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Abstract: We conducted a large population-based case-con
trol study in Sweden to examine the association of dietary
patterns and the development of cancers from the esophagus
or gastroesophageal junction. In total 185 patients with
esophageal adenocarcinoma, 165 with esophageal
squamous-cell carcinoma, 258 with gastric cardia
adenocarcinoma, and 815 randomly selected population
controls underwent face-to-face interviews. Exploratory fac
tor analysis was used to identify possible dietary patterns.
Multivariate logistic regression with adjustments for age,
sex, years of education, body mass index, physical activity,
symptomatic gastroesophageal reflux, smoking, and total en
ergy intake was used to estimate odds ratios (ORs) and their
95% confidence intervals (CIs). We identified three major di
etary patterns in this population, for example, “healthy diet”
(high in vegetables, tomato, fruits, fish, and poultry), “West
ern diet” (high in processed meat, red meat, sweets, high-fat
dairy, and high-fat gravy), and “alcohol drinker” (high in in
takes of beer, liquor, and French fries). We found that a
healthy diet tended to moderately decrease the risk of all
three cancers under study, although none of the associations
was statistically significant. A high score of Western diet was
associated with increased risks of gastric cardia
adenocarcinoma (high 3rd tertile vs. low 1st quartile, OR =
1.8, 95% CI = 1.1–2.9, P for trend = 0.04) and esophageal
adenocarcinoma (high 3rd tertile vs. low 1st tertile, OR =
1.6, 95% CI = 0.9–3.1, P for trend = 0.13), whereas a dietary
pattern characterized by high beer and liquor intake (alcohol
drinker) significantly increased the risk of squamous-cell
carcinoma of the esophagus (3rd tertile vs. low 1st tertile, OR
= 3.5, 95% CI = 1.9–6.3, P for trend < 0.0001). Our study
confirms the important role of diet in the carcinogenesis of
esophageal and cardia cancer.

Introduction
In 1990, incidence of esophageal cancer worldwide
ranked number 6 among men and number 9 among women

(1). Esophageal cancer is characterized by wide variation in
incidence and mortality in different geographical areas.
Since the 1970s, the incidence of esophageal adeno
carcinoma, previously rather rare, started to rise in Western
populations (2), including Sweden (3). The changing epide
miology of esophageal cancer was particularly marked in
men.
In Western society, tobacco and alcohol consumption
seem to be the primary risk factors of esophageal
squamous-cell carcinoma, whereas the known strong risk
factors for esophageal adenocarcinoma include gastro
esophageal reflux diseases (4–7) and high body mass index
(BMI) (8–12). A number of studies have also tried to explore
the role of diet and the risk of both histologic types of esopha
geal cancer in Western populations, but mainly focused on
individual food items (13). However, people who differ in
consumption of one important nutrient or individual food
item tend to differ in main consumption of other important
nutrients or food items. Thus, the attribution of an increased
or decreased risk of esophageal cancer to one particular nu
trient or food item may sometimes be inappropriate, if strong
correlations between items prohibit the full disentanglement.
Furthermore, a small effect of a particular nutrient is difficult
to be found and also looking for effects of a large number of
nutrients or food items increases the probability of chance
findings. Focusing on dietary patterns can help find the role
of overall diet in cancer etiology, which has been demon
strated in several previous studies (14–16), including one on
esophageal cancer (17). Thus, dietary pattern analysis is use
ful as a complementary approach to more traditional analysis
of individual nutrients or food items (18).
To enhance understanding of the role of dietary factors in
the etiology of adenocarcinoma and squamous-cell carci
noma of the esophagus and adenocarcinoma of the gastric
cardia, as well as to provide a dietary guideline that has an
important public health implication, we tried to identify ma
jor dietary patterns in our study population, and we studied
their associations with the risk of the three cancer types in a
nationwide population-based case-control study in Sweden.
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Material and Methods
The study design has been described in full elsewhere (5).
Briefly, the study encompassed the whole population of Swe
den <80 yr of age. In this study we selected all newly diag
nosed patients with adenocarcinoma of the esophagus (216
cases) or gastric cardia (313 cases) and half of the patients
with squamous-cell carcinoma of the esophagus (228 cases
born on even-numbered days) between 1995 and 1997. A
comprehensive organization for the rapid ascertainment of
cases ensured that every potential case patient throughout the
study area was identified soon after diagnosis. All the cases
were classified in the same way for histological and anatomi
cal aspects. The study pathologist reviewed histological
slides. Endoscopists, surgeons, and pathologists gave stan
dardized, detailed descriptions of the location of the cancer in
the cases. The adenocarcinomas with a center within 2 cm
proximal or 3 cm distal to the gastroesophageal junction and
without evidence of Barrett’s esophagus were classified as a
cancer of the gastric cardia. Squamous-cell carcinomas were
classified as esophageal even if the location was seemingly in
the gastric cardia. If Barrett’s esophagus was detected adja
cent to cardia adenocarcinoma, the tumors were classified as
esophageal. The control subjects were selected randomly
from the Swedish population and frequently matched to re
semble the age and sex distribution among the esophageal
adenocarcinoma cases through the use of the Total Popula
tion Register, which is computerized and updated continu
ously.
In total, 189 (88%) patients with esophageal adenocarci
noma, 167 (73%) of those with esophageal squamous-cell
carcinoma, 262 (84%) of those with gastric cardia
adenocarcinoma, and 820 (73%) of population controls un
derwent computer aided face-to-face interviews by specially
trained professional interviewers from Statistics Sweden.
Main reasons for nonparticipation among cancer patients
were poor clinical condition or death shortly after diagnosis,
whereas that for controls was unwillingness. We excluded 8

