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Principal component analysis of dietary and lifestyle patterns in
relation to risk of subtypes of esophageal and gastric cancer

Stephanie A. Navarro Silvera, Susan T Mayne, Harvey A. Risch, Marilie D Gammon,
Thomas Vaughan, Wong-Ho Chow, Joel A Dubin, Robert Dubrow, Janet Schoenberg, Janet
L Stanford, A. Brian West, Heidrun Rotterdam, and William J Blot
Montclair State University, Department of Health and Nutrition Sciences, Montclair, NJ (Stephanie
A.N. Silvera). Yale University School of Public Health, Division of Chronic Disease Epidemiology,
New Haven CT (Susan T. Mayne, Harvey A. Risch, Robert Dubrow), Yale School of Medicine,
Department of Pathology, New Haven CT (A. Brian West). University of North Carolina School of
Public Health, Department of Epidemiology, Chapel Hill, NC (Marilie D. Gammon). Fred
Hutchinson Cancer Research Center, Program in Epidemiology, and University of Washington,
School of Public Health and Community Medicine, Department of Epidemiology, Seattle, WA
(Thomas Vaughan and Janet L. Stanford). National Cancer Institute, Division of Cancer
Epidemiology and Genetics, NIH, DHHS, Bethesda, MD (Wong-Ho Chow). New Jersey
Department of Health and Senior Services, Cancer Epidemiology Services, Trenton NJ (Janet
Schoenberg, deceased). Columbia University, Department of Pathology, New York, NY (Heidrun
Rotterdam). International Epidemiology Institute, Rockville, MD. and Vanderbilt University,
Nashville, TN (William J Blot). University of Waterloo, Department of Statistics & Actuarial
Science, and Department of Health Studies and Gerontology, Waterloo, Ontario (Joel A. Dubin).

Abstract
Purpose—To perform pattern analyses of dietary and lifestyle factors in relation to risk of
esophageal and gastric cancers.

Methods—We evaluated risk factors for esophageal adenocarcinoma (EA), esophageal
squamous cell carcinoma (ESCC), gastric cardia adenocarcinoma (GCA), and other gastric
cancers (OGA) using data from a population-based case-control study conducted in Connecticut,
New Jersey, and western Washington state. Dietary/lifestyle patterns were created using principal
component analysis (PCA). Impact of the resultant scores on cancer risk was estimated through
logistic regression.

Results—PCA identified six patterns: meat/nitrite, fruit/vegetable, smoking/alcohol, legume/
meat alternate, GERD/BMI, and fish/vitamin C. Risk of each cancer under study increased with
rising meat/nitrite score. Risk of EA increased with increasing GERD/BMI score, and risk of
ESCC rose with increasing smoking/alcohol score and decreasing GERD/BMI score. Fruit/
vegetable scores were inversely associated with EA, ESCC, and GCA.

Conclusions—PCA may provide a useful approach for summarizing extensive dietary/lifestyle
data into fewer interpretable combinations that discriminate between cancer cases and controls.
The analyses suggest that meat/nitrite intake is associated with elevated risk of each cancer under
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study, while fruit/vegetable intake reduces risk of EA, ESCC, and GCA. GERD/obesity were
confirmed as risk factors for EA and smoking/alcohol as risk factors for ESCC.

Keywords
esophageal adenocarcinoma; gastric cardia adenocarcinoma; esophageal squamous cell carcinoma;
diet; principal components

Introduction
An increasing incidence of adenocarcinomas of the esophagus (EA) and the gastric cardia
(GCA), though to a lesser extent, has been well noted in the literature, with incidence rising
over 6-fold between 1973 and 2002 (1-3). The increasing trends are persisting in the U.S. (4)
and have been found in Great Britain, Australia, The Netherlands, Denmark and other
western nations (5). In response to the rising trend, the study described herein was initiated
in the United States in order to investigate potential risk factors. This, and other, studies
have thus far shown that obesity (6-9), tobacco use (10-13), and gastroesophageal reflux
disease (GERD) (14-16) are important risk factors for EA and GCA, and that Helicobacter
pylori colonization (17-19) may be an important protective factor.

