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Abstract

AIM: To examine histology- and tumor-location specific
risk factors of gastric cancer (GC).

METHODS: This was a case-control study. The study
subjects were 216 GC patients newly diagnosed during
the period 2000-2002 and 431 controls selected from
non-cancer patients matching in age, gender, and
hospital. We obtained information on lifestyles, dietary
habits, and others by a questionnaire.

RESULTS: The subjects who were not eldest among
his/her siblings were at a slightly elevated GC risk (OR
1.3; 95% CI 0.8-2.0). Salting meals before tasting was
related to an increased GC risk (OR 3.5; 95% CI 1.6-
7.3). Frequent consumptions of fruits (OR 0.3; 95% CI
0.1-1.0) and vegetables (OR 0.3; 95% CI 0.1-1.0) were
related to decreased GC risks. On the other hand, frying
foods (OR 1.9; 95% CI 1.0-3.6) and cooking with coal (OR
1.8; 95% (I 1.3-2.6) were related to increased GC risks.
Neither Lauren’s histological classification (intestinal and
diffuse types) nor tumor location significantly affected
those associations except birth order. The subjects who

www.wjgnet.com

were not eldest among his/her siblings had an increased
risk of GCs in the distal and middle thirds, and their ORs
were 1.7 (95% CI 1.0-2.8) and 1.9 (95% CI 0.8-4.3),
respectively. The corresponding OR in the upper third
stomach was 0.3 (95% CI 0.1-0.9). The differences of
those three ORs were statistically significant (£ = 0.010).

CONCLUSION: The present study shows that birth or-
der, salt intake, consumption of fruits and vegetables,
the type of cooking, and cigarette smoking are related to
GC risk. In histology and tumor-location specific analy-
ses, non-eldest person among their siblings is related to
an increased GC risk in the distal and middle thirds of
the stomach, and is related to a decreased GC risk in the
cardia.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric cancer (GC) is still one of the most common
cancers worldwide!” although its mortality has been
decreasing over the years in many countries, including
Colombia, due to the changing dietary habits and
lifestyles"!. Lauren classified GCs into two histological
types, i.e., intestinal and diffuse typesm, and pointed out
that intestinal-type GC is more frequent in populations
with a high GC incidence while the diffuse-type GC is
more frequent in populations with a low incidence.
Lauren suggested the importance of environmental,
dietary and socioeconomic factors in development of
intestinal-type GCs while he suspected the involvement of
genetic factors in diffuse-type GCs.

Correa postulated a multifactorial model for gastric
carcinogenesis, in which H pylori infection is considered to
play important roles in development of preneoplastic and
precursor conditions*™. Relationships between H pylori
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and those gastric lesions have been documented in many
countries” ', Early childhood infection with H pylori is
considered an important risk factor for GC"". A larger
sibling size and higher birth order is related to earlier
H pylori infection in childhood, a condition that is
considered an important risk factor for GC""". In
Colombia, 50% of rural populations are reported to have
H pylori infection by age 2, and nearly 90% are infected by
age 9.

Some studies reported that H pylori infection is related
to both intestinal- and diffuse-type GCs'"*'". Interestingly,
microscopic studies suggest that H pylori infection seems
to be more strongly related to intestinal-type rather than
diffuse-type GCs whereas serological studies do not!'”,

Regarding other risk factors, a case-control study in
the US, has shown that a high intake of dietary caloties
increases only intestinal-type GCs"'". A population-based
prospective study in Japan, reported that the frequent
intake of vegetables and fruits, even in low amounts, is
associated with reduction of GC risk, and it was observed
only in differentiated (intestinal) type'™. Another study in
Mexico showed that intake of dietary fiber and vitamin E
tends to reduce risk of both intestinal- and diffuse-type
GCs'™. They also reported that the association between
high saturated fat consumption and the increase of GC
risk is statistically significant among the intestinal type but
not in the diffuse type; on the other hand, polyunsaturated
fatty acids reduce the GC risk in both intestinal and
diffuse types”. The associations of tobacco smoking with
different histological types of GCs have been examined
by three studies, two conducted in Japan™?!! and one in
Sweden™ | to our knowledge. However, none of them
showed any evident difference between intestinal and
diffuse types with respect to GC risk associated with
smoking,

Proximally-located GCs are known to have etiological
backgrounds and clinico-pathological features different
from more distally located stomach carcinomas'"'. However,
only a small number of studies have examined risk factors
of GC by tumor locations. Inoue ¢ a/*” reported that
habitual smoking was more strongly associated with the
risk of GCs in the upper third of the stomach than that
in more-distal parts. However, subsequent studies showed
that GCs in the cardia and non-cardia have no evident
differences in their associations with smoking™"*?,

In the present study, we selected factors known, or
strongly suspected, to be related to GC risk, and examined
whether their associations were affected by Lauren’s
histological types and tumor location, ot not.

