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Abstract: This study aimed to investigate the effects of alcohol consumption before a meal at mealtime on the risk 
of non-cardia gastric adenocarcinoma (GA), gastric cardia adenocarcinoma (GCA), and esophageal squamous cell 
carcinoma (ESCC). A hospital-based case-control study was performed in Shandong, China, which consisted of a 
total of 488 male cases (159 non-cardia GA, 175 GCA, and 154 ESCC) and 160 healthy male controls matched by 
age. A total of approximate 160 pairs of each cancer cases and controls were matched successfully. Conditional 
logistic regression was used to calculated odds ratio (OR) and 95% confidence intervals (CIs), adjusting for poten-
tial confounders. The adjusted ORs (aORs) of non-cardia GA for subjects drinking before a meal at mealtime were 
7.65 (95% CI: 2.83-20.69, P<0.001) compared with eating and drinking alcohol at the same time. Whereas, no 
significant association was found in GCA (aOR=2.32, 95% CI: 0.83-6.45) or ESCC (aOR=1.76, 95% CI: 0.71-4.39) 
risk. Furthermore, the heavy drinkers with alcohol consumption before meal at mealtime experienced higher non-
cardia GA (aOR=13.60, 95% CI: 3.72-49.72, P<0.001) and ESCC risk (aOR=3.61, 95% CI: 1.02-12.99, P<0.05). 
Heavy drinking only showed a higher ESCC risk (aOR=1.79, 95% CI 1.07-3.02) than never drinking, with risk esti-
mated significantly higher (P <0.05). This study is the first to assess the association of alcohol consumption before 
a meal with GA and ESCC risk. Alcohol consumption before a meal at mealtime is a clinically useful biomarker of 
susceptibility to non-cardia GA risk, but not to GCA and ESCC risk. 
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Introduction

Gastric cancer (GC) is a major subgroup of com-
mon malignancies, and the mortality rate of GC 
is the third highest of cancer-related deaths 
throughout the world [1]. GC consists of vari-
able histological carcinomas and approximately 
90% are adenocarcinomas. Diffuse-type gas-
tric adenocarcinoma (GA) is one of the cancers 
with the most unfavorable prognosis [2-4]. Ex- 
posure to Helicobacter pylori infection and 
other environmental factors probably account 
for much of the variations seen in the incidence 
of GC [5, 6]. Esophageal cancer (EC) ranks the 
sixth cause of cancer-related death worldwide 
each year [7]. Esophageal squamous cell carci-

noma (ESCC) is the major type in China. Tobacco 
smoking, alcohol drinking, and special dietary 
habits are recognized risk factors for ESCC [8]. 
Because of the high mortality and poor res- 
ponse to treatments of GA and EC, early inter-
vention on behavioral and environmental risk 
factors seems to be imperative.

Alcohol consumption has been established as 
an important risk factor for cancers of the 
upper aero-digestive tract [9], including ESCC 
[10]. Early meta-analysis indicated a positive 
association between heavy alcohol drinking 
and non-cardia GC, rather than gastric cardia 
adenocarcinoma [11]. The different categories 
of alcoholic drinking are also related to the 
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increased risk of GC [12]. Additionally, drinkers 
of alcohol outside of meals suffered significant-
ly higher death incidence from particular can-
cers [13], including GC and EC. However, there 
are some drinkers who consume alcohol at 
mealtime developing GC and EC, which sugge- 
sts that other factors may play potential roles in 
the etiology of this disease. 

Therefore, to investigate the impact of alcohol 
drinking before meal at mealtime, drinking out-
side mealtime, and lifetime alcohol consump-
tion on the development of GC and ESCC, a 
hospital-based case-control study was condu- 
cted in China. Additionally, it was a goal to eluci-
date the association of several drinking habits 
with GC and ESCC.

