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Table 3 Relation between fiber type and adenomatous pal yps of the distal colon

Fiber type
Quintile of intake

P-trend”
1” 2 3 4 5

Soluble (g/day) 3.4 4.7 5.8 7.1 9.4

Cases 127 107 120 95 82

RW 1.00 0.85 0.90 0.66 0.54 0.(X)03

RRd 1.00 0.91 1.01 0.78 0.69 0.()07

95% CI” 0.69-1.19 0.76-1.35 0.56-1.08 0.46-1.03

Insoluble (g/day) 8.5 12.0 14.9 18.5 25.0

Cases 116 103 109 109 94

RR’ 1.00 0.93 0.93 0.98 0.82 0.34

RRd 1.00 1.02 1.08 1.24 1.14 0.59

95% CI” 0.77-1.35 0.80-1.46 0.90-1.73 0.77-1.69

Cellulose (g/day) 3.0 4.1 5.1 6.3 8.6

Cases 123 98 118 101 91

RR’ 1.00 0.82 1.00 0.79 0.68 0.02

RRd 1.00 0.88 1.12 0.94 0.87 0.11

95% CI” 0.66-1.17 0.85-1.50 0.69-1.29 0.60-1.26

Hemicellulose (g/day) 3.7 5.5 7.1 9.1 12.6

Cases 108 108 113 111 91

RR� 1.00 0.97 1.10 1.07 0.87 0.52

RRd 1.00 1.05 1.23 1.29 1.16 0.77

95% CI” 0.79-1.39 0.92-1.66 0.94-1.77 0.8()-l.67

Lignin (g/day) 0.8 1.2 1.5 1.9 2.5

Cases 141 91 101 107 91

RR’ 1.00 0.72 0.80 0.70 0.64 0.009

RRd 1.00 0.77 0.89 0.84 0.82 0.10

95% CI” 0.58-1.02 0.67-1.19 0.62-1.14 0.57-1.19

(‘ Test for trend calculated by entering the median of each quintile of intake as a continuous variable in logistic regression.
b Referent category.

� Adjusted for age, endoscopy prior to 1986, family history of colorectal cancer, and total energy.
d Adjusted for age, endoscopy prior to 1986, family history of colorectal cancer, BMI, pack-years smoked. use of multivitamins, physical activity. regular aspirin use, and

intake of energy, alcohol, red meat, folate, and methionine.

Because diet reported in 1986 may not reflect earlier
dietary intake of fruit, we evaluated the fruit or soluble fiber
relation among the 52% of men who reported in 1986 that their

intake of fruit was constant over the past 10 years. Compared
to the results for all men who had an endoscopy, the magnitude
of the inverse relation for distal colon adenomas was consistent

for soluble fiber (extreme quintiles: multivariate RR, 0.70; 95%

CI, 0.39-1.27) and stronger for fruit fiber (RR, 0.64; 95% CI,
0.39-1.05).

To explore the sources of the overall positive confounding,
we compared crude models and models containing soluble fiber

and each covariate singly for distal colon adenomas. Age and
total energy were negative confounders (i.e., confounding that
results in underestimation of the protective effect), previous

endoscopy prior to 1986, pack-years smoked, physical activity,

and alcohol were positive confounders, and family history of
colorectal cancer, BMI, multivitamin use, aspirin, and intake of
methionine, folate, and red meat did not appear to confound the
relationship. Controlling for quintiles of intake of nutrients

(excluding supplement contribution) commonly found in fruits
and vegetables, a-carotene, /3-carotene, f3-cryptoxanthin, lyco-

pene, lutein, vitamins A, C, B1, B2, B6, or E, or controlling for
indication for endoscopy did not appreciably affect the inverse

associations between fiber and distal colon adenoma.
Because the progression to malignancy is thought to pro-

ceed from small to large adenoma, we explored whether the

effect of fiber differs by polyp size. For small adenomas of
either the distal colon or rectum, inverse associations for total
dietary fiber (extreme quintiles RR, 0.68; P-trend = 0.04), fruit
fiber (RR, 0.80; P-trend = 0.08), legume fiber (RR, 0.73;
P-trend = 0.05), soluble fiber (RR, 0.68; P-trend = 0.04), and

cellulose (RR, 0.75; P-trend = 0.08) were suggested in full
multivariate models, whereas we observed little evidence of an

inverse association for large adenomas. For large adenomas of
the distal colon only, the inverse associations for fruit fiber