subjects from the analysis because their log scales of total en
ergy intake were <3 or >3 SD from the mean, indicating
errors in their responses to the dietary questions. We further
excluded 4 subjects due to missing BMI and another 3 sub
jects due to poor responses regarding dietary questions.
Finally 185 cases with esophageal adenocarcinoma, 165 with
esophageal squamous-cell carcinoma, 258 with gastric
cardia adenocarcinoma, and 815 controls remained for anal
ysis. Their characteristics are shown in Table 1.
Dietary Assessment
A structured food frequency questionnaire, a modified
version of a previously evaluated questionnaire including 63
food and beverage items of interest (19), was used to evaluate
dietary habits of the controls and cases 20 yr before inter
view. The usual frequency of consumption of each food item
was asked and answers were in terms of number of times per
day, week, month, or year. We transformed the data into aver
age monthly intake for every food item, by assuming 1 mo
equal to 4 wk or 30 days. To reduce the complexity of data we
grouped the individual items into 26 separate food groups as
shown in the Appendix. Grouping was based on the similar
ity of nutrient profiles or their association with cancer and is
similar to what has been used in previous Swedish studies
(15,16,20).
Besides the dietary history, the questions covered demo
graphic characteristics, living conditions during childhood
and adolescence, gastroesophageal reflux symptoms, anthro
pometric measures, smoking, history of medication use, and
occupational history.
Statistical Methods
We used principal components method for factor analysis
in SAS (version 8.2; SAS Institute, Cary, NC) to identify po
tential dietary patterns among population controls only.
Using the correlation matrix of the 26 food groups, orthogo-

Table 1. Characteristics of the Subjects in a Case-Control Study of Esophageal and Gastric Cardia Cancer, Sweden
Esophageal
Adenocarcinoma
Number
Age (median, yr)
Male (%)
Symptomatic gastroesophageal reflux (%)
Body mass index (median, kg/m2)
Smoking history (2 yr before interview)
Never smoker (%)
Missing pack year (%)
Ex-smoker, pack year <15 (%)
Ex-smoker, pack year ≥15 (%)
Current smoker, pack year <30 (%)
Current smoker, pack year ≥30 (%)
Years of education (yr)
0–6 (%)
7–10 (%)
10+ (%)

172

Esophageal
Squamous-Cell Carcinoma

Gastric Cardia
Adenocarcinoma

Controls

185
69
162 (88)
111 (60)
25.4

165
67
118 (72)
25 (15)
23.6

258
66
219 (85)
74 (29)
24.7

815
68
675 (83)
135 (17)
23.7

56 (30)
13 (7)
36 (20)
38 (21)
23 (12)
19 (10)

22 (13)
6 (4)
15 (9)
25 (15)
41 (25)
56 (34)

43 (17)
14 (5)
53 (21)
63 (24)
39 (15)
46 (18)

323 (40)
43 (5)
160 (20)
119 (14)
97 (12)
73 (9)

47 (25)
92 (50)
46 (25)

40 (24)
77 (47)
48 (29)