MATERIALS AND METHODS

Patients and controls

Cases were GC patients newly diagnosed during the period
between Sep 2000 and Aug 2002, in the following three
major reference hospitals in Cali, Colombia: Instituto
de los Seguros Sociales “Rafael Uribe Uribe”, Hospital
Universitario del Valle, and Hospital San Juan de Dios.
These ate reference hospitals not only for cancer but also
for non-cancer diseases, including cardiovascular diseases
(CVD), metabolic syndromes, trauma, ef.

We reviewed medical records, pathological reports
and hospital registration records of those hospitals and
affiliated medical institutions, including endoscopy clinics
and oncology outpatient clinics to obtain information
on clinical and pathological diagnosis, disease history,
socioeconomic status, and contact address of the GC
patients.

We identified 395 GC patients during the study petiod,
and the following 81 cases were excluded: 16 recurrent
cases of GCs; 65 patients who lived in Valle del Cauca
less than five years. There were 91 patients we could not
contact, and 7 patients refused to patticipate in the study.
Among 216 patients in the present study, 30 had died
before interview but their relatives accepted to answer the
questionnaire and provide the necessary information.

Information on tumor location was obtained from
pathological reports and clinical records. The location of a
tumot, defined as the predominant location of the tumor,
was divided into the following three categories: the upper-
third, middle-third and lower-third parts according to the
guidelines of the Japanese Research Society for Gastric
Cancer. We could not obtain information on tumor
location for 23 cases, and those cases were excluded from
the tumor location specific analysis.

We could retrieve formalin-fixed paraffin-embedded
blocks of 173 GCs, mainly surgically resected tumors. We
examined those specimens, and histological diagnosis was
made based on the Japanese classification””.

Controls were selected from hospitalized patients
diagnosed as neither malignant diseases nor gastric
illnesses. Two controls were selected from non-cancer
patients for each case, matching in gender, age (5-year
category), and hospitals. Controls wete selected after their
case was interviewed. The mean period of time between
the interviews of a case and its controls was 25 wk (range
1-109). Among 528 patients as potential controls, 67
patients were excluded because they had lived in Valle del
Cauca less than 5 years. Twenty-nine patients refused to
participate in the study, including 19 patients in severe
clinical conditions. After all procedures for selection and
matching, one patient turned out to be inappropriate as
a control because he had been diagnosed as GC 15 years
before. Thus, the total number of controls was 431.
Four major causes of hospitalization of control patients
were cardiovascular diseases (7 = 208), trauma (# = 117),
infectious diseases (# = 38), and urological disorders (»
= 21). The Institutional Review Board of the Faculty of
Health, Universidad del Valle, Cali, Colombia, approved
this study and all subjects gave informed consent.

Interview procedures
The interview was conducted during the period from
Sept 2000 to Dec 2002. All subjects were interviewed
during hospitalization, except 30 deceased patients. The
interviewer visited at houses of those patients’ relatives for
interview. We used a validated questionnaire to obtain the
personal and family information of all subjects as well as
lifestyles, dietary intakes, culinary uses, and occupational
exposure.

