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Abstract: We studied the relationship between nutrient in-
takes and adenocarcinoma of the esophagus and distal stom-
ach among 124 esophageal adenocarcinoma cases, 124 distal
stomach cancer cases, and 449 controls in a population-
based case-control study in eastern Nebraska. The residual
method was used to adjust nutrient intake quartiles or tertiles
for energy intake. We observed significant inverse associa-
tions with risk of esophageal adenocarcinoma for dietary
intakes of total vitamin A [highest vs. lowest quartile, multi-
variate odds ratio (OR) = 0.5, P for trend = 0.05], B-crypto-
xanthin (OR = 0.5, P = 0.05), riboflavin (OR = 0.5, P = 0.01),
folate (OR = 0.5, P = 0.03), zinc (OR = 0.5, P = 0.05), dietary
fiber (OR = 0.5, P = 0.05), protein (OR = 0.5, P = 0.02), and
carbohydrate (OR = 0.4, P = 0.02). For distal stomach can-
cer, only vitamin C (OR = 0.6, P = 0.04), dietary fiber (OR =
0.4, P =0.007), and carbohydrate (OR = 0.4, P = 0.004) were
inversely associated with risk. Our analyses showed signifi-
cant interaction between dietary fat intake, but not intakes of
other nutrients, and respondent type for both cancer sites.
Subgroup analyses among self-respondents revealed positive
associations between saturated fat intake and risk of esopha-
geal adenocarcinoma (OR = 1.0, 4.1, and 4.6 for intake
tertiles, P for trend = 0.02) and risk of distal stomach cancer
(OR = 1.0, 1.2, and 3.6, P = 0.03). However, no such associa-
tions were found among proxy respondents. Our data suggest
that greater intake of dietary fiber, certain carotenoids, and
vitamins may decrease the risk of esophageal adenocarci-
noma, whereas greater intake of saturated fat may increase
the risk of esophageal adenocarcinoma and distal stomach
cancer.

Introduction

The incidence and mortality of esophageal adenocarci-
noma have been increasing for >20 yr in the United States. A

3.5-fold increase in incidence was observed among white
men from 1974 to 1994, and a 2-fold increase was seen
among black men from 1980 to 1994 (1). In contrast, during
the same period, esophageal squamous cell cancer rates were
relatively stable. Rates for stomach cancer have been decreas-
ing over several decades in Western countries (2,3). However,
stomach cancer still ranks second in cancer incidence and
mortality rates worldwide, just behind lung cancer (4).

The underlying reasons for the increase in esophageal
adenocarcinoma are not well understood, and risk factors for
this cancer have been the focus of recent investigations.
Studies suggest that obesity (5-9), gastroesophageal reflux
diseases, and Barrett’s esophagus (10—12) are strongly asso-
ciated with risk for esophageal adenocarcinoma, whereas
smoking (13,14) and low socioeconomic status (15) are as-
sociated with moderately increased risk.

Diet plays an important role in the pathogenesis of stom-
ach cancer, and the decline of this cancer over the past sev-
eral decades may be partially attributable to the increased
availability of fresh fruit and vegetables (2,4). Numerous ep-
idemiological studies have suggested that higher intake of
fruit and vegetables, vitamin C, and P-carotene may de-
crease risk of stomach cancer and higher intake of salt may
increase the risk (4). Fewer studies have examined the asso-
ciations between diet and esophageal adenocarcinoma.
Lower risk has been observed with higher intake of fruit and
vegetables (5,16—-18), dietary fiber (5,13,16,17), vitamin C
(5,16), B-carotene (19), vitamin A (16), and lutein, niacin,
vitamin B-6, and zinc (17), whereas greater risk has been ob-
served for higher intake of red meat, processed meat, and
gravy (20), as well as dietary fat (13,17) and vitamin A from
animal sources (13). Therefore, we hypothesized that nutri-
ents from fruits and vegetables are inversely associated with
risk of esophageal adenocarcinoma and distal stomach can-
cer and that dietary fat is positively associated with the risk
of esophageal adenocarcinoma.
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Materials and Methods

We conducted a population-based case-control study in
the 66 counties of eastern Nebraska to evaluate potential
roles of occupational and dietary risk factors in esopha-
geal adenocarcinoma, stomach cancer, and adult glioma. A
detailed description of the methods has been published else-
where (20). Briefly, incident cases of esophageal and stom-
ach adenocarcinomas were identified from the Nebraska
Cancer Registry (1 July 1988-1990) or by a review of dis-
charge diagnoses and pathology records at the 14 participat-
ing hospitals in Omaha, Lincoln, and Grand Island, NE
(1991-30 June 1993), covering >90% of the population of
these 66 counties in eastern Nebraska. Eligible cases were
white male or female residents of these counties, 221 yr old.
Cases were limited to whites, because the controls were
sampled from a previous study (as described below) that in-
cluded only whites because of the expected small numbers
of other ethnic groups. Concurrently, a separate group of
adult glioma patients with the same selection criteria was
also identified. Only cases confirmed as adenocarcinoma
of the esophagus and stomach were retained in the analyses.
A gastrointestinal pathologist (RM) reviewed all initial
diagnoses of stomach cancer, except lymphomas, leiomyo-
sarcomas, and reticulosarcomas, and all diagnoses of esoph-
ageal cancer, except those located in the upper and cervical
esophagus (ICD-O codes 150.0 and 150.3), which are al-
most exclusively squamous cell carcinomas.

