to perform the mis-

classification analysis, correction for mis-
classification of dietary fiber intake
strengthened the association: the pooled
age and smoking adjusted RR compar-
ing less than 10 g/d vs 10 or more g/d
of dietary fiber intake changed from 1.22
(95% CI, 1.10-1.35) to 2.16 (95% CI,
1.12-4.16) after correction for measure-
ment error.

The nonparametric regression curve
obtained after combining all studies into
asingle data set showed a pattern simi-
lar to the categorical analyses in which
study-specific RRs were pooled
(FIGURE 2): the multivariate RR de-
clined with increasing dietary fiber in-
take up to about 15 g/d, but then flat-
tened out (P for nonlinearity=.05).

There was a suggestion that the as-
sociation with dietary fiber intake dif-
fered by tumor site (P for common ef-
fects by tumor site for the highest
quintile=.07) (Table 2). Comparing the
highest vs lowest quintile of intake, a

]
Table 3. Pooled Relative Risks of Colorectal Cancer for Categories of Dietary Fiber Intake

P Value
P Value for
for Between-
Dietary Fiber Intake, g/d P Value Between- Studies
[ 1 for Studies Heterogeneity
<10 10-<15 15-<20 20-<25 25-<30 =30 Trend Heterogeneity* Due to Sex*

Colorectal cancert

No. of cases 609 1681 2263 1740 1001 785

Person-years 513317 1591322 1870758 1183334 514142 313572

Age-adjusted  1.27 (1.15-1.40) 1.00 0.99 (0.93-1.06) 0.95 (0.87-1.03) 0.90 (0.80-1.01) 0.90 (0.75-1.08) 18 15 .05

Multivariatet 1.18(1.05-1.31) 1.00 1.02 (0.95-1.10) 1.01(0.92-1.10) 0.99 (0.87-1.12) 1.00 (0.85-1.17) .68 54 22
Colon cancert

No. of cases 430 1203 1620 1223 711 537

Person-years 513311 1591290 1870713 1183264 514073 313513

Age-adjusted  1.24 (1.11-1.40)  1.00  1.00(0.92-1.08) 0.94 (0.85-1.04) 0.94 (0.83-1.07) 0.90 (0.73-1.12) .44 18 02

Multivariatet 1.17 (1.03-1.34) 1.00 1.04 (0.95-1.13) 1.03(0.93-1.15) 1.08 (0.93-1.25) 1.04 (0.86-1.26) A7 .83 10
Rectal cancer§ <10 10-<15 15-<20 20-<25 =25

No. of cases 159 427 576 452 417

Person-years 505039 1589654 1853445 1141533 672692

Age-adjusted  1.35(1.11-1.64) 1.00 0.98 (0.84-1.14) 0.96 (0.78-1.18) 0.85 (0.70-1.04) A7 77 .58

Multivariatet 1.18(0.82-1.68) 1.00 1.00 (0.86-1.17) 0.96 (0.80-1.15) 0.87 (0.68-1.09) 27 .67 77

*For the highest category.

TFor the colorectal and colon cancer analyses, the Netherlands Cohort Study and the New York State Cohort were excluded from the <10 g/d category because these studies did not
have any cases in that category; ORDET was excluded from the =30 g/d category because this study did not have any cases in that category.

TAdjusted for age; body mass index (calculated as weight in kilograms divided by the square of height in meters) (<23, 23-<25, 25-<30, =30; height (men: <1.70, 1.70-<1.75, 1.75-
<1.80, 1.80-<1.85, =1.85 m; women: <1.60, 1.60-<1.65, 1.65-<1.70, 1.70-<1.75, =1.75 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 postmenopausal hormone therapy (premenopausal, never, ever); oral contraceptive use (never,
ever); use of nonsteroidal anti-inflammatory drugs (no, yes); multivitamin use (no, yes <6 times/wk, yes =6 times/wk, yes missing dose for the Breast Cancer Detection Demonstration
Project Follow-up Study, Health Professionals Follow-up Study, lowa Women’s Health Study, Nurses’ Health Study [a and b], and Women'’s Health Study; no, yes, for the Alpha-
Tocopherol Beta-Carotene Cancer Prevention Study, Cancer Prevention Study Il Nutrition Cohort, Netherlands Cohort Study, and New York State Cohort); smoking habits (never, past
[<20y, 20-<40y, =40y}, current [<25 cigarettes/d and <40y, <25 cigarettes/d and =40y, =25 cigarettes/d and <40y, =25 cigarettes/d and =40 y]; alcohol (0 g/d, >0-<5 g/d,
5-<15 g/d, 15-<30 g/d, =30 g/d); dietary intake of folate (quintiles), red meat (quintiles), total milk (quartiles), and total energy (continuous).

