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Abstract

The association between alcohol consumption, genetic polymorphisms of alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH) and gastric cancer risk is not completely understood. We investigated the association between
ADH1B (rs1229984), ADH1C (rs698) and ALDH2 (rs671) polymorphisms, alcohol consumption and the risk of gastric cancer
among Japanese subjects in a population-based, nested, case-control study (1990-2004). Among 36 745 subjects who
answered the baseline questionnaire and provided blood samples, 457 new gastric cancer cases matched to 457 controls
were used in the analysis. The odds ratios (OR) and corresponding 95% confidence intervals (CI) were calculated using
logistic regression models. No association was observed between alcohol consumption, ADH1B (rs1229984), ADH1C (rs698)
 and ALDH2 (rs671) polymorphisms and gastric cancer risk. However, considering gene-environmental interaction, ADHIC G
allele carriers who drink >150 g/week of ethanol had a 2.5-fold increased risk of gastric cancer (OR = 2.54, 95% CI = 1.05-6.17)
relative to AA genotype carriers who drink 0 to <150g/week (P for interaction = 0.02). ALDH2 A allele carriers who drink
>150g/week also had an increased risk (OR = 2.08, 95% CI = 1.05-4.12) relative to GG genotype carriers who drink 0 to < 150g/
week (P for interaction = 0.08). To find the relation between alcohol consumption and gastric cancer risk, it is important to
consider both alcohol consumption level and ADH1C and ALDH2 polymorphisms.
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Introduction

Alcohol consumption is a strong risk factor for some cancers In general, the metabolism of ethanol (alcohol) by alcohol
of the head and neck, liver, breast and colon and rectum (1). dehydrogenases (ADH) is converted into the generation of acet-
However, based on many epidemiological studies, the associa- aldehyde, and acetaldehyde is oxidized into nontoxic acetate by
tion between alcohol consumption and gastric cancer risk was aldehyde dehydrogenases (ALDH (3}). Among all classes of ADH
reported as inconsistent by the World Cancer Research Fund/ and ALDH isoenzymes, ADH1B, ADH1C and ALDH2 are the main
American Institute for Cancer Research (2). ethanol-metabolizing enzymes (4,5). It has been suggested that
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Abbreviations

ADH alcohol dehydrogenases

ALDH aldehyde dehydrogenases

BMI body mass index

CagA cytotoxin-associated gene A

Cl confidence interval

DM diabetes mellitus

DR dietary records

FFQ food frequency questionnaire

ICD-0O International Classification of Diseases for
Oncology

JPHC study Japan Public Health Center-based prospective
study

OR odds ratio

PHC public health center.

the metabolism of ethanol leads to accumulation of acetaldehyde
(acetaldehyde associated with alcoholic beverages) that is toxic and
classified as a group 1 carcinogen in humans by the International
Agency for Research on Cancer (IARC (6)). Accumulation of acetal-
dehyde differs according to functional enzymatic ADH1B, ADH1C
and ALDH2 genetic polymorphisms. In previous studies, active
ADHI1B allele metabolizes ethanol into acetaldehyde ~40 times
more than inactive allele, and active ADH1C allele metabolizes ~2.5
times more than inactive allele (). Furthermore, light drinkers with
inactive homozygote ALDH2 genotype and with heterozygote gen-
otype have 18 times and 5 times higher, respectively, average peaks
of acetaldehyde concentrations in blood than moderate drinkers
with active homozygote genotypes (7). Therefore, it is important to
consider alcohol consumption level and functional genetic poly-
morphisms of ethanol-metabolizing enzymes to clarify the asso-
ciation between alcohol consumption and gastric cancer risk.

The genotype frequencies of ADH1B, ADH1C and ALDH2 poly-
morphisms differ according to race. The genotype frequencies
of ADH1B and ALDH2 polymorphisms are unevenly distributed
in Caucasians, but not in Asians (8). Thus, we suggest that it is
necessary to evaluate the association of ADH1B and ALDH2 poly-
morphisms in Asians. In contrast, the genotype frequencies of
the ADH1C polymorphism are unevenly distributed in Asians,
but not in Caucasians (8). However, this polymorphism is also
an important gene in alcohol metabolism, and there is no pub-
lished study regarding the association between the ADH1C poly-
morphism and gastric cancer risk in Asians.

In our study, we selected genetic polymorphisms ADHIB
(rs1229984), ADH1C (rs698) and ALDH2 (rs671), which are function-
ally established single nucleotide polymorphisms, and aimed to
clarify the association between these genetic polymorphisms, alco-
hol consumption and gastric cancer risk in a large-scale Japanese
population-based study. Our hypothesis was that drinkers with
inactive ADH1B and ADHIC G alleles would have an increased
risk for gastric cancer compared with those with active A alleles.
Because inactive allele carriers cannot metabolize ethanol into
acetaldehyde, they are less prone to the effects of acetaldehyde
such as nausea, increased heart rate and flushing (9). International
Agency for Research on Cancer classifies ethanol in alcoholic bever-
ages as a group 1 carcinogen in humans, the same classification as
acetaldehyde (6). In addition, drinkers with inactive ALDH2 A alleles
would be at increased risk compared with those with active G
alleles because inactive allele carriers cannot oxidize acetaldehyde.

Materials and methods

Study population

The Japan Public Health Center-based prospective study (JPHC study)
was launched in 1990 for cohort I (subject age range, 40-59 years) and in

94

1993 for cohort II (subject age range, 40-69 years) and investigated cancer,
cardiovascular disease and other lifestyle-related diseases (10). The JPHC
study consisted of 11 public health centers (PHCs) throughout Japan with
a total of 140 420 subjects (68 722 men and 71 698 women). Among study
subjects, those who registered at two PHC areas (Tokyo and Osaka) were
excluded from this study because data regarding cancer incidence was
not available or selection of subjects was defined differently from that of
other cohort subjects. A population-based cohort of 123 576 subjects (61
009 men and 62 567 women) was established. This study was approved
by the Institutional Review Board of the National Cancer Center, Tokyo,
Japan.

Baseline survey

In the baseline survey, the study subjects were asked to reply to a self-
administered questionnaire about various lifestyle factors, such as soci-
odemographic characteristics, personal medical history, family history,
smoking and drinking habits, dietary habits and physical activity. A total
of 99 808 subjects (47 525 men and 52 283 women) responded, giving a
response rate of 80.8%.