For efficiency and to reduce the cost of the study, con-
trols were randomly selected from the population-based
controls of a previous case-control study of hematopoietic
cancers conducted in 1986—1987 in the same counties (21).
Details of control selection in that study have been published
previously (21,22). Controls in the present study were fre-
quency matched to the overall distribution of the esopha-
geal, stomach, and glioma cases by age, gender, and vital
status (20). We selected deceased controls so that the reli-
ability of the interview information would be more com-
parable to that for deceased cases. Living controls were
oversampled to allow for more study power in subgroup
analyses by respondent type.

Telephone interviews with cases and controls or their
proxies were performed during 1992—1994 by trained inter-
viewers. Cases and controls were asked to report their di-
etary intakes, history of smoking, alcohol intake, usual adult
weight and height, occupational history, and other factors
before 1985. To aid their memory of this time frame, the in-
terviewers reminded respondents about local and national
events in 1985 and asked them to recall any major event in
their life around that time. A total of 137 eligible esophageal
adenocarcinoma cases, 170 stomach cancer cases, and 502
controls or their proxy respondents completed interviews
with overall response rates of 88%, 79%, and 83%, respec-
tively. The response rate of controls in the previous study,
which took into account the refusals at Stage 1 of the ran-
dom-digit-dialing screening, was 87%. Therefore, the ad-
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justed rate was 72% for reinterviewed controls in the present
study. Because of the poor prognoses of these cancers, inter-
views were conducted with the next-of-kin for 76% of
esophageal adenocarcinoma cases and 80% of stomach can-
cer cases. A total of 61% of control interviews involved
proxy respondents. Among all proxy respondents, 45.4%
were spouses of the participants, 36.2% were their children,
10% were their parents, and the rest were other relatives or
friends.

A modified version of the short Health Habits and His-
tory Questionnaire (23) was used to collect dietary informa-
tion. Nutrient intakes calculated from the short version of the
Health Habits and History Questionnaire are strongly corre-
lated with intakes calculated from the full questionnaire
(23,24). Age- and gender-specific portion sizes and most nu-
trient values came from the DIETSYS database (25) with
nutrient values appropriate for the food supply in the 1980s.
Values for total provitamin A carotenoids and five specific
carotenoids (o-carotene, B-carotene, B-cryptoxanthin, lyco-
pene, and lutein + zeaxanthin) were from a database devel-
oped by Block (25-27). Because carotenoid databases have
changed over time, problems with an older database would
introduce error in properly classifying and ranking individu-
als, making it more difficult to find associations. However,
carotenoid values derived from this database have been
shown to correlate well with values derived from the later
US Department of Agriculture-National Cancer Institute da-
tabase (27) and are reasonably correlated with serum param-
eters (26).

Subjects with unknown intakes for >20% of the food
questions were excluded from analyses. This left 124 (91%)
esophageal adenocarcinoma cases, 154 (91%) stomach can-
cer cases, and 449 (89%) controls in the dietary analysis. A
total of 124 stomach cancer cases arose in the distal part of
the stomach and 30 in the stomach cardia. Because of the
small number of cardia cases and because cardia cancer is
hypothesized to have different risk factors from distal stom-
ach cancers, we excluded cardia cases from our analyses.
Odds ratios (ORs) and their 95% confidence intervals (CIs)
were calculated by unconditional logistic regression. All sig-
nificance tests were two-sided (o0 = 0.05).

The importance of adjusting for energy intake in dietary
research has been discussed (28). In this study, nutrient in-
take was categorized into quartiles after adjustment for en-
ergy intake using the residual method (28). Tertiles, rather
than quartiles, were used in the subgroup analyses by re-
spondent type because of the small sample size. We tested
for linear trend by including the median of each quartile or
tertile as a continuous variable in the model and testing for
the significance of the slope. The ORs were adjusted in the
analyses for age, gender, alcohol use (never, past, and cur-
rent drinkers), tobacco use (nonsmokers, <30/day, 230/day),
education level (college graduates: yes/no), family history of
respective cancers (yes/no), and vitamin supplement use
(yes/no). Body mass index (BMI, kg/m?), a known risk fac-
tor for esophageal adenocarcinoma, and age squared were
also adjusted for esophageal adenocarcinoma. We tested for
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interactions between nutrient intakes and respondent type on
a multiplicative scale. The results are reported separately
when there were significant interactions or the results were
meaningfully different across respondent type; otherwise,
we adjusted for respondent type in all analyses.

Results

Table 1 shows characteristics of the study population in
the dietary analyses by case-control status. Esophageal ade-
nocarcinoma cases were predominantly men. Cases were
more likely than controls to be past drinkers and smokers
and to have a higher average BMI. In a separate analysis, we
found a strong positive association between BMI and risk
for esophageal adenocarcinoma [multivariate ORs for BMI
<20, 20-24.9, 25-29.9, and 230 kg/m? were 1.0 (reference),
2.2, 3.8, and 6.1, respectively, P for trend = 0.001]. Esopha-
geal adenocarcinoma cases also reported higher energy in-
take than controls. Stomach cancer cases were older and less
likely than controls to be past smokers or drinkers. Also the
percentage of college graduates and vitamin supplement us-
ers was lower among stomach cancer cases. Cases were also
more likely than controls to report a positive family history
of respective cancers.

