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Abstract

AIM: To elucidate etiologic associations between Heli-
cobacter pylori (H pylori), lifestyle, environmental fac-
tors and gastric cardiac adenocarcinoma (GCA) among
men.

METHODS: A hospital-based case-control study was
conducted in Taiwan from 2000 to 2009. All cases
were newly confirmed as primary GCA. Five controls
were selected matching with age, sex, and admis-
sion date to each case. Participants were informed

of potential risk factors with a structured question-
naire by trained interviewers during hospitalization
and provided a blood sample for the determination of
H pylori infection. Odds ratio (OR) and 95% confidence
interval (95% CI) were used to evaluate risk, and a
multivariate conditional logistic regression model was
performed.

RESULTS: All participants recruited for this study were
men, consisting of 41 cases and 205 controls. Results
of the univariate analysis showed that significant factors
associated with the etiology of GCA included # pyfori (OR
= 2.69, 95% CI = 1.30-5.53), cigarette smoking (OR =
2.28, 95% CI = 1.05-4.96), working or exercising after
meals (OR = 3.26, 95% CI = 1.31-8.11), salted food
(OR = 2.51, 95%CI = 1.08-6.11), fresh vegetables (OR
= 0.28, 95% CI = 0.09-0.80), fruits (OR = 0.19, 95%
CI = 0.04-0.89), and rice as principal food (OR = 0.53,
95% CI = 0.30-0.85). Multivariate conditional logistic
regression models indicated that a significantly elevated
risk of contracting GCA was associated with working or
exercising after meals (OR = 3.18, 95% CI = 1.23-9.36)
and H pyilori infection (OR = 2.93, 95% CI = 1.42-6.01).
In contrast, the consumption of fresh vegetables (OR
= 0.22, 95% CI = 0.06-0.83), fruits (OR = 0.28, 95%
CI = 0.09-0.79) and rice as principal food (OR = 0.48,
95% CI = 0.24-0.93) remained as significant beneficial
factor associated with GCA.

CONCLUSION: Working or exercising after meals and
H pylori infection increase the risk of GCA, but higher
intakes of rice, fresh vegetables and fruits reduce the
risk.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The gastric cardiac adenocarcinoma (GCA) has attracted
considerable attention recently as a consequence of the
rapid increase in incidence, while the overall rate of gas-
tric cancer has markedly declined in Western countties.
Recent studies in China have also shown a statistically
significant increasing trend of the disease in the last 16
years'. Another striking feature is the strong male pre-
dominance (the sex ratio being 6:1) among the patients'”.
However, no established risk factors can explain the
male predominance. Previous studies evaluating the eti-
ology of the GCA generally merged with data of both
genders, which would distort the findings and dilute any
associations. As the reasons for these variations of inci-
dence remain uncertain, there emerged a critical need for
epidemiological studies to identify risk factors in male
as well as risk factors that might account for the rapid
increases in incidence, although it is very rare.

Recent investigations suggest that obesity”! and
gastroesophageal reflux disease (GERD)" are important
risk factors for GCA among the Western populationm.
A Swedish study found that GCA was trelated to GERD
with an odds ratio of 2.3 (OR = 2.3, 95% CI: 1.2-4.3)",
Cigarette smoking is also a risk factor, but with a lesser
degree of strength for GCAP. Dietary factors are also
thought to play an important role in the GCA etiology.
Fresh vegetables and fruits have been inversely associ-
ated with GCA in several studies'”. Diets high in cho-
lesterol, animal protein and vitamin B12 increase the
risk®™ whereas several nutrients, particularly those found
in plant food (fiber, ascorbic acid and carotenoids), are
associated with a reduced risk of GCA™*. Additionally,
the use of supplemental calcium/Tums tresulted in a sig-
nificant risk of GCA in a US study".