Answers to the questions of fruit and vegetable
intakes, the way of cooking and so on were dichotomized
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Male Female
Case Control Case Control

Total 136 271 80 160

Age (yr)

-49 25 (19) 50 (19) 13 (16) 26  (16)
50-54 18 (13) 36 (13) 7 © 14 ©)
55-59 13 (10) 26 (10) 6 @ 12 @)
60-64 19 (14) 38 (14 12 (15 24 (15)
65-69 16 (12) 32 (12) 14 (18 28  (18)
70-74 24 (17) 48 @17y 15 (19 30 (19
75+ 21 (15) 41 (15 13 (16) 26  (16)
Hospital

1SS 43 (31) 85 (31) 24 (30) 48  (30)
HUV 66 (49) 132 (49) 38 (48) 76  (48)
HSJD 27 (20) 54 (200 18 (22) 36 (22

ISS: Instituto de los Seguros Sociales "Rafael Uribe Uribe"; HUV:
Hospital Universitario del Valle; HSJD: Hospital San Juan de Dios.

as follows: “yes” (more than 3 d/wk) and “no” (equal to
ot less than 3 d/wk). Salt intake was assessed by asking the
habit of seasoning a dish with salt before tasting, and the
answers were coded as “yes” (usually or some times) and
“no” (never). To the question about salting, 4.2% of the
cases and 0.9% of the controls answered “sometimes”.
The simplified dietary habit questionnaire used in the
present study was developed on the basis of the validated
semi-quantitative food-frequency questionnaire (FFQ)
used in a Colombian study in 1998, The FFQ has been
originally developed as Colombian version of the FFQ
used in the Nurses Health Study by Willet ez a/*”. The
validity of our simplified dietary habit questionnaire was
confirmed in a study reported by Garcia ez al™,

Statistical analysis

The association between GC risk and each factor was
analyzed using conditional logistic regression models.
Maximum likelihood estimates of odds ratios (ORs) and
corresponding 95% confidence intervals (95% Cls) were
calculated. All P values presented are two-sided. P < 0.05
was taken as significant.

RESULTS

We successfully interviewed 216 GC cases and 431
control patients (Table 1). Table 2 summarizes the gender
specific distributions of tumor location and histological
classification of GCs. We observed no difference in the
distribution of tumor location between male and female
cases. Male GCs were more frequently found to be
intestinal-type tumors when compared to female cases.
Among males, the mean age of cases was highest in the
GCs located in the upper-third stomach among the three
tumor locations. On the other hand, female cases with
tumors in the lower-third stomach showed a relatively
higher mean age than those with tumors in other locations.
Regarding histological type, female cases with intestinal-
type tumors showed a higher mean age than other
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Male Age Female Age
Total 136 80
Tumor location
Upper third 16 (12) 6512 8 (10) 59.0+14.8
Middle third 33 (24) 60x1238 19 (24) 624+137
Lower third 74  (54) 61.3+139 43 (54) 64.0£13.1
Unknown 13 (10) 60.3+155 10 (12) 621£137
Histological type'
Intestinal 62 (46) 61.4+13.7 24 (30) 66.6+10.1
Diffuse 51 (37) 60.7+14.1 36 (45) 60.3+16.1
Unknown 23 (17) 61.6+13.1 20 (25) 625120
Tumor depth
Mucosa/Submucosa 13  (10) 55.8 +15.4 3 (4 803%57
Muscular 4 (3) 648+ 83 0o - -
Serosa 68 (50) 60.6+12.7 31 (39) 611x135
Unknown 51 (37) 63.5+143 46 (57) 63.0x13.0

'Histological patterns were classified on the basis of Japanese classification
as follows: well differentiated tubular adenocarcinoma (tubl), moderately
differentiated tubular adenocarcinoma (tub2), solid poorly differentiated
adenocarcinoma (porl), non-solid poorly differentiated adenocarcinoma
(por2), signet ring cell carcinoma (sig), and mucinous carcinoma (muc).
Intestinal type consists of tubl, tub2, and muc, and diffuse type consists of
porl, por2, and sig.

subgroups including males.

We examined the association of GC risk with well-
known or strongly suspected factors related to GC risk
(Table 3). GC risk was related to the habit of seasoning
a dish with salt before tasting (P = 0.001), the lower
frequency of eating fruits (P = 0.046) and vegetables
(P = 0.041), and the higher frequency of frying food
consumption (P = 0.039), and cooking with coal (P <
0.001). The associations were not significantly changed
after excluding patients with cardiovascular diseases or
trauma from the control series. All those variables that
were found to be significantly related to GC risk were
independently associated with GC risk in the multivariate
analysis involving all those factors (data not shown). The
associations of GC risk with occupations and occupational
exposures were examined as well. None of them was
significantly related to GC risk (data not shown).

