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Dietary Fiber and Colorectal Cancer
An Ongoing Saga
John A. Baron, MD

DIETARY FIBER HAS HAD A LONG AND COMPLICATED

relationship with colorectal cancer. The idea that
intake of fiber might protect against this malig-
nancy dates back at least to the late 1960s, when

Burkitt1 proposed that the low rates of colorectal cancer he
observed in southern Africa (as well as the low rates of ap-
pendicitis, diverticular disease, and colorectal adenomas)
were related to high-fiber intake. Subsequently, hemor-
rhoids, constipation, hypertension, hyperlipidemia, cardio-
vascular disease, and diabetes have been added to the list
of problems that may be prevented by dietary fiber intake.

Of these disorders and diseases, colorectal cancer argu-
ably has the most confusing association with fiber. Animal
studies have variably suggested that fiber has reduced risks,
increased risks, or had no effect on experimental bowel can-

cer.2 Epidemiological studies have found intake of dietary
fiber to be either protective, to have no effect,3-6 or even rarely
to confer an increase in risk.7 Intervention trials (with ad-
enoma end points) have found either no effect or increased
risks.8-12 It is certainly reasonable to ask the question: why
has this been so difficult?

Part of the problem is dietary fiber itself. The term came
into use in the 1970s, but the precise definition continues
to evolve.13-15 Although the term fiber suggests a single en-
tity, fiber actually represents a group of plant products that
may have very different properties.2,13-15 Measuring dietary
fiber intake is as uninformative as knowing that a patient
with pneumonia took “some antibiotic or other.” Clearly
dietary “fibers” would be a better way to refer to these sub-
stances, and it would be best to consider fibers in biologi-
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cally meaningful groups, even if it is not practical to think
of them individually. To add to the confusion, the biologi-
cal effects of specific fibers may vary depending on whether
a fiber is studied in isolation or in combination with other
cell wall constituents.15 Furthermore, there is a need for im-
provements in the measurement of the various fibers.14

In epidemiological studies, fibers are often categorized by
the foods that contain them (eg, cereal fiber, fruit fiber, veg-
etable fiber). This is a convenient method of categoriza-
tion, but these groupings retain substantial heterogeneity.
A more physiologically helpful breakdown would be group-
ing fibers into categories of soluble and insoluble.3 In-
soluble fibers have the stool-bulking effect that is often as-
sociated in the public mind with fiber, but soluble fibers
typically do not have this effect2 because they are readily
broken down in the large bowel. Fruit and vegetable fiber
is largely soluble, but cereal fiber may be either soluble (eg,
oat bran) or insoluble (wheat bran).

Dietary fibers often do not conform to their popular im-
age. Despite the name, most are not fibrous, are certainly
not just roughage. Most are polysaccharides. Although one
feature dietary fibers share is a resistance to breakdown by
alimentary enzymes,13 much dietary fiber, in fact, is di-
gested by bacteria in the colon.

The heterogeneity of dietary fibers has been a major con-
tributor to the confusion regarding associations with colo-
rectal cancer. In animal models, insoluble fibers such as wheat
fiber have typically resulted in inhibition of bowel carcino-
genesis, but soluble fibers such as pectins have tended to
increase the numbers of tumors.2 In human epidemiologi-
cal studies that have found an inverse association with risk,
the opposite pattern has been observed—fruit and veg-
etable (largely soluble) fibers more often have been found
to be protective, while cereal fibers have not.3 On the other
hand, ecological studies (that use data on groups rather than
individuals) have tended to find cereal fibers protective.3 In
general, prospective studies have shown no association. Clini-
cal trials of wheat bran (with an adenoma end point) have
been uniformly negative8,9,11,12; one trial that used a soluble
fiber (psyllium) reported increased adenoma risks.10 Thus,
the relationship between intake of dietary fibers and colo-
rectal cancer risk has depended on the type of fiber under
discussion and the research design used. These discrepant
findings do not permit a clear picture of how dietary fiber,
or even some fiber groups, affect cancer of the large bowel.

In addition to the physiological complexity of the differ-
ent fibers, epidemiological studies confront several chal-
lenges. One problem is that whatever dietary fiber is, it seems
to be a highly confounded lifestyle factor. That is, fiber in-
take is related to consumption of other nutrients and to per-
sonal characteristics and traits that are associated with risk
of colorectal cancer. This mixing of exposures can lead to
distortion of the observed fiber-cancer association. Of course
statistical adjustments can be made if these other factors are
measured, but sometimes they can not be assessed or (worse)

have not been identified. As a result, in epidemiological stud-
ies the relative risks for fiber intake seem to vary in impor-
tant ways, depending on what variables are controlled.5,6,16

Epidemiological studies of associations with intake of di-
etary fibers are also hampered by the measurement error that
is inherent in dietary assessment.17 These errors form a sta-
tistical uncertainty that generally tends to obscure associa-
tions. This problem can be quite severe, hiding even mod-
erately strong associations.