The mean values for nutrient intakes for cases and con-
trols are reported in the Appendix. Multivariate adjusted
associations between selected nutrient intakes and adeno-
carcinoma of the esophagus and distal stomach are described
in Tables 2 and 3. The results were not meaningfully differ-
ent by respondent type for these nutrients. For esophageal

adenocarcinoma, the highest intake quartiles of total vitamin
A, B-cryptoxanthin, riboflavin, folate, zinc, dietary fiber,
protein, and carbohydrate were each associated with an
~40-50% decrease in risk compared with the lowest quar-
tiles, and significant inverse trends were observed for these
nutrients. Inverse associations with the risk of distal stomach
cancer were observed for intakes of vitamin C, dietary fiber,
and carbohydrate. Subjects in the highest intake quartile of
B-cryptoxanthin also had a 40% lower risk than those in the
lowest quartile; however, the associations did not reach sta-
tistical significance. Sodium intake was not associated with
either cancer, and we did not find any association with the
frequency of adding salt to foods (seldom or never, some-
times, often, or always). However, in a separate analysis of
salty preference categories (very salty, somewhat salty, not
very salty, and not salty at all), we found nonsignificantly el-
evated risk for distal stomach cancer with a preference for
“very salty” food vs. “not salty at all” (multivariate OR =
1.8, 95% CI = 0.6-5.3).

We found significant interactions between dietary fat in-
takes and respondent type for both cancer sites; therefore,
data are presented separately by respondent type. We pre-
sent results for esophageal cancer adjusted for age, age
squared, gender, and BMI and results for stomach cancer ad-
justed for only age and gender; there was no adjustment for
other factors because of the small sample sizes. Saturated fat
was positively associated with risk for both cancer sites
among self-respondents (Table 4). There was no association
between fat intake and cancer risk among those with proxy
respondents. Among proxies, the multivariate adjusted ORs
associated with tertiles of saturated fat intakes were 1.0 (ref-

Table 1. Characteristics of the Study Population by Case-Control Status®®

Cases
Controls Esophageal adenocarcinoma Distal stomach cancer
(n = 449) (n=124) (n=124)

Age, yr 59.8 £17.6 623 £ 12.4 70.3 + 11.4F
Male, % 57.5 87.97 54.0
Self-respondent, % 42.8 25.01 18.6
BMI, kg/m? 250 £ 4.4 26.4 + 3.67 253+ 3.7
Energy intake, MJ 85+ 35 92+ 3.8% 9.0+ 3.7
Alcohol use, %

Never drinker 37.9 23.6° 47.1%

Past drinker 27.2 54.6 37.8

Current drinker 34.9 21.8 15.1
Tobacco use, %

Nonsmoker 45.2 21.47 58.4%

Smoker

<30/day 37.6 48.7 28.3
>30/day 17.2 29.9 133

College education, % 19.0 13.8 6.5"
Family history, %

Esophageal cancer 0.7 2.5

Stomach cancer 5.8 20.0°
Ever took vitamin supplement, % 38.6 28.8 24 87

a: Means + SD are presented for continuous variables and compared by Student’s #-test; proportions are presented for categorical variables and compared by

Mantel-Haenszel xz test. BMI, body mass index.

b: Statistical significance is as follows: *, P < 0.05; ¥, P < 0.01 vs. control.
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Table 2. ORs and 95% ClIs for Esophageal Adenocarcinoma by Quartiles of Nutrient Intake Residuals®®

Intake Residual Quartiles

Nutrient Ql Q2 Q3 Q4 P for Trend
Total vitamin A 1.0 0.8 (0.4-1.4) 0.7 (0.4-1.3) 0.5 (0.3-1.0)* 0.05
Provitamin A carotenoids 1.0 0.7 (0.3-1.3) 0.8 (0.4-1.5) 0.6 (0.3-1.1) 0.2
a-Carotene 1.0 0.9 (0.5-1.7) 0.7 (0.4-1.3) 0.7 (0.4-1.3) 0.3
B-Carotene 1.0 0.8 (0.4-1.5) 1.0 (0.5-1.8) 0.6 (0.3-1.2) 0.2
B-Cryptoxanthin 1.0 0.9 (0.5-1.6) 0.6 (0.3-1.1) 0.5 (0.3-1.1) 0.05
Lycopene 1.0 1.1 (0.6-2.0) 0.9 (0.5-1.8) 0.8 (0.4-1.6) 0.5
Lutein + zeaxanthin 1.0 1.7 (0.9-3.3) 1.1 (0.6-2.2) 0.9 (0.4-1.8) 0.3
Retinol 1.0 0.8 (0.4-1.5) 0.8 (0.4-1.5) 0.6 (0.3-1.2) 0.2
Riboflavin 1.0 1.2 (0.6-2.2) 0.7 (0.3-1.3) 0.5 (0.2-1.0)* 0.01
Vitamin B-6 1.0 1.2 (0.6-2.3) 1.6 (0.8-2.9) 0.7 (0.3-1.3) 0.2
Folate 1.0 0.9 (0.5-1.7) 0.7 (0.4-1.4) 0.5 (0.3-1.0)* 0.03
Niacin 1.0 1.1 (0.6-2.1) 0.7 (0.4-1.4) 0.8 (0.4-1.5) 0.3
Vitamin C 1.0 0.9 (0.5-1.6) 0.7 (0.4-1.3) 0.6 (0.3-1.2) 0.09
Vitamin E 1.0 1.1 (0.6-2.1) 0.9 (0.5-1.7) 1.0 (0.6-1.9) 1.0
Zinc 1.0 0.9 (0.5-1.7) 0.7 (0.4-1.3) 0.5 (0.3-1.0) 0.05
Iron 1.0 0.6 (0.3-1.2) 0.9 (0.5-1.7) 0.6 (0.3-1.1) 0.1
Calcium 1.0 0.6 (0.3-1.2) 1.0 (0.5-1.8) 0.5 (0.2-0.9)* 0.06
Sodium 1.0 1.1 (0.5-2.1) 1.1 (0.6-2.2) 1.0 (0.5-1.9) 1.0
Dietary fiber 1.0 0.5 (0.3-1.0) 0.6 (0.3-1.1) 0.5 (0.3-0.9)* 0.05
Protein 1.0 1.1 (0.6-2.0) 0.5 (0.3-1.0) 0.5 (0.3-1.0)* 0.02
Carbohydrate 1.0 1.1 (0.6-2.1) 0.9 (0.5-1.6) 0.4 (0.2-0.9)* 0.02

a: Compared with lowest quartile [Q1: odds ratio (OR) = 1.0], with adjustment for age, age squared, gender, respondent type, BMI, alcohol use, tobacco use,
education level, family history of respective cancers, and vitamin supplement use. Cls, confidence intervals.
b: Statistical significance is as follows: *, P < 0.05 vs. Q1.

