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Abstract

Background Since the 1970s, incidence rates for esopha-
geal and gastric cardia adenocarcinomas have risen substan-
tially for reasons that are not well understood. We sought to
determine the role of dietary factors in these tumor types.
Methods This analysis on dietary factors included 206
esophageal adenocarcinoma, 257 gastric cardia, 366 distal
gastric adenocarcinoma patients and, 1,308 control subjects
from a population-based, case-control study conducted in
Los Angeles County. Polytomous logistic regression was
used to calculate odds ratios (ORs), as an estimate of the
relative risk, and corresponding 95% confidence intervals
(ClIs) for the three tumor types.

Results Intake of fiber had a significant impact on risk of
esophageal and gastric cardia adenocarcinoma after adjust-
ment for age, gender, race, birthplace, education, cigarette
smoking, body size, history of reflux, and vitamin use.
Compared to subjects in the lowest quartile of fiber intake,
subjects in the highest quartile of intake showed odd ratios of
0.44 (95% CI = 0.26-0.76) for esophageal adenocarcinoma
(P trend = 0.004) and 0.58 (95% CI =0.38-0.88) for
gastric cardia adenocarcinoma (P trend = 0.016); these
inverse associations remained after further adjustment for
intake of fat. Positive associations between dietary fat and
the three tumor types weakened after adjustment for
fiber intake and were no longer statistically significant. For
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distal gastric cancer, a significant inverse association with
fiber was observed only after adjustment for fat intake. The
significant inverse associations with fiber remained after fur-
ther adjustment for H. pylori infection for all three tumor
types.

Conclusions High intake of fiber was associated with sig-
nificant reduced risks of esophageal and gastric cardia ade-
nocarcinoma even after adjustment for dietary fat, H. pylori
infection and other covariates.

Keywords Fiber - Fat - Meat - H. pylori - Esophageal/
gastric adenocarcinomas

Introduction

High body weight [1, 2], history of gastroesophageal reflux
disease [2—4], and tobacco use [2, 5] are significant risk
factors for esophageal and gastric cardia adenocarcinoma
in several population-based case-control studies conducted
in the US and Sweden. While numerous studies have found
that diet plays an important role in the etiology of esoph-
ageal squamous cell cancers [6] and distal gastric cancers
[7, 8], fewer studies have specifically investigated the
influence of dietary factors on risk of esophageal and
gastric cardia adenocarcinoma. Three studies have inves-
tigated dietary associations and risk of gastric cardia and
esophageal adenocarcinoma combined [9-11] and three
studies have examined one of the tumor types [12-14].
However, only two population-based studies have investi-
gated dietary factors separately for gastric cardia and
esophageal adenocarcinoma in the same study [15, 16],
allowing comparison within the same population of risk
patterns for the two tumor types. In the US multicenter
study [15], low intake of fiber was a significant risk factor
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for both esophageal and gastric cardia adenocarcinoma but
high fat intake was associated with an increased risk of
esophageal but not gastric cardia adenocarcinoma. In the
nationwide Swedish case-control study, risk of esophageal
adenocarcinoma was not significantly influenced by either
fat or fiber intake whereas risk of gastric cardia cancer
increased nonsignificantly with intake of dietary fat and
decreased significantly with increasing fiber intake [16,
17]. Thus, a primary objective of this analysis is to
investigate further the impact of dietary fat and fiber on risk
of esophageal, gastric cardia, and distal gastric adenocar-
cinoma in a population-based case-control study in Los
Angeles County [2], a study which shares many similarities
with both the US multicenter and the Swedish nationwide
studies.

Additionally, a recent analysis of the European Pro-
spective Investigation in Cancer (EPIC) cohort found high
intake of meat, particularly processed meat, to be associ-
ated with increased risk of esophageal adenocarcinoma and
gastric noncardia cancer, but not gastric cardia cancer. The
finding between processed meat and noncardia gastric
cancer was particularly strong among persons who were
positive for H. pylori infection [18]. Thus, a secondary
objective of this analysis is to investigate further risk
associations with intake of total meat, red meat, poultry,
fish/shellfish, and processed meat in this population-based
study of esophageal, gastric cardia, and distal gastric ade-
nocarcinomas. We also investigated whether these dietary
associations are modified by history of H. pylori infection
in a subset of subjects for whom infection status was
determined [19].