We estimated histology specific ORs of GC risk (Table
4). Among those who were not eldest among their siblings,
diffuse-type GCs showed a significantly increased risk
whereas intestinal-type GCs did not. The observations
that non-eldest person among their siblings was related to
diffuse-type GC risk but not to intestinal-type GC risk do
not necessarily mean that those two histological types have
significantly different associations with birth orders. A
statistical test addressing this question gave a P value larger
than 0.05, indicating that observed difference of ORs
between intestinal and diffuse types was not statistically
significant. When examining potential GC risk factors as
shown in Table 3, we found that their ORs did not show
any significant differences between the two histological
types. On the other hand, smoking was found to be related
to diffuse-type GC risk but not to intestinal-type. Here
again, however, the difference in the ORs between two
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Case Control OR (95% CI) P
Birth order’ 0.123

1 49 125 1 (referent)

2-3 80 152 13 (0.8-2.0)

4+ 8 151 14 0.9-2.2)

Salting meals before tasting 0.001

No 197 420 (referent)

Yes 19 1 35 (1.6-7.3)

Frequent fruits intake 0.046

No 7 4 (referent)

Yes 209 127 03 (0.1-1.0)

Frequent vegetable intake 0.041

No 8 5 (referent)

Yes 208 426 03 (0.1-1.0)

Steaming foods 0.782

No 172 347 1 (referent)

Yes 44 84 11 (0.7-1.6)

Frying foods 0.039

No 13 49 1 (referent)

Yes 203 382 19 (1.0-3.6)

Smoking foods 0.161

No 160 341 1 (referent)

Yes 56 90 1.3 (0.9-1.9)

Cooking with oven 0.105

No 158 289 1 (referent)

Yes 58 142 07 (0.5-1.1)

Cooking with coal <0.001

No 100 264 1 (referent)

Yes 116 167 18  (1.3-26)

Roasting foods 0.243

No 74 166 1 (referent)

Yes 142 265 12 (0.9-1.8)

Cigarette smoking 0.231
P for heterogeneity = 0.098

Never 78 188 1 (referent)

Ex-smoker 89 145 1.5 (1.0-2.3)

Current smoker 49 98 1.2 (0.8-1.9)
Cigarettes smoked per day 0.323*
(ex-smoker and current P for heterogeneity = 0.079
smokers combined)

Never 78 188 (referent)

1-14 93 145 1.6 (1.1-2.3)

15-24 33 79 1 (0.6-1.7)

25+ 12 19 16 (0.7-3.6)

Cigarette smoking (men only) 0.731%
P for heterogeneity = 0.160

Never 36 88 1 (referent)

Ex-smoker 65 104 16 (1.0-2.6)

Current smoker 35 79 11 (0.6-1.9)

"Information on birth order was missing in 2 cases and 3 controls; 2P for
trend.

histological types was not statistically significant.

Table 5 summarizes the results of tumor-location
specific analyses. The ORs of GCs in the lower and
middle third parts of the stomach were increased among
those who were not eldest among their siblings. The ORs
were 1.7 and 1.9, respectively. On the other hand, the
corresponding OR for GCs in the upper-third stomach
was lower than the unity (OR = 0.3). The differences of

ORs among those three tumor locations were statistically
significant (P = 0.010). When cases with tumors in the
lower and middle thirds of the stomach wetre combined,
the OR of non-eldest person was 1.7 (95% CI = 1.1- 2.7,
P =0.017). When this OR was compared with that in the
upper third of the stomach (OR = 0.3), P value for the
difference became smaller and was 0.003. When examining
the habit of seasoning a dish with salt before tasting, the
low frequency of fruit and vegetable intakes, the frequent
consumption of frying foods, and the use of coal for
cooking, we found that their ORs were not significantly
affected by tumor location.

Smoking was related to the risk of GCs in the upper
third of the stomach but not in other locations. A
statistical test examining the difference of the ORs in three
tumor locations gave a P value larger than 0.05, indicating
that the difference was not statistically significant.

