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Abstract
Background & Aims—Although a number of epidemiologic studies have found dietary fiber
and whole grains to be inversely associated with colorectal cancer incidence, studies of dietary and
other risk factors for small intestinal cancer have been sparse and all of a case-control design. We
conducted a prospective cohort study to determine the relationship between intake of dietary fiber/
whole grains and the incidence of small intestinal cancer.

Methods—We analyzed dietary data collected in 1995 and 1996 from 293,703 men and 198,618
women in the NIH-AARP Diet and Health Study. We used multivariate Cox proportional hazards
models to estimate relative risk (RR) and two-sided 95% confidence intervals (CIs) for quintiles of
dietary fiber and whole grain intake.

Results—165 individuals developed small intestinal cancers through 2003. Dietary fiber/whole
grain intake was generally associated with a lower risk of small intestinal cancer. The multivariate
RR (95% CIs; 5th vs. 1st. intake quintile) were 0.79 (0.43–1.44) (p-trend, 0.41) for total dietary
fiber, 0.51 (0.29–0.89) (p-trend, 0.01) for fiber from grains, and 0.59 (0.33–1.05) (p-trend=0.06)
for whole-grain foods.

Conclusions—Intake of fiber from grains and whole-grain foods was inversely associated with
small intestinal cancer incidence; the RR values were consistent with those of the same dietary
factors for large bowel cancer in this cohort. In conjunction with the anatomic and physiologic
commonalities of the large and small bowel, as well as the mutually increased risks for second
cancer for both organs, grain fiber and whole grain foods appear to protect against lower
gastrointestinal cancers.
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Cancer of the small intestine remains rare, incidence rates in the U.S. among men and
women, respectively, are 2.2 and 1.5 per 100,0001. In contrast, the comparable figures for
colorectal cancer are 61 and 45 per 100,000. This enormous incidence disparity occurs in
spite of the fact that the small intestine comprises 75% of the human alimentary tract and
90% of its mucosal area.2

A number of epidemiologic studies have found dietary fiber, and more recently whole
grains, to be inversely associated with colorectal cancer, though the evidence is
inconsistent.3–6 Studies of dietary and other risk factors for small intestinal cancer are sparse
and all have been of the case-control design.7–10 None of these previous studies has focused
on fiber and whole grain intake. Prospective cohort studies of the role of dietary factors in
small intestinal cancer are desirable—the possibility of recall bias is largely precluded11--
but need to be large given the relative rarity of the disease.

Methods
The NIH-AARP Diet and Health Study has been described previously.12, 13 Of the 567,169
men and women AARP members who were 50 to 71 years old and returned satisfactorily
completed questionnaires in 1995–1996, we excluded individuals who provided duplicate
questionnaires (n=179), indicated they were proxies for the intended respondents
(n=15,760), requested to be withdrawn (n=6), had moved out of the study area or died at
baseline (n=617), had prevalent cancer except non-melanoma skin cancer at baseline
(n=51,193), reported end stage renal disease at baseline (n=997), or had extreme intakes of
fiber or total energy (values greater than two times the interquartile range of sex-specific
Box-Cox log-transformed intake of total energy or fiber, n=6096). Our analytic cohort
comprised 293,703 men and 198,618 women.

Dietary Assessment
At baseline, we assessed diet with a self-administered 124-item food-frequency
questionnaire (FFQ) and also collected information on lifestyle and medical history.
Participants were asked to report their usual frequency of intake and portion size over the
last 12 months, using 10 predefined frequency categories ranging from `never' to `6+ times
per day' for beverages, from `never' to `2+ times per day' for solid foods and 3 categories of
portion size. The food items, portion sizes and nutrient database were based on Subar et al's
method14 using the United States Department of Agriculture's 1994–96 Continuing Survey
of Food Intake by Individuals (CSFII).15 The nutrient database for dietary fiber was
informed by the Association of Official Analytical Chemist (AOAC) method.16 In addition,
food groups and their serving sizes were defined by the Pyramid Servings Database
corresponding to the 1994–1996 CSFII, which utilizes a recipe file to disaggregate food
mixtures into their component ingredients and assigns them to food groups. One serving of
whole grain was defined based on standard portion sizes developed by USDA such as; one
slice of whole grain bread, one cup of ready-to-eat whole grain cereal, or ½ cup of cooked
whole grains17.