Materials and methods

Subjects 

Between February 2016 and February 2017, 
488 newly diagnosed and pathologically prov-
en male patients (154 with non-cardia GA, 175 
GCA and 159 with ESCC) were recruited from 
Shandong Cancer Hospital in Shandong Pro- 
vince, China. A total of 160 male controls, with 
frequency matched by age greater than 10 
years, were recruited on about 1:1 control ratio 
from inpatients and outpatients without a diag-
nosis of cancer. The subjects in control group 
included (1) healthy population; (2) upper respi-
ratory tract diseases; (3) trauma; (4) skin and 
subcutaneous tissue disorders. The study sub-
jects were restricted to males because of the 
low alcohol consumption rate in Chinese wo- 
men [14]. The proportion of rejection in this 
study was less than 5%. All participants provid-
ed written informed consent. 

Data collection

Face to face interviews were conducted by well-
trained interviewers with the structured ques-
tionnaire, regarding alcohol consumption be- 
fore meal at mealtime, alcohol consumption 
outside mealtime, body mass index (BMI), dr-
inking habits, smoking habits, dietary habits, 
and upper digestive disease. Participants were 
instructed to report their habits before they 
were diagnosed with the disease. Alcoholic 
drinkers were defined as those who reported 
drinking white spirits, beer or wine more than 
once a week for at least half a year [15]. A per-
son who had smoked more than 10 cigarettes 
a week for at least half a year in a lifetime was 

defined as cigarette smoker [15]. Lifetime alco-
hol consumption (g-year) was calculated by 
multiplying the amount of alcohol consumed 
per day (the concentration (g/ml) of alcohol 
multiplied by the beverage volume (ml)) by dr- 
inking years. The categories of moderate and 
heavy drinkers or smokers were classified by 
the median cut-off point. The median cut-off 
point for lifetime alcohol consumption among 
controls in the study was 1200 g-year. Lifetime 
smoking (pack-year) was calculated by multiply-
ing the number of packs/day by smoking years. 
The median cut-off point for cigarette smoking 
among the controls was 14 pack-year. When 
drinking alcohol at mealtime, the participants 
reported that they drank alcohol before eating 
something in most cases, they were defined as 
alcohol consumption before meal at mealtime. 
When participants reported that drink alcohol 
outside meal in most cases, they were defined 
as alcohol drinking outside mealtime. The spe-
cial dietary habits were defined as eating moldy 
food, fried food, scalding hot food, or pickled 
vegetables on a daily basis.

Data analysis

Categorical variables and numerical variables 
in cases and controls were compared by Chi-
square test and Student’s t-test statistic, 
respectively. Conditional multiple logistic regre- 
ssion analysis was performed to calculate odds 
ratio (OR) and 95% confidence interval (95% 
CI). OR and 95% CI were used as measures of 
association for the risk of GA and ESCC, ma- 
tched for age (<50, 50-59, 60-69 and ≥70 
years). The adjusted ORs were calculated in a 
multivariate model, includin drinking alcohol 
before meal at mealtime, drinking outside mea- 
ltime, BMI, drinking habits, smoking habits, 
dietary habits, and upper digestive disease 
before diagnosis. Statistical assessment of 
variables interaction was based on a multiple 
model including an interaction term as well as 
variables and confounding factors. All p values 
were two-sided and a p value <0.05 was con-
sidered significant. The data were analyzed 
using the STATA statistical package, version 12 
(STATA Corporation, College Station, TX, USA). 

Results

Characteristics of the study subjects

The general characteristics of 488 cases and 
160 controls are shown in Table 1. The study 
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Table 1. Selected characteristics of non-cardia GA, GCA and ESCC cases and controls

Variable Non-cardia GA 
(n=154)

GCA
(n=175)

ESCC
(n=159)

Controls
(n=160)

P-Value
(GA vs. Cs)

P-Value
(GCA vs. Cs)

P-Value 
(ESCC vs. Cs)

Age (years) 63.4 ± 8.3 66.8 ± 9.0 62.2 ± 10.0 61.0 ± 7.8

Education (years) 9.4 ± 3.0 9.4 ± 4.1 9.1 ± 3.0 9.5 ± 2.9 0.412 0.062 0.104

BMI before disease (kg/m2) 24.3 ± 2.4 24.1 ± 2.6 24.6 ± 3.2 25.2 ± 2.9 ﹤0.05 ﹤0.05 0.07