We excluded subjects who self-reported cancer at baseline (n = 2136),
who were not Japanese (n = 18) and who did not live in the area at the
baseline (n = 11), which left 97 644 eligible subjects (46 803 men and 50 841
women). One subject reported having cancer at baseline and was also not
Japanese. Among the eligible subjects, 36 745 subjects (13 467 men and
23 278 women) provided a 10-ml blood sample at the time of the health
check-up conducted by each PHC area. These blood samples were stored
at -80°C until analysis. Blood samples were collected from 1990 to 1992 for
cohort I and from 1993 to 1995 for cohort II. Following the standard pro-
tocol, subjects were asked to avoid having a meal after 21:00 hours on the
day before the health check-up and they recorded the last time of caloric
intake (including a meal and/or drinking).

Follow-up and cancer registry for JPHC Study

Subjects were observed until 31 December 2004. In Japan, residence and
death registration are required by law, and residence status, survival and
death were identified annually through residential registries in each area.
Among the 36 745 subjects, 3.9% moved outside the study area, 4.4% died
and 0.03% were lost to follow-up during the study period, which left 33
701 subjects.

Incidence data regarding gastric cancer cases were identified from two
major sources: local major hospitals in the study area and population-
based cancer registries. Death certificate information was also used as an
information source. In our cancer registry system, 7.6% of gastric cancer
cases were based on information first notified via death certificate and
2.1% were registered based on information from the death certificate
alone.

Selection of cases and controls

The anatomic site of each case was coded according to the International
Classification of Diseases for Oncology (ICD-0), 3rd edition, codes C16.0-
16.9 (11). A tumor located in the upper third of the stomach was clas-
sified as proximal gastric cancer ‘cardia site’ (ICD-O code C16.0-16.1),
and that in the lower position of the stomach was classified as distal
gastric cancer ‘noncardia site’ (ICD-O code C16.2-16.7). The other cases
were tumors that could not be classified because of overlapping lesions
(ICD-O code C16.8) or no information (ICD-O code C16.9). The subdivi-
sions by histological type were based on classification derived by Lauren
(12). For each case, we selected one control subject who had no his-
tory of gastric cancer when the case was diagnosed. Each control was
matched to the case for age (+3 years), sex, PHC area, fasting time at
blood donation (+5h) and blood donation date (+2 months). Among 1681
cases diagnosed histologically and registered in cohort I or cohort II
(study period from 1990 to 2004), 512 cases replied to a self-adminis-
tered questionnaire and provided blood. Furthermore, among the 512
new gastric cancer cases, one case was excluded because of a technical
error in the measurement of Helicobacter pylori (H.pylori) and 45 cases for
one PHC area in Osaka were excluded because buffy coat was not avail-
able. Another nine cases were excluded because of an inadequate con-
centration of buffy coat for DNA extraction. The final analysis included
457 matched sets of cases and controls. A flowchart of the study sub-
jects is presented in Figure 1.
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All subjects established in JPHC study
n=140420

!

Two PHC areas were excluded:
One PHC area was lack of cancer incidence (n = 7097)

One PHC area was selection of subjects differently (n=9747)

Defined subjects
n=123576
FFQ responders at the baseline FFQ nonresponders at the baseline
n=99 808 n=23768
Ineligible subjects were excluded:
Eligible subjects Self-reported cancer at baseline (n = 2136)
n=97 644 Not Japanese (n = 18)
Not living in the area at baseline (n = 11)
(One subject had cancer at baseline and not Japanese)
Provided blood samples No blood samples
n=36745 n= 60899
512 new gastric cancer cases and
their matched controls

Final subjects 457 matched pairs

Ineligible subjects were excluded:
Technical error in the measurement of H. pylori (n =1 pair)
Not available buffy coat in one PHC area (n = 45 pairs)

Inadequate concentration of buffy coat (n = 9 pairs)

Figure 1. Flowchart of the study subjects.

Assessment of alcohol consumption

Information regarding alcohol consumption was assessed based on the
frequency and amount using a validated self-administered food fre-
quency questionnaire (FFQ). During the baseline survey, cohort I and
cohort II used slightly different FFQ. In cohort [, the average frequency
of alcohol consumption was reported in six categories (almost never,
1-3 days per month, 1-2 days per week, 34 days per week, 5-6 days per
week and every day). Subjects who drank at least once per week were also
asked about the average amount and types of drinks. In cohort II, alcohol
consumption status (never, former and current drinkers) was asked first,
and then former and current drinkers were asked for more information,
similar to cohort I. We then assigned a score to each category of the aver-
age frequency of consumption as follows: 1.5 for 1-2 days per week, 3.5
for 3-4 days per week, 5.5 for 5-6 days per week and 7 for every day in
cohort I; and 1.5 for 1-2 days per week, 3.5 for 34 days per week and 6 for
almost every day in cohort II. The amount of alcohol consumption was
quantified in grams of ethanol by each type of beverage as follows: 180ml
of sake classified as 23g of ethanol, 180ml of shochu or awamori classi-
fied as 36g, 633ml of beer classified as 23g, 30ml of whiskey or brandy
classified as 10g and 60 ml wine classified as 6 g. Finally, we calculated the
weekly ethanol intake, which was estimated by multiplying the quantity
by the score. In our study, alcohol consumption was classified into three
groups: never or occasional drinker; ethanol <150 g per week and ethanol
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>150g per week. Alcohol consumption levels were defined by the unit go,
the standard measure of ethanol content of alcoholic beverages in Japan.
This unit equals 23 g of alcohol, the amount contained in 180ml of sake.
If a subject drinks 1 go every day, he or she is consuming ~150g of etha-
nol per week. Validity of this FFQ-based estimated alcohol consumption
was evaluated in a subsample of the JPHC study subjects who completed
28-day dietary records (DR). In cohort [, Spearman rank correlation coeffi-
cients between the FFQ and DR were 0.79 (n = 94) for men and 0.44 (n = 107)
for women, respectively (13). In cohort II, these results were 0.59 (n = 176)
for men and 0.40 (n = 178) for women, respectively (14).