§For the rectal cancer analyses, the highest category of dietary fiber intake is defined as =25 g/d due to small numbers of cases with higher intakes. For the rectal cancer analyses, the
Netherlands Cohort Study, New York State Cohort, and ORDET were excluded from the <10 g/d category because these studies did not have any cases in that category; the Cancer
Prevention Study Il Nutrition Cohort was excluded from the =25 g/d category because this study did not have any cases in that category; and the male cohort of the New York State
Cohort was excluded from the rectal cancer analyses because this study had no cases in the reference group.
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null association was found for colon
cancer (pooled multivariate RR=1.00;
95% CI,0.90-1.11), whereas a border-
line-significant, weak inverse associa-
tion was found for rectal cancer (pooled
multivariate RR=0.85; 95% CI, 0.72-
1.01). Further analyses of proximal co-
lon cancer (pooled multivariate
RR=1.05;95% CI, 0.91-1.21) and dis-
tal colon cancer separately (pooled mul-
tivariate RR=0.96; 95% CI, 0.80-1.14)
showed no statistically significant as-
sociation (P for common effects by tu-
mor site for the highest quintile=.24).

In analyses of the sources of dietary
fiber, fiber intakes from cereals and
fruits were each associated with ap-

]
Figure 2. Nonparametric Regression Curve
for the Association Between Dietary Fiber
Intake and Risk of Colorectal Cancer
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proximately a 10% reduction in risk of
colorectal cancer in the age-adjusted
model comparing the highest quintile
with the lowest (TABLE 4). However, af-
ter adjustment for potential colorectal
cancer risk factors, the associations were
attenuated and not statistically signifi-
cant (pooled multivariate RR=1.00;
95% CI, 0.93-1.08 for fiber from cere-
als; pooled multivariate RR=0.96;95%
CI, 0.89-1.04 for fiber from fruits in the
highest quintile vs the lowest). Di-
etary fiber from vegetables was not as-
sociated with risk of colorectal cancer
in both the age-adjusted and multivar-
iate models. When associations with
specific sources of dietary fiber were ex-
amined by tumor site, we found that the
associations with fiber intake from ce-
reals were significantly different be-
tween colon and rectal cancer (P for
common effect by tumor site for the
highest quintile=.05), even though nei-
ther association was statistically sig-
nificant. Comparing the highest vs the
lowest quintile for fiber intake from ce-
reals, the pooled multivariate RR was
0.91 (95% CI, 0.78-1.06, P for
trend=.20) for rectal cancer, and 1.03
(95% CI, 0.94-1.13, P for trend=.90)
for colon cancer. For fiber intake from
fruits and from vegetables, no signifi-

cant differences by tumor site were ob-
served (data not shown).

Intakes of whole grain and refined
grain food were each not statistically as-
sociated with risk of colorectal can-
cer: the pooled multivariate RR in the
highest quintile vs the lowest were 0.92
(95% CI, 0.84-1.00, P for trend=.21)
for whole grain food and 1.01 (95% CI,
0.91-1.13, P for trend=.94) for re-
fined grain food. Although the results
did not significantly differ by tumor site
for both whole and refined grain food
intake, there was a suggestion that
whole grain food intake was inversely
associated with risk of rectal cancer
(pooled multivariate RR=0.81; 95% CI,
0.65-1.00 in the highest quintile vs the
lowest, P for trend=.07). In the analy-
ses of grain foods, if dietary folate in-
take was not included as a covariate, the
results did not change.