It has been theorized that fruits and vegetables, which are high in antioxidants, phytosterols
and other substances, may inhibit carcinogenesis by free-radical quenching or by blocking
the formation of N-nitroso compounds (20-22). While epidemiologic studies have found that
fruits and vegetables are associated with a decreased risk of gastric and esophageal cancers
without regard to subsite or histologic type (23, 24), evidence linking dietary factors to
subtypes of these cancers is more limited. In earlier reports of the present multi-center,
population-based study, we found significant inverse associations between intake of
nutrients found primarily in plant-based foods and the risk of EA and GCA (25, 26). In
another U.S. population-based study, Brown et al. (6) observed a significantly reduced risk
of EA among white men reporting the highest intake of raw fruits, raw vegetables and
cruciferous vegetables. While they did not find a consistent association between
consumption of meat, poultry, and fish and risk of EA (6), we observed a significant positive
association between intake of meat and animal protein and risk of EA and GCA (25, 26).
We and others have also presented evidence of an inverse association between dietary fiber
intake and risk of EA (6, 25) and GCA (25, 27). For non-cardia gastric adenocarcinoma
(OGA), the available evidence suggests a positive association with nitrite-containing foods
in western countries and salted or preserved foods in Asian countries (24).

Analyses of independent effects of individual dietary items are complicated by the
correlations in consumption of foods in the typical diet within and between food groups. For
example, intakes of fruits and vegetables are associated positively and negatively with
consumption of other food groups (28). Also, patterns of dietary intake are correlated with
other factors known to affect health such as smoking and SES (29-32). Thus, studies that
focus on individual nutrients or food groups may overlook these correlations as well as
potential interactions among differing foods or food groups. Alternative analyses of diet and
lifestyle patterns have therefore begun to be explored to try to help explain the role of diet in
chronic disease etiology (33-35). Principal components analysis (PCA) makes it possible to
identify potentially interpretable patterns in the data by weighting variables within a
principal component. The resulting weighted linear combinations of variables in a principal
component identify variables that co-vary and lend themselves to interpretations and
assignments of titles that have common sense meanings. The use of an analysis of this
nature allows for the capture of variation in overall food intake among the study subjects in
a nicely interpretable manner. Four such analyses have examined esophageal (36, 37) and
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gastric cancer (36-39) outcomes. The findings of these studies are discussed in detail, in
light of our results, in the discussion section.

The analyses presented herein supplement our previous nutrient and food group analyses
(25, 26) based on more traditional epidemiologic methods of dietary assessment/analysis by
using PCA to examine patterns of these same dietary factors along with other established
risk factors for these cancers (e.g., body mass index (BMI), GERD, smoking).

Subjects and methods
Study population

The methods of subject recruitment and data collection have been previously described in
detail (12). A multi-center, population-based, case-control study of adenocarcinoma of the
esophagus, squamous cell carcinoma of the esophagus (ESCC), adenocarcinoma of the
gastric cardia, and adenocarcinoma of other anatomic sites of the stomach was conducted in
three geographic areas of the U.S. with population-based tumor registries: the entire state of
Connecticut, a 15-county area of New Jersey, and a three-county area of western
Washington State. The project sought to enroll four population-based case groups of
approximately equal size, namely patients aged 30-79, newly diagnosed in 1993-95, with
one of the four types of cancer mentioned above, along with a population-based control
group. Institutional review board approval was obtained from all participating centers and
from the Connecticut Department of Public Health. Certain data used in this study were
obtained from the Connecticut Tumor Registry, located in the Connecticut Department of
Public Health. The authors assume full responsibility for analyses and interpretation of these
data.

Attempts were made to recruit all subjects diagnosed with EA and GCA (target cases). A
random sample of subjects diagnosed with ESCC and OGA were selected to serve as
comparison cases and were frequency-matched to target cases by five-year age group, sex
and geographic site. Cases were identified via rapid reporting systems in each of the three
areas, with pathology reports sought for all potentially eligible cases. Two study pathologists
systematically reviewed slides and medical records of potential cases to determine final
eligibility.

Controls, randomly selected from the general population of the study areas, were frequency
matched to the expected distribution of target cases by five-year age group and sex.
Waksberg’s random digit dialing method was utilized in order to identify controls aged
30-64 (40); while those who were aged 65-79 years of age were identified by stratified
random sampling of Health Care Financing Administration rosters.