DISCUSSION

In the present study, subjects who were not eldest among
their siblings were at an elevated risk of GCs in the distal
and the middle thirds, indicating a possibility that birth
order may be related to age at first H pylori infection as
suggested by Blaser ¢ a/"”. On the other hand, a decreased
OR of GC in the proximal third of the stomach was
observed among those who were not eldest among their
siblings. Those findings are of interest since H pylori
infection is suspected to be associated with a decreased
risk of GCs in the cardia or proximally located GCs, and
with an increased risk of GCs in the non-cardia or distally
located GCs!"?. Studies in the US and Europe showed an
inverse relationship between seroprevalence of H pylori
and GC risk in the cardia®”, suggesting that proximal
and distal parts of the stomach may have differences in the
interaction between H pylori and the host defense system.

We had information about H pylori infection for 96
patients. H pylori was reported positive in 24% of GCs in
the lower third of the stomach (# = 71) and 36% of GCs
located in the middle part (# = 17) whereas none in the
tumors located in the upper third of the stomach (z = 8).
Those findings, albeit small in number, support the notion
that H pylori is not related to GC risk in the proximally
located GCs.

High salt intake produces atrophic gastritis and
decreases the acidity of the stomach, creating a condition
favoring H pylori infection. It is also suspected that H pylori
infection and high salt intake may act synergistically to
promote GC development' "%, If that is the case, it may
be expected that salt intake is strongly related to non-
cardia cancer but not to the cancer of the cardia (since
H pylori infection is suspected to increase non-cardia GC
risk but decrease cardia GC risk). In the present study,
however, the habit of seasoning a dish with salt before
tasting was related to an elevated GC risk regardless of
histological type or tumor location. It may be because the
upper third of the stomach includes not only the cardia
but also the non-cardia part of the stomach. We did not
have information to identify the cases occurring in the
cardia. It is of note that Mayne ¢ a/ examined the effect
of sodium intake on tumor-location-specific GC risk and
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Histological type
Intestinal Diffuse
Case Control OR (95% CI) Case Control OR (95% CI)
Birth order’
1 21 43 1.0 (referent) 16 58 1.0 (referent)
2+ 65 125 1.1 (0.6-2.0) 70 116 2.0(1.1-3.8)
P=0.876 P =0.026
Salting meals before tasting
No 79 165 1.0 (referent) 79 172 1.0 (referent)
Yes 7 6 2.3 (0.8-6.9) 8 2 8.0 (1.7-37.7)
P=0.128 P =0.009
Frequent fruit intake
No 4 1 1.0 (referent) 2 3 1.0 (referent)
Yes 82 170 0.1 (0.01-1.1) 85 171 0.8 (0.1-4.5)
P =0.063 P=0.753
Frequent vegetable intake
No 4 2 1.0 (referent) 3 2 1.0 (referent)
Yes 82 169 0.2 (0.05-1.4) 84 172 0.3 (0.1-2.0)
P =0.109 P=0.229
Steaming foods
No 77 138 1.0 (referent) 64 139 1.0 (referent)
Yes 9 33 0.5 (0.2-1.1) 23 35 1.3 (0.8-2.5)
P =0.070 P=0.263
Frying foods
No 4 14 1.0 (referent) 3 21 1.0 (referent)
Yes 82 157 1.8 (0.6-5.3) 84 153 3.7 (1.1-12.5)
P=0.324 P=0.038
Smoking foods
No 65 132 1.0 (referent) 63 135 1.0 (referent)
Yes 21 39 1.1 (0.6-2.0) 24 39 1.3 (0.7-2.3)
P=0.792 P=0.374
Cooking with oven
No 64 110 1.0 (referent) 61 117 1.0 (referent)
Yes 22 61 0.6 (0.3-1.1) 26 57 0.9 (0.5-1.6)
P=0.101 P=0.617
Cooking with coal
No 37 108 1.0 (referent) 43 101 1.0 (referent)
Yes 49 63 2.2 (1.3-3.8) 44 73 1.4 (0.8-2.4)
P =0.003 P=0.190
Roasting foods
No 30 70 1.0 (referent) 31 64 1.0 (referent)
Yes 56 101 1.4 (0.8-2.5) 56 110 1.1 (0.6-1.9)
P=0.282 P=0.841
Cigarette smoking
Never 32 72 1.0 (referent) 30 88 1.0 (referent)
Ex-smoker 37 58 1.5 (0.8-2.6) 35 52 2.1 (1.1-4.0)
Current smoker 17 41 0.9 (0.4-1.9) 22 34 2.0(1.0-4.2)