43 (17)
124 (48)
91 (35)

180 (22)
317 (39)
318 (39)
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nal varimax rotation method was applied to achieve simpler
structure facilitating interpretation. Although factors with
eigenvalues (a measure of the amount of variance that is ac
counted for) greater than 1.0 indicate that the factor describes
more of the variability in the data than the average variable
for any individual item within the factor, selection of factors
was based on interpretability and Scree plot (21). In fact,
Scree plot showed a clear break, and we selected all three fac
tors with eigenvalues greater than 1.5. Factor loadings are
correlation coefficients between food groups and dietary pat
terns and a positive loading in a factor indicates a direct asso
ciation with the factor, whereas a negative loading indicates
that the food group is inversely associated with the factor. We
then calculated for each study subject factor scores for these
three dietary patterns. Factor scores were divided into tertiles
according to the distribution in controls. We used χ2 tests to
check the differences of distribution of categorical variables
(e.g., symptomatic gastroesophageal reflux and smoking),
and analysis of variance tests to check differences of distribu
tion of continuous variables (e.g., BMI) across dietary pat
tern score categories.
Unconditional logistic regression was used to estimate
odds ratios (ORs) with 95% confidence intervals (CIs). Age,
sex, years of education, symptomatic gastroesophageal re
flux, BMI, smoking (a combination of smoking status and
pack/years), physical activity, and total energy intake were
considered as potential confounders and were also included
in the models. As a basis for the linear trend tests across cate
gories of dietary pattern scores, each subject was assigned
the median value of the specific category, and this variable
was treated as continuous variable in modelling. All P values
reported are two-sided.

Table 2. Assessment of Factor-Loading Matrix Among
Control Subjects in a Factor Analysis of Dietary Intake
Patterns and Risk of Esophageal and Gastric Cardia Cancer,
Swedena

Ethical Considerations

Table 4 shows distribution of some established risk factors
for esophageal and gastric cardia cancer according to tertiles
of the three dietary pattern scores among controls. In general,
there were no obvious differences of distribution of symp
tomatic gastroesophageal reflux across any of the three di
etary patterns. Subjects who had high factor scores for the
healthy diet were less likely to be smokers, whereas those
having high Western diet scores, on average, had higher BMI
and total energy intake. Subjects having high alcohol drinker
scores were more likely to be smokers and had low BMI or
total energy intake.
The ORs and their 95% CIs for adenocarcinoma and
squamous-cell carcinoma of the esophagus and adeno
carcinoma of the gastric cardia by tertiles of dietary patterns
scores are shown in Table 5. After controlling for the poten
tial confounding effects of age, sex, symptomatic gastro
esophageal reflux, years of education, BMI, smoking, physi
cal activity, and total energy intake, the healthy diet pattern
was, in general, associated with moderately reduced risks, al
beit non-statistically significant, for three cancer types under
study. In contrast, the Western diet pattern was associated
with an obviously increased risk for gastric cardia adeno
carcinoma (highest vs. lowest tertiles, OR = 1.8, 95% CI =

This study was approved by all regional ethics committees
in Sweden. Individual written informed consent was ob
tained before the interview.

Results
Table 2 shows correlations between individual foods and
the three pattern factors with eigenvalues greater than 1.5.
The first dietary pattern, accounting for 9% of the variability,
was characterized by high intake of foods generally thought
to be healthy including vegetables, tomato, fruits, fish, and
poultry, and was thus labelled as “healthy diet,” whereas the
second dietary pattern, labelled as “Western diet,” was char
acterized by high consumption of processed meat, red meat,
sweets, high-fat dairy, and high-fat gravy. The third pattern
was loaded heavily on alcoholic beverages including beer
and liquor and French fries and arbitrarily labelled as “alco
hol drinker” to be comparable to previous studies in Sweden.
Median consumptions of chosen food groups by tertiles of 3
dietary pattern scores among controls are shown in Table 3.
Vol. 54, No. 2

Vegetables
Tomato
Fruits
Fish
Poultry
Juice
Low-fat dairy
Refined grains
Nuts
Processed meat
Red meat
Sweets
High-fat dairy
High-fat gravy
High-energy drinks
Whole grains
Coffee
Potato
Wine
Tea
Beer
French fries
Liquor
Egg
Dressing sauce
Cereal
Proportion of variability (%)