The other main candidate risk factor is the infection
with Helicobacter pylori (H pylori). Evidences have shown
that this infection increases the GCA risk in China and
other East-Asian population[()’m, but not in the Western
populationm’m. A US population-based case-control
study even reported an inverse relationship between
Cag' A strains (cytotoxin associated gene A positive
strains) of H pylori and GCA". The correlation between
the GCA and cancer history in first-degree relatives
suggests that inherited genetic susceptibility and shared
environmental risk factors might contribute to cardiac
carcinogenesism. Great differences exist in lifestyles,
diet habits and environment between Chinese and the
Westerners. The features of Taiwanese lifestyle share
many similarities with both the Chinese and the West-
erners. Especially, some popular customs and traditions
in Taiwanese are much alike to the Chinese. It would be
interesting to know whether people in Taiwan share the
risk factors of GCA similar to people in mainland China
or in Western countries. We conducted the present study

to gain a better clue in the etiologic factors shared by
lifestyles, diet, and other environmental exposures asso-
ciated with GCA among men in Taiwan. We additionally
investigated the association with H pylori infection.

MATERIALS AND METHODS
Study design

A hospital-based case-control study of matched pairs
was derived from 2000 to 2009 in Kaohsiung City, Tai-
wan, to explore the risk factors of GCA associated with
lifestyles, dietary habits, H pylori infection and other en-
vironmental exposure factors.

Data sources

All subjects in our study were drawn from the Kaohsi-
ung Medical University Chung-Ho Memorial Hospital,
which has been accredited as a top-grade teaching hos-
pital in southern Taiwan, and used by patients from all
socloeconomic categories.

Patients were diagnosed with a primary histologically
confirmed incident case of gastric cancer by patholo-
gist as adenocarcinoma type. The pathologists were
not aware of the clinical or endoscopic data. We used
endoscopy to measure the distance between the gastro-
esophageal junction and the upper and the lower borders
of the tumor. GCA was identified using an endoscope
in a retroflexed position and defined as a tumor, and the
majority of the tumors was within 5 mm of the squamo-
columnar junction. Gastric cardiac cancers include small
cancers located in the cardiac region of the stomach or
large tumors located primarily in the cardiac region with
slight involvement of the esophagocardiac junctionm.
Patients with non-cardia gastric cancer were excluded.
Of the 52 cases of histologically confirmed primary
GCA by pathologists and gastroenterologists, ten were
women excluded in data analyses. One patient was too ill
to participate. Eventually, 41 cases agreed to participate
in the study.

For each case identified, 5 controls of matched with
sex, age (* 3 years), and admission date (£ 2 wk) were
recruited from inpatients free of cancer in the Family
Medicine Departments at the same hospital, including in-
patients who came in for a general health check-up. And,
subjects with stomach-related diseases were excluded.
Overall, the majority of subjects in the control group wete
healthy, but some controls were patients with hepatitis
B, diabetes mellitus, cataract, and/or benign prostate
hypertrophy. Of 209 control subjects invited, 205 agreed
to participate in the study.

With consent from subjects, trained professional in-
terviewers performed face-to-face interviews at the hos-
pital using a structured questionnaire. To minimize the
variation between interviewers in handling the question-
naire, each interviewer interviewed cases and controls
by pairs. We were unable to blind the interviewers to the
status of cases or controls, but they were unaware of
the study hypothesis and were trained to treat subjects
with a similar manner. The structured questionnaire was
designed to collect detailed information on sociodemo-
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graphic characteristics, lifestyles such as cigarette smok-
ing, alcohol drinking, areca quid chewing, and diet, the
use of nutritional supplements and medication history,
serologic assays, family history, and GERD symptoms.

Obesity was measured by body mass index (BMI),
according to the height and weight measured at least 2
years prior to the interview. BMI was calculated as body
weight in kilograms dived by the square of body height
in meters (kg/ m’). The habits of cigarette smoking, al-
cohol drinking, and areca quid chewing were quantified
from information on the age at the initiating, quantity,
frequency, and actual duration of consumption, and
the cessation age. For analysis, a smoker was defined as
someone who had smoked one cigarette or more per day
for more than 1 year. Ex-smokers, ex-drinkers, and ex-
chewers were defined as those who had quit the habit
for mote than 6 mo before being diagnosed with cancer
or interviewed. Subjects were asked to report their usual
consumption frequency of 15 food items more than 1
year before diagnosis or interviewed. This frequency of
dietary history exposure was classified into 7 categories:
(1) at least once or more pet day, (2) three to six times
per week, (3) less than three times per week, (4) at least
once to three times per month, (5) less than once per
month, (0) less than once per year, and (7) never. In ad-
dition to the food frequency questionnaire, we asked sev-
eral questions about general dietary behaviors thought to
be related to the digestive tract effect, such as principal
food and whether with middle-intensity working or exet-
cising at less than 30 min after meals.