Complete interviews were obtained for 80.6% of eligible target subjects (cases of EA and
GCA), 74.1% of comparison case subjects (cases of ESCC and OGA), and 70.2% of eligible
controls, with a mean time between diagnosis and case interview of 3.7 months. A total of
1,839 individuals were interviewed for this study. Of these, 34 subjects were seriously ill
and unable to complete the dietary portion of the questionnaire and were therefore excluded
from the analyses. An additional 23 persons were excluded from analysis due to implausible
energy intake (< 600 Kcal/d, n = 20 or >5000 Kcal/d, n = 3). The dietary analyses thus
included interviews of 1,782 subjects: 687 controls, 282 cases with EA, 255 with GCA, 206
with ESCC, and 352 with OGA. Proxy interviews were more common among cases (EA
=31%, GCA = 26%, ESCC = 35%, and OGA = 30%) than among controls (3.4%).
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Data collection
After obtaining written informed consent, trained interviewers administered a structured in
person questionnaire to the study participant, or if necessary, to a close relative who served
as a proxy respondent. The questionnaire contained questions on demographics including
height and usual adult weight (used to calculate BMI), tobacco and alcohol, other beverage
use (e.g., coffee, tea), medical history including frequency and duration of GERD
symptoms, use of medications, and occupational history. A food frequency questionnaire
developed and previously validated (41) by investigators at the Fred Hutchinson Cancer
Research Center (FHCRC) was adapted to assess usual consumption in the period 3-5 years
before diagnosis (cases) or interview (controls). Subjects were asked to report how often
they consumed 104 different foods. Data from the food frequency questionnaire were
entered and verified, then sent to the FHCRC for processing, and were initially linked with
the University of Minnesota, Nutrition Coding Center Nutrient Data system for estimation of
nutrient intake. Average daily intake of nitrite was estimated separately, through software
and databases developed by the authors (42).

Statistical analysis
Food group and subgroup variables were defined as previously described (26). Twenty-eight
diet and lifestyle variables were selected for evaluation due to their associations with either
esophageal or gastric cancers, either in these data or in other published studies, and included
in the initial principal component analysis. Principal component analysis was used for
variable reduction in the face of redundant, correlated exposures, so that a more meaningful
logistic regression may be performed, the results from which will have greater
interpretability. Diet and lifestyle principal components (i.e., specific linear combinations of
the variables studied) were generated using the SAS software principal components
procedure (proc factor method=prin; version 8.2; SAS Institute, Inc, Cary, NC) using data
from controls only according to the approach outlined by both Hatcher (43) and Timm (44).
The following variables were included in the principal component analysis procedure: 19
food groups, usual adult body mass index (BMI), average number of cigarettes smoked per
day, consumption of beer, wine and liquor (drinks per day, each separately), intake of fiber
(g/day), vitamin C (mg/day) and nitrite (mg/day), and reported frequency of GERD
symptoms (ordered categorical variable, 6 levels).

Principal components with observed eigenvalues greater than 1.0 in the principal component
analysis were further evaluated. The larger the absolute value of a loading for a variable to a
principal component, the greater the contribution of that variable to that principal
component. Variables that had loadings of 0.20 or greater were considered to be making, at
minimum, a reasonable contribution to the principal component; however, all loadings
(those above and below 0.20) were included in calculating principal components scores. In
addition, the second principal component is independent of the first principal component and
the third is independent of the first two principal components, and so on. Labeling of the
principal components was done based upon our interpretation of the data.

After a varimax rotation, which typically makes the principal component more interpretable,
principal component scores were generated using the SAS Proc Factor command (43, 44).
These scores represent the weighted sums of the exposure variables, where the weights are
equal to the principal component loading. The scores were then categorized into quartiles
and used in multivariate unconditional logistic regression analyses for each cancer subtype
to calculate odds ratios (OR) and corresponding 95% confidence intervals (CI). All models
were mutually adjusted for all other principal components from the factor-loading matrix
and were also adjusted for covariates of interest, including study site (Connecticut/
Washington/New Jersey), age, gender, race (white/other), proxy interview status (proxy/
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non-proxy), income (ordered categorical variable, 6 levels), education (ordered categorical
variable, 7 levels), and energy intake. All tests of significance were two-sided, with a p
value of 0.05 considered statistically significant.