Healthy
Diet

Western
Diet

Alcohol
Drinker

0.76
0.61
0.56
0.50
0.48
0.38
0.29
0.22
–
–
0.23
0.17
–0.21
–
–
–
–
–
–
–
–
0.18
–
–
0.18
0.20
9

–
–0.26
–
0.17
–
–0.21
–0.18
–
–
0.59
0.50
0.49
0.47
0.41
0.34
0.34
0.33
0.21
–0.16
–0.37
–
0.19
–
0.21
–
–
9

–
–
–0.22
–
–
–
–
–
–
0.24
0.37
–0.37
–
–
–
–
0.22
0.16
–
–
0.60
0.54
0.47
0.36
0.35
–0.35
6

a: Values of <0.15 were not shown in the table for simplicity.
b: Loadings >0.40.
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Dietary Pattern
Category
Healthy diet
Low
Medium
High
Western diet
Low
Medium
High
Alcohol drinker
Low
Medium
High
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174
Table 3. Characteristics of Dietary Patterns by Consumption of Chosen Food Groups Among Control Subjects (median servings/mo)
n

Vegetables

Fruits

Fish

272
272
271

14.0
26.2
48.7

13.0
22.4
34.4

4.9
6.9
9.8

271
273
271

33.8
27.5
27.5

21.4
22.7
25.6

272
271
272

34.5
27.2
27.1

30.5
20.1
19.1

Whole Grains

Sweets

Processed Meat

Refined Grains

Wine

Liquor

Beer

116.6
121.3
120.4

48.3
53.9
61.2

61.8
63.6
59.6

7.1
9.5
10.5

2.9
3.9
8.9

130.7
110.5
70.7

23.8
38.8
34.0

6.5
6.9
7.9

80.9
113.4
164.1

37.0
52.5
73.9

39.6
58.5
87.0

9.0
8.7
9.5

10.3
2.9
2.6

112.5
82.6
117.1

37.8
27.3
31.5

7.1
6.8
7.5

124.0
116.5
117.8

71.0
51.8
40.6

52.4
59.0
73.6

8.7
9.1
9.4

1.7
3.5
10.5

27.1
57.3
227.5

10.1
22.3
64.2
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Table 4. Distribution of Dietary Pattern Scores by Selected Subjects’ Characteristics Among Control Subjectsa
Symptomatic
Gastroesophageal Reflux (n)

Healthy diet
Low
Medium
High
P value
Western diet
Low
Medium
High
P value
Alcohol drinker
Low
Medium
High
P value

Smoking (n)

Yes

No

Never

43
54
38

229
218
233

87
107
129

Ex-Smoker

116
101
96

0.17
45
38
52

114
101
108

0.26
41
47
47

Current smoker

M

SE

M

SE

69
64
46

23.9
24.0
23.8

0.16
0.17
0.18

2176.5
2347.9
2479.7

39.2
45.6
50.1

0.004
226
235
219

101
108
104

0.70
56
64
59

23.3
23.9
24.4

0.82
231
224
225

0.72

a: Abbreviation is as follows: BMI, body mass index.

147
102
74

85
116
112
<0.001

Total Energy Intake
(Kcal/day)

BMI

<0.0001
0.15
0.19
0.16

1825.3
2190.2
2989.1

<0.0001
40
53
86

23.9
23.7
24.1

<0.0001
0.18
0.15
0.18

0.24

33.6
25.8
43.6

2199.9
2185.9
2617.2

39.9
39.3
52.0
<0.0001
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Table 5. Esophageal and Gastric Cardia Cancer Risk Associated with Dietary Patternsa,b
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Esophageal
Adenocarcinoma

Healthy diet
Low
Medium
High
P value for trend
Western diet
Low
Medium
High
P value for trend
Alcohol drinker
Low
Medium
High
P value for trend

Esophageal
Squamous-Cell Carcinoma

Controls (n)

n

OR (95% CI)

n

272
272
271

81
54
50

1.0
0.6 (0.4–0.98)
0.8 (0.5–1.3)
0.43

73
52
40

271
273
271

47
59
79

1.0
1.3 (0.8–2.2)
1.6 (0.9–3.1)
0.13

272
271
272

56
65
64

1.0
1.0 (0.6–1.6)
0.9 (0.5–1.5)
0.65

OR (95% CI)

Gastric Cardia
Adenocarcinoma
n

OR (95% CI)