Subjects were also asked to report whether they ever
took any nutritional supplements at least 6 mo or longer,
and, if so, the type and the frequency of tablets taken
were queried. The use of medications history was also
collected, such as aspirin, and non-steroidal anti-inflam-
matory drugs (INSAID).

A blood sample was obtained from subjects at the
time of interview. Serum levels of IgG antibodies to
H pylori and CagA were determined by antigen-specific
ELISA. Subjects were first classified as H pylori positive
or H pylori negative, and those who were H pylori positive
were then classified as CagA positive or CagA negative.
Finally, family history was defined as any first-degree rel-
ative self-reported by subjects as having been diagnosed
with the gastric cancer or disease. To minimize unreli-
able information, we verified the reported information
by asking the subject’s family members for confirmation.
GERD symptom was defined as someone presented
with recurrent heartburn and regurgitation for more
than 1 year before being diagnosed or interviewed. The
frequency of GERD symptoms was also collected. A
field supervisor inspected each subject’s medical history
and compared with the collected questionnaires, which
were then transferred to coding sheets for analysis.

Statistical analysis

All analyses were performed using STATA 7.0 statistical
software. The analysis included XZ test for the similarity
of demographic factors, and a multivariate technique de-

Variables Case  Control OR? 95% ClI

Age
=60 yr 28 132 1.03 0.57-1.96
<60 yr 13 73 1.00

Marital status
Married 35 159 1.63 0.45-5.87
Other 6 46 1.00

Ethnicity
Others' 10 45 1.12 0.73-1.69
Chinese Taiwanese 31 160 1.00

Years of schooling
<9yr 27 115 2.96 0.65-13.69
>9yr 14 90 1.00

Occupation
Farmer 16 59 214 0.89-5.12
Business 6 22 1.92 0.73-5.06
Industry 9 52 1.36 0.41-4.38
White-collar 10 72 1.00

Blood type
Non- A type 32 150 1.03 0.50-2.11
A type 9 55 1.00

Blood type
Non-O type 19 114 0.83 0.32-1.96
O type 22 91 1.00

Economics
Poor 21 69 211 0.81-5.69
Not-poor 20 136 1.00

'Others: Including Native, Chinese, and Hakka. GCA: Gastric cardiac adeno-
. 2, .
carcinoma; “OR: Odds ratio.

signed for matched case-control studies. Conditional logis-
tic regression models were used to estimate odds ratio (OR)
and 95% confidence interval (95% CI) for the associations
between GCA and the covariates of interest. All analyses
were performed controlling for age and education level to
minimize the possible confounding effects. Sociodemo-
graphic characteristics, lifestyle and environmental expo-
sure variables were categorized and compared between
cases and controls to identify significant variables associ-
ated with GCA. We used the matched case-control data
estimating in univariate and multivariate analyses of the
relations among exposure factors, potential confounding
variables, and cancer risk. The multivariate analysis was
performed with no interaction terms to identify factors
with the greatest impact on the fit of the model predicting
the risk of GCA, taking into account other related expo-
sure factors and covariates.