COMMENT

In this pooled analysis of 13 prospec-
tive cohort studies, we observed a sta-
tistically significant inverse associa-
tion between dietary fiber intake and
risk of colorectal cancer in the age-
adjusted model. However, the overall
association was attenuated and no
longer statistically significant after ad-

- ______________________________________________________________________________________________]
Table 4. Pooled Relative Risks of Colorectal Cancer by Sources of Dietary Fiber Intake

P Value
P Value for
o for Between-
Quintile* P Value Between- Studies
[ 1 for Studies Heterogeneity
Fiber Source 1 2 3 4 5 Trend Heterogeneityt Due to Sext
Cereals
Age-adjusted  1.00 0.94 (0.87-1.02)  0.94 (0.87-1.01)  0.93(0.86-1.00)  0.90 (0.83-0.97) .001 .20 23
Multivariatet 1.00 0.97(0.90-1.05 1.00(0.93-1.08) 1.01(0.94-1.09)  1.00 (0.93-1.08) 57 71 53
Fruits
Age-adjusted  1.00  0.96 (0.90-1.03)  0.90 (0.84-0.97)  0.90(0.83-0.96)  0.88 (0.81-0.96) .004 .23 55
Multivariates 1.00 0.99(0.92-1.07) 0.95(0.88-1.02 0.96 (0.89-1.03)  0.96 (0.89-1.04) .30 .75 15
Vegetables
Age-adjusted  1.00 0.97 (0.88-1.06)  0.92(0.84-1.00)  0.91 (0.84-0.99)  0.97 (0.90-1.05) .39 24 .66
Multivariatet 1.00 0.98(0.90-1.07) 0.95(0.87-1.02) 0.95(0.87-1.03)  1.02 (0.94-1.11) .58 71 .75

*The quintiles were defined within each individual study using the subcohort for the 2 case-cohort studies (the Canadian National Breast Screening Study and the Netherlands Cohort
Study) and the baseline cohort for the remaining studies.

TFor highest quintile.

FAdjusted for age; body mass index (calculated as weight in kilograms divided by the square of height in meters) (<23, 23-<25, 25-<30, =30; height (men: <1.70, 1.70-<1.75, 1.75-
<1.80, 1.80-<1.85, =1.85 m; women: <1.60, 1.60-<1.65, 1.65-<1.70, 1.70-<1.75, =1.75 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 postmenopausal hormone therapy (premenopausal, never, ever); oral contraceptive use (never,
ever); use of nonsteroidal anti-inflammatory drugs (no, yes); and multivitamin use (no, yes <6 times/wk, yes =6 times/wk, yes missing dose for the Breast Cancer Detection Demon-
stration Project Follow-up Study, Health Professionals Follow-up Study, lowa Women'’s Health Study, Nurses’ Health Study [a and b], and Women’s Health Study) no, yes, for the
Alpha-Tocopherol Beta Carotene Cancer Prevention Study, Cancer Prevention Study Il Nutrition Cohort, Netherlands Cohort Study, and New York State Cohort); smoking habits
(never, past [<20y, 20-<40y, =40y], current [<25 cigarettes/d and <40y, <25 cigarettes/d and =40y, =25 cigarettes/d and <40y, =25 cigarettes/d and =40 y)); alcohol (0 g/d,
>0-<5 g/d, 5-<15 g/d, 15-<30 g/d, =30 g/d); dietary intake of folate (quintiles), red meat (quintiles), total milk (quartiles), and total energy (continuous).
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justing for other colorectal cancer risk
factors. When intakes of dietary fiber
were examined separately by specific
food sources, none were associated with
risk of colorectal cancer. However, there
was a suggestion that intake of dietary
fiber from cereals and intake of di-
etary fiber from whole grain foods were
both associated with a weak reduction
in risk of rectal cancer.