Drinking habit 88 (57.1%) 105 (60.0%) 111 (69.8%) 75 (46.9%) 0.069 ﹤0.05 ﹤0.001

Alcohol consumption (g-year) 863.0 ± 1135.3 872.0 ± 1039.5 860.1 ± 934.7 498.4 ± 754.3 ﹤0.001 ﹤0.001 ﹤0.001

Drink before meal at mealtime 24 (15.1%) 44 (25.1%) 19 (12.4%) 10 (6.2%) ﹤0.05 ﹤0.05 0.077

Liquor drinking 67 (76.1%) 80 (45.7%) 84 (75.7%) 60 (80.0%) 0.278 0.128 ﹤0.05

Smoking habits 103 (66.9%) 99 (56.6%) 121 (76.1%) 95 (59.4%) 0.168 0.604 ﹤0.001

Cigarette smoking (pack-year) 24.2 ± 25.3 16.7 ± 20.7 23.8 ± 20.2 24.5 ± 26.0 0.07 ﹤0.001 ﹤0.001

Special dietary habits 79 (51.3%) 98 (56.0%) 99 (62.3%) 45 (28.1%) ﹤0.001 ﹤0.001 ﹤0.001

Upper digestive disease 57 (37.0%) 52 (29.7%) 54 (34.0%) 43 (26.9%) 0.054 0.565 0.169
GA gastric adenocarcinoma, GCA gastric cardia adenocarcinoma, ESCC esophageal squamous cell carcinoma, BMI body mass index. Values are mean ± standard devia-
tion or frequency (%).

Table 2. Odds ratio of Non-cardia GA according to alcohol consumption, drink habits and other risk 
factors
Subjects Non-cardia GA Controls Crude OR (95% CI) Adjusted OR (95% CI)a

Alcohol consumption (g-year) n=154 n=160
    Never drinker 66 (42.9%) 85 (53.1%) 1.00 1.00
    Moderate drinker (﹤1200) 12 (7.8%) 30 (18.8%) 0.52 (0.25-1.08) 0.22 (0.52-1.02)
    Heavy drinker (≥1200) 76 (49.3%) 45 (28.1%) 2.16 (1.33-3.55) 1.61 (0.9-3.29)
Alcohol drinking habit 1 n=88 n=75
    Drink at mealtime 61 (69.3%) 67 (89.3%) 1.00 1.00
    Drink outside mealtime  27 (30.7%) 8 (10.7%) 3.71 (1.57-8.78) 4.96 (1.82-13.51)
Alcohol drinking habit 2 n=88 n=75
    Drink and eat at the same time 58 (65.9%) 63 (84.0%) 1.00 1.00
    Drink before meal at mealtime 30 (34.1%) 12 (16.0%) 2.72 (1.27-5.80) 7.65 (2.83-20.69)
Type of alcoholic beverage n=88 n=75
    Liquor 67 (76.1%) 60 (80.0%) 1.00 1.00
    Other alcoholic drinks 21 (23.9%) 15 (20.0%) 1.25 (0.59-2.65) 1.57 (0.61-4.06)
Cigarette smoking (pack-year) n=154 n=160
    Never smoker 51 (33.1%) 65 (40.6%) 1.00 1.00
    Moderate smoker (﹤14 ) 16 (10.4%) 15 (9.4%) 1.36 (0.61-3.01) 0.85 (0.37-1.97)
    Heavy smoker (≥14 ) 87 (56.5%) 80 (50.0%) 1.39 (0.86-2.23) 0.81 (0.33-1.98)
Special dietary habits n=154 n=160
    No 75 (48.7%) 117 (73.1%) 1.00 1.00
    Yes 79 (51.3%) 43 (26.9%) 2.87 (1.79-4.59) 5.98 (2.06-17.40)
Upper digestive disease n=154 n=160
    No 97 (63.0%) 115 (71.9%) 1.00 1.00
    Yes 57 (37.0%) 45 (28.1%) 1.50 (0.93-2.42) 0.93 (0.42-2.07)
GA gastric adenocarcinoma, OR odds ratio, CI confidence interval. aAdjusted for BMI, alcohol consumption, alcohol categories, 
smoking, special dietary habits and upper digestive diseases before diagnosis.

included 154, 175, and 159 male cases of 
non-cardia GA, GCA, and ESCC, respectively, 
and 160 male controls. Cases and controls 
were similar in the distribution of age, educa-
tion and upper digestive disease (P<0.05). 