Results
Principal component loadings for each of the variables of interest based on data from the
controls are shown in Table 1. Six patterns were retained in the analysis, which accounted
for 48% of the total variance. The first pattern loaded heavily on nitrite, high-nitrite meats,
and red meats, and was therefore termed a Meat/Nitrite pattern. In addition, high-fat dairy,
vitamin C, refined grains, fiber, poultry and starchy vegetables also loaded with this pattern.
In contrast, the second principal component, termed a Fruit/Vegetable pattern, loaded
heavily on raw, deep yellow/orange and dark green and cruciferous vegetables, tomato
products, as well as both citrus and non-citrus fruits. The third principal component was
distinguished from the others as it loaded most heavily on alcohol and cigarette use, and was
thus termed a Smoking/Alcohol pattern. The fourth pattern was characterized by its heavy
loading on legumes and meat alternates, and was therefore termed a Legume/Meat Alternate
pattern. The fifth principal component loaded heavily on GERD symptoms and usual adult
BMI, and was termed a GERD/BMI pattern. Whole grains and low-fat dairy also loaded in
this pattern. The sixth and final pattern meeting our predetermined criteria loaded most
heavily on fish and dietary vitamin C intake. This was termed a Fish/Vitamin C pattern.

Esophageal cancer
For EA risk, significant inverse associations were found with highest versus lowest quartile
of the fruit/vegetable principal component (ORQ4 vs. Q1= 0.43, 95% CI: 0.26, 0.71; PTrend
<0.001), whereas significant positive associations were found with the highest versus lowest
quartile of meat/nitrite principal component (ORQ4 vs. Q1 = 5.61, 95% CI: 2.81, 11.20;
PTrend <0.001) and the GERD/BMI principal component (ORQ4 vs. Q1 = 3.50, 95% CI: 2.01,
6.09; PTrend <0.001), shown in Table 2.

For ESCC risk, a strong and significant positive association was found with the smoking/
alcohol principal component (ORQ4 vs. Q1 = 10.82, 95% CI: 5.16, 22.68; PTrend <0.001)
(Table 2). A positive association was also found with the meat/nitrite principal component
(ORQ4 vs. Q1 = 2.01, 95% CI: 0.82, 4.95; PTrend = 0.06) and the fish/vitamin C principal
component (ORQ4 vs. Q1 = 1.83, 95% CI: 0.99, 3.37; PTrend = 0.05). In contrast, significant
inverse associations were found with the fruit/vegetable principal component (ORQ4 vs. Q1 =
0.36, 95% CI: 0.19, 0.69; PTrend = 0.001) and the GERD/BMI pattern (ORQ4 vs. Q1 0.40,
95% CI: 0.21, 0.77; PTrend <0.001).

Gastric cancer
A positive association was observed for the meat/nitrite principal component and GCA risk
(ORQ4 vs. Q1 =1.82, 95% CI: 0.91, 3.65; PTrend = 0.04), while a negative association was
observed for the fruit/vegetable score (ORQ4 vs. Q1 = 0.63, 95% CI: 0.39, 1.01; PTrend =
0.04) (Table 3). The meat/nitrite pattern was significantly associated with increased risk of
OGA (ORQ4 vs. Q1 = 2.40, 95% CI: 1.25, 4.62; PTrend = 0.01, Table 3).

Discussion
In this relatively large population-based case-control study of men and women in the U.S.
we identified six dietary/lifestyle patterns, which subsequently were shown to tend to
discriminate cases from controls. The meat/nitrite principal component was consistently
positively associated with each of the four cancers of interest, with the strongest association
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seen for EA. Significant positive associations were also found between the GERD/BMI
pattern and EA risk, and between the smoking/alcohol pattern and ESCC risk. In contrast,
significant inverse associations were found between the fruit/vegetable pattern and risk of
both types of esophageal cancer. These findings underscore and build upon our previous
reports using these data (7, 12, 25, 26).

The elevated risk of EA associated with the meat/nitrite pattern is consistent the findings of
Bahmanyar and Ye (37) who reported a 60% increased risk with a high-meat “Western diet”
pattern in an analysis of dietary patterns and EA. In addition, Chen et al. (36) reported a 3.6-
fold elevated risk of EA with a high-meat dietary pattern and Campbell et al. (38), in an
analysis of dietary patterns and gastric adenocarcinomas, reported a statistically significant
positive association with a Western dietary pattern among men.