RESULTS

Demographic characteristics

To increase the study sensitivity of this male predominant
disease, we confirmed 41 GCA male patients and enrolled
205 healthy male controls. Cases were older than controls,
but not significant (average age: 64.53 = 2.17 years vs
63.27 £ 1.73 years, P = 0.28). BMI and other demograph-
ic characteristics were also comparable between these two

groups (Table 1).
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Table 2 Association between suspected risk factors and risk

of gastric cardiac adenocarcinoma in a Taiwan case-control
study, 2000-2009

Table 3 Association between suspected dietary pattern and

risk of gastric cardiac adenocarcinoma in a Taiwan case-
control study, 2000-2009

Variables Case Control OR' 95% CI Variables Case Control OR' 95% CI
BMI* (kg/m?) Nitrate food (times/wk)
>24 11 96 089 0.56-1.38 =3 9 23 218 0.80-5.89
<24 30 109 1.00 <3 32 182 1.00
Cigarette smoking Smoked food (times/wk)
Yes 29 110 228" 1.05-4.96 =3 8 30 194 0.53-7.34
No 12 95 1.00 <3 33 175 1.00
Alcohol consumption Fermented beans (times/wk)
Yes 18 65 171 0.88-3.26 =3 11 24 2.87 0.82-9.77
No 23 140 1.00 <3 30 181 1.00
Areca quid chewing Salted food (times/wk)
Yes 9 20 2.75 0.86-8.77 =3 9 21 251" 1.08-6.11
No 32 185 1.00 <3 32 184 1.00
Daily exercise Pickled vegetables (times/wk)
Yes 10 83 058 0.16-2.16 =3 8 34 1.20 0.41-3.36
No 31 122 1.00 <3 33 171 1.00
Sleep with others in childhood Biting food (times/wk)
Yes 37 165 210 0.44-10.24 =3 6 58 0.38  0.08-2.01
No 4 40 1.00 <3 35 147 1.00
Working or exercising after meals Galic (times/wk)
Yes 27 74 326" 1.31-8.11 =3 10 60 0.62 0.17-2.12
No 14 131 1.00 <3 31 145 1.00
H pylori serum Dairy products (times/wk)
Positive 30 118 269" 1.30-5.53 =3 7 47 0.72 0.13-4.15
Negative 11 87 1.00 <3 34 158 1.00
Cag'A’ Meat (servings/d)
Positive 27 102 127 0.21-7.66 =6 30 150 124 0.42-3.67
Negative 5] 16 1.00 <6 11 55 1.00
GERD symptoms Fresh vegetables (servings/d)
Yes 11 48 128  0.64-2.55 =2 25 184 0.28" 0.09-0.80
No 30 157 1.00 <2 16 21 1.00
Passive smoking (family) Fresh fruits (servings/d)
Yes 17 66 148 0.37-5.92 =2 15 169 0.19" 0.04-0.89
No 24 139 1.00 <2 26 36 1.00
Passive smoking (colleague) Stripped sweet potato (sun-dried)
Yes 18 91 1.01 0.37-2.59 Yes 20 71 171 0.86-3.37
No 23 114 1.00 No 21 134 1.00
Steaming hot dietary habits (/d) Rice as principal food
Yes 31 175 072 0.32-1.53 Yes 32 176 0.53" 0.30-0.85
No 10 30 1.00 No 9 29 1.00
Cold dietary habits (/d) Milk (/d)
Yes 12 62 094 0.32-2.75 Yes 16 81 1.02 0.16-7.08
No 29 143 1.00 No 25 124 1.00
Water supply Coffee preference (/d)
Non-tap-water 13 53 147 0.29-7.31 Yes 13 62 120 0.55-2.53
Tap-water 28 152 1.00 No 28 143 1.00
Tea (/d)
'Odds ratio (OR): Adjusted by age and years of schooling; BMI: Obesity: Yes 18 110 0.69 0.36-129
No 23 95 1.00

BMI more than 28 kg/m’; Overweight: BMI more than 24 and less than 28
kg/m’; Normal: BMI more than 18.5 and less than 24 kg/m’; Underweight:
BMI less than 18.5 kg/m’ *Cag’A: Cytotoxin associated gene A positive
strains. (Those who were H pylori positive were classified by CagA strains).
‘P <0.05.

Suspected risk factors

Table 2 shows the relationship between lifestyle habits,
environmental exposures and GCA controlling for age
and years of schooling of participants. The estimated
ORs were significantly elevated in persons with cigarette
smoking (current smoking plus ex-smoking: OR = 2.28,
95% CI = 1.05-4.96), working or exercising after meals
(OR = 3.26, 95% CI = 1.31-8.11) and H pylori infection
(OR = 2.69, 95% CI = 1.30-5.53). Cases were also more

'Odds ratio (OR): Adjusted by age and years of schooling. °P < 0.05.

likely than controls to use alcohol and chew areca quit, but
difference was not statistically significant compared with
that for abstainers. And other environmental exposure
factors were not significantly associated.