Table 3. ORs and 95% Cls for Distal Stomach Cancer by Quartiles of Nutrient Intake Residuals®?

Intake Residual Quartiles

Nutrient Ql Q2 Q3 Q4 P for Trend
Total vitamin A 1.0 0.8 (0.4-1.4) 1.0 (0.5-1.9) 0.8 (0.4-1.5) 0.6
Provitamin A carotenoids 1.0 0.6 (0.3-1.1) 0.7 (0.4-1.4) 0.8 (0.4-1.4) 0.7
a-Carotene 1.0 1.2 (0.7-2.3) 1.0 (0.6-1.9) 1.0 (0.5-1.8) 0.8
B-Carotene 1.0 0.8 (0.4-1.4) 0.8 (0.5-1.6) 1.0 (0.5-1.8) 0.8
B-Cryptoxanthin 1.0 0.9 (0.5-1.6) 0.6 (0.3-1.1) 0.6 (0.3-1.2) 0.08
Lycopene 1.0 0.8 (0.5-1.6) 1.2 (0.6-2.2) 1.2 (0.6-2.1) 0.5
Lutein + zeaxanthin 1.0 0.8 (0.4-1.5) 1.0 (0.5-1.8) 0.8 (0.4-1.6) 0.7
Retinol 1.0 1.0 (0.5-1.9) 1.2 (0.6-2.3) 0.9 (0.5-1.8) 0.8
Riboflavin 1.0 1.0 (0.5-1.9) 1.7 (0.9-3.1) 0.9 (0.5-1.7) 1.0
Vitamin B-6 1.0 1.3 (0.7-2.5) 1.3 (0.7-2.4) 1.4 (0.8-2.7) 0.3
Folate 1.0 1.0 (0.6-1.9) 0.6 (0.3-1.1) 0.8 (0.4-1.4) 0.3
Niacin 1.0 0.8 (0.4-1.4) 0.8 (0.4-1.4) 1.0 (0.6-1.9) 0.9
Vitamin C 1.0 1.3 (0.7-2.4) 0.7 (0.4-1.4) 0.6 (0.3-1.2) 0.04
Vitamin E 1.0 0.6 (0.3-1.1) 0.5 (0.3-1.0) 0.7 (0.4-1.2) 0.3
Zinc 1.0 1.1 (0.6-2.0) 0.8 (0.4-1.5) 1.1 (0.6-2.0) 0.9
Iron 1.0 0.9 (0.5-1.7) 0.9 (0.5-1.6) 0.9 (0.5-1.7) 0.8
Calcium 1.0 0.6 (0.3-1.2) 1.0 (0.5-1.9) 0.9 (0.5-1.7) 0.8
Sodium 1.0 0.7 (0.4-1.3) 0.7 (0.4-1.4) 0.8 (0.4-1.4) 0.5
Dietary fiber 1.0 0.7 (0.4-1.3) 0.7 (0.4-1.2) 0.4 (0.2-0.8)F 0.007
Protein 1.0 1.3 (0.7-2.4) 0.7 (0.4-1.4) 1.5 (0.8-2.7) 0.4
Carbohydrate 1.0 0.5 (0.3-1.0)* 0.5 (0.2-0.9) 0.4 (0.2-0.8)" 0.004

a: Compared with lowest quartile (Q1: OR = 1.0), with adjustment for age, gender, respondent type, alcohol use, tobacco use, education level, family history
of respective cancers, and vitamin supplement use.
b: Statistical significance is as follows: *, P < 0.05; ¥, P < 0.01 vs. QI.
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Table 4. ORs and 95% Cls for Adenocarcinomas of the Esophagus and Distal Stomach by Tertiles of Dietary Fat Intake

Residuals Among Self-Respondents®”

Esophageal Adenocarcinoma

Distal Stomach Cancer

Control Case OR (95% CI) Control Case OR (95% CI)
Total fat
Tl 64 6 1.0 64 5 1.0
T2 64 2 0.6 (0.1-3.0) 64 2 0.3 (0.1-1.8)
T3 64 23 3.7 (1.4-10)* 64 16 2.3 (0.74-7.3)
P for trend 0.007 0.07
Saturated fat
Tl 64 4 1.0 64 4 1.0
T2 64 11 4.1 (1.2-14)* 64 4 1.2 (0.3-5.5)
T3 64 16 4.6 (1.4-16)* 64 15 3.6 (1.0-12)*
P for trend 0.03

a: Compared with lowest tertile (T1: OR = 1.0), with adjustment for age and gender for both cancers and age squared and BMI for esophageal

adenocarcinoma.
b: Statistical significance is as follows: *, P < 0.05 vs. T1.

erence), 1.4, and 0.7 for esophageal adenocarcinoma (P for
trend =0.3) and 1.0, 1.7, and 1.2 for distal stomach cancer (P
=0.7).