Material and methods

As described previously [2], patients included as cases in
our case-control study were men and women, aged 30—
74 years, with histologically confirmed esophageal, gastric
cardia or distal gastric adenocarcinoma, who had no prior
history of cancers of these sites. We included patients
diagnosed between 1992 and 1997 with esophageal ade-
nocarcinoma (C15.0-C15.9), and gastric cardia adenocar-
cinomas (C16.0) and patients diagnosed between 1992 and
1994 with distal gastric cancers (i.e., those diagnosed in the
antrum/pylorus  (C16.3, C16.4), fundus/body (Cl16.1,
C16.2), and lesser and greater curvature (C16.5, C16.6), as
well as mixed subsite (C16.8) and subsite not otherwise
specified (C16.9)). All incident cancers were identified by
the Los Angeles County Cancer Surveillance Program
(CSP), a population-based tumor registry.

We conducted in-person interviews with patients or their
next-of-kin (NOK) when patients were unable to be inter-
viewed due to death or illness. Of the 1,716 eligible
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patients identified, interviews were completed with 947
case patients (i.e., 55% [947/1716] of those identified and
77% [947/(1716-310-174)] of those approached). We were
unable to obtain interviews for 769 patients: 310 had died
or were too ill to be interviewed and did not have a NOK
available for interview; physicians denied permission to
contact 174 patients; 146 patients could not be located; and
139 patients did not wish to participate. Information was
incomplete for five patients and 942 patients were included
in the analyses [2]. Age, gender, and race distributions did
not differ between case patients we interviewed and those
we did not interview.

Control subjects were individually matched to inter-
viewed case patients on gender, race and date of birth
(x5 years). Whenever possible, we sought two control
subjects for cases diagnosed with esophageal or gastric
cardia adenocarcinoma to increase the study’s statistical
power. Control subjects must not have had a diagnosis of
stomach or esophageal cancer. A neighborhood control
subject was sought by use of a systematic algorithm based
on the address of the case patient. If the first eligible
matched control subject refused to participate, the second
eligible one in the sequence was invited, and so on. Of the
947 case patients interviewed, 528 had one participating
control subject, 382 had two or more participating control
subjects, and 37 had no eligible control subject identified.
For over half of the case patients (n = 521), the first
eligible matched control subject was interviewed; the
second or a later matched control was interviewed for the
remaining cases.

The study was approved by the Institutional Review
Board of the Keck School of Medicine of the University of
Southern California, and written informed consent was
obtained from each study participant before interview.

Interview method

Cases and their matching controls were interviewed by the
same interviewer in almost all instances. Next of kin
(NOK) interviews accounted for 271 of the 942 interviews
with case patients (66 for esophageal adenocarcinoma, 85
for gastric cardia and 120 for distal gastric cancer patients).
Although it was not feasible to blind the interviewers to
case (or NOK) or control status, interviewers (and study
participants) were not aware of the study hypotheses. A
reference date was defined as one year before the date of
diagnosis of the case subject; this same reference date was
used for each patient’s matched control subject(s).

The diet history included 124 food items or food groups
(9 beverages, 115 foods), encompassing the following
categories: vegetables, fruits/juice, smoked/cured meats,
noodles/pasta/legumes, rice/potatoes, meat/poultry/fish,
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cereal, bread/spreads/snacks/sweet and beverages. Food
items were selected to include the most frequently con-
sumed foods in each ethnic group to capture at least 85% of
the intake of the major nutrients of interest for all partici-
pants. The diet history we used was modeled after one we
had previously used in a case-control study of multiethnic
populations in California and Hawaii that was developed
by researchers at the University of Hawaii [20]. Subjects
reported both frequency and portion size for each food item
consumed at least 12 times per year that represented their
usual diet one year before reference date (one year before
diagnosis for cases and the same reference period for
control subjects). Identification of serving size was facili-
tated by the use of serving cups for various portion sizes.
An estimate of caloric intake (used as an adjustment vari-
able in the analysis) was derived from the questionnaire
data for each participant, using a food composition table
available at the University of Hawaii. The nutrient database
at the University of Hawaii is based on the United States
Department of Agriculture [21], supplemented with data
from a variety of other sources [22]. Risk associations in
relation to total fat, dietary fiber, and other macronutrients
and micronutrients were investigated.

Intake of total meat, red meat, poultry, fish/shellfish, and
processed meat were estimated, in grams per day, from
information reported in the questionnaires. Red meat in-
cluded beef, hamburger, pork, veal, and lamb. Poultry in-
cluded chicken, turkey, duck and goose. Fish included
fresh/canned fish and shellfish. Processed meat included
bacon, sausages, hot dogs, smoked or cured ham, luncheon
meat, and canned meat.