1.0
0.8 (0.5–1.3)
0.7 (0.4–1.2)
0.20

93
99
66

1.0
1.0 (0.7–1.4)
0.7 (0.5–1.1)
0.13

52
56
57

1.0
0.9 (0.6–1.6)
0.7 (0.4–1.4)
0.33

62
95
101

1.0
1.7 (1.1–2.6)
1.8 (1.1–2.9)
0.04

26
52
87

1.0
2.0 (1.2–3.6)
3.5 (1.9–6.3)
<0.0001

78
82
98

1.0
0.9 (0.6–1.3)
0.8 (0.6–1.2)
0.39

a: Abbreviations are as follows: OR, odds ratio; CI, confidence interval.
b: Age, sex, symptomatic gastroesophageal reflux, years of education, body mass index, smoking, physical activity, and total energy intake were also included
in the regression models as covariates.

1.1–2.9, P value for trend = 0.04), and a modestly increased
risk for esophageal adenocarcinoma (highest vs. lowest
tertiles, OR = 1.6, 95% CI = 0.9–3.1, P value for trend =
0.13). Subjects who had the highest alcohol drinker scores
had a more than threefold increased risk for esophageal
squamous-cell carcinoma compared with those who had low
est scores (highest vs. lowest tertiles, OR = 3.5, 95% CI =
1.9–6.3, P value for trend < 0.0001).

Discussion
In this study, we used factor analysis to classify diets in
the Swedish population into three major patterns. These pat
terns were characterized by high vegetables, tomato, fruits,
fish, and poultry intake; high processed meat, red meat,
sweets, high-fat dairy, and high-fat gravy intake; and high al
cohol (beer and liquor) and French fries intake, respectively.
The first pattern was associated with a moderately lower risk
of esophageal squamous-cell carcinoma, esophageal
adenocarcinoma, and gastric cardia adenocarcinoma. Sub
jects who scored high for the second pattern tended to have
elevated risks for gastric cardia adenocarcinoma and esopha
geal adenocarcinoma. The third pattern was positively asso
ciated with only esophageal squamous-cell carcinoma risk.
Our study results are consistent with most results of previ
ous findings (22–26), except one (9), that meat or fat intake
increases the risk of adenocarcinoma of the esophagus or
gastroesophageal junction. Most studies in Western popula
tions also found an inverse association between intake of
fresh vegetables and fruits, or nutrient intakes derived from
these sources, and the risk of adenocarcinoma of the esopha
gus or the gastroesophageal junction (9,22–27), as well as the
risk of esophageal squamous-cell carcinoma (22,24,26). We
176

found that a healthy diet pattern is inversely associated with
all three types of cancer under study, although not statisti
cally significant. However, the Western diet pattern seemed
to be associated only with adenocarcinomas from the esoph
agus or gastroesophageal junction. It is reasonable to postu
late that the changed dietary habits in Western populations in
recent decades characterized by high intake of meat and fat
may partly explain the observed increasing incidence rates of
these adenocarcinomas, although the underlying mechanism
is still unclear. The most possible pathway is through induc
tion of overweight or obesity, a strong risk factor for esopha
geal or gastric cardia adenocarcinoma (8–12). A similar sec
ular trend of adenocarcinoma of the lung has also been
observed (28). It is thus of interest to explore also the role of
dietary pattern for lung adenocarcinoma, although to the best
of our knowledge none such report is available yet. Alcohol
intake has been consistently demonstrated as an important
and independent risk factor for esophageal squamous-cell
carcinoma in Western populations (13), which is also sup
ported by our finding that Alcohol drinker pattern is posi
tively and dose-dependently associated with the risk of
esophageal squamous-cell carcinoma. However, it should be
pointed out that wine consumption has a low load on the Al
cohol drinker pattern. In fact, it is also a minor component for
the other two dietary patterns. Thus our present analysis can
not make a definitive conclusion about wine consumption
and the risk of the cancers under study.
This study has some limitations. First, several steps in fac
tor analysis, including grouping of different food items, de
termination of number of factors, and interpretation of those
factors, were subjective. However, the three factors discerned
in our study were similar to previous studies performed also
in Swedish populations (15,16,20), and, in a recent validation
study, these dietary patterns showed good repeatability and
Nutrition and Cancer 2006
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validity (28). Second, our questionnaire included only 63
food and beverage items, and it was not practical to increase
the number of questions and food items. We asked subjects to
recall their dietary habits 20 yr prior to interview, and it is
possible that there were some errors due to failures in mem
ory, but it surely assures that the symptoms of esophageal and
cardia cancer would not influence dietary habits. Third, the
small number of females limited our ability to find gender
differences, if any. Last, it should be noted that each pattern
was also linked to other risk indicators such as BMI and so
cioeconomic status (SES). Although we adjusted for these
factors (in the case of SES, for education), we cannot rule out
some residual confounding. It is, however, inconceivable that
such confounding could entirely explain our results.
The advantage of this study is its population-based design.
The case subjects were all newly diagnosed and carefully
classified according to histologic type and tumour site. Our
control subjects were chosen randomly from the entire study
area. Another strong point of the present study is that partici
pation rates were high for both cases and controls.
In summary, our results suggest that a diet characterized
by high intake of vegetables, tomato, fruits, fish, and poultry
(labelled as healthy diet) tends to decrease the risk of esopha
geal squamous-cell carcinoma, esophageal adenocarcinoma,
and gastric cardia adenocarcinoma, whereas a diet with high
consumption of processed meat, red meat, sweets, high-fat
dairy, and high-fat gravy (named Western diet) increases the
risk of gastric cardia and esophageal adenocarcinomas. The
dietary pattern characterized by high alcohol (beer and li
quor) intake significantly increases the risk of squamous-cell
carcinoma of the esophagus.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
15.