The association between dietary fi-
ber intake and risk of colorectal can-
cer has been inconsistent among ob-
servational studies and several factors
may explain the disparity: potential bi-
ases in each study, the failure to ad-
just for covariates in the multivariate
models, and the range of dietary fiber
intake. Inconsistent results also have
been reported from randomized clini-
cal trials of dietary fiber supplementa-
tion on the recurrence of colorectal ad-
enomas (precursors of colorectal
cancer); most trials have found no re-
duced risk of adenoma recurrence with
dietary fiber supplementation com-
pared with placebo,’!? but one trial
found a significantly increased risk of
adenoma recurrence in the psyllium
supplementation group.*

A statistically significant reduction in
risk of colorectal cancer with higher di-
etary fiber intake has been observed in
most case-control studies.* However,
case-control studies are prone to re-
call bias because dietary assessments are
obtained after cancer diagnosis and
also are prone to selection bias be-
cause control participants who partici-
pate are likely to be particularly health-
conscious. In addition, publication bias
may contribute to the accumulation of
literature with significant findings. On
the other hand, the Pooling Project is
less susceptible to these biases be-
cause diet was assessed prior to diag-
nosis and the studies were not re-
quired to have published on the
association between dietary fiber in-
take and risk of colorectal cancer.

The etiology of colorectal cancer has
been studied extensively during the past
few decades leading to the identifica-
tion of many risk factors for colorectal
cancer. Because earlier case-control
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studies did not adjust for recently iden-
tified colorectal cancer risk factors, re-
ported associations with dietary fiber
may have been confounded by factors
for which no adjustment was made in
the multivariate models. The different
results observed among recent studies
also may be explained, in part, by the
selection of the covariates that were in-
cluded in the multivariate models. Re-
cently the EPIC study, a multicenter
prospective cohort study with 10 Eu-
ropean countries (n=519978; 1721
cases), found a statistically significant
30% lower risk of colorectal cancer in
the multivariate model adjusted for age,
sex, weight, height, nonfat energy, en-
ergy from fat, and center (RR=0.70;
95% CI, 0.58-0.85 in the highest quin-
tile vs the lowest)."*> Additional adjust-
ment for folate intake did not change
the result (RR=0.68; 95% CI, 0.55-
0.84), but noticeable attenuation was
observed (RR=0.79; 95% CI, 0.63-
0.99) after adjusting for other risk fac-
tors such as education, physical activ-
ity, alcohol, smoking, and red meat
intake. In the Pooling Project, the in-
verse association observed between di-
etary fiber intake and risk of colorec-
tal cancer in the age-adjusted model
(RR=0.84;95% CI,0.77-0.92) (Table 2)
was attenuated after adjusting for age,
nondietary risk factors, multivitamin
use, and energy intake, but remained
statistically significant (pooled multi-
variate RR=0.88; 95% CI, 0.82-0.95)
(Table 2, multivariate model I). How-
ever, further attenuation occurred af-
ter adjusting for dietary folate intake
(pooled multivariate RR=0.92;95% ClI,
0.84-1.01) (Table 2, multivariate model
1I), but no observable attenuation was
observed after adjusting for other di-
etary factors such as consumption of red
meat, total milk, and alcohol intake
(pooled multivariate RR=0.94;95% CI,
0.86-1.03) (Table 2, multivariate model
I1D). In our study, intake of folate was
positively correlated with intake of di-
etary fiber, while intakes of red meat
and total milk were inversely corre-
lated with intake of dietary fiber, but
the strength of correlations varied across
studies. Intake of alcohol was posi-

tively correlated with intake of dietary
fiber in some studies, but showed an in-
verse correlation in other studies. Be-
cause the degree of confounding by
other risk factors of colorectal cancer
may vary depending on characteris-
tics of a study population, thorough ex-
amination for selection of covariates to
be included in a multivariate model is
needed.

The range of dietary fiber intake re-
ported within a study may be another
factor that has contributed to different
findings among studies. If the range of
intake of a nutrient in a study is very
narrow, a null association may be more
likely observed. However, lack of varia-
tion in dietary fiber intake is unlikely
to have accounted for the null associa-
tion we found. In our analyses, the
study-specific mean energy-adjusted di-
etary fiber intake was 9 to 20 g/d for
men and 8 to 17 g/d for women in the
lowest quintile and 23 to 41 g/d for men
and 20 to 35 g/d for women in the high-
est quintile with a 1.8- to 3.0-fold dif-
ference in intakes between the 2 ex-
treme quintiles across studies. This
range is similar to the range observed
in EPIC, which reported a statistically
significant inverse association with di-
etary fiber intake. Mean dietary fiber in-
take in EPIC was 18 g/d for men and
16 g/d for women in the lowest quin-
tile and 30 g/d for men and 24 g/d for
women in the highest quintile (a 1.5-
to 1.7-fold difference).”® In addition,
when we used identical absolute in-
take cut points across studies, no as-
sociation was observed for dietary fi-
ber intake of at least 30 g/d vs 10 to less
than 15 g/d, which is similar to the
quintile definitions used in EPIC.