Assessment of other potential confounding factors

Smoking status was divided into four groups: never smoker, former
smoker, current smoker using <20 cigarettes per day and current smoker
using 221 cigarettes per day. Body mass index (BMI) status was divided into
three groups: BMI <22kg/m?, 22kg/m? < BMI <25kg/m? and BMI 225kg/m?
According to a previous prospective study of the association with gastric
cancer risk in Japan (15), the classifications for smoking status and BMI are
reasonable. Total calorie intake and salt intake were treated as continuous
variables. Family history of gastric cancer was considered positive if at
least one parent or sibling had gastric cancer. The H.pylori infection status
was regarded as positive if subjects had either H.pylori antibody 210 U/ml
or cytotoxin-associated gene A (CagA) antibody >10. Atrophy was regarded
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as positive if pepsinogen I was s70ng/ml and pepsinogen I:pepsinogen 1l
ratio was =3 (16). History of diabetes mellitus (DM) was considered positive
if subjects reported a history of DM and/or drug use for DM at baseline.

Genotyping of ADH1B, ADH1C and ALDH2
polymorphisms

DNA of each subject was extracted from white blood cells in the buffy
coat using a FlexiGene DNA kit (Qiagen, Hilden, Germany). Genotyping of
ADH1B (rs1229984), ADH1C (rs698) and ALDH2 (rs671) polymorphisms was
analyzed by using TagMan single nucleotide polymorphism genotyping
assays (Applied Biosystems Inc, Foster City, CA). In this assay, fluores-
cently labeled sequence-specific primers were used in polymerase chain
reaction. These measurements were performed with blinding of case and
control status. The genotype distributions of ADH1B, ADHIC and ALDH2
polymorphisms among controls were all in agreement with Hardy-
Weinberg equilibrium (P »0.05).

Statistical analysis

The chi-square test was used to compare baseline characteristics
between cases and controls. Matched odds ratios (OR) and their corre-
sponding 95% confidence intervals (CIs) were calculated to indicate the
association between alcohol consumption, ADH1B, ADH1C and ALDH2 pol-
ymorphisms, and gastric cancer risk using conditional logistic regression
models. OR1 was matched for age (+3 years), sex, PHC area, blood dona-
tion date (+2 months) and fasting time at blood donation (+5h). OR2 was
further adjusted for potential confounding factors such as smoking status,
alcohol consumption, total calorie intake, salt intake, BMI, family history
of gastric cancer, H.pylori infection status, atrophy and history of DM. Data
for subjects who were missing values for BMI (n = 8), total calorie intake
(n = 1) and salt intake (n = 1) were deleted from the study when adjusting
for these confounding factors. When we calculated the effect modification
of ADH1B, ADH1C and ALDH2 polymorphisms on gastric cancer risk asso-
ciated with alcohol consumption, and that of these polymorphisms com-
bined, unconditional logistic regression models were used. We conducted
the effect modification of ADH1B, ADHIC and ALDH2 polymorphisms
associated with alcohol consumption with further adjustment for these
polymorphisms mutually. Reported P values were two-sided, and P < 0.05
was defined as statistically significant. All statistical analyses were per-
formed with SAS software version 9.3 (SAS Institute, Cary, NC).

Results

Baseline characteristics of cases and controls are shown in
Table 1. Higher BMI was more frequently distributed among
controls than patients with gastric cancer. In contrast, history
of DM, family history of gastric cancer, H.pylori, CagA positivity
and atrophy were more frequently distributed among patients.
These results generally agree with previous reports, including
the JPHC study (15,17-19).

Table 2 presents the association between alcohol consump-
tion, ADH1B, ADH1C and ALDH2 polymorphisms and gastric can-
cer risk. Alcohol consumption was marginally associated with
an increased risk of gastric cancer in the OR1 group compared
with never to occasional drinkers; drinkers with ethanol <150g/
week had OR of 0.89 and with >150g/week had OR of 1.29 (P for
trend = 0.15). However, after further adjustment for potential
confounding factors, the association became null (OR2 group).
Compared with ALDH2 GG genotype, GA and AA genotypes were
marginally associated with an increased risk, with OR2 values
of 1.09 (95% CI = 0.77-1.54) and 2.01 (95% CI = 0.91-4.48), respec-
tively (P for trend = 0.18). However, ALDH2 A allele carriers had
no risk association compared with GG genotype carriers. We
found no association between alcohol consumption and ADH1B
and ADHIC polymorphisms. ADH1C GG genotype was rare in
this Japanese population.

Table 3 shows the effect modification of ADH1B, ADHI1C
and ALDH2 polymorphisms on gastric cancer risk associated
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with alcohol consumption (gene-environmental interaction).
Compared with ADHIC AA genotype carriers who drink 0 to
<150g/week, G allele carriers who drink 2150g/week had an
increased risk, with OR2 value of 2.54 (95% CI = 1.05-6.17); the
interaction between alcohol consumption and G allele carri-
ers was statistically significant (P for interaction = 0.02). ALDH2
A allele carriers who drink =150g/week had an increased risk
compared with GG genotype carriers who drink 0 to <150g/
week, with OR2 value of 2.08 (95% CI = 1.05-4.12). A trend toward
a positive interaction between alcohol consumption and A allele
carrier status was shown (P for interaction = 0.08). No association
was shown for ADH1B polymorphism and alcohol consumption.

We further examined the effect modification of the combi-
nation of ADH1B, ADH1C and ALDH2 polymorphisms on gastric
cancer risk associated with alcohol consumption (gene~-gene-
environmental interaction) in Table 4. Compared with the com-
bination of ADH1B AA and ALDH2 GG genotype carriers who
drink 0 to <150 g/week, each combination of ADH1B AA genotype
and ALDH2 A allele, ADH1B G allele and ALDH2 A allele carri-
ers who drink 2150 g/week showed a trend toward an increased
risk for gastric cancer, with OR2 values of 2.16 (95% CI = 0.83-
5.63) and 1.66 (95% CI = 0.66-4.16), respectively. However, the
interaction between ADH1B G allele and ALDH2 A allele and
alcohol consumption was not statistically significant (P for
interaction = 0.40). In addition, compared with the combination
of ADH1C AA and ALDH2 GG genotype carriers who drink 0 to
<150 g/week, the combination of ADH1C G and ALDH2 A alleles
in carriers who drink O to <150g/week showed a statistically
significant decreased risk (OR = 0.43, 95% CI = 0.21-0.91). Each
combination of ADHIC AA genotype and ALDH2 A, ADHIC G
and ALDH2? A alleles in carriers who drink 2150 g/week showed
a marginally increased risk, with OR2 values 1.92 (95% CI = 0.95-
3.87) and 8.95 (95% CI = 0.62-129.25), respectively. Moreover, the
interaction between ADHIC G allele and ALDH2 A allele and
alcohol consumption seemed to be marginally statistically sig-
nificant (P for interaction = 0.13).