There were higher pre-diagnostic BMI (P<0.05), 
lifetime alcohol consumption (P<0.001) and 
special dietary habits rate (P<0.001) in non-
cardia GA and GCA cases compared with those 
among controls. ESCC cases and controls sig-
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Table 3. Odds ratio of GCA according to alcohol consumption, drinking habits, and other risk factors
Subjects GCA Controls Crude OR (95% CI) Adjusted OR (95% CI)a

Alcohol consumption (g-year) n=175 n=160
    Never drinker 70 (40.0%) 85 (53.1%) 1.00 1.00
    Moderate drinker (﹤1200) 35 (20.0%) 30 (18.8%) 1.42 (0.79-2.53) 0.23 (0.87-0.59)
    Heavy drinker (≥1200) 70 (40.0%) 45 (28.1%) 1.89 (1.16-3.08) 0.57 (0.24-1.36)
Alcohol drinking habit 1 n=105 n=75
    Drink at mealtime 44 (41.9%) 67 (89.3%) 1.00 1.00
    Drink outside mealtime  61 (58.1%) 8 (10.7%) 11.6 (5.07-26.61) 9.17 (3.17-26.56)
Alcohol drinking habit 2 n=105 n=75
    Drink and eat at the same time 41 (39.0%) 63 (84.0%) 1.00 1.00
    Drink before meal at mealtime 64 (61.0%) 12 (16.0%) 8.20 (3.94-17.03) 2.32 (0.83-6.45)
Type of alcoholic beverage n=105 n=75
    Liquor 80 (76.2%) 60 (80.0%) 1.00 1.00
    Other alcoholic drinks 25 (23.8%) 15 (20.0%) 1.25 (0.61-2.57) 1.77 (0.74-4.25)
Cigarette smoking (pack-year) n=175 n=160
    Never smoker 76 (43.4%) 65 (40.6%) 1.00 1.00
    Moderate smoker (﹤14 ) 29 (16.6%) 15 (9.4%) 1.65 (0.82-3.35) 2.16 (0.83-5.62)
    Heavy smoker (≥14) 70 (40.0%) 80 (50.0%) 0.75 (0.47-1.19) 0.41 (0.21-0.78)
Special dietary habits n=175 n=160
    No 75 (42.9%) 117 (73.1%) 1.00 1.00
    Yes 100 (57.1 %) 43 (26.9%) 3.63 (2.29-5.75) 2.73 (1.49-5.00)
Upper digestive disease n=175 n=160
    No 125 (71.4%) 115 (71.9%) 1.00 1.00
    Yes 50 (28.6%) 45 (28.1%) 1.02 (0.64-1.65) 0.84 (0.42-1.67)
GCA gastric cardia adenocarcinoma, OR odds ratio, CI confidence interval. aAdjusted for BMI, alcohol consump-
tion, alcohol categories, smoking, special dietary habits and upper digestive diseases before diagnosis.

nificantly differed in lifetime alcohol consump-
tion, lifetime cigarette smoking, and special 
dietary habits rate (all P<0.001). Rates of drink-
ing alcohol before meal at mealtime among 
non-cardia GA, GCA, and ESCC were 15.1%, 
25.1%, and 12.4%, respectively, and both non-
cardia GA and GCA patients significantly higher 
than controls (all P<0.05).