However, age-and-years of schooling-adjusted OR
estimates revealed harmful associations for GCA with
salted food (OR = 2.51, 95% CI = 1.08-6.11) (Table 3). In
contrast, there were beneficial effects from the consump-
tion of fresh vegetables (OR = 0.28, 95% CI = 0.09-0.80),
fruits (OR = 0.19, 95% CI = 0.04-0.89), and rice as prin-
cipal food (OR = 0.53, 95% CI = 0.30-0.85). We failed to
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Table 4 Association between nutritional supplement and risk

of gastric cardiac adenocarcinoma in a Taiwan case-control
study, 2000-2009

Table 5 Association between family history and risk of
gastric cardiac adenocarcinoma in a Taiwan case-control
study, 2000-2009

Variables Case Control OR!' 95% ClI Variables Case Control OR' 95% CI
Vitamine Anemia
Yes 6 42 0.63 0.18-1.95 Yes 17 83 1.06 0.46-2.58
No 35 163 1.00 No 24 122 1.00
Vit A Atrophy gastritis
Yes 2 13 0.74 0.24-2.50 Yes 17 85 1.02 0.31-3.25
No 39 192 1.00 No 24 120 1.00
Vit B Gastric ulcer
Yes 2 18 0.49 0.07-3.46 Yes 15 73 1.23 0.39-3.79
No 39 187 1.00 No 26 132 1.00
Vit C Duodenal ulcer
Yes 3 25 0.56 0.10-3.36 Yes 16 88 0.82 0.35-2.09
No 38 180 1.00 No 25 117 1.00
Vit E Lymphoma
Yes 5 23 0.99 0.20-4.81 Yes 12 57 1.30 0.63-2.80
No 36 182 1.00 No 29 148 1.00
Vit B complex Gastric polypus
Yes 4 14 1.59 0.74-3.43 Yes 13 62 1.51 0.20-11.38
No 37 191 1.00 No 28 143 1.00
Iron Cancer
Yes 3 6 2.01 0.86-4.68 Yes 10 24 254 0.83-7.75
No 38 199 1.00 No 31 181 1.00
Calcium tablet Sibling (Cancer)
Yes 4 26 0.84 0.17-4.12 Yes 5 23 1.39 0.38-5.06
No 37 179 1.00 No 36 182 1.00
Zinc tablet
Yes 1 6 0.85 0.09-8.10 'Odds ratio (OR): Adjusted by age and years of schooling.
No 40 199 1.00
Aspirin
Yes 2 7 1.34 0.59-3.03
No 39 198 1.00 Table 6 Multivariate conditional logistic regression analysis
NSAID for estimated OR and 95% CI for GCA patients compared
Yes 4 14 129 047-3.71 with matched hospital-based controls in Taiwan, 2000-2009
No 87, 191 1.00

'Odds ratio (OR): Adjusted by age and years of schooling.

find significant associations between GCA and vitamin
supplements and other supplements or medications such
as iron, calcium tablet, zinc tablet, aspirin, and NSAID
(Table 4).

The risk strength associated with family disease history
is shown by adjusted OR in Table 5. To investigate the ac-
tual effects of family aggregation, we collected relevant in-
formation about patient’s first-degree relatives. There were
insignificant weak evidences to associate GCA risk with
family anemia history and other forms of gastric disease
as well as atrophy gastritis, gastric ulcer, lymphoma, gastric
polypus, and gastric cancer. However, individuals with a
family history of duodenal ulcer (OR = 0.82, 95% CI =
0.35-2.09) had a reduced nonsignificant risk for GCA.