(RR, 0.86; P-trend = 0.23) or soluble fiber (RR, 0.85;
P-trend = 0.19) were diminished compared to those for distal

colon irrespective of size.
Because most foods contain more than one fiber type, we

assessed whether the patterns for fiber source would be sup-
ported by frequency of intake of whole foods in full multiva-
riate models that included all terms described for the fiber

models except folate (Table 5). For distal colon adenomas,
there was a modest inverse association between increasing
frequency of intake of total fruits, vegetables, and juices, al-

though no dose-response could be detected (P-trend = 0.32).
We did not observe a relation between frequency of intake of
total vegetables or cruciferous vegetables and adenoma risk.
We saw a suggestion of an inverse association with adenoma
risk for fruit and fruit juices (P-trend = 0.17), which was
strengthened when we assessed intake of fruit excluding fruit

juices (P-trend = 0.03; extreme quintiles RR, 0.73; 95% CI,

0.54-1.00).

Despite the consistency between the fruit and fruit fiber

findings, we were concerned that the observed relationship
between fruit and distal colon adenomas was in part due to
confounding by dietary folate. Presumably those with high

intake of fruits would also be more likely to consume folate-

rich vegetables and legumes, and among this group of men who
had had an endoscopy, increasing intake of vegetables and
legumes high in folate conferred a decreasing risk in full

multivariate models (P-trend = 0.04; extreme quintiles RR,
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Table 4 Relation between fiber type and adenomatous polyps of the rectum or hyperpl astic polyps

Fiber type
Quintile of intake

P-trend”
I” 2 3 4 5

Adenomatous-Rectum

Total(g/day) 11.6 16.1 19.7 24.2 32.3

Cases 27 34 36 33 29

RR� 1.00 1.22 1.32 1.21 1.12 0.78

95% CI’ 0.72-2.08 0.76-2.32 0.65-2.25 0.54-2.35

Soluble (g/day) 3.4 4.7 5.8 7.1 9.4

Cases 33 29 29 36 32

RR’ 1.00 0.90 0.90 1.10 1.03 0.63

95% CI’ 0.53-1.52 0.52-1.57 0.62-1.96 0.51-2.08

Insoluble (g/day) 8.5 12.0 14.9 18.5 25.0

Cases 35 24 37 28 35

RR’ 1.00 0.69 1.01 0.82 1.03 0.62

95% CI’ 0.40-1.19 0.60-1.70 0.45-1.48 0.52-2.02

Hyperplastic

Total (g/day) 1 1.6 16.1 19.7 24.2 32.3

Cases 82 61 63 63 58

RR’ 1.00 0.75 0.82 0.82 0.82 0.42

95% CI’ 0.53-1.07 0.56-1.20 0.54-1.25 0.50-1.36

Soluble (g/day) 3.4 4.7 5.8 7.1 9.4

Cases 87 57 59 65 59

RR� 1.00 0.68 0.71 0.78 0.75 0.31

95% CI� 0.48-0.97 0.49-1.03 0.52-1.17 0.46-1.22

Insoluble (g/day) 8.5 12.0 14.9 18.5 25.0

Cases 85 61 67 58 56

RR’ 1.00 0.74 0.76 0.70 0.67 0.12

95% CI’ 0.52-1.05 0.53-1.10 0.46-1.06 0.41-1.09
‘, Test for trend calculated by entering the median of each quintile of intake as a continuous variable in logistic regression.

b Referent category.

‘� Adjusted for age, endoscopy prior to 1986, family history of colorectal cancer, body mass index, pack-years smoked, use of multivitamins, physical activity, regular aspirin

use, and intake of energy, alcohol, red meat, folate, and methionine.