Approximately 39% of controls took some type of vita-
min supplement before 1985, with most (86%) reporting the
use of multiple vitamins. Individual vitamin supplement use
was less common (vitamin A, 3%; vitamin C, 15%; vitamin
E, 7%; cod liver oil, 9%). There was no association between
any vitamin supplement use and risk of esophageal adeno-
carcinoma. However, those who had used any vitamin sup-
plements had a significantly lower risk of distal stomach
cancer than nonusers (OR = 0.6, 95% CI = 0.3—1.0). Results
for individual vitamin supplement use and risk of distal
stomach cancer were unstable because of small sample sizes
(data not shown).

Discussion

Our results show that higher intakes of total vitamin A, 3-
cryptoxanthin, riboflavin, folate, zinc, dietary fiber, protein,
and carbohydrate were associated with lower risk of esopha-
geal adenocarcinoma and that higher intakes of vitamin C,
dietary fiber, and carbohydrate were associated with lower
risk of distal stomach cancer. Greater intake of saturated fat
was related to higher risk at both cancer sites. The overall as-
sociations tended to be stronger for esophageal adenocar-
cinoma.

Several studies have investigated the role of diet in
esophageal adenocarcinoma, and inverse associations have
been reported with dietary fiber (5,13,16,17), dietary antiox-
idants (5,16,19), and fruit and vegetables (5,16—18). Our re-
sults support these findings. In our study, dietary fiber was
associated with a reduced risk in esophageal adenocarci-
noma and distal stomach cancer. A potential role of dietary
fiber in cancer etiology, particularly in colorectal cancer, has
been brought into question by recent prospective studies
(29-31). Nevertheless, the present evidence suggests inverse
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associations between dietary fiber intake and risk of esopha-
geal adenocarcinoma (5,13,16,17) and stomach cancer (32,
33). Burkitt et al. (34,35) found that higher intake of dictary
fiber was associated with lower risk of hiatus hernia, which
has been implicated as a risk factor for esophageal adeno-
carcinoma.

Carotenoids are thought to play important roles in cancer
prevention due to a variety of mechanisms (36,37). Some ca-
rotenoids have been inversely associated with risk of esoph-
ageal adenocarcinoma and stomach cancers in previous
studies (19,38). We observed an inverse association with
risk of esophageal adenocarcinoma for -cryptoxanthin, but
not for other carotenoids. Folate and riboflavin are important
cofactors in DNA metabolism, and substantial epidemiolog-
ical evidence suggests that lower folate intake is associated
with higher risk for other epithelial tumors (39,40). Several
mechanisms have been proposed, which primarily involve
prevention of DNA hypomethylation and maintenance of
the integrity of the DNA repair system (41). Vitamin C is an
important antioxidant and inhibitor for endogenous synthe-
sis of N-nitroso compounds (42,43), which are strong carcin-
ogens to the esophagus and stomach in animal models (44).

Some epidemiological studies suggest that greater salt in-
take is associated with a higher risk of stomach cancer (4).
Salt per se is not a carcinogen (45); rather, it is thought to act
as an irritant to the stomach mucosa protective layer and
may enhance carcinogenesis induced by other carcinogens
(4,46). Despite the high reported intake of sodium (mean
3,603 mg/day, range 743—10,962 mg/day), we found no evi-
dence that sodium intake from foods or adding salt to foods
was positively associated with risk for either cancer site.
However, a preference for very salty foods was associated
with a nonsignificant elevated risk at both cancer sites.

Previous studies have found a nonsignificant inverse as-
sociation between protein intake and risk of esophageal
adenocarcinoma, with ORs of 0.4-0.8 between extreme in-
take categories (5,16,17). A similar OR was observed in this
study with a significant trend. Greater carbohydrate intake
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has been positively associated with higher risks of esopha-
geal squamous carcinoma (47-49) and stomach cancer
(49,50). In contrast with these previous studies, we found
that carbohydrate intake was inversely associated with risks
for esophageal adenocarcinoma and distal stomach cancer in
this population. Carbohydrate intake only accounted for an
average of 38% of total energy intake among controls and
was negatively correlated with fat intake (partial correlation
coefficient = —0.54 among self-respondent controls). There-
fore, a higher intake of carbohydrate in this population may
just represent a lower fat intake and a more balanced diet,
which may partially explain its inverse associations with
both cancer sites.

Positive associations with risk of stomach cancer have
been reported for dietary intakes of total fat or saturated fat
(32,33,51,52), although the results are not entirely consistent
(53,54). Epidemiological studies of fat intake and esopha-
geal adenocarcinoma are limited, and the findings have been
inconsistent (5,13,16,17). Two studies (13,17) reported an
approximately two- to threefold higher risk of esophageal
adenocarcinoma for those in the highest quartile of total fat
intake than for those in the lowest, whereas Brown et al. (5)
found no association with total dietary fat and only a slight
and nonsignificant increase in risk with greater saturated fat
intake.

In our study, the average energy contribution from di-
etary fat among eligible controls was 41% (range 15-57%).
Thus the high upper intake level and wide range of fat intake
afforded us a good opportunity to evaluate the intake of fat
as a risk factor for these cancers. Our data suggest potential
positive associations between saturated fat intake and risks
at both cancer sites. The association tends to be stronger for
esophageal adenocarcinoma than for distal stomach cancer.
However, because of the small sample sizes in our dietary
fat analyses and the lack of an association among proxy re-
spondents, our results need to be confirmed in other large
studies.