All significant variables found in the univariate analy-
ses were included in the multivariate conditional logistic
regression analysis (Table 6). The significantly elevated
OR for GCA were associated with working or exercising
after meals (OR = 3.18, 95% CI = 1.23-9.36) and H pylori
infection (OR = 2.93, 95% CI = 1.42-6.01). However,
consumption of fresh vegetables (OR = 0.22, 95% CI =
0.06-0.83), fruits (OR = 0.28, 95% CI = 0.09-0.79), and
rice as principal food (OR = 0.48, 95% CI = 0.24-0.93) re-
mained as protective factors that reduced the risk of GCA.

Variables OR' 95% CI
H pylori infection 2.93° 1.42-6.01
Cigarette smoking 2.26 0.35-15.20
Working or exercising after meals 318" 1.23-9.36
Consumption of salted food 2.34 0.39-13.75
Consumption of fresh vegetables 0.22° 0.06-0.83
Consumption of fresh fruits 0.28" 0.09-0.79
Rice as principal food 0.48° 0.24-0.93

'Odds ratio (OR): Adjusted by age and years of schooling. °P < 0.05.

DISCUSSION

To our knowledge, this is the first study to explore si-
multaneously all aspects of factors that may associate
with GCA, including H pylori infection, lifestyle, dietary
and nutritional supplements taking history, and family
history.

It took 10 years to identify 41 histologically con-
firmed primary GCA cases with useful data. But, this
small sample size study has demonstrated important
findings. The habit of working or exercising after meals
was the strongest risk factors for GCA among men in
Taiwan, which is consistent with the finding for Chinese
population in Fujian Province!. One plausible biological
explanation for this association is that working or exer-
cising after meals may decrease blood supply in digestive
tract and induce gastric ischemia to prolong the empty
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time''". Besides, physical activity may increase the intra-
abdominal pressure and wall tension in the digestive
tract, and reduced gastric mucosal flow and ischemia”.
And recent studies have indicated that the cardiac region
differs from the rest of the stomach by remaining highly
acidic after a meal. Physical activity may thus increase
the gastrointestinal transit time and also extend acid
contact time between the gastric mucosa, cardiac region
especially, and potential carcinogens in the stomach,
eventually leading to an increased GCA risk.

Most of the studies from Western populations have
found no significant association with H pylori in the GCA
etiology[12’13]. Some studies even reported a reduced risk
for the disease!™"”. In contrast, most studies conducted
in Asian population[9’11’20] have found elevated risks from
H pylori infection. A meta-analysis of prospective stud-
ies, including only four studies, found no association
between GCA and H py/amm. Of these, two studies from
China indicated an elevated risk associated with infection
while other two from Europe indicated a reduced risk.
Clearly, our finding is consistent with observations in
Asian studies, encouraging evidence of the harmful role
of H pylori in the carcinogenic process for GCA. The
divergent findings between European and Chinese leave
a matter for future consideration.

However, we observed that CagA seropositivity played
no significant role consistent with prospective studies
from China""! and Europe!"”. Of interest, CagA seroposi-
tivity was associated with a 6.2-fold greater risk for can-
cers in the upper one third of the stomach for Japanese
(1.2-32.0)"”. In contrast, CagA seropositivity (OR = 0.4,
95% CI = 0.2-0.8) was associated with a reduced GCA
risk in the US'". The inconsistency of these findings may
be due to the diversity of the studies in geography, and
ethnicity among them because of important genetic com-
ponents, host, and environmental heterogeneity.

Furthermore, the CagA antibodies measurement for
cach subject reduced our misclassification of H pylori
status. This encourages the power of testing significance
with such a small sample size in this study. Therefore, we
suggest that H pylori measurement in early life is an im-
portant marker of GCA, and a future study to elucidate
the transmission mechanism of H pylori infection for the
GCA prevention relevancy is needed.

Salted food has been linked to stomach cancer ris
We found that salted food was also associated with an
increased risk for GCA. However, this risk disappeared
in the multivariate statistical models. Salt is thought to
induce an inflammatory process leading to the damage of

12224

the protective stomach mucosa. And, H pylori may interact
with salt and enhances carcinogenesis after the gastric epi-
thelium is damagedm. It may also increase cell susceptibil-
ity to carcinogenesis from salt intake. Thus, we postulate
that salt per se is not an independent carcinogen, as Co-
hen et al” argued, but a promoter of GCA.