The FFQ used in the study was validated using two non-consecutive 24-hour dietary recalls
in 1,953 participants (personal communication. Thompson FE). The energy-adjusted
correlation coefficients for dietary fiber intake assessed by FFQ and two 24-hour recalls was
0.72 in men and 0.66 in women.18

Case Ascertainment
We identified cancer cases through probabilistic linkage with 11 state cancer registry
databases through December 31, 2003.19 Small intestinal cancer was defined as a first
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primary malignancy with International Classification of Diseases for Oncology, 3rd ed.
(ICD-O) code C170-C179. Information on small intestinal cancer tumor site and histology
was also obtained through linkage with state cancer registries. We ascertained vital status
through annual linkage of the cohort to the Social Security Administration Death Master File
(SSA DMF) of deaths in the U.S., follow-up searches of the National Death Index Plus (NDI
+) for participants who matched to the SSA DMF, cancer registry linkage, questionnaire
responses, and responses to other mailings.

Statistical Analysis
We used multivariate Cox proportional hazards models, after verifying that the proportional
hazards assumption was met, to estimate relative risks (RRs) and two-sided 95% confidence
intervals (CIs) for quintiles of dietary fiber and whole grain intakes; age was the underlying
time metric.20 We calculated person-years of follow-up time from the date of the baseline
questionnaire until the date of cancer diagnosis, death, moving out of the registry areas, or
end of follow-up, whichever occurred first. Dietary fiber intake was energy-adjusted using a
residual method21 and whole grain intake was expressed as servings per 1,000 kcal of total
energy.

The study was approved by the National Cancer Institute Special Studies Institutional
Review Board.

Results
During the average of 7 years of follow-up, we identified 165 small intestinal cancers (51 in
duodenum, 70 in jejunum, or ileum, and 44 in other sites; 60 adenocarcinoma, 80 carcinoids,
and 25 others). The 10th and 90th percentile values were 12 and 28 g/day for dietary fiber
and 0.2 and 1.3 servings/1,000 kcal for whole grains. The correlation between intakes of
dietary fiber and whole grains was 0.6. The participants who consumed more fiber or whole
grains were more likely to be educated, slightly less overweight, a nonsmoker, more
physically active, consumer of less red meat and total fat (Table 1).

Total dietary fiber was significantly associated with a lower risk of small intestinal cancer in
the age and sex adjusted model (RR for the highest vs. the lowest quintile (RRQ5 vs. Q1) =
0.57, 95% CI: 0.34–0.97, p-trend 0.02, Table 2). After adjustment for other risk factors,
however, the association was attenuated and no longer statistically significant (multivariate
RRQ5 vs. Q1 = 0.79, 95% CI: 0.43–1.44, p-trend 0.41). Fiber from grains was significantly
inversely associated with small intestinal cancer (multivariate RRQ5 vs. Q1= 0.51, 95% CI:
0.29–0.89, p-trend=0.01). The associations of fiber from grains did not differ by sex. For a 5
g/day increment of fiber from grains, the multivariate RR was 0.76 (95% CI: 0.56–1.05) in
men (111 cases) and 0.60 (95% CI: 0.32–1.12) in women (54 cases). The association for
fiber from beans was similar to that for fiber from grains, although the trend was not
statistically significant. Neither fruit nor vegetable fiber was associated with the malignancy.
Intake of whole grains was marginally inversely related to small intestinal cancer
(multivariate RRQ5 vs. Q1= 0.59, 95% CI: 0.33–1.05, p-trend=0.06). After exclusion of small
intestinal cancer cases diagnosed during the first 2 years of follow-up, the results were
essentially unchanged. The observed associations with small intestinal cancer did not differ
by cigarette smoking status (never vs. former vs. current): p for interactions were 0.54, 0.74,
and 0.59, respectively for total dietary fiber, fiber from grains, and intake of whole grains.