0.73). Entering intake of fruit and intake of folate-rich vegeta-
bles and legumes in quintiles simultaneously in a full multiva-

riate model produced estimates (fruit: extreme quintiles, RR =

0.76; P-trend = 0.06, and folate-rich vegetables and legumes:
RR, 0.76; P-trend 0.08) for each that were similar to those
resulting from separate models, thus supporting an effect of
fruit intake on adenomas independent of intake of folate-rich
vegetables and legumes. Likewise, the effect of soluble fiber

was independent of intake of folate-rich vegetables and le-

gumes (soluble fiber: extreme quintiles RR, 0.77; P-trend =

0.16, and folate-rich vegetables and legumes: RR, 0.78;
P-trend = 0.15).

To further assess an independent contribution of soluble

fiber, we used a second statistical approach. We regressed
soluble fiber on total dietary fiber in a linear regression and
entered the residuals, representing the portion of soluble fiber
that is independent of total dietary fiber, in a full multivariate

model along with total dietary fiber. As before, the portion of
soluble fiber independent of total fiber was inversely related to
distal colon adenomas (P-trend = 0.04), whereas total dietary
fiber was essentially unrelated (P-trend = 0.43).

We examined whether the influence of fiber varied by

level of other risks factors for distal colon adenoma. Among

those consuming 10 or more grams of alcohol daily, we did not
see an association for soluble fiber, whereas among nondrinkers

and those consuming less than 10 g/day, the strong inverse

association remained (p-interaction = 0.03). The inverse rela-
tion between soluble fiber or fruit fiber and distal colon ade-

noma was not further modified by age at endoscopy, family
history of colorectal cancer, smoking, physical activity, or
intake of red meat, saturated fat, folate, or methionine.

Because nearly two-thirds of those included in the analysis
had a first endoscopy in 1986 or later, we were concerned that
these polyps were prevalent cases, whose development may

have preceded the 1986 diet report. To examine the relation
between fiber and incident versus prevalent polyps, we evalu-
ated men who underwent an endoscopy in 1986 or later and
who reported also having had a negative endoscopy before
1986 (previous endoscopy), separately from those whose first

endoscopy was 1986 or later. Among men reporting a previous

endoscopy, the relation between soluble fiber (extreme quin-
tiles RR, 0.27; P-trend = 0.003) or fruit fiber (RR, 0.51;
P-trend = 0.02) and incident distal colon adenoma was mark-

edly strengthened in full multivariate models (Table 6) but not
for prevalent polyps. Consistent with the results among all men
who had had an endoscopy, we observed no association be-
tween incident distal colon adenoma and cereal or vegetable

fiber. When we entered both soluble and insoluble fiber in the
full multivariate model, the inverse association between soluble
fiber and incident distal colon adenoma persisted, whereas that
for insoluble fiber was substantially auenuated. Among men
not reporting a previous endoscopy, we observed no material
relation between any fiber source or component and prevalent
distal colon adenoma.

Discussion

We have extended follow-up of the HPFS cohort through 1994,
and more than one-third of the cohort have undergone either a

colonoscopy or sigmoidoscopy since 1986. Among these men
who had had an endoscopy, soluble fiber was strongly inversely

associated with risk of distal colon adenomas, controlling for
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Table 5 Relation between fruits or vegetables and adenomatous polyps of the distal colon