In addition to the food frequency questionnaire, subjects
were asked whether they used vitamin supplements, specifi-
cally intake of multivitamins, vitamin C, D, A, or E or beta-
carotene, on a regular basis (at least once per week
for 6 months or longer). Age first started to use and duration
of use were asked for each specific vitamin. Since the content
of multiple vitamin supplements varies substantially and since
individuals may change brands and types of vitamins used, we
created a composite index of vitamin use by considering the
number of different vitamins (0 if did not take any vitamins,
and 6 if took all 6 types of vitamins) taken by a participant,
and whether the participant used multivitamin supplements
or single supplements. We did not attempt to estimate the
contribution of specific vitamins to our nutrient analysis.

Nutrient densities expressed as intake per 1,000 kcal
were used in all data analyses as a means for adjusting for
total reported energy intake. Nutrient density intakes and
meat intakes were categorized into quartiles using sex-
specific cutpoints based on daily intakes in all controls.
Indicator variables were created to represent quartile
membership. Quartile ORs were computed by defining the
lowest quartile of intake as the referent category. Condi-

tional and unconditional logistic regression methods were
used to calculate ORs and 95% CI. These results were
comparable to the ORs and 95% ClIs that were estimated
using polytomous logistic regression which modeled three
outcome categories (esophageal adenocarcinoma, gastric
cardia, and distal gastric cancers) and we report below
results from the polytomous logistic regression analyses.
The information on tumor subsite and histology were ob-
tained from the pathology reports documenting each can-
cer. Variables included in the regression model (age: <39,
40-49, 50-59, 60-69, 70+, sex: male/female, race: White,
African-, Latino-, Asian-American, birthplace: US born,
non-US born, and education: less than high school, high
school, some college, college graduate or more) were de-
fined in the same manner as in our previous reports [2]. In
addition, smoking history (never, former, current), body
mass index (kg/mz) (in quartiles), and history of gastro-
esophageal reflux diseases were included as covariates in
the analyses.

Tests for trend based on Wald tests were computed by
fitting a polytomous logistic regression model to ordinal
values representing levels of exposure. In the analyses, the
dietary factors of interest were adjusted for the covariates
mentioned above but they were not adjusted for other
nutrients except for total calories. All reported trend test
significance levels (P values) are two-sided. All analyses
were performed using the EPILOG Windows (version
1.01s) statistical software system (Pasadena, CA).

Results

Characteristics of the study participants and intake patterns
of selected dietary factors are shown in Table 1. As we
have previously reported, cigarette smoking, high body
weight, and history of reflux (i.e., history of hiatal hernia,
esophagitis, Barrett esophagus, excess acid, or gastro-
esophageal reflux that was diagnosed by a physician at
least 2 years before reference date) were significant risk
factors for esophageal and gastric cardia adenocarcinoma
[2, 3]. There was a deficit of vitamin users among case
patients, particularly among distal gastric cancer patients
compared to controls. Subsequent analyses on dietary
factors included adjustment for vitamin use (number of
vitamin supplements used) as well as other significant risk
factors (smoking, body size, and gastroesophageal reflux
diseases) in this study population [2, 3].

Risk patterns for the three tumor types in relation to
total calories and macronutrients are shown in Table 2.
Caloric intake did not differ significantly between esoph-
ageal adenocarcinoma or gastric cardia cancer patients
and controls. However, caloric intake was significantly
lower in distal gastric cancer patients than in controls
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Table 1 Characteristics of esophageal and gastric adenocarcinoma case patients and control subjects, Los Angeles County

Factor Esophageal adenocarcinoma Gastric cardia Distal gastric cancer Controls

# of subjects” 206 257 366 1,308
Whites (%) 79 77 33 63

Male (%) 91 84 60 74

Body mass index (BMI)" 26.0 (0.38) 26.0 (0.31) 25.0 (0.31) 25.0 (0.13)
Ever smoked (%) 79 73 61 60