Association of alcohol consumption before 
meal with the GA, GCA, and ESCC

The crude odds ratios (ORs), adjusted ORs (aO- 
Rs), and 95% confidence intervals (CIs) of non-
cardia GA, GCA and ESCC according to lifetime 
alcohol consumption, alcohol drinking at meal 
time, alcohol consumption before meals and 
other risk factors are shown in Tables 2-4. 
When compared with never drinkers in a multi-
ple-adjusted model, both moderate and heavy 
drinkers did not experience a significantly in- 
creased non-cardia GA and GCA risk. However, 
significantly higher ESCC risk was observed in 
heavy drinkers than non-drinkers (aOR=1.79; 
95% CI: 1.07-3.02, P<0.05). The subjects re- 

porting alcohol drinking outside of mealtime 
had a 4.96- (95% CI: 1.82-13.51), 9.17- (95% 
CI: 3.17-26.56) and 6.04- (95% CI: 1.98-18.41) 
fold adjusted risk to develop non-cardia GA, 
GCA, and ESCC (all P<0.001), respectively, co- 
mpared with those reporting drink at mealtime. 
When compared with eating and drinking alco-
hol at the same time, only non-cardia GA risk 
was significantly associated with the habit of 
alcohol consumption before eating something 
at mealtime (aOR=7.65; 95% CI: 2.83-20.69, 
P<0.001). The subjects reporting alcohol con-
sumption before eating something at mealtime 
did not have a significant risk of GCA and ESCC, 
the aORs were 2.32 (95% CI: 0.83-6.45) and 
1.76 (95% CI: 0.71-4.39), comparing eating and 
drinking alcohol at the same time. 

Associations of other factors with the GA, GCA, 
and ESCC

After adjustment for potential confounders, life-
time smoking was not significantly associated 
with higher risk of non-cardia GA, GCA, and ES- 
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Table 4. Odds ratio of ESCC according to alcohol consumption, drinking habits, and other risk factors
Subjects ESCC Controls Crude OR (95% CI) Adjusted OR (95% CI)a

Alcohol consumption (g-year) n=159 n=160
    Never drinker 48 (30.2%) 85 (53.1%) 1.00 1.00
    Moderate drinker (﹤1200) 37 (23.3%) 30 (18.8%) 2.18 (1.20-3.97) 1.21 (0.24-6.15)
    Heavy drinker (≥1200) 74 (46.5%) 45 (28.1%) 2.91 (1.75-4.86) 1.79 (1.07-3.02)
Alcohol drinking habit 1 n=111 n=75
    Drink at mealtime 81 (73.0%) 67 (89.3%) 1.00 1.00
    Drink outside mealtime  30 (27.0%) 8 (10.7%) 3.10 (1.33-7.22) 6.04 (1.98-18.41)
Alcohol drinking habit 2 n=111 n=75
    Drink and eat at the same time 85 (76.6%) 63 (84.0%) 1.00 1.00
    Drink before meal at mealtime 26 (23.4%) 12 (16.0%) 1.61 (0.75-3.43) 1.76 (0.71-4.39)
Type of alcoholic beverage n=111 n=75
    Liquor 84 (75.7%) 60 (80.0%) 1.00 1.00
    Other alcoholic drinks 27 (24.3%) 15 (20.0%) 1.28 (0.62-2.64) 1.87 (0.77-4.56)
Cigarette smoking (pack-year) n=159 n=160
    Never smoker 38 (23.9%) 65 (40.6%) 1.00 1.00
    Moderate smoker (﹤14) 32 (20.1%) 15 (9.4%) 3.65 (1.75-7.59) 2.44 (0.36-16.46)
    Heavy smoker (≥14) 89 (56.0%) 80 (50.0%) 1.90 (1.15-3.14) 0.78 (0.18-3.42)
Special dietary habits n=159 n=160
    No 60 (37.7%) 117 (73.1%) 1.00 1.00
    Yes 99 (62.3%) 43 (26.9%) 4.49 (2.79-7.21) 4.99 (2.40-10.39)
Upper digestive disease n=159 n=160
    No 105 (66.0%) 115 (71.9%) 1.00 1.00
    Yes 54 (34.0%) 45 (28.1%) 1.31 (0.82-2.12) 0.61 (0.28-1.31)
ESCC esophageal squamous cell carcinoma, OR odds ratio, CI confidence interval. aAdjusted for BMI, alcohol consumption, 
alcohol categories, smoking, special dietary habits and upper digestive diseases before diagnosis.