P for trend = 0.931
P for heterogeneity = 0.340

P for trend = 0.027
P for heterogeneity = 0.032

!Information on birth order was missing in a patient with diffuse-type GC and in 3 controls.

showed that the OR of GCs was 1.31 (95% CI = 0.86-2.00)
in the cardia and was 1.46 (95% CI = 1.00-2.15) in the
non-cardia®",

The tumor-location specific analyses showed that
smoking appeared to be more strongly related to tumors in

the upper third of the stomach. However, the difference
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in the magnitude of associations was not statistically
significant as was the case with histological type. A recent
Japanese study showed that the association of smoking
with GC in the upper third of the stomach was only
slightly weaker than that with GC in the middle and
lower thirds of the stomach®’. A Swedish study by Ye ez
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Tumor location

Lower third Middle third Upper third
Case Control OR (95% CI) Case Control OR (95% CI) Case Control OR (95% CI)
Birth order’
1 26 77 1.0 (referent) 8 27 1.0 (referent) 10 8 1.0 (referent)
2+ 90 155 1.7 (1.0-2.8) 44 75 1.9 (0.8-4.3) 14 40 0.3 (0.1-0.9)
P =0.054 P=0.154 P=0.028
Salting meals before tasting
No 106 228 1.0 (referent) 47 101 1.0 (referent) 22 47 1.0 (referent)
Yes 11 6 3.7 (1.4-9.9) 5 2 5.0 (1.0-25.8) 2 1 4.0 (0.4-44.1)
P=0.010 P =0.054 P =0.258
Frequent fruits intake
No 5 3 1.0 (referent) 2 1 1.0 (referent) 0 0 -
Yes 112 231 0.3 (0.1-1.3) 50 102 0.3 (0.02-2.7) 24 48 -
P =0.099 P=0.258 -
Frequent vegetable intake
No 6 2 1.0 (referent) 1 1 1.0 (referent) 0 1 -
Yes 111 232 0.2 (0.03-0.8) 51 102 0.5 (0.03-8.0) 24 47 -
P=0.028 P=0.624 -
Steaming foods
No 92 190 1.0 (referent) 42 83 1.0 (referent) 21 40 1.0 (referent)
Yes 25 44 1.2 (0.7-2.1) 10 20 1.0 (0.4-2.3) 3 8 0.7 (0.2-3.0)
P =0.564 P=1.00 P=10.639
Frying foods
No 6 30 1.0 (referent) B 9 1.0 (referent) 1 2 1.0 (referent)
Yes 111 204 2.6 (1.1-6.2) 49 94 1.6 (0.4-6.0) 23 46 1.0 (0.09-11.02)
P =0.038 P=0.525 P =1.000
Smoking foods
No 90 183 1.0 (referent) 35 80 1.0 (referent) 17 38 1.0 (referent)
Yes 27 51 1.1 (0.7-1.8) 17 23 1.7 (0.8-3.6) 7 10 1.5(0.5-4.2)
P=0.791 P=0.173 P =0.468
Cooking with oven
No 83 154 1.0 (referent) 37 73 1.0 (referent) 19 30 1.0 (referent)
Yes 34 80 0.8 (0.5-1.3) 15 30 1.0 (0.5-2.1) 5 18 04 (0.1-1.4)
P =0.301 P =1.000 P=0.153
Cooking with coal
No 57 141 1.0 (referent) 20 63 1.0 (referent) 11 31 1.0 (referent)
Yes 60 93 1.6 (1.0-2.6) 32 40 2.2 (1.2-4.2) 13 17 2.3 (0.8-6.9)
P =0.037 P=0.014 P=0.109
Roasting foods
No 46 89 1.0 (referent) 16 43 1.0 (referent) 6 15 1.0 (referent)
Yes 71 145 0.9 (0.6-1.5) 36 60 1.8 (0.8-3.8) 18 33 1.3 (0.5-3.9)
P=0.798 P=0.131 P=0.597
Cigarette smoking
Never 41 107 1.0 (referent) 20 44 1.0 (referent) 5 23 1.0 (referent)
Ex-smoker 47 68 1.9 (1.1-3.4) 22 41 1.2 (0.6-2.5) 13 15 3.7 (1.1-12.5)
Current 29 59 1.3 (0.7-2.3) 10 18 1.3(0.5-34) 6 10 3.0 (0.6-13.9)
smoker