History of reflux (%) 40 26 16 14
Vitamin users (%) 52 53 40 55

% H. pylori positive® 59 67 83 64

Total calories ® 2,533.8 (84.3) 2,439.0 (68.3) 2,201.7 (54.8) 2,410.6 (30.4)
%Fat calories 38.4 (0.46) 38.6 (0.47) 34.2 (0.38) 36.1 (0.24)
% Protein calories ° 16.3 (0.17) 16.3 (0.17) 16.1 (0.15) 16.1 (0.08)
%Carbohydrate calories ° 46.5 (0.55) 46.5 (0.55) 51.0 (0.44) 49.5 (0.27)
Total fiber (g) ° 10.1 (0.25) 10.2 (0.26) 12.0 (0.20) 11.8 (0.12)
Total meat/fish (g) ° 176.5 (8.8) 158.0 (6.9) 137.0 (5.1) 141.0 (3.0)
Red meat (g) ° 83.0 (6.9) 71.0 (4.7) 53.0 (2.9) 58.0 (2.0
Processed meat (g) ° 15.0 (1.7) 13.0 2.4) 10.0 (1.4) 11.0 (0.8)
Poultry (g) ° 24.0 (2.5) 28.0 (2.2) 21.0 (2.1) 28.0 (1.3)
Fish (g) ° 18.0 (1.7) 17.0(2.3) 16.0 (2.1) 19.0 (0.77)

* A total of 113 cancer patients (16 esophageal adenocarcinoma, 20 gastric cardia, 77 distal gastric cancer) and 48 control subjects were not
included in the dietary analyses because of missing data on dietary variables, BMI (kg/m?), reflux, or use of vitamins

® Median (standard errors)

¢ H. pylori was determined on 343 control subjects and 76 esophageal adenocarcinoma, 83 gastric cardia, 109 distal gastric cancer patients

(P trend = 0.016). After adjusting for caloric intake, the
risk of esophageal (P trend = 0.035), gastric cardia
(P trend = 0.046), and distal gastric adenocarcinoma
(P trend = 0.063) increased with increasing intake of total
fat. When specific components of fat were considered,
risk of all three tumor types increased with increasing
intake of saturated and monounsaturated fat but was
unrelated to intake of polyunsaturated fat. Risk of
esophageal adenocarcinoma was significantly associated
with intake of both saturated and monounsaturated fats
while gastric cardia adenocarcinoma risk was significantly
associated with higher intake of saturated fat and distal
gastric cancer risk was significantly associated with
higher intake of monounsaturated fat. Cholesterol intake
was associated with all three tumor types, but this finding
was, statistically, significant only for distal gastric cancer
(P trend <0.001). In contrast, risks of gastric cardia and of
distal gastric cancer were statistically significantly and
inversely associated with intake of carbohydrates. High
intake of total fiber (highest (>15.0 gm/day) vs lowest
( £9.31 gm/day) quartile) was associated with a statisti-
cally significant 31-56% risk reduction of all three tumor
types. A statistically significant trend of decreasing risk
with increasing fiber intake was observed for esophageal
and gastric cardia adenocarcinoma, but not for distal
gastric cancer (Table 2).
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We examined risk patterns in relation to intake of fat
and fiber simultaneously (Table 3). For all three tumor
types, the increased risk associated with total fat dimin-
ished and was no longer statistically significant after
adjusting for total fiber intake whereas the effect of fiber
remained statistically significant and the risk estimates
were largely unchanged. The positive association between
cholesterol intake and distal gastric cancer was unaltered
with additional adjustment for fiber intake. Vegetables,
fruits, and cereals each accounted for 35%, 21%, and 44%
of the fiber intake among control subjects in this study. Our
results point to inverse associations from all sources of
fiber although vegetable and fruit fibers appeared to have
stronger effects on risk of esophageal and gastric cardia
adenocarcinomas, whereas cereal fibers had more apparent
effects on distal cancers (Table 3, bottom).

Our finding on vegetable and fruit fiber is not merely a
marker for fruit and vegetable intake or other plant-based
micronutrients. Intake of fruits and vegetables was not
significantly associated with risk of these tumor types. For
example, for esophageal adenocarcinoma, the adjusted
ORs associated with quartiles of vegetable intake were
1.00, 0.92, 0.95, 0.67 (P trend = 0.23) and the adjusted
ORs associated with quartile of fruit intake were 1.00, 0.90,
0.77, 0.98 (P trend = 0.76). When we considered intake of
other plant-related micronutrients (e.g., alpha carotene,
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1900s to 4.3 gm/day in the mid 1970s [26]. The average
dietary fiber intake in our study population (~12 g/day) is
similar to that reported for the US population in the 1980s
[27] but considerably lower than the American Heart
Association’s recommendation of 25-30 g/day [28]. The
consistent inverse association with fiber in major subgroup
analyses in the present study (Table 5) strengthens the
overall finding. High fiber intake has been suggested to
reduce the risk of hiatal hernia [29] and was recently found
to be associated with a reduced risk of gastro-esophageal
reflux symptoms and erosive esophagitis in a cross-sec-
tional study [30]. Fiber may have beneficial effects via a
mechanical action by helping to remove and/or limit the
contact of carcinogens with the esophageal epithelium [28].
In addition, high-fiber foods generally tend to have a higher
content of antioxidants and phytochemicals [23, 24].
Importantly, our findings on dietary fiber remained statis-
tically significant after adjustment for dietary fat whereas
the effects of dietary fat were substantially diminished after
adjustment for dietary fiber (see below).