CC, compared with non-smoking. Subjects with 
a special dietary habit (daily eating of scalding 
hot food, fried food, moldy food, or pickled veg-
etable, etc.) experienced a 5.98-fold (95% CI: 
2.06-17.40, P<0.001), 2.73-fold (95% CI: 1.49-
5.00, P<0.05), and 4.99-fold (95% CI: 2.40-
10.39, P<0.001) risk to develop non-cardia GA, 
GCA, and ESCC, respectively. Upper digestive 
disease before cancer diagnosed, including 
gastroesophageal reflux disease, gastric ulcer, 
gastritis, etc., did not influence the risk of non-
cardia GA, GCA, and ESCC in this study.

Combination of alcohol consumption and 
drinking before meal at mealtime

After matching for age and adjusted for other 
confounding factors, the combined effect of 
drinking habit and alcohol consumption was 
estimated on non-cardia GA, GCA, and ESCC 
risk (Table 5 and Figure 1). Moderate drinkers 
were used who eat and drink alcohol at the 
same time as the reference category. Both 
heavy drinkers with (aOR=12.39; 95% CI: 2.71-
56.75) and without (aOR=13.60; 95% CI: 3.72-

49.72) the habit of alcohol consumption before 
meal at mealtime experienced a high adjusted 
risk (all P<0.001) to develop non-cardia GA. 
While only heavy drinkers who drink alcohol 
before a meal at mealtime experienced signifi-
cantly higher ESCC risk (aOR=3.61; 95% CI: 
1.02-12.99, P<0.05), compared with moderate 
drinkers who eat and drink at the same time. 
Additionally, the combination of lifetime alcohol 
consumption and drinking before meal at meal-
time did not increase the risk of GCA.

Discussion

In this hospital-based case-control study, alco-
hol consumption before a meal at mealtime 
was a significant risk factor for non-cardia GA, 
but not for GCA and ESCC. We further found 
that, when combined with heavy alcohol drink-
ing, alcohol consumption before a meal at 
mealtime significantly increases the non-cardia 
GA and ESCC risk. Additionally, alcohol con-
sumption outside mealtime and special dietary 
habits showed a significantly higher non-cardia 
GA, GCA, or ESCC risk.
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Table 5. Impact of the combination of alcohol consumption and drinking habit on cancer
Subjects Cases Controls Adjusted OR (95% CI)a P-Value
Non-cardia GA n=88 n=75
    Moderate drinker and Ab 3 (3.4%) 28 (37.3%) 1.00
    Moderate drinker and B 9 (10.2%) 7 (9.3%) 1.50 (0.10-23.07) 0.77
    Heavy drinker and A 55 (62.5%) 35 (46.7%) 12.39 (2.71-56.75) ﹤0.001
    Heavy drinker and B 21 (23.9%) 5 (7.7%) 13.60 (3.72-49.72) ﹤0.001
GCA n=105 n=75
    Moderate drinker and A 29 (27.6%) 28 (37.3%) 1.00
    Moderate drinker and B 40 (38.1%) 7 (9.3%) 1.82 (0.42-7.97) 0.425
    Heavy drinker and A 13 (12.4%) 35 (46.7%) 0.38 (0.13-1.14) 0.084
    Heavy drinker and B 23 (21.9%) 5 (7.7%) 0.97 (0.26-3.69) 0.963
ESCC n=111 n=75
    Moderate drinker and A 27 (24.3%) 28 (37.3%) 1.00
    Moderate drinker and B 9 (8.1%) 7 (9.3%) 0.55 (0.13-2.25) 0.40
    Heavy drinker and A 58 (52.3%) 35 (46.7%) 2.40 (0.97-5.88) 0.057
    Heavy drinker and B 17 (15.3%) 5 (6.7%) 3.61 (1.02-12.99) ﹤0.05
GA gastric adenocarcinoma, GCA gastric cardia adenocarcinoma, ESCC esophageal squamous cell carcinoma, OR odds ratio, 
CI confidence interval. aAdjusted for BMI, alcohol categories, smoking, special dietary habits and upper digestive diseases 
before diagnosis. bA=eat and drink alcohol at the same time, B=drink alcohol before meal at mealtime.