Many studies have reported the protective effect
from the intake of fresh vegetables and fruits against
GCA™? We also showed a remarkably reduced risk
of GCA for men consuming diet rich with fresh veg-
etables and fruits. In other words, the plant food was as-

sociated with a strong reduction in risk for GCA among
men in Taiwan. Plant food is rich in fiber, ascorbic acid
and carotenoids™. Several studies showed that dietary
fiber was strongly related to a reduced GCA risk™*"?,
The protective mechanism of fiber is still unclear; it may
play a cleansing role and could facilitate the removal of
! or promote the
sloughing of damaged epithelial cells™. Ascorbic acid

. . . 27
carcinogens at the epithelial surface!

and carotenoids are both strong antioxidants in the pro-
cess of gastric carcinogenesis. Nevertheless, our data not
only confirmed the beneficial effect of fresh vegetables
and fruits against GCA, but also suggested rice as the
principal food is important against this disease.

This study showed that rice as principal food may well
reduce the risk of GCA in Taiwan. Antioxidants and fiber
effect in rice, with much lower protein composition than
wheat and some other grains, may attribute to the anti-
carcinogenicitypg’azl. The decreased protein content in
meals may reduce gastric acid sectetion””. Cardiac cancer
in Western countries has been associated with normal or
increased acid productionw. Rice as principal food may
lower acid secretion, thus reducing the GCA risk. Accord-
ing to our observation of the habit of working or exercis-
ing after meals or rice as principal food, similar to those
of the West, we assume that chronic exposure to gastric
acid plays a role in the aetiology of GCA. Although we
failed to observe an association between GERD and the
GCA risk, the result is well in agreement with other stud-
ies conducted in the US"" and Taiwan™". GERD is less
common in Asians than in Western population[34’36]. We,
therefore, considered GERD as an indicator rather than a
crucial cause of GCA.

Our results differed greatly from the Western studies™
in the association with BMI. Similar to a recent North
China study””, we found a negative association between
obesity and GCA, although not significant. The reasons
of the difference might be associated with the genetic
background, cut-off points for BMI and lifestyle. Great
differences exist in lifestyle and diet habits between Chi-
nese and the Westerners. Asian populations historically eat
low-fat diets™ with more vegetables/ fruits® and have a
smaller BMI than Western populationsw. This suggests
that obesity is an indirect factor in the association with
GCA for the men in Taiwan. Motreover, a recent China
study has pointed out that the westernization in diet and
cating habits is responsible for the higher risk of GCA in
the urban area than in the rural area'™".

Some studies found harmful effect from smoking
for GCAP"*! The present study observed a significant
risk associated with smoking, but it disappeared in the
multivariate analysis. Thus, it may be attributed to the
reinforcing factor but not an independent carcinogen
for GCA. Besides, the sample size of GCA cases in this
study might be not large enough to detect such a rela-
tionship; however, we still can not overlook its gravity.

A twin study assessing the contribution of hereditary
and environmental factors has found that occupational
exposures and viral infections make up the other 62%
of the risk of developing stomach cancer. The statistical
model used provided a perfect fit (P = 1.0) in predicting
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the involvement of major environmental factors plus mi-
nor genetic components for the risk of stomach cancer'.
Our results support this notion, even though we have no
direct witness to prove it. In our study, working or exercis-
ing after meals, vegetables, fruits and rice consumption
and H pylori infection are significantly associated with
GCA, but not in family history of gastric diseases with the
familial (hereditary or nonhereditary) effects. This finding
indirectly shows the etiological importance of environ-
mental factors for GCA.

An important etiologic characteristic of GCA is the
strong male predominance. This study did find 42 of 52
cases were men. Why did the strong male predominance
exist among patients with GCA? As the family is the core
unit of H pylori transmission™ and childhood coloniza-
tion has the same risks in males and females. The striking
feature may be due to the fact that females work or exet-
cise at the lower intensity than males, because of the Chi-
nese social request of culture. Hence, males are at higher
risk than females for GCA. Moreover, females have more
frequent consumption of vegetables and fruits than males.
Accordingly, we can find the fact of more protective ef-
fect in females than in males. Consequently, the strong
male predominance will be continuously observed.