P for trend = 0.257
P for heterogeneity = 0.059

P for trend = 0.597
P for heterogeneity = 0.859

P for trend = 0.083
P for heterogeneity = 0.070

"Information on birth order was missing in a patient with tumor in the lower third of the stomach and in 3 controls.

al” also reported that smoking was related not only to
cancer of the cardia but also to cancer of the non-cardia.
Both studies mentioned above also showed no evident
difference of smoking-related GC risk between the two
histological types.

Frequent intakes of fruits and vegetables were
related to a decreased GC risk in the present study. No
significant difference in magnitude of their associations
with respect to histological type and tumor location was

observed, confirming what was reported by other previous
studies! . Although the mechanisms involved in the
protective effects of frequent fruit and vegetable intakes
on GC risk are yet to be elucidated, Yuasa ez al™ showed
the intake of some specific vegetables may prevent
hypermethylation of the CDX2 gene, which upregulates
the expression of MUC2, an important mucin protein
related to the intestinal phenotype of GCs.

We observed a significant association between GC risk
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and frying foods. In Cali, Colombia, residents tend to fry
starch-rich foods, including potatoes, green banana, corn,
and mandioca. De Stefani e a/” reported a relationship
between starchy rich foods and the GC risk, suggesting
mechanical damages to the gastric mucosa and promotion
of nitrosation by low-protein diets. Mayne 7 al’ suggested
that this association may be related with micronutrient
deficiencies.

We also observed an association between cooking
with coal and the GC risk. It is known that barbecued
foods contain high concentrations of N-benzil pyrene
and nitrites, which are related to an increased GC risk!"".
Although some studies suggest that cooking meats at a
very high temperature produces nitrosamines and mutagen
substances™™” further studies are required to confirm this
association.

Taken together, well-known and strongly-suspected risk
factors of GCs did not show any statistically significant
predisposition to particular histological types or tumor
location. An exception was the finding that the non-eldest
person was related to an increased risk of GCs in the
distal and middle third of the stomach, and was associated
with a decreased cancer risk in the proximal third of the
stomach.

One of the explanations for the absence of difference
in other risk factors was a lack of statistical power. It
may be particularly so with respect to tumor location;
the number of cancer cases in the upper third of the
stomach in the present study may be too small to find
any differences. That may also be true for the lack of
difference in the risk factors for two histological-type
GCs. However, another explanation may also be possible;
those findings in the present study, together with the
observations that H pylori infection is related to both
intestinal- and diffuse-type GCs, may be casting a doubt
on the hypothesis that intestinal- and diffuse-type GCs are
distinctly different in their etiological backgrounds.

Intestinal and diffuse types of Lauren’s classification
correspond, in principle, to well-differentiated and
poorly differentiated ones of Sugano and Nakamura™"”,
respectively. It is of note, here however, that Lauren’s
classification is created by studying advanced tumors while
the classification of Nakamura and Sugano is obtained
from analysis of early carcinomas. Nakamura” reported
that 85% of micro carcinomas of the stomach (< 5 mm)
were of well-differentiated type, and, conversely, the
proportion of undifferentiated type was higher in larger
tumors; thus such a proportion increased according to
tumor size. On the basis of mucin phenotype expression
of GCs, Tatematsu ¢ a/*” have postulated that GC starts
as gastric-phenotype carcinomas, expressing mucin
that is only expressed in gastric membranes, and during
development into large carcinomas, some tumors express
mucins whose expressions are specific for intestinal
membranes. They pointed out a possibility of intestinal
metaplasia accompanying GCs, particularly intestinal-type
GCs, unrelated to GC development.

In conclusion, the present study showed that birth
order, salt intake, consumptions of fruits and vegetables,
the type of cooking, and cigarette smoking are related
to GC risk. In histology and tumor-location specific
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analyses, non-eldest person among their siblings is related
to an increased GC risk in the distal and middle thirds
of the stomach, and is related to a decreased GC risk
in the cardia. Those findings may help understand the
mechanisms of the GC development in different locations
of the stomach. Further studies seem warranted.
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