Figure 1. Impact of the combination of drink-
ing habits and alcohol consumption on cancer. M 
drinker=moderate drinker, H drinker=heavy drinker, 
A=eat and drink alcohol at the same time, B=drink 
alcohol before meal at mealtime.

creased stomach cancer risk and higher death 
incidence from cancers [13, 17]. Those who 
usually drink vodka before breakfast have a sig-
nificantly elevated GC risk (RR=2.98, 95% CI 
1.60-5.53) which was also present in all the 
subgroups investigated in Poland [18]. This 
study also identified the positive effect of drink-
ing outside mealtime on the risk of GC and 
ESCC (all P<0.001). 

However, some drinkers who consume alcohol 
at mealtime also suffer from GC and ESCC. 
Alcohol consumption before a meal at meal-
time in some GC and ESCC patients was ob- 
served by our team, and this habit on alcohol 
related cancer risk has not been previously 
studied in non-cardia GA, GCA, and ESCC. After 
adjustment of covariates and analysis of the 
data, drinkers who consume alcohol before a 
meal at mealtime experienced a significantly 
increased non-cardia GA risk, while those re- 
porting eating and drinking alcohol at the same 
time did not. This result may indicate a new 
alcohol-related risk factor for non-cardia GA 
patients who drink at mealtime. 

Although alcohol consumption before meal at 
mealtime is on an empty stomach, this habit is 
different form drinking outside mealtime. Su- 
bsequent food taking will influence the process 
of alcohol absorption by an empty stomach. 
Additionally, the habit of drinking outside meal-

In several meta-analyses, there is an absence 
of association between lifetime alcohol drink-
ing and risk of gastric cardia (relative risk 
(RR)=0.87; 95% CI: 0.74-1.01) or esophage- 
al adenocarcinoma (RR=0.89; 95% CI: 0.76-
1.03), which is partly consistent with our results 
[11, 16]. Our study revealed that heavy alcohol 
consumption (≥1200 g-year) significantly in- 
creases the ESCC risk, which is biologically pl- 
ausible but without definite evidence. Drinking 
on an empty stomach maybe an important risk 
factor for GC and ESCC risk and mortality. 
Drinking outside mealtime experienced an in- 
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time always combined with heavier alcohol con-
sumption, which also related to a higher rate of 
gastroesophageal reflux disease. Our result did 
not find higher GCA and ESCC risk in drinkers 
who consume alcohol before meal at mealtime, 
but in drinkers outside mealtime. This result 
also certified the potential difference between 
alcohol consumption before a meal at meal-
time and drink outside mealtime or on an empty 
stomach.

The effect of alcohol consumption before a 
meal at mealtime on particular cancer risk may 
reflects the metabolic characteristics and car-
cinogenic mechanism of alcohol. After drinking, 
ethanol has a direct impact on the digestive 
system due to its contact with mucosal lining 
and interference with digestive functions [19]. 
Ethanol is first metabolized into acetaldehyde, 
primarily by alcohol dehydrogenase (ADH). Ace- 
taldehyde is considered to play a causal role in 
alcohol-associated cancers development, be-
cause of its potential oncogenicity observed. 
Acetaldehyde is subsequently metabolized by 
aldehyde dehydrogenase 2 (ALDH2) into ace-
tate in the body [20]. Several recent studies 
have suggested that ALDH2-deficient individu-
als may suffer from higher risk of non-cardia GA 
development [21, 22]. Alcohol consumption be- 
fore meal at mealtime means drinking on