Our study had several limitations. The major limitation
was that, because of the poor survival rates for these cancers,
the majority of the cases had died before we were able to in-
terview them, and we obtained information from their next-
of-kin. We interviewed next-of-kin of deceased controls to
make the quality information between cases and controls
comparable. The use of deceased controls could introduce
selection bias, because they might differ from the base popu-
lation in terms of exposure and potential confounder distri-
butions (55,56). However, except for dietary fats, nutrient
intakes among controls were similar by respondent type af-
ter adjustment for age, gender, and total energy intake. Re-
called diet has been found to be more closely associated with
past than with present diet (57); however, recall over many
years contains error due to memory (58). Furthermore,
cancer symptoms, particularly the gastric reflux that is asso-
ciated with esophageal adenocarcinoma, could result in di-
etary changes that may have affected the cases’ reporting of
their usual adult diet. However, our results are consistent
with results from other case-control studies, and possible re-
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porting bias could only be excluded in prospective studies.
Finally, we did not collect the amount of supplement use in
this study; therefore, results of micronutrients should be
considered as from food sources.

Testing associations for many nutrients within the same
study is subject to the criticism of multiple comparisons. We
did not use adjustment for multiple comparisons in this
study; therefore, any individual comparison must be judged
with caution. However, the overall pattern of our results is
internally consistent and is also consistent with available lit-
erature.

In summary, our study suggests that higher intake of cer-
tain nutrients from plant sources, including dietary fiber,
certain carotenoids, and vitamins, is associated with lower
risks for adenocarcinoma of the esophagus and distal stom-
ach, whereas higher intake of saturated fat may increase risk
for both cancers.

Acknowledgments and Notes

The authors acknowledge Shannon Merkle and Jane Curtin (Informa-
tion Management Services) for programming support. The authors thank
Carol Russell, Bob Saal (Westat), and Casey Boudreau (Survey Research
Associates) for their contribution to data collection and management;
Monica Seeland and the Nebraska Cancer Registry for providing data; in-
terviewers and support staff for their diligent work; the many physicians,
hospital staff, and study participants who cooperated in the study; and Dr.
Wong-Ho Chow for valuable comments. Address correspondence to
M. H. Ward, Occupational Epidemiology Branch, National Cancer Insti-
tute, 6120 Executive Blvd., EPS-8104, MSC-7420, Bethesda, MD 20892-
7420. E-mail: wardm@exchange.nih.gov.

Submitted 17 July 2001; accepted in final form 29 November 2001.

References

1. Devesa SS, Blot WJ, and Fraumeni JF Jr: Changing patterns in the inci-
dence of esophageal and gastric carcinoma in the United States. Can-
cer 83, 2049-2053, 1998.

2. Howson CP, Hiyama T, and Wynder EL: The decline in gastric cancer:
epidemiology of an unplanned triumph. Epidemiol Rev 8, 1-27, 1986.

3. Ries L, Eisner M, Kosary C, Hankey B, Miller B, et al.: SEER Cancer
Statistics Review, 1973—1997. Bethesda, MD: Natl Cancer Inst, 2000.

4. World Cancer Research Fund: Food, Nutrition and the Prevention of
Cancer: A Global Perspective. Washington, DC: Am Inst Cancer Res,
1997.

5. Brown LM, Swanson CA, Gridley G, Swanson GM, Schoenberg JB, et
al.: Adenocarcinoma of the esophagus: role of obesity and diet. JNCI
87, 104-109, 1995.

6. Vaughan TL, Davis S, Kristal A, and Thomas DB: Obesity, alcohol,
and tobacco as risk factors for cancers of the esophagus and gastric
cardia: adenocarcinoma versus squamous cell carcinoma. Cancer Epi-
demiol Biomarkers Prev 4, 85-92, 1995.

7. Chow WH, Blot WJ, Vaughan TL, Risch HA, Gammon MD, et al.:
Body mass index and risk of adenocarcinomas of the esophagus and
gastric cardia. JNCI 90, 150155, 1998.

8. Lagergren J, Bergstrom R, and Nyren O: Association between body
mass and adenocarcinoma of the esophagus and gastric cardia. Ann In-
tern Med 130, 883-890, 1999.

9. Li SD and Mobarhan S: Association between body mass index and
adenocarcinoma of the esophagus and gastric cardia. Nutr Rev 58,
54-56, 2000.

10. Chow WH, Finkle WD, McLaughlin JK, Frankl H, Ziel HK, et al.: The
relation of gastroesophageal reflux disease and its treatment to adeno-

Nutrition and Cancer 2002



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

carcinomas of the esophagus and gastric cardia. JAMA 274, 474-477,
1995.

Cameron AJ: Epidemiology of columnar-lined esophagus and adeno-
carcinoma. Gastroenterol Clin North Am 26, 487-494, 1997.
Lagergren J, Bergstrom R, Lindgren A, and Nyren O: Symptomatic
gastroesophageal reflux as a risk factor for esophageal adenocarci-
noma. N Engl J Med 340, 825-831, 1999.

Kabat GC, Ng SK, and Wynder EL: Tobacco, alcohol intake, and diet
in relation to adenocarcinoma of the esophagus and gastric cardia.
Cancer Causes Control 4, 123—132, 1993.

Gammon MD, Schoenberg JB, Ahsan H, Risch HA, Vaughan TL, et
al.: Tobacco, alcohol, and socioeconomic status and adenocarcinomas
of the esophagus and gastric cardia. JNCI 89, 1277-1284, 1997.
Brown LM, Silverman DT, Pottern LM, Schoenberg JB, Greenberg
RS, et al.: Adenocarcinoma of the esophagus and esophagogastric
junction in white men in the United States: alcohol, tobacco, and socio-
economic factors. Cancer Causes Control 5, 333-340, 1994.
Tzonou A, Lipworth L, Garidou A, Signorello LB, Lagiou P, et al.:
Diet and risk of esophageal cancer by histologic type in a low-risk pop-
ulation. Int J Cancer 68, 300-304, 1996.