Food
Quintile of intake

P-trend”
1b

2 3 4 5

Total fruits, vegetables, juices (servings/day) 3.0 4.4 5.6 7.2 10.1

Cases 128 107 101 100 95

RR� 1.00 0.82 0.76 0.76 0.70 0.03

RRd 1.00 0.86 0.82 0.86 0.82 0.32

95% CI” 0.66-1 . 13 0.62-1 .09 0.65-1 . 15 0.60-1.13

Fruits and juices (servings/day) 0.8 1 .6 2.2 2.9 4.5

Cases I 14 11 1 1 13 109 84

RW 1.00 0.88 0.91 0.83 0.65 0.006
pj�d 1.00 0.93 1.00 0.96 0.78 0.17

95% CY’ 0.71-1.22 0.75-1.31 0.72-1.28 0.56-1.08

Fruits only (servings/day) 0.4 0.9 1 .4 2.0 3.4

Cases 1 26 1 10 1 12 94 89

RR’ 1.00 0.84 0.83 0.66 0.61 0.0004
p,p�d 1.00 0.90 0.91 0.75 0.73 0.03

95% CI” 0.69-1.17 0.70-1.20 0.56-1.00 0.54-1.00

Vegetables (servings/day) 1.6 2.5 3.3 4.3 6.3

Cases Ill 116 105 98 101

RE’ I .00 1 .08 0.98 0.93 0.95 0.50
p,gd 1.00 1.10 1.03 0.99 1.06 0.96

95% CI” 0.84-1.45 0.78-1.37 0.74-1.33 0.78-1.44

Cruciferous vegetables (servings/day) 0.1 0.3 0.35 0.6 1.0

Cases 87 129 106 129 80

RR’ 1.00 1.21 1.19 1.27 0.90 0.24
p,p�d 1.00 1.23 1.20 1.32 0.98 0.60

95% CI” 0.93-1.63 0.90-1.61 1.00-1.76 0.71-1.35

Folate vegetables (servings/day) 0.1 0.1 0.2 0.3 0.6

Cases 156 100 84 110 81

RR� 1.00 0.88 0.89 0.85 0.70 0.02
pj�d 1.00 0.87 0.87 0.86 0.73 0.04

95% CI” 0.68-1.13 0.66-1.15 0.66-1.1 1 0.55-0.97

a Test for trend calculated by entering the median of each quintile of intake as a continuous variable in logistic regression.

b Referent category.

C Adjusted for age, endoscopy prior to 1986, family history of colorectal cancer, and total energy.

d Adjusted for age, endoscopy prior to 1986, family history of colorectal cancer, BMI, pack-years smoked, use of multivitamins,

intake of energy, alcohol, red meat, and methionine.

physical activity, regular aspirin use, and
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known and postulated risk and beneficial factors. Fruit fiber,

mainly the soluble fiber component, was also inversely asso-
ciated, even when controlling for nutrients commonly found in

fruit. We did not see consistent patterns for fiber and either
rectal adenomas or hyperplastic polyps. These results are not

necessarily generalizable to the proximal colon, as there are

substantial differences in bowel function (20), and a different
spectrum of genetic alterations in colon tumors exists between

the proximal and distal colon (28).
Adenomatous polyps are colon cancer precursors and may

provide information on early events in the process of malignant
transformation. For small polyps and incident polyps, which
presumably developed closer in time to detection, recent diet
may be the relevant exposure. In fact, intake of total, fruit, and
soluble fiber in 1986 was inversely associated with small and
incident polyps, whereas the findings were essentially null for

large and prevalent polyps.

The lack of consistency in findings between distal colon

adenoma and rectal adenoma or hyperplastic polyps is not
surprising. The descriptive epidemiology of proximal, distal
colon and rectal cancers differs (29), suggesting that the etiol-
ogies may not be identical. There is also evidence for differing
associations with other factors by large bowel site. For exam-

ple, the protective effect of physical activity is observed in this
cohort as well as in other studies for distal colon cancer and
polyps but is weaker or nonexistent for rectal cancer and polyps

(30). Despite having similar geographic and anatomical distri-
butions to that of colon cancer and adenomas, hyperplastic

polyps are immunohistochemically distinct from normal mu-
cosa and are not considered to be cancer precursors (14, 22).
Although hyperplastic and adenomatous polyps share an envi-

ronment, different factors may be responsible for their devel-

opment (14).
Cellulose, lignin, and most hemicelluloses are water in-

soluble, whereas the remainder of hemicellulose and pectin are
water soluble (16). Although most fruits and vegetables contain
more than one type of fiber, root vegetables, legumes, and
apples tend to be high in cellulose; strawberries and other fruits
with edible seeds and mature vegetables are high in lignin, and

apples, citrus fruits, and strawberries are high in pectin (31).
Cereals and grains are high in cellulose and hemicellulose (31).

In this analysis, little evidence of any benefit of cellulose,
hemicellulose, or lignin was seen, which is consistent with the

finding for insoluble fiber. We did not evaluate the relation
between pectin and polyp risk because a reliable measure of
dietary pectin was not available at the time of analysis.

Fruits and vegetables have been shown previously to pro-
tect against polyps in several case-control studies (5-8, 10).