Our study results suggest that total fat is not indepen-
dently associated with risk as the effects of fat were sub-
stantially diminished after adjusting for dietary fiber intake.
Previous findings on the role of dietary fat and risk of
esophageal and gastric cardia adenocarcinoma are mixed.
In the US multicenter study, risk of esophageal adenocar-
cioma but not gastric cardia cancer increased in association
with total fat intake [15]. High-fat intake was also associ-
ated with increased risk of esophageal adenocarcinoma in a
small US study [25]. In contrast, in the Swedish nationwide
study, total fat intake was lower among patients with
esophageal adenocarcinoma and was nonsignificantly
higher among patients with gastric cardia cancer [17].
Although a statistically significant dietary fat effect was
found in two [9, 11] of the three US studies which included
gastric cardia and esophageal adenocarcinomas combined
in the analysis [9-11], it is unclear whether fiber intake was
considered in the analyses.

Our results reveal no significant difference in meat in-
take between esophageal adenocarcinoma patients and
controls. Although high intake of red meat was associated
with a significant increased risk of gastric cardia cancer,
this effect diminished after adjustment for fiber intake.
High intake of processed meat was a significant risk factor
for distal gastric cancer and this association remained after
adjustment for fiber intake (Table 3). Thus, our findings on
intake of meat and processed meat and risk of distal gastric
cancer and gastric cardia cancer are generally concordant
with the findings from the EPIC cohort studies [8, 18].
Processed meat was implicated as a risk factor for esoph-
ageal adenocarcinoma in the EPIC study, but this was
based on a relatively small number of cases (n = 65). In
this analysis which included larger numbers of esophageal

adenocarcinoma (n = 206), processed meat was not asso-
ciated with risk. It should be noted that hamburger was
included in the category of processed meat in the EPIC
study whereas hamburger was included as part of red meat
in our analysis. When we re-analyzed our data and exam-
ined intake of hamburger separately (i.e., excluded from
red meat and from processed meat), intake of hamburger
was unrelated to risk of the three tumor types. Intake of
processed meat (without hamburger) was significantly
associated with risk of distal gastric cancer (P trend = 0.02)
while it remained unrelated to risk of esophageal and gastric
cardia adenocarcinoma. A few previous studies provided
results for intake patterns of meat and processed meat and
risk of these tumor types. No significant associations were
found between intake of processed meat or red meat and risk
of esophageal adenocarcinoma [12], gastric cardia [31], and
esophageal adenocarcinoma and gastric cardia cancers
combined [11].

Most previous studies have not considered H. pylori
status in their investigations of diet and esophageal and
gastric adenocarcinoma. While H. pylori status was deter-
mined on only about one-third to one-half of the control
and case groups in this study [19], our dietary findings
which adjusted for H. pylori status (Table 6) were largely
concordant with our findings in all subjects combined when
H. pylori status was not considered. In particular, the in-
verse associations between fiber intake and risk in all three
tumor types remained statistically significant. However,
unlike results from the EPIC study [18], our findings on
processed meat and red meat showed that distal gastric
cancer risk was not stronger when we restricted our anal-
ysis to participants who were H pylori positive.

Our study represents one of the few large population-
based epidemiologic studies that have been designed spe-
cifically to investigate further the role of dietary factors in
these three tumor types. The problem of measurement er-
rors in dietary assessment, particularly in relation to using
food frequency questionnaires in case-control studies is
well recognized. Nondifferential misclassification would
tend to weaken our findings toward the null suggesting that
the inverse associations with fiber intake may be even
stronger. In addition, the fiber finding remained after
adjustment for other dietary (e.g., dietary fat) and non-
dietary factors including H. pylori infection status, body
size, smoking, and history of reflux. However, we cannot
rule out the possibility of selective recall bias if eating
patterns of the cases were affected by early disease
symptoms which would lead to differential measurement
error and bias away from the null.

The rising incidence of adenocarcinoma of the esopha-
gus is well documented in many western countries and the
causes of this increase are not well-understood. High intake
of fiber was significantly inversely associated with risk of
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esophageal adenocarcinoma and gastric cardia adenocar-
cinoma. Better understanding of the mechanisms by which
high fiber intake may reduce risk of these tumor types is
warranted.
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