Our study is subject to some limitations. The major
limitation is its relatively small sample size, as GCA re-
mains a very rare disease not only worldwide but also
in Taiwan"". But our stringent matching design has in-
creased the effort in study precision and reduced bias™’.
Compared with published studies™ ! we are encouraged
to have mote GCA cases with no misclassification and no
divergent effects. Another limitation found in this study is
the potential for recall bias, a common limitation of case-
control studies, as well as the recall bias of dietary and
family history. It was not possible to adjust completely
for biases such as the dietary recall bias. We did match,
however, the time of hospital visits to avoid differences
caused by seasonal dietary changes. Moreover, we used
the structured questionnaire to collect categorized infor-
mation to minimize errors in quantitative data caused by
incorrect recall. Furthermore, family history data was only
collected for first-degree relatives, such self-reported in-
formation is generally more reliable. And we did examine
and reconfirm family histories by talking with other family
members. But, it cannot still wholly excluded that some
family histories may have been misclassified.

The advantage of this study was based on confirmed
GCA cases validated by a panel of pathologists and
gastroenterologists. The other strength in this study is
our exact study design and statistical analysis. The high
response rate (97.62% in cases and 98.09% in controls),
absence of proxy interviews and the homogeneity of
control group are the other important ones.

Despite the relatively low number of GCA cases, the
main risk factors in Taiwan societies are well established.
The epidemiological features of GCA in our study have
in deed demonstrated that GCA is more closely gov-
erned by environmental factors. Concerning the etiology
of GCA, unlike in the West, obesity, GERD and ciga-
rette smoking may not be the independent contributing

factors for population in Taiwan. While lifestyle and
dietary variables have an important role, infectious origin
1s still a major factor in the developing populations such
as Taiwan. Our further analysis showed an interactive
effect between working or exercising after meals and
H pylori infection. The OR for GCA increased to 3.39
(95% CI 1.32-11.27), compared with individuals of
neither working/exercising after meals and nor H pylori
infection. In conclusion, this study suggests that healthy
dietary habits to avoid the chronic exposure to higher
and provocative gastric acidity and eradication of H pylori
are important for the GCA prevention. Daily intake of
fresh vegetables, fruits and rice as principal food should
be encouraged for the beneficial effect to prevent GCA.
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COMMENTS

Background

The gastric cardiac adenocarcinoma (GCA) is a very rare disease. In recent
decades, however, the incidence of the GCA has increased dramatically in
many Western countries. An increasing trend in GCA is also observed in
municipal regions but not in rural regions of China. Another striking feature is
the strong male predominance among patients with GCA. Some of the reasons
above are still unclear and require further epidemiological investigations.

Research frontiers

The etiological factors associated with this rare disease remain unclear
and require a comprehensive investigation in Taiwan. And no correspond-
ing sex difference in the established risk factors for GCA can explain the
male predominance. This is the first study which explores simultaneously
all potentially factors associating with the disease among men, including
Helicobacter pylori (H pylori) infection, lifestyle, diet and nutritional supplements
intake history and family history of the disease in the Chinese population. And,
this is the first study to explain the male predominance by sex differences in risk
factor profiles of the disease.

Innovations and breakthroughs

This study showed that working or exercising after meals, and H pylori infection
may increase the risk of GCA. Moreover, the interactive effect between working
or exercising after meals and H pylori infection augments the risk while rice as
principal food and higher intakes of fresh vegetables and fruits may well reduce
the risk.

Applications

Avoiding laborious task after meals and diet control may help prevent GCA.
Earlier detection and eradication of H pylori may refer to the clinical selective
direction of prophylaxis and treatment of this disease.

Peer review

This study evaluated retrospectively the risk factors of GCA among men. The
results are interesting and suggest that working or exercising after meals and
H pylori infection are important independent risk factors for GCA, but Cag‘A
strains of H pylori are not associated with this cancer. Furthermore, this study
also demonstrates that rice as principal food and consumption of fresh veg-
etables and fruits may well reduce the risk of GCA.
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