We performed stratified analyses by sex regarding the associa-
tion of each polymorphism with gastric cancer risk and observed
no differences by stratification {data not shown). In addition,
the gene-environmental interaction analysis was repeated
with stratification by gastric atrophy. Among the subjects with
gastric atrophy, ALDH2 A allele carriers who drink >150g/week
had an increased risk of gastric cancer compared with those
with GG genotype who drink 0 to <150g/week (OR2 = 2.71, 95%
CI=1.18-6.27). An interaction between alcohol consumption and
A allele was shown (P for interaction = 0.02). However, the sub-
jects without gastric atrophy and ALDH2 polymorphism did not
show a positive association with risk. ADH1B and ADHIC poly-
morphisms also did not show any positive association with risk
when stratified by atrophy. We also evaluated the combination
effects of ADH1B, ADH1C and ALDH2 polymorphisms on gastric
cancer risk. Compared with ADH1B AA, ADH1C AA and ALDH2
GG genotype carriers, OR2s were 1.15 (95% CI = 0.75-1.76) (P for
interaction = 0.13) for ADH1B G and ALDHZ A allele carriers and
0.59 (95% CI = 0.30-1.15) (P for interaction = 0.02) for ADHIC G
and ALDH2 A allele carriers. Although the interaction between
ADHIC and ALDH2 polymorphisms was statistically significant, a
chance finding cannot be ruled out because ADH1C GG genotype
was rare among our study subjects. Analyses considering ana-
tomic site and histological type of gastric cancer were also per-
formed. Cardia site (n = 76) was not robustly evaluated because
of the small number of subjects. When limited to distal site and
intestinal or diffuse type of gastric cancer, ADH1IC G allele and
ALDH2 A allele carriers who drink 2150g/week showed a trend
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Table 1. Baseline characteristics of cases and controls
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Characteristics Cases Controls P value®
n 457 457
Age, mean (SD) 56.9 (7.10) 56.9 (7.12) Matching value
Men (%) 307(67.2) 307 (67.2) Matching value
Smoking status

Never {%) 209 (45.7) 229 (50.1)

Former (%) 81 (17.7) 88 (19.3)

Current: <20 cigarettes/day (%) 130 (28.5) 101 (22.1)

Current: 221 cigarettes/day (%) 37(8.1) 39 (8.5) 0.18
Alcohol consumption

Never to occasional (%) 222 (48.6) 228 (49.9)

1+ per day and <150 g/week (%) 86 (18.8) 105 (23.0)

1+ per day and >150g/week (%) 149 (32.6) 124 (27.1) 0.12
BMI (kg/m?)®

BMI <22 (%) 168 (37.1) 141 (31.1)

22< BMI <25 (%) 193 (42.6) 191 (42.2)

25< BMI (%) 92 (20.3) 121 (26.8) 0.04
History of DM (%) 41 (9.0) 19 (4.2) 0.005
Family history of gastric cancer (%) 53 (11.6) 31 (6.8) 0.02
Helicobacter pylori-positive (%) 428 (93.7) 341 (74.6) <0.001
CagA-positive (%) 349 (76.4) 318 (69.6) 0.03
Atrophy (%)¢ 375 (82.1) 261 (57.1) <0.001
*Based on chi-square test.
bSubject data without calculated BMI data because of missing values for height or weight in four cases and four controls were deleted.
<Based on immunoglobulin G antibody.
dAtrophy: positive if pepsinogen I <70ng/ml and pepsinogen I:pepsinogen Il ratio <3.
Table 2. Association between alcohol consumption, ADH1B, ADH1C and ALDH2 polymorphisms, and gastric cancer risk

Genotype frequency (%)? Cases (n)/controls (n) OR1 (95% CI)® OR2 (95% CI)*

Alcohol consumption?
Never to occasional
1+ per day and <150 g/week
1+ per day and >150g/week

P for trend
ADH1B (rs1229984)
AA 55.6
AG 36.8
GG 7.6
P for trend
AG+GG 44.4
ADHI1C (rs698)
AA 85.6
AG 14.2
GG 0.2
P for trend
AG+GG 14.4
ALDH2 (rs671)
GG 63.9
GA 32.8
AA 33
P for trend
GA+AA 36.1

222/228

86/105

149/124

252/254
173/168

32/35

205/203

396/391

60/65

1/1

61/66

287/292
149/150

21/15

170/165

1.00 (reference)
0.89 (0.60-1.33)
1.29 (0.88-1.89)
0.15

1.00 (reference)
1.03 (0.78-1.36)
0.92 (0.56-1.51)
0.92

1.01 (0.78-1.31)

1.00 (reference)
0.91 (0.63-1.33)

1.00 (0.06-15.99)
0.65

0.90 (0.62-1.30)

1.00 (reference)
0.99 (0.74-1.32)
1.33 (0.67-2.61)
0.68

1.02 (0.77-1.34)

1.00 (reference)
0.73 (0.46-1.17)
1.09 (0.68-1.74)
0.64

1.00 (reference)
0.93 (0.67-1.29)
0.88 (0.50-1.54)
0.56

0.91 (0.67-1.24)

1.00 (reference)
0.79 (0.51-1.21)

1.51 (0.02-97.99)
0.26

0.79 (0.51-1.22)

1.00 (reference)
1.09 (0.77-1.54)
2.01 (0.91-4.48)
0.18

1.16 (0.83-1.62)

Based on conditional logistic regression model.
2Among controls.

®Matched for age (3 years), sex, area, blood donation date (+2 months) and fasting time at blood donation (+5h).