Because fruits and vegetables are both a source of fiber and
folate, individuals who eat fiber-rich fruits and vegetables are

likely to be consumers of folate-rich vegetables, and folate has
been shown to be associated with a reduced risk of adenoma in
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Table 6 Relation between fiber source or type and incident (N I 30) versus

prevalent (N = 401 ) adenomatous polyps of the distal colon

. No endoscopy prior to
Endoscopy prtor to 1986 “Prevalent

Fiber source or type 1986 “Incident polyps polyps”

Quintile 5” P-trend” Quintile 5” P-trend”

Total

Cases 14 77

RR’ 0.35 0.04 1.14 0.57
950/, Cl 0.15-1)85 0.72-1.80

Fruit

Cases 20 71

RR’ 0.51 0.02 0.95 0.50
95% Cl’ 0.27-0.97 0.66-1.38

Vegetable

Cases 21 67

RR’ 0.85 0.75 0.96 0.89

95% CI 0.44-1.66 0.66-1.42

Cereal

Cases 18 77

RR’ 0.77 0.75 1.38 0.11

95% Cl’ 0.39-1.51 0.95-2.02

Soluble

Cases 12 70

RR’ 0.27 0.003 0.90 0.56

95’� CI 0.114)66 0.57-1.41

Insoluble

Cases 16 78

RR’ 0.56 0.30 1.38 0.11

95% Cl’ 0.24-1.31 0.88-2.15

“ Referent is quintile I.

/, Test for trend calculated by entering the median of each quintile of intake as a

continuous variable in logistic regression.

‘ Adjusted for age, family history of colorectal cancer. BMI. pack-years smoked.
use of multivitamins, physical activity, regular aspirin use. and intake of energy,

alcohol, red meat, folate, and methionine.

this cohort (RR, 0.63 between extreme quintiles; Ref. 32).
However, independent effects of fruit fiber or soluble fiber and
folate-rich vegetables were supported in models containing

terms for both.
Some previous studies, including ours (21), have assessed

only a limited number of potential confounders, which might
have led to an overstatement of the relationship between total

fiber or source of fiber and polyp risk. As an example from this
current analysis, controlling only for age, family history, and
total energy intake (extreme quintiles RR, 0.5 1 ) overstates the
inverse relationship between soluble fiber and distal colon

adenomas compared to the full multivariate model (RR, 0.69).
In the earlier follow-up of this cohort through 1988, Giovan-
nucci et a!. (2 1 ) reported that total dietary fiber was strongly
associated with a decreased risk of total colorectal adenomas
(P < 0.0001 ) and that fiber from vegetables, fruits, and grains

were beneficial (2 1 ). In the current analysis, total dietary fiber
was only modestly inversely associated and only fiber from

fruits, not vegetables or cereals, appeared to be protective.

Contributing to these differences is that additional risk factors

for adenomatous polyps have since been identified, including
folate, methionine, alcohol, and history of cigarette smoking.

Although when considered individually, the degree of con-
founding by each of these variables is modest, together strong
positive confounding was demonstrated. An additional contrib-
utor is greater imprecision due to a smaller number of cases
arising during 2 versus 8 years of follow-up.

Numerous mechanisms have been proposed for the bene-

ficial effect of fiber on colonic neoplasm occurrence. The

enhanced viscousness of the feces with increased intake of
dietary fiber likely decreases the contact of nutrients as well as

metabolites of digestion with the colonic epithelium (20). In-

creased viscosity likely reduces colonic mixing and interferes
with the diffusion of nutrients and metabolites through the thin

layer of fluid situated between the fecal mass and the colonic

epithelium (20).
In the proximal colon, water-soluble fiber is co�iverted by

bacteria to short-chain fatty acids. One, n-butyrate, is an energy
source for human colonic epithelium (33). n-Butyrate promoted

differentiation of a colon cancer cell line (19), although it

induced growth of colonic epithelial cells in vitro (20). It is

unknown what effect butyrate has on adenomas at different
stages in the transformation to malignancy.

Insoluble fiber, for example fiber from cereals, causes the

stool to retain water (34). As water-holding capacity increases,

stool weight increases and dilution of fecal materials occurs. In
this analysis, no effect was detected for cereal fiber on polyps.