Because the Pooling Project is a ret-
rospectively planned pooled analysis of
the primary data, the food frequency
questionnaires that were used to as-
sess diet varied across studies. To take
into account potential misclassifica-
tion in dietary fiber intake that may arise
from measurement error in energy in-
take, we calculated energy-adjusted in-
takes for each study. We also con-
ducted analyses by categorizing dietary
fiber intake using study-specific quin-
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tiles and identical absolute intake cut
points across studies. In the study-
specific quintile analyses, true differ-
ences in population intakes were not
taken into account, potentially result-
ing in misclassification of dietary fiber
intake in the pooled results. However,
misclassification could also have oc-
curred in the analyses based on iden-
tical absolute intake cut points be-
cause dietary fiber intakes may vary
across studies due to differences in the
accuracy in which the food frequency
questionnaires estimated dietary fi-
ber. Despite the different potential for
misclassification between these 2 ana-
lytic approaches, both showed no as-
sociation between dietary fiber intake
and risk of colorectal cancer above the
lowest category of dietary intake.
Several limitations of our analysis
should be considered. Fiber intake is
likely to be measured with error be-
cause of errors in how study partici-
pants estimate their consumption of fi-
ber-containing foods and by errors in the
food composition databases. A true as-
sociation between dietary fiber intake and
risk of colorectal cancer may be under-
estimated in our study. In addition, al-
though we were able to correct for mis-
classification of dietary fiber intake at
baseline, the single assessment of di-
etary fiber intake in our analysis may not
reflect long-term usual intake as accu-
rately as using repeated measurements
of dietary intake during follow-up. How-
ever, use of repeated measurements of di-
etary fiber intake in the Nurses’ Health
Study did not change substantially the
risk estimates obtained from using base-
line data only.” Because dietary fiber in-
take was assessed only at baseline, we
also could not examine the effects of di-
etary fiber intake during earlier life pe-
riods (eg, childhood or young adult-
hood) or lifelong fiber intake on risk of
colorectal cancer. Although misclassifi-
cation in fiber intake also may have oc-
curred because we did not have infor-
mation on the use of dietary fiber
supplements, a recent US national sur-
vey found that the prevalence of nonvi-
tamin/nonmineral supplement use, in-
cluding fiber supplements, was less than

2856 JAMA, December 14, 2005—Vol 294, No. 22 (Reprinted)

49%."! Therefore, failure to measure use
of fiber supplements is unlikely to have
led to substantial misclassification of di-
etary fiber intake.

A strength of the Pooling Project is
that the individual data from each co-
hort were reanalyzed using a standard
approach, which provided more flex-
ibility in examining dose-response re-
lationships, confounding, and effect
modification than meta-analyses of the
published literature, which frequently
summarize risk estimates obtained for
heterogeneous exposure categories with
different adjustment for potential con-
founders. Also, we had high statistical
power with over 8000 colorectal cancer
cases, thus a substantial effect of fiber is
unlikely to have been missed. In addi-
tion, in a subset of the studies we were
able to correct for measurement error in
dietary fiber intake using their valida-
tion study data. Our ability to correct for
measurement error strengthened the es-
timated association observed between
very low dietary fiber intake and colo-
rectal cancer risk; however, it should be
noted that in this analysis we could only
adjust for age and smoking, the 2 stron-
gest confounders in the multivariate
analysis when comparing less than 10 vs
10 g/d or more of dietary fiber intake.

In conclusion, we did not find sup-
port for a linear inverse association be-
tween dietary fiber intake and risk of co-
lorectal cancer in a pooled analysis of 13
prospective cohort studies. Although
high dietary fiber intake may not have
a major effect on the risk of colorectal
cancer, a diet high in dietary fiber from
whole plant foods can be advised be-
cause this has been related to lower risks
of other chronic conditions such as heart
disease and diabetes.”
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