16.

Acknowledgments and Notes
We are in debt to Drs. Olof Ny�ren and Jesper Lagergren for their support.
This study was funded by grant R01 CA57947-03 from the National Cancer
Institute. Dr. Bahmanyar was supported by KI foundation. Address corre
spondence to W. Ye, M.D., M.Sc., Ph.D., Department of Medical Epidemi
ology and Biostatistics, Karolinska Institutet, Box 281, SE-171 77, Stock
holm, Sweden. Phone:+ 46–8–52486184. FAX:+ 46–8–314975. E-mail:
weimin.ye@ki.se.
Submitted 15 June 2005; accepted in final form 21 February 2006.

17.

18.
19.

20.

21.

References
22.
1. Parkin DM, Pisani P, and Ferlay J: Estimates of the worldwide inci
dence of 25 major cancers in 1990. International Journal of Cancer
80, 827–841, 1999.
2. Devesa SS, Blot WJ, and Fraumeni JF, Jr.: Changing patterns in the in
cidence of esophageal and gastric carcinoma in the United States. Can
cer 83, 2049–2053, 1998.
3. Hansson LE, Sparen P, and Nyren O: Increasing incidence of carci
noma of the gastric cardia in Sweden from 1970 to 1985. Br J Surg 80,
374–377, 1993.
4. Chow WH, Finkle WD, McLaughlin JK, Frankl H, Ziel HK, et al.: The
relation of gastroesophageal reflux disease and its treatment to

Vol. 54, No. 2

23.

24.

25.