Most cereal products consumed in developed countries are

refined, with reduced particle size and thus, decreased water-

holding capacity (18), possibly contributing to the null findings
for cereal fiber. In addition, grinding or cooking of vegetables

causes rupture of cell walls, thus, reducing particle size (20),
which might explain the lack of association for vegetables in

this study.

Secondary bile acids, produced by metabolism of bile
acids by intestinal microflora, have been shown to promote the

neoplastic effect of experimental colonic carcinogens in animal

models, although alone they do not appear to be mutagenic (35,

36). It has been proposed that bile acids or their metabolites

adsorb to some types of dietary fiber or are sequestered in the
viscous fecal mass, thus limiting reabsorption and enhancing

their excretion in the feces (37).

A recently advanced etiological hypothesis for colon can-
cer and polyps relates to insulin control. Insulin is a growth

factor, which has been shown to be mitogenic for malignant
colonic cells in vitro, with its effect presumably mediated

through insulin-like growth factor receptors I and II (38). Early

direct support for this hypothesis has been reported recently by

McKeown-Eyssen et a!. (39). Diets with a high fiber content,

particularly water-soluble fiber, reduce the rate of glucose ab-

sorption from the upper gastrointestinal tract and may increase

insulin sensitivity (40). High consumption of legumes, which

are high in water-soluble fiber, and generally elicit a flat insulin
response (38), was also associated with a lower risk of adenoma

in this cohort.

There are several major strengths of this study. Diet was

assessed prospectively; polyp diagnosis could not have affected
reporting of food consumption. Although polyps may be pres-

ent for many years before detection, because they are largely
asymptomatic, existing polyps are unlikely to lead to dietary

changes in the years immediately preceding diagnosis. Addi-

tionally, by stratifying by history of endoscopy prior to 1986,

we were able to evaluate the relation between fiber and incident

polyps, for which the diet was most likely assessed closer to the

time of polyp development. Men in this study reported a wide
intake of most fiber sources and components, and fruits and

vegetables, allowing us to examine a gradient in risk between

men with high and low intake. Detection bias was reduced by
including only men who had the opportunity for detection of

polyps. Furthermore, detection bias is likely limited because the
majority of those who underwent endoscopy did so for routine
screening, not gastrointestinal symptoms, which may be diet

related. Aided by the large sample size of more than 16,000
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men, we were able to control for numerous factors that might

have confounded the fiber-polyp relationship.

The study is limited by lack of data on food preparation
methods, such as mashing and cooking, and by degree of
chewing of a meal, which can alter the physiological properties
of fiber (20). The fiber values assigned to each reported food
consumed has error, although the error is independent of polyp
status and thus, would tend to attenuate rather than accentuate

any true relation. Although no association could be detected for
insoluble fiber and polyps, this is unlikely to have resulted from
profound measurement error because insoluble fiber was re-
cently shown to be protective in this cohort against coronary

heart disease (25) and diverticular disease (41). The relevant

time period for assessment of dietary factors associated with the

development of polyps is unknown. The lack of a consistent

relationship between fiber and large adenomas, rectal adeno-
mas, or hyperplastic polyps might be due to assessment of diet
during the wrong stage of the natural history of these polyps.

The prevalence of distal colon and rectal adenomas was
4.2% among those in the cohort who had had an endoscopy,
which is lower than that seen for other male populations un-

dergoing endoscopy who are of the same age in the United
States (42). HPFS members typically lead healthier life-styles

than the general population, which likely accounts for the
difference in polyp prevalence. Nevertheless, intake of dietary
fiber spanned a wide range including the average of 12.9 g/day

for adult male participants in the Second National Health and
Nutrition Examination Survey (43). We expect that the appar-

ent beneficial effect of soluble fiber and fiber from fruit would

be applicable to other populations, although this should be
examined directly.

The results of the analysis of the relation between ade-
nomatous polyps of the distal colon and dietary fiber among

men suggest that soluble fiber and fiber from fruit may be
particularly important, whereas no consistent benefit of insol-
uble fiber or fiber from cereals is evident. Additional follow-up

of this cohort is required to evaluate further the stage in patho-
genesis at which soluble fiber acts. Results from this study add

support for current dietary recommendations that include sev-

eral servings of fruit per day.
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