Zhang ZF, Kurtz RC, Yu GP, Sun M, Gargon N, et al.: Adeno-
carcinomas of the esophagus and gastric cardia: the role of diet. Nutr
Cancer 27, 298-309, 1997.

Cheng KK, Sharp L, McKinney PA, Logan RF, Chilvers CE, et al.: A
case-control study of oesophageal adenocarcinoma in women: a pre-
ventable disease. Br J Cancer 83, 127-132, 2000.

Terry P, Lagergren J, Ye W, Nyren O, and Wolk A: Antioxidants and
cancers of the esophagus and gastric cardia. Int J Cancer 87, 750-754,
2000.

Ward MH, Sinha R, Heineman EF, Rothman N, Markin R, et al.: Risk
of adenocarcinoma of the stomach and esophagus with meat cooking
method and doneness preference. Int J Cancer 71, 14-19, 1997.
Zahm SH, Weisenburger DD, Babbitt PA, Saal RC, Vaught JB, et al.:
A case-control study of non-Hodgkin’s lymphoma and the herbicide
2,4-dichlorophenoxyacetic acid (2,4-D) in eastern Nebraska. Epidemi-
ology 1, 349-356, 1990.

Ward MH, Zahm SH, Weisenburger DD, Gridley G, Cantor KP, et al.:
Dietary factors and non-Hodgkin’s lymphoma in Nebraska (United
States). Cancer Causes Control 5, 422—-432, 1994.

Block G, Hartman AM, and Naughton D: A reduced dietary question-
naire: development and validation. Epidemiology 1, 58-64, 1990.
Potischman N, Carroll RJ, Iturria SJ, Mittl B, Curtin J, et al.: Compari-
son of the 60- and 100-item NCI-block questionnaires with validation
data. Nutr Cancer 34, 70-75, 1999.

HHHQ-DIETSYS Analysis Sofiware, version 3.0. Bethesda, MD: Natl
Cancer Inst, 1993.

Coates RJ, Eley JW, Block G, Gunter EW, Sowell AL, et al.: An evalu-
ation of a food frequency questionnaire for assessing dietary intake of
specific carotenoids and vitamin E among low-income black women.
Am J Epidemiol 134, 658—671, 1991.

VandenLangenberg GM, Brady WE, Nebeling LC, Block G, Forman
M, et al.: Influence of using different sources of carotenoid data in
epidemiologic studies. J Am Diet Assoc 96, 12711275, 1996.
Willett WC, Howe GR, and Kushi LH: Adjustment for total energy in-
take in epidemiologic studies. Am J Clin Nutr 65, 1220S-12318, 1997.
Fuchs CS, Giovannucci EL, Colditz GA, Hunter DJ, Stampfer MJ, et
al.: Dietary fiber and the risk of colorectal cancer and adenoma in
women. N Engl J Med 340, 169-176, 1999.

Schatzkin A, Lanza E, Corle D, Lance P, Iber F, et al.: Lack of effect of
a low-fat, high-fiber diet on the recurrence of colorectal adenomas.
Polyp Prevention Trial Study Group. N Engl J Med 342, 11491155,
2000.

Alberts DS, Martinez ME, Roe DJ, Guillen-Rodriguez JM, Marshall
JR, et al.: Lack of effect of a high-fiber cereal supplement on the recur-
rence of colorectal adenomas. Phoenix Colon Cancer Prevention Phy-
sicians’ Network. N Engl J Med 342, 11561162, 2000.

Vol. 42, No. 1

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

Cornee J, Pobel D, Riboli E, Guyader M, and Hemon B: A case-control
study of gastric cancer and nutritional factors in Marseille, France. Eur
J Epidemiol 11, 55-65, 1995.

Lopez-Carrillo L, Lopez-Cervantes M, Ward MH, Bravo-Alvarado J,
and Ramirez-Espitia A: Nutrient intake and gastric cancer in Mexico.
Int J Cancer 83, 601-605, 1999.

Burkitt D: Hiatus hernia: is it preventable? Am J Clin Nutr 34, 428—
431, 1981.

Burkitt D: Fiber as protective against gastrointestinal diseases. Am J
Gastroenterol 79, 249-252, 1984.

Smith TA: Carotenoids and cancer: prevention and potential therapy.
Br J Biomed Sci 55, 268-275, 1998.

Hughes DA: Effects of carotenoids on human immune function. Proc
Nutr Soc 58, 713-718, 1999.

De Stefani E, Boffetta P, Brennan P, Deneo-Pellegrini H, Carzoglio
JC, et al.: Dietary carotenoids and risk of gastric cancer: a case-control
study in Uruguay. Eur J Cancer Prev 9, 329-334, 2000.

Kato I, Dnistrian A, Schwartz M, Toniolo P, Koenig K, et al.: Serum
folate, homocysteine and colorectal cancer risk in women: a nested
case-control study. Br J Cancer 79, 1917-1922, 1999.

Zhang S, Hunter D, Hankinson S, Giovannucci E, Rosner B, et al.: A
prospective study of folate intake and the risk of breast cancer. JAMA
281, 1632-1637, 1999.

Mason J and Levesque T: Folate: effects on carcinogenesis and the po-
tential for cancer chemoprevention. Oncology (Huntingt) 10, 1727—
1736, 1742-1743, 1996.