One major advantage of a combined analysis such as that
reported by Park and colleagues16 in this issue of JAMA is
that the large number of participants included in the analy-
sis will enable investigators to detect relatively modest as-
sociations and to assess effects in subgroups—for example,
individuals with very high or very low fiber intake. How-
ever, the large sample size will not help with confounding,
nor will it overcome measurement error.

In their combined analysis of 13 prospective studies, Park
et al16 found evidence of an increased risk of colorectal can-
cer among individuals with very low intake of total dietary
fiber (about the lowest 11%). After adjustment for measure-
ment error, the relative risk for intakes of less than 10 g per
day vs 10 or more g per day increased from 1.22 to 2.16.
These findings suggest that colorectal cancer might be a sort
of “fiber deficiency disease,” such that a relatively modest
minimum intake prevents an increased risk. For colorectal
cancer overall, the authors did not detect any further re-
duction in risk at higher intakes. Nonetheless, for rectal can-
cer there were suggestions that fiber intake at the high end
of the scale conferred a modest decrease in risk (about 15%)
compared with moderate intake. The contrast between the
highest and lowest quintiles of fiber intake (a more com-
monly used comparison) was even greater, although not de-
tailed explicitly. It would be particularly interesting to see
this estimate corrected for measurement error, as the au-
thors did for the association between overall colorectal can-
cer risk and low fiber intake. If the rectal cancer analysis
was as strongly affected by measurement error as that one,
the result could be a substantial gradient from lowest to high-
est intake. If so, exploration of the types of fiber involved
would be important.

The combined analysis by Park et al16 yields an “average”
effect size across the studies that contributed data. But of course
it cannot reflect studies that are not included, such as the re-
cently published EPIC cohort analysis.4 This study is a com-
bined analysis of separate cohorts which together had about
50% more cases than the largest of the studies in the analysis
by Park et al.16 In an error-corrected analysis, the EPIC in-
vestigators found a more than 40% reduction in risk of co-
lorectal cancer for individuals in the highest quintile of di-
etary fiber intake vs the lowest, a much greater difference than
the (uncorrected) results reported by Park et al.16

The findings by Park et al16 and the results of the EPIC4

analysis provide at least some indications that dietary fiber
of some sort is related in some way to colon or rectal can-
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cer risk. However, the 2 studies have not addressed exactly
the same issues and, therefore, the extent of agreement or
disagreement is not well-defined. Over the short term, wheat
fiber or psyllium interventions do not seem to affect colo-
rectal carcinogenesis, but understanding longer-term rela-
tionships with any type of fiber will require more work. Stud-
ies like that of Park et al16 provide valuable help, but
unfortunately there is more to do.
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Creating a Safer Health Care System
Finding the Constraint
Stephen G. Pauker, MD
Ellen M. Zane, BA, MA
Deeb N. Salem, MD

PRIMUM NON NOCERE. IN EPIDEMICS,1 HIPPOCRATES

urged all physicians to provide safe and effective care.
Of course, that is not always possible because ad-
verse events or bad outcomes sometimes occur. But

physicians are driven to minimize the likelihood of harm,
especially adverse events that more careful reasoning, bet-
ter practices, and better systems might prevent. The Insti-
tute of Medicine called attention to the ubiquitous nature
of errors in medicine and issued the challenge to develop
safer systems of care.2-4 Safety, the flip side of doing the right
thing at the right time, means not doing the wrong thing at
any time, especially if the wrong action occurs inadvert-
ently—by mistake—because the clinician or the system did
not prevent an error before its effect reached a patient and
caused harm.

Now, 5 years after the Institute of Medicine report,2 sev-
eral authors have questioned the system’s progress toward
patient safety.5-8 In this issue of JAMA, Longo and col-

leagues9 provide data about the pace of implementing clini-
cal safety systems. When a system had a relatively high rate
of implementation initially, subsequent improvement was
difficult10; when a safety system did not have high pen-
etrance initially, more rapid change might be expected sub-
sequently. There has been steady progress in patient safety,
but it has been perhaps unexpectedly slow.

Why, then, are these important improvements taking so
long? Is the problem inertia, inattention, a lack of re-
sources, or conflicting demands on time or energy? Medi-
cine is no longer an island; physicians need to learn from
other domains of practice, other industries. Of course, no
industry has a uniform record of success; they all must learn
from each other.

Over the past 2 decades, a set of tools and concepts loosely
called the theory of constraints11-15 evolved from an initial fo-
cus in manufacturing. The theory of constraints requires ex-
plicitly framing the desired goal, the necessary conditions
for achieving that goal, and the measurements that will moni-
tor progress toward that goal, and then establishing a clear
plan for making change happen. For medicine, the goal is
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