<Further adjusted for smoking status, alcohol consumption, body mass index, total calorie, salt intake, family history of gastric cancer, Helicobacter pylori infection

status, atrophy and history of DM.
dNot adjusted for alcohol consumption.

toward having an increased risk relative to those who drink 0 to
<150 g/week (data not shown). When we evaluated heavy drink-
ers who drink =300 or 2450g/week, similar associations were

observed (data not shown).
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Discussion

In our population-based, nested, case-control study, we
observed no association between alcohol consumption, ADH1B
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Table 3. Effect modification of ADH1B, ADH1C and ALDH2 polymorphisms on gastric cancer risk associated with alcohol consumption

ADHIB (rs1229984)

AA

AG+GG

Cases (n)/controls (n)

OR1 (95% CI)*

OR2 (95% CI)® Cases (n)/controls (n)

OR1 (95% CI)®

OR?2 (95% CIp

P for interaction®

Alcohol consumption

0 to <150 g/week 167/189 1.00 (reference) 1.00 (reference) 141/144 1.09 (0.79-1.49) 1.01(0.72-1.42) 0.76
>150g /week 85/65 1.57 (1.04-2.38) 1.37 (0.86-2.19) 64/59 1.30 (0.84-2.02) 1.25 (0.77-2.05)
ADHIC (rs698)
AA AG+GG
Cases (n)/controls (n) OR1 (95% CI)? OR2 (95% CI)° Cases (n)/controls (n) OR1 (95% CI)? OR2 (95% CI)® P for interaction®

Alcohol consumption

0 to <150 g/week 270/277 1.00 (reference) 1.00 (reference) 38/56 0.68 {0.43-1.07) 0.66 (0.41-1.08) 0.02
>150g/week 126/114 1.23 (0.87-1.72) 1.16 (0.78-1.71) 23/10 2.49 (1.14-5.42) 2.54 (1.05-6.17)
ALDH2 (rs671)
GG GA+AA
Cases (n)/controls (n) OR1 (95% CI)* OR2 (95% CI)* Cases (n)/controls (n) OR1 (95% CI)® OR2 (95% CI)¢ P for interaction®
Alcohol consumption

0 to <150 g/week 177/185 1.00 (reference) 1.00 (reference) 131/148 0.93 (0.68-1.28) 0.98 (0.69-1.38) 0.08
>150 g/week 110/107 1.16 (0.79-1.69) 1.09 (0.72-1.67) 39/17 2.51 (1.344.72) 2.08 (1.05-4.12)

Based on unconditional logistic regression model.
2Adjusted for age (+3 years), sex, area, blood donation date (+2 months) and fasting time at blood donation (+5h).

bFurther adjusted for smoking status, BMI, total calorie, salt intake, family history of gastric cancer, H.pylori infection status, atrophy, history of DM and ALDH2 polymorphism.

<Further adjusted for smoking status, BMI, total calorie, salt intake, family history of gastric cancer, H.pylori infection status, atrophy, history of DM and ADH1B and ADH1C polymorphisms.
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Table 4. Effect modification of the combination of ADH1B, ADH1C and ALDH2 polymorphisms on gastric cancer risk associated with alcohol consumption

ALDH? (rs671)

GA+AA

GG

OR1 (95% CI)* OR2 (95% CI) Cases (n)/controls (n)  OR1 (95% CI) OR2 (95% CI)® P for interaction®

Cases (n)/controls (n)

Alcohol consumption
0 to <150g/week

2150 g/week

ADHIB (1s1229984)

0.40

0.75 (0.47-1.19)
2.16 (0.83-5.63)
1.06 {0.65-1.71)
1.66 (0.66-4.16)

0.77 (0.50-1.19)
3.09 (1.23-7.76)
1.07 (0.68-1.66)
1.93 (0.83-4.46)

64/84
21/7

1.00 (reference)
0.99 (0.58-1.68)
0.79 (0.50-1.24)
0.94 (0.53-1.65)

1.00 (reference)
1.20 (0.74-1.94)

0.91 (0.60-1.39)
1.01 (0.60-1.69)

103/105

64/58

67/64
18/10

74/80
46/49

0 to <150 g/week

>150g/week

AG+GG

Alcohol consumption
0 to <150 g/week

2150g/week

ADHIC (rs698)

0.13

1.13 (0.78-1.63)
1.92 (0.95-3.87)
0.43 (0.21-0.91)

1.07 (0.76-1.51)
2.34 (1.21-4.51)
0.44 (0.22-0.87)

118/116
34/16
13/32

1.00 (reference)
1.01 (0.65-1.57)
1.03 (0.54-1.99)

2.14 (0.83-5.52)

1.00 (reference)
1.07 (0.72-1.59)
1.03 (0.56-1.90)
2.20 (0.94-5.14)

152/161

92/98
25/24
18/9

0 to <150 g/week

2150 g/week

AG+GG

8.95 (0.62-129.25)

5.63 (0.64-49.22)

5/1

Based on unconditional logistic regression model.

2Adjusted for age (+3 years), sex, area, blood donation date (+2 months) and fasting time at blood donation (+5h).

bFurther adjusted for smoking status, BMI, total calorie, salt intake, family history of gastric cancer, H.pylori infection status, atrophy and history of DM.
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(rs1229984), ADH1C (rs698) and ALDH2 (rs671) polymorphisms
and gastric cancer risk. However, statistically significant inter-

actions between inactive ADH1C and alcohol consumption and

nonsignificant interactions between inactive ALDH?2 alleles and
alcohol consumption were shown for gastric cancer risk.

To date, one prospective study in Europe (20) and sev-
eral case-control studies (21-25) have reported an association
between alcohol consumption and ADH1B (rs1229984), ADHIC
(rs698) and ALDH2 (rs671) polymorphisms and gastric cancer
risk. For ADH1B (rs1229984) and ADHIC (rs698) polymorphisms,
two previous studies reported that the inactive ADH1B allele was
not associated with gastric cancer risk among drinkers (20,23).
In one case-control study performed in the United States, the
active ADHIC genotype was associated with an increased risk
among drinkers and nondrinkers (24). However, the sample
size of this case-control study was small, and caution may be
needed in interpreting the results. For the ALDH2 (rs671) poly-
morphism, two recent, large, Japanese and Korean case-con-
trol studies reported that the interaction between the inactive
ALDH?2 allele and alcohol consumption regarding gastric cancer
risk was statistically significant (21,22). Another case-control
study conducted in China also indicated that inactive ALDH2
allele carriers with larger cumulative amount of alcohol con-
sumption had a marginally increased risk of gastric cancer com-
pared with active ALDHZ allele carries with smaller cumulative
amount of alcohol consumption (23).

As shown in our study (Tables 3 and 4), the association
between alcohol consumption, ADH1B polymorphism and gas-
tric cancer risk was similar to that in previous studies. In con-
trast, a positive association between inactive ADH1C G allele and
alcohol consumption regarding gastric cancer risk was found,
opposite to that found in previous studies (24). However, the
number of study subjects in our population is small for some
ADH1C genotypes because ADH1C GG genotype is rare in Asians
(8). In addition, evidence is lacking on any difference between
ADH1B and ADHIC polymorphisms in the ability to metabolize
ethanol. Caution is necessary when interpreting the results for
ADH1C polymorphisms in our study. Inactive ALDH2 A allele
carriers who drink 2150 g/week have an increased risk of gas-
tric cancer, similar to that in previous studies, which may be
attributable to accumulation of acetaldehyde. When subjects
with an inactive ALDH?2 allele did not drink alcohol, the risk of
gastric cancer did not increase. We suggest that accurnulation
of acetaldehyde modified by ALDH? (rs671), rather than ADH1B
(rs1229984) and ADHIC (rs698) polymorphisms, may play an
important role in gastric carcinogenesis.