Associations for total dietary fiber, fiber from specific sources, and whole grain foods were
not statistically significantly different among small intestinal subsites (Table 3). The inverse
associations for fiber from grains, fiber from beans, and whole grain foods did not differ
significantly between adenocarcinomas and carcinoid tumors. The associations for fiber
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from fruits (p=0.03) and fiber from vegetables (p=0.02) did differ according to histotype.
The numbers of anatomic subsite- and histology-specific cases were small.

Discussion
Intakes of fiber from grains and whole grain foods were inversely associated with small as
well as large intestinal cancers13 in this cohort. No other prospective study has examined
these dietary factors in relation to small intestinal cancer. Our previous analysis of fiber and
whole grains in relation to colorectal cancer in this cohort yielded similar results: inverse
associations for intakes of fiber from grains and whole grain foods.13

Grain fiber and whole grain foods could affect pathophysiologic processes common to
carcinogenesis within both the small and large intestines. Investigators have proposed
several mechanisms by which dietary fiber can protect against colorectal cancer. These
include a) stool bulking; b) decreased transit time (both a and b result in less contact
between potential carcinogens and mucosal surface); c) bile acid and carcinogen binding; d)
short chain fatty acid, especially butyrate, production via fermentation (butyrate has anti-
carcinogenic properties.22 Moreover, whole grain components other than fiber-- vitamins
(including B-vitamins), minerals, phenols, and phyto-estrogens—could affect intestinal
(both small and large) carcinogenesis.13 Some of these mechanisms, however—stool
bulking and fermentation, for example--are not likely relevant to carcinogenesis in the small
intestine. It is also conceivable that grain fiber and whole grains protect against cancer in the
small intestine via processes not operative in the large bowel.

We found no statistically significant difference in the relations between grain fiber/whole
grain foods and small intestinal cancer according to histology. We recognize, however, that
the limited number of cases within each histologic category makes it difficult to rule out
such differences. If the inverse relation and its constancy across histotypes is confirmed, that
would suggest that the cancer-protective processes engendered by dietary grain fiber and
whole grain foods operate similarly for columnar and enteroendocrine cells in the small
intestinal epithelium.

The prospective nature of this study is a strength, but even in a cohort of this size the
relatively small number of cases through up to eight years of follow-up remains a limitation.
This is particularly true for anatomic subsite- and histology-specific analyses. It would be
desirable to confirm our findings in other large cohorts, pooling projects, or consortial
efforts, especially those studies attempting to reduce measurement error by incorporating
more intensive dietary assessment instruments such as multiple recalls or records. Excluding
the first two years of follow-up did not alter the inverse grain fiber and whole grain
associations, which provides some evidence that these findings were not due to reverse
causation, that is, the effect of preclinical disease on diet. As with any observational study,
even our careful adjustment for behavioral and socioeconomic covariates cannot entirely
rule out confounding factors associated with grain fiber or whole grain foods as well as
small intestinal cancer.

The small and large intestines have substantial anatomic and physiologic commonalities.
Moreover, persons with a cancer at one of these two sites have an increased risk of
malignancy at the other.23 The similar protective associations in our cohort for grain fiber
and whole grain foods vis-à-vis small as well as large intestinal cancer supports a causal role
for these dietary factors in both organs. The discovery of common causes for small and large
intestinal cancers, coupled with greater insight into the factors conferring relative resistance
to malignant change in the small bowel24, can help clarify the nature of—and suggest
preventive strategies for--lower gastrointestinal carcinogenesis.
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