adenocarcinomas of the esophagus and gastric cardia. Jama 274,
474–477, 1995.
Lagergren J, Bergstrom R, Lindgren A, and Nyren O: Symptomatic
gastroesophageal reflux as a risk factor for esophageal
adenocarcinoma. New England Journal of Medicine 340, 825–831,
1999.
Farrow DC, Vaughan TL, Sweeney C, Gammon MD, Chow WH, et al.:
Gastroesophageal reflux disease, use of H2 receptor antagonists, and
risk of esophageal and gastric cancer. Cancer Causes Control 11,
231–238, 2000.
Ye W, Chow WH, Lagergren J, Yin L, and Nyren O: Risk of
adenocarcinomas of the esophagus and gastric cardia in patients with
gastroesophageal reflux diseases and after antireflux surgery.
Gastroenterology 121, 1286–1293, 2001.
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
Epidemiol Biomarkers Prev 4, 85–92, 1995.
Brown LM, Swanson CA, Gridley G, Swanson GM, Schoenberg JB, et
al.: Adenocarcinoma of the esophagus: role of obesity and diet. Jour
nal of the National Cancer Institute 87, 104–109, 1995.
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. J Natl Cancer Inst 90, 150–155, 1998.
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
Wu AH, Wan P, and Bernstein L: A multiethnic population-based
study of smoking, alcohol and body size and risk of adenocarcinomas
of the stomach and esophagus (United States). Cancer Causes Control
12, 721–732, 2001.
Nyren O and Adami HO: Esophageal cancer. In Textbook of cancer ep
idemiology, Adami HO, Hunter D, and Trichopoulos D (eds). New
York: Oxford University Press, 2002, pp 137–152.
Slattery ML, Boucher KM, Caan BJ, Potter JD, and Ma KN: Eating
patterns and risk of colon cancer. Am J Epidemiol 148, 4–16, 1998.
Terry P, Hu FB, Hansen H, and Wolk A: Prospective study of major di
etary patterns and colorectal cancer risk in women. Am J Epidemiol
154, 1143–1149, 2001.
Terry P, Suzuki R, Hu FB, and Wolk A: A prospective study of major
dietary patterns and the risk of breast cancer. Cancer Epidemiol
Biomarkers Prev 10, 1281–1285, 2001.
Chen H, Ward MH, Graubard BI, Heineman EF, Markin RM, et al.: Di
etary patterns and adenocarcinoma of the esophagus and distal stom
ach. Am J Clin Nutr 75, 137–144, 2002.
Hu FB: Dietary pattern analysis: a new direction in nutritional epide
miology. Curr Opin Lipidol 13, 3–9, 2002.
Wolk A, Bergstrom R, Hansson LE, and Nyren O: Reliability of retro
spective information on diet 20 years ago and consistency of independ
ent measurements of remote adolescent diet. Nutr Cancer 29,
234–241, 1997.
Rashidkhani B, Akesson A, Lindblad P, and Wolk A: Major dietary
patterns and risk of renal cell carcinoma in a prospective cohort of
Swedish women. J Nutr 135, 1757–1762, 2005
Kim JO and Mueller CW: Factor analysis: statistical methods and
practical issues. Thousand Oaks, CA: Sage Publications, Inc., 1978.
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.
Chen H, Tucker KL, Graubard BI, Heineman EF, Markin RS, et al.:
Nutrient intakes and adenocarcinoma of the esophagus and distal
stomach. Nutr Cancer 42, 33–40, 2002.
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.:
Adenocarcinomas of the esophagus and gastric cardia: the role of diet.
Nut Cancer 27, 298–309, 1997.

177

26. Mayne ST, Risch HA, Dubrow R, Chow WH, Gammon MD, et al.:
Nutrient intake and risk of subtypes of esophageal and gastric cancer.
Cancer Epidemiol Biomarkers Prev 10, 1055–1062, 2001.
27. 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.

28. Khani BR, Ye W, Terry P, and Wolk A: Reproducibility and validity of
major dietary patterns among Swedish women assessed with a
food-frequency questionnaire. J Nutr 134, 1541–1545, 2004.

Appendix. Definition of the Food Groups Used in the Dietary Pattern Analysis
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Food groups
Vegetables
Tomato
Fruits
Whole grains
Refined grains
Cereal
Low-fat dairy
High-fat dairy
High-fat gravy
Dressing sauce
Fish
Poultry
Red meat
Processed meat
Eggs
Potatoes
French fries
Sweets
Juice
High energy drinks
Nuts
Tea
Coffee
Beer
Wine
Liquor
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Items
Green salads, cauliflower, white cabbage, red cabbage, spinach, carrot, onion, leek, garlic
Tomato
Citrus fruits, apple, pear, banana, plums
French toast bread, crisp bread, rye bread, oatmeal, bran
Rice, macaroni, spaghetti, pancakes, waffles
Porridge (oatmeal, rice, corn flour, semolina), infant cereal, cereal/muesli
Low fat milk, sour milk
Whole milk, milk powder, cheese, cream, ice cream
Gravy made from the remaining cooking fat
Bechamel sauce, béarnaise sauce
Herrings, cod, flat, hake, whiting, haddock, turbot, salmon, white fish, eel, pike, perch, burbot
Chicken
Meat ball, pork, beef, liver, minced meat
Smoked salted pork, Falu sausage, hamburgers, hot dogs, blood sausage
Fried eggs, boiled eggs, omelette
Boiled potatoes, baked potatoes
French fries, fried potatoes
Buns, Danish pastries, cookies, sweet biscuits, tarts, cakes, chocolate, jam, marmalade, fruit sauce
Fruit juice
Fruit syrup, soft drinks
Nuts
Tea
Coffee
Beer (different proofs)
Wine
Liquor (different proofs)
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