It has been reported that the carcinogenic mechanisms of
acetaldehyde are complicated and are not completely under-
stood. Acetaldehyde reacts with the exocyclic amino group of
deoxyguanosine to form DNA adducts, called N (2)-ethylidened-
eoxyguanosine [N (2)- ethylidene-dGuo]. The DNA adducts are
involved in metagenesis (26,27). The other kinds of acetaldehyde-
related adducts are the 1,N (2)-propano-2’-deoxyguanosine [1, N
(2)-propanodGuo] and 1,N (2)-etheno-dGuo (27). Other candidate
mechanisms may be DNA hypomethylation by DNA methyl-
transferase, direct adduction of histone, and inhibition of the
activity of O6-methylguanine-DNA methyltranseferase (MGMT),
which protect against alkylation of DNA (27).

In our study, we conducted a stratified analysis of gastric
atrophy. Interestingly, among the subjects with gastric atrophy,
ALDH2 A allele carriers who drink >150 g/week had an increased
risk of gastric cancer compared with GG genotype carriers
who drink 0 to <150g/week; statistically significant interaction
was also found. This phenomenon was not found among the
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subjects without gastric atrophy. Our result suggests that acetal-
dehyde may induce gastric carcinogenesis with gastric atrophy,
which is caused by chronic inflammation with H.pylori infec-
tion. In a previous study, although statistical interaction was
not significant, similar results were found (21). Further studies
are needed to clarify the contribution of acetaldehyde to gastric
carcinogenesis.

This study has several strengths. First, this is a population-
based prospective study, which is more reliable than case-
control studies. Detailed information regarding the potential
confounding factors including alcohol consumption was
recorded before diagnosis of gastric cancer, thus confirming
our results. A validated FFQ was used. Also, we were able to
control potential confounding factors, as compared with a pre-
vious European study that was only adjusted for age, sex and
country (20).

Our study does have some weakness. First, among 97 644
eligible subjects of the JPHC study, only 36 745 (37.6%) subjects
provided blood samples. The participants in the health check-
up survey relative to nonparticipants had a favorable lifestyle
with less smoking and alcohol consumption, as reported previ-
ously (28). Second, we were not able to assess the other genes of
ethanol-metabolizing enzymes such as CYP2E1. Third, we ana-
lyzed the gastric cancer risk only using the lifestyle informa-
tion at baseline. Lifestyle habits of study subjects might change
during the follow-up period. However, this change may not be
different between cases and controls and likely would have led
to the underestimation of results. Finally, sample size was not
necessarily enough for evaluating the association among some
anatomic sites.

In conclusion, to find the relation between alcohol consump-
tion and gastric cancer risk, it is important to consider both alco-
hol consumption level and ADH1C and ALDH2 polymorphisms.
However, caution is needed to interpret the results associated
with the ADH1C polymorphism because some genotypes of
the ADH1C polymorphism occurred in only a small number of
subjects.
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(Cls) of gastric cancer incidence according to vegetable and fruit intake and conducted a meta-analysis of HRs derived

from each study.

Results: During 2 094 428 person-years of follow-up, 2995 gastric cancer cases were identified. After adjustment for po-
tential confounders, we found a marginally significant decrease in gastric cancer risk in relation to total vegetable intake
but not total fruit intake: the multivariate-adjusted HR (95% ClI; P for trend) for the highest versus the lowest quintile of
total vegetable intake was 0.89 (0.77-1.03; P for trend =0.13) among men and 0.83 (0.67-1.08; P for trend = 0.40)
among women. For distal gastric cancer, the multivariate HR for the highest quintile of total vegetable intake was 0.78

(0.63-0.97; P for trend = 0.02) among men.

Conclusion(s): This pooled analysis of data from large prospective studies in Japan suggests that vegetable intake
reduces gastric cancer risk, especially the risk of distal gastric cancer among men.
Key words: vegetables, fruit, stomach neoplasms, prospective studies, pooled analysis, epidemiology

introduction

Although the incidence of gastric cancer is declining, it remains
the second most common cause of cancer death worldwide [1].
Epidemiologic studies have extensively investigated dietary vari-
ables as preventive factors in gastric cancer. In particular, vege-
tables and fruit rich in a large number of phytochemical
antioxidants have been comprehensively studied [2]. In 2007,
the World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) concluded that non-starchy vegetables
and fruits probably protect against gastric cancer, largely on the
basis of results from case-control studies, which have consist-
ently shown protective associations [3]. In addition, a meta-ana-
lysis of case-control studies found that risk was decreased
regardless of subsite or histologic subtype [4]. Although five
prospective cohort studies of the association of vegetable and
fruit intake with gastric cancer risk have been published since
then, the findings, including results from subsite-specific ana-
lyses, remain inconsistent [5-9]. Furthermore, there are few pro-
spective data regarding the associations of vegetable/fruit intake
with gastric cancer classified by histologic subtype (intestinal
and diffuse) [5, 10, 11] or sex [7, 8, 12].

To clarify these issues, we conducted a pooled analysis of
data from four large-scale cohort studies carried out in Japan. In
addition, we investigated the association of vegetable/fruit intake
with gastric cancer risk by subsite and histologic type.

methods
study population

The following a priori inclusion criteria were established for the present ana-
lysis: population-based cohort studies conducted in Japan, study initiation
between the mid-1980s and mid-1990s, inclusion of more than 30 000 parti-
cipants, use of a validated questionnaire or similar method for baseline col-
lection of information on vegetable and fruit intake (g/day), and collection
of incidence data for gastric cancer during the follow-up period. We iden-
tified three ongoing studies that met these criteria: (i) The Japan Public
Health Center-based prospective Study (JPHC) [13], (ii) The Japan
Collaborative Cohort Study (JACC) [14], and (iii) The Miyagi Cohort Study
(MIYAGI) [15]. The geographic areas examined in these studies did not
overlap. Due to its use of differing dietary questionnaires (available at http:/
epince.gojp/en/questionnaire/index.htmi), the JPHC was treated as two in-
dependent studies (JPHC I and JPHC II). Thus, data from a total of four
studies were analyzed. We excluded participants with extreme energy intakes
(>3 standard deviations from the mean log-transformed energy intake in

each study by sex) or a history of cancer at baseline. In the JACC, informa-
tion on cancer diagnosis was not collected in 23 of 45 study areas. Therefore,
participants in those areas were excluded. Selected characteristics of these
studies are summarized in supplementary Table S1, available at Annals of
Oncology online.