Mirvish S: Inhibition by vitamins C and E of in vivo nitrosation and vi-
tamin C occurence in the stomach. Eur J Cancer Prev 5, 131-136,
1996.

Sies H and Stahl W: Vitamins E and C, B-carotene, and other carote-
noids as antioxidants. Am J Clin Nutr 62, 1315S-13218S, 1995.
Mirvish SS: Role of N-nitroso compounds (NOC) and N-nitrosation in
etiology of gastric, esophageal, nasopharyngeal and bladder cancer and
contribution to cancer of known exposures to NOC. Cancer Lett 93,
1748, 1995.

Cohen A and Roe F: Evaluation of the aetiological role of dietary salt
exposure in gastric and other cancers in humans. Food Chem Toxicol
35, 271-293, 1997.

Correa P: A human model of gastric carcinogenesis. Cancer Res 48,
3554-3560, 1988.

Li J, Ershow A, Chen Z, Wacholder S, Li G, et al.: A case-control
study of cancer of the esophagus and gastric cardia in Linxian. /nt J
Cancer 43, 755-761, 1989.

Franceschi S, Bidoli E, Baron AE, and La Vecchia C: Maize and risk of
cancers of the oral cavity, pharynx, and esophagus in Northeastern It-
aly. JNCI 82, 1407-1411, 1990.

Chatenoud L, La Vecchia C, Franceschi S, Tavani A, Jacobs DR Jr, et
al.: Refined-cereal intake and risk of selected cancers in Italy. Am J
Clin Nutr 70, 1107-1110, 1999.

Kaaks R, Tuyns A, Haelterman M, and Riboli E: Nutrient intake pat-
terns and gastric cancer risk: a case-control study in Belgium. /nt J
Cancer 78, 415420, 1998.

Hansson LE, Nyren O, Bergstrom R, Wolk A, Lindgren A, et al.: Nu-
trients and gastric cancer risk: a population-based case-control study in
Sweden. Int J Cancer 57, 638-644, 1994.

Palli D, Caporaso NE, Shiao YH, Saieva C, Amorosi A, et al.: Diet,
Helicobacter pylori, and p53 mutations in gastric cancer: a molecular
epidemiology study in Italy. Cancer Epidemiol Biomarkers Prev 6,
1065-1069, 1997.

Tuyns A, Kaaks R, Haelterman M, and Riboli E: Diet and gastric can-
cer: a case-control study in Belgium. /nt J Cancer 51, 1-6, 1992.

. Ji B, Chow W, Yang G, McLaughlin J, Zheng W, et al.: Dietary habits

and stomach cancer in Shanghai, China. Int J Cancer 76, 659—664,
1998.

Rothman KJ and Greenland S: Modern Epidemiology (2nd ed). Phila-
delphia, PA: Lippincott Williams & Wilkins, 1998.

McLaughlin J, Blot W, Mehl E, and Mandel J: Problems in the use of
dead controls in case-control studies. I. General results. Am J Epi-
demiol 121, 131-139, 1985.

39



57. Friedenreich CM, Slimani N, and Riboli E: Measurement of past diet:
review of previous and proposed methods. Epidemiol Rev 14,

177-196, 1992.

Nutrient Intakes Across Case-Control Status®®

versity Press, 1998.

Appendix

58. Willett W: Nutritional Epidemiology (2nd ed). New York: Oxford Uni-

Controls Esophageal adenocarcinoma Distal stomach cancer
Nutrient (n = 449) (n=124) (n=124)
Total vitamin A, IU 8,799 + 5,172 8,098 + 4,306 8,798 + 4,777
Provitamin A carotenoids, pg 2,861 + 1,844 2,745 £ 1,817 2,851 + 1,829
a-Carotene 410 + 362 360 + 293 389 + 332
fB-Carotene 2,360 + 1,493 2,249 + 1,415 2,370 £ 1,477
B-Cryptoxanthin 71 £ 50 59 + 52% 64 £ 46
Lycopene 1,074 + 845 1,029 + 874 1,069 + 936
Lutein + zeaxanthin 1,509 + 1,229 1,465 + 1,293 1,424 + 969
Retinol, pg 1,025 + 718 962 + 592 1,047 + 635
Riboflavin, mg 24+ 1.1 22+09 25+ 1.1
Vitamin B-6, mg 1.9+0.8 1.9 +0.7 20+09
Folate, pug 334 + 147 314 £ 132 326 + 148
Niacin, mg 23 +£9.2 24 £ 8.5 23 £9.5
Vitamin C, mg 126 + 69 111 + 60%* 116 + 64
Vitamin E, mg o-TE 8.5+ 4.1 8.7+ 4.0 8.7+ 4.4
Zinc, mg 14 +£64 14 £5.1 14 £ 6.0
Iron, mg 14+£58 15+53 15+54
Calcium, mg 1,002 + 524 904 + 468 1,035 + 554
Sodium, mg 3,603 + 1,618 3,831 + 1,529 3,731 + 1,454
Dietary fiber, g 11 +4.6 11 +438 11+45
Protein, % of energy 18 £3.2 17 + 3.3* 18 £33
Carbohydrate, % of energy 38 £ 6.7 36 + 6.81 36 + 6.21
Dietary fat, % of energy 41 £ 6.6 41 +74 42 £ 6.2%
Saturated fat, % of energy 16 + 3.1 16 +3.2 17 £ 3.0f

a: Values (means + SD) are presented for continuous variables and compared by Student’s r-test. o-TE, o-tocopherol equivalents.
b: Statistical significance is as follows: *, P < 0.05; t, P < 0.01 vs. control.
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