Thus the patterns we observed with the meat/nitrite principal component tend to fit well with
previous observations. This principal component loaded high for red meats, high-nitrite
meats, and nitrite, but also for high-fat dairy products, poultry, refined grains, dietary fiber,
vitamin C, and starchy vegetables, so that inferences cannot be made regarding meats or any
specific food product. Also, while the literature generally indicates that fiber is inversely
associated with EGA (24), in our study population, some main sources of fiber were refined
grains (white bread, rice, crackers, sugar cereals, pancakes, pizza, and pasta), which are not
particularly fiber-rich foods but were consumed in larger quantities than whole grain foods.
The case-control difference with respect to this principal component was particularly strong
for EA, with a greater than 5-fold increased risk between those with high versus low scoring
on the principal component. This principal component may be indicative of a generalized
western diet, high in red meats, starchy vegetables and refined grains, of note because EA
seems to be a cancer of western nations and not yet increasingly evident in developing or
eastern countries.

Our finding that higher fruit/vegetable principal component scores were significantly
negatively associated with both subtypes of esophageal cancer adds to the literature showing
an inverse association of fruit and vegetable intake with EA and ESCC (6, 10, 25-27, 36,
45-50). Bahmanyar and Ye (37), in contrast, found no association between their “Healthy
Diet” dietary pattern, which was characterized by high fruit, vegetable, fish and poultry
consumption, and risk of EA.

In contrast to other investigations (24), we found no association between the fruit/vegetable
principal component and OGA, but a borderline association with GCA. Campbell et al. (38),
in keeping with our finding of a suggested inverse association between the fruit/vegetable
principal component and GCA, reported an inverse association between their “Prudent”
dietary pattern, which correlated with higher fruit and vegetable consumption, and risk of
GCA among both men and women.

In our analyses, the GERD/BMI principal component pattern was associated with a 3.5-fold
increased risk of EA. Chronic reflux has emerged along with obesity as an important risk
factor for EA (3). In contrast to the association with EA, the GERD/BMI pattern was
significantly inversely associated with ESCC. This case group differed both from controls
and the three other case groups in a number of ways, including being significantly leaner
and consuming fewer calories per day. At least 3 large studies have found an inverse
association between ESCC and BMI (51-53). The inverse association between the GERD/
BMI pattern and ESCC was stronger prior to adjustment for energy intake (data not shown).

We observed a significant 10-fold increased risk of ESCC in the highest versus lowest
quartile of the smoking/alcohol principal component, a finding expected since smoking and
drinking are known to be the major risk factors for ESCC (2). Bahmanyar and Ye (37)
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likewise reported a 3.5-fold increased risk of ESCC associated with their “High alcohol”
pattern, which was characterized by high beer and liquor intake.

As with case-control studies generally, the present study has several strengths and
limitations, including the potential for recall bias. The tumor-type specificity of risks,
however, which, for example, included an inverse association between intake of fruits and
vegetables and esophageal cancers and GCA, but not OGA, argues against this bias to some
extent. We also repeated the PCA on the combined cases and controls and the same
components resulted from the analysis, with the exception that the third and fourth
components arose in reverse order. That is, the smoking/alcohol PC was third among
controls only and fourth among the combined cases and controls. Ultimately, this did not
materially alter the results from the logistic regression analysis and therefore, would not
change the study conclusions. In addition, due to the high case-fatality rate of these cancers,
direct interview data could not be obtained from approximately 30% of cases. When
separate analyses excluded proxy interviews, however, the odds ratio estimates remained
virtually unchanged.

While our data are consistent with the literature indicating that consuming a diet high in a
combination of fruits and vegetables is inversely associated with risk of both subtypes of
esophageal cancer and with GCA, they also indicated that smoking and drinking did not load
strongly with any diet patterns. It is therefore unlikely that dietary findings, particularly for
ESCC, are due to residual confounding, which is often a concern. Also, meat intake did not
load strongly with the fruit and vegetable principal component, suggesting that these intakes
may have opposing effects on cancer risk. In addition, we found that high-nitrite meat and
red meats, loaded together, along with starchy foods, refined grains, and high fat dairy. The
resulting principal component, similar to unhealthy “Western” diets reported by other
studies (37, 38) suggests that future analyses of nitrite might need to adjust for non-nitrite
rich meats, refined and starchy foods, and possibly high fat dairy products. Further, like our
previous reports (7, 15) these alternative analyses implicate both GERD and obesity as key
risk factors for EA. Thus, principal component analysis, which allows for the examination of
underlying correlations between variables of interest, particularly dietary and lifestyle
components, may yield useful practical conclusions and recommendations for future
research, targeted prevention, and framing specific health behavior messages.
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