Findings regarding the association of vegetable and fruit intake with
gastric cancer risk in the JPHC I and JACC have been previously reported
[10, 16]. In the present analysis, we used updated datasets, with longer
follow-up periods, for the JPHC. For the JACC, we updated the datasets
using incidence data for gastric cancer because previous reports on the
current topic analyzed only gastric cancer mortality [16]. Each study
obtained approval from the relevant institutional ethical review boards.

axposure assessment

In each study, dietary intake was assessed by using self-administered food-
frequency questionnaires (FFQs) on diet and various health habits (includ-
ing personal medical history, smoking history, and other lifestyle factors) at
baseline. Although the wording of the questions varied among studies, each
study calculated dietary intake (in grams per day) on the basis of frequency.
Daily intake of each food item was calculated by multiplying its frequency by
portion size, after which the amounts of total vegetable, green-yellow vege-
table, total fruit, and total vegetable/fruit intake (g/day) were calculated. To
calculate the amount of green-yellow vegetable intake, we used two items in
the JPHC I questionnaire (green vegetables and yellow vegetables), three
items in the JPHC II questionnaire (green vegetables, carrots, and tomatoes),
and three items in the MIYAGI and JACC questionnaires (green leafy vege-
tables, carrots and pumpkins, and tomatoes). Intakes of food and nutrients
were log-transformed and adjusted for total energy intake, using the residual
model [17]. Detailed information on the FFQs is included in the supplemen-
tary data, available at Annals of Oncology online.

case ascertainment

Participants were followed from the baseline survey (JPHC I: 1990, JPHC II:
1993-1994, JACC: 1988-1990, MIYAGI: 1990) until the final date of follow-
up for incidence in each study (JPHC I: 2004, JPHC II: 2004, JACC: 1999,
MIYAGL: 2001). In each study, residence status, including vital status, was
confirmed by examining the residential registry. Information on cancer diag-
nosis was collected for the entire population included in the analysis; cases
were identified by active patient notification from major local hospitals

and/or examination of population-based cancer registries. Cases were coded
using the International Classification of Diseases for Oncology, Third
Edition [18]. Each study also collected information from death certificates
on cause of death and coded it according to the International Statistical
Classification of Diseases, 10th Revision [19], which was used to comple-
ment hospital and registry data on cancer diagnosis. If detailed information
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on the date of gastric cancer diagnosis was not available for gastric cancer
cases confirmed by death certificate, we used the date of death from gastric
cancer as the date of diagnosis. The quality and completeness of case ascer-
tainment are described in detail elsewhere [20]. The study outcome was
defined as incidence of gastric cancer (C16.0-16.9) during the follow-up
period of each study.

The inclusion of information on gastric cancer subsite and histology in
the JPHC-1, JPHC-II, and MIYAGI allowed for additional analysis. For
subsite-specific analysis, we classified the gastric cancer subsite as upper
third (C16.0-C16.1) or distal (C16.2~C16.6). For the analysis of risk in rela-
tion to histologic type, we used a classification system derived from Lauren
[21], ie. differentiated cancer (corresponding to the intestinal types in
Lauren’s classification) and undifferentiated cancer (corresponding to the
diffuse types in Lauren’s classification).

statistical analysis

Person-years of follow-up were calculated from the date of the baseline
survey for each study until either the date of a gastric cancer diagnosis, mi-
gration from the study area, death, or end of follow-up, whichever occurred
first. Bach study used Cox proportional hazards models to estimate sex-
specific hazard ratios (HRs) and their 95% confidence intervals (Cls) for
gastric cancer, according to quintiles of each intake, with the lowest quintile
of intake as the reference category. The multivariate models are described in
detail in Tables. SAS Version 9.1 (SAS Institute, Inc., Cary, NC) was used for
these calculations. A random-effects model, which considers both within-
study and between-study variation [22], was used to obtain a single pooled
estimate of the HRs from the individual studies for each category. Study-
specific HRs were weighted by the inverse of the sum of their variance and
the estimated between-studies variance component. The trend association
was assessed in a similar manner: investigators from each study calculated
the regression coefficient and its standard error of linear trend for intake cat-
egory treated as an ordinal variable. Then, these values from individual
studies were combined using a random-effects model. We used Q statistics to
test for heterogeneity among studies [22]. Stata Version 11.2 (Stata
Corporation, College Station, TX) statistical software was used for the meta-
analysis. All reported P-values are two tailed.

results

The present study included 191232 participants (87 771 men
and 103 461 women) and 2995 gastric cancer cases (2104 men
and 891 women) during 2094428 person-years of follow-up
(supplementary Table S1, available at Annals of Oncology
online).

Supplementary Table S2, available at Annals of Oncology
online shows the association of total vegetable, green-yellow
vegetable, total fruit, and total vegetable/fruit intake with gastric
cancer risk among men and women. After adjustment for po-
tential confounders, we found a marginally significant reduction
in gastric cancer risk in relation to total vegetable intake but not
total fruit intake among men and women. For total vegetable/
fruit intake, we also found a marginally significant reduction in
gastric cancer risk among men (P for trend =0.08) but not
among women. The results for green-yellow vegetables were
similar to those for total vegetable intake.

Table 1 shows the association with gastric cancer incidence
according to quintile of vegetable and fruit intake among men,
by gastric cancer subsite and histologic type, using data from the
JPHC L, JPHC II, and MIYAGI (i.e. the studies that included the
relevant information). Analysis by gastric cancer subsite showed

Annals of Oncology

that the risk of distal gastric cancer was inversely associated with
total vegetable, green-yellow vegetable, and total vegetable/fruit
intakes among men; however, no such associations were found
for gastric cancer in the upper third of the stomach. We found
no significant association of any category of vegetable or fruit
intake with gastric cancer histology.

As for women (supplementary Table S3, available at Annals
of Oncology online), we found no association of any category of
vegetable and fruit intake with gastric cancer incidence by
subsite. In the analysis by histologic type, we observed that the
risk of differentiated gastric cancer significantly decreased with
increasing quintile of total fruit intake (P for trend=0.03).
None of the P values for heterogeneity across quintiles of intakes
were statistically significant. In addition, the results were essen-
tially unchanged when cases diagnosed during the first 3 years
of follow-up were excluded. The results of sensitivity analysis
are included in the supplementary data, available at Annals of
Oncology online. :

discussion

In this pooled analysis of major population-based cohort studies
in Japan, which included data on 2995 gastric cancer cases, we
found a marginally significant reduction in gastric cancer risk in
relation to total vegetable and green-yellow vegetable intakes
but not total fruit intake among men and women. For total
vegetable intake, the multivariate-adjusted HR (95% CI; P for
trend) for gastric cancer in the highest versus the lowest quintile
of intake was 0.89 (0.77-1.03; P for trend = 0.13) among men
and 0.83 (0.67-1.03; P for trend=0.40) among women. In
subsite-specific analyses, men in the highest quintiles of total
vegetable, green-yellow vegetable, and total vegetable/fruit in-
takes had an ~20% decrease in distal gastric cancer risk. Among
women, we found no significant association of any category of
vegetable or fruit intake with gastric cancer incidence by
subsite. However, there was an inverse association of total fruit
intake with risk of differentiated gastric cancer (P for trend =
0.03). To our knowledge, the present pooled analysis included
the largest number of gastric cancer cases to date. Moreover, it
revealed associations in analysis stratified by sex, subsite, and
histologic type.

In the last WCRF/AICR report, in 2007, a meta-analysis of
cohort data showed that green—yellow vegetable intake was asso-
ciated with a reduction in gastric cancer risk (19% per 50-g
intake/day); however, intakes of non-starchy vegetables and fruit
were not associated with gastric cancer risk [3]. After that
report, five prospective cohort studies found associations of
vegetable and fruit intake with gastric cancer risk [5-9], but the
results were inconsistent. A Swedish study reported that total
vegetable, green leafy vegetable, and root vegetable intakes were
significantly associated with decreased risk of total gastric
cancer [9]. In contrast, three other studies reported a significant
inverse association of fruit intake with gastric cancer. A study
conducted in Shanghai showed reduced risk of non-cardia
gastric cancer among men [7], and updated results from the
EPIC-EURGAST study [5] and the Netherlands Cohort Study
[6] showed that citrus fruit intake was inversely associated only
with the risk of gastric cardia cancer.
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Quintile of intake (g/day)
1 (low) 2

Pfor Trend P for between-study

heterogeneity

5 (high)

| Total vegetable intake
Distal
No. of cases 199
Model 17 1
Upper third
No. of cases 29
Model 1* 1
Differentiated
No. of cases 177
Model 1? 1
Undifferentiated
No. of cases 90
Model 1* 1

| Green-yellow vegetable intake

Distal
No. of cases 220
Model 1* 1
Upper third
No. of cases 37
Model 1* 1
Differentiated
No. of cases 192
Model 17 1
Undifferentiated
No. of cases 105
Model 1*

No.of cases 211

Model 1* 1
Upper third

No. of cases 35

Model 1* 1
Differentiated

No. of cases 179

Model 1* 1
Undifferentiated

No. of cases 112

Model 1* 1

otal vegetable/fruit intake

Distal
No. of cases 195
Model 17 1
Upper third
No. of cases 29
Model 17 1
Differentiated
No. of cases 165
Model 1* 1
Undifferentiated
No. of cases 103
Model 1* 1

196
0.90 (0.74-1.11)

38
1.30 (0.79-2.14)

184
1.00 (0.81-1.23)

94
1.01 (0.75-1.36)
206

0.96 (0.79-1.16)

36
1.05 (0.66-1.69)

174
0.96 (0.78-1.18)

95
0.93 (0.70-1.23)
209

1.03 (0.85-1.26)

49
1.52 (0.97-2.38)

196
1.17 (0.95-1.43)

90
0.82 (0.62-1.09)
205

0.98 (0.72-1.34)

38
1.31 (0.79-2.16)

198
1.15 (0.86-1.54)

76
0.72 (0.53-0.98)

220
0.94 (0.77-1.15)

41
1.30 (0.79-2.13)

204
1.03 (0.83-1.27)

84
0.89 (0.65-1.21)
198

0.88 (0.69-1.12)

52
1.43 (0.93-2.21)

205
1.08 (0.88-1.32)

81
0.79 (0.55-1.13)
215

1.02 (0.83-1.25)

31
0.94 (0.57-1.54)

203
1.16 (0.93-1.43)

85
0.76 (0.56-1.04)
229

1.01 (0.83-1.23)

42
1.32 (0.81-2.18)

202
1.09 (0.88-1.35)

103
0.94 (0.70-1.27)

216
0.86 (0.70-1.05)

49
1.43 (0.87-2.33)

196
0.92 (0.74-1.14)

106
1.07 (0.79-1.44)
214

0.91 (0.75-1.11)

50
1.30 (0.67-2.52)

198
1.00 (0.81-1.22)

106
1.02 (0.73-1.42)
189

0.86 (0.65-1.15)

48
1.39 (0.89-2.19)

181
0.98 (0.79-1.21)

86
0.76 (0.57-1.02)
208

0.88 (0.69-1.13)

53
1.67 (1.03-2.70)

208
1.08 (0.83-1.42)

89
0.81 (0.60-1.09)

197
0.78 (0.63-0.97)

50
1.48 (0.89-2.46)

198
0.92 (0.73-1.14)

95
1.02 (0.74-1.40)
190

0.81 (0.66-0.996)

32
0.83 (0.50-1.36)

190
0.93 (0.76-1.15)

82
0.82 (0.55-1.23)
204

0.90 (0.67-1.22)

44
1.23 (0.70-2.17)

200
1.06 (0.77-1.46)

9%
0.88 (0.63-1.23)
191

0.79 (0.59-1.06)

45
1.38 (0.82-2.31)

186
0.94 (0.73-1.22)

98
0.93 (0.64-1.33)

0.049

Model 1 was adjusted for age (in years), location within the study area (for Japan Public Health Center-based prospective Study [JPHC] I and JPHC
I), smoking status (never, former, currently smoking <20 cigarettes/day, and currently smoking >20 cigarettes/day), sodium intake (continuous), and
otal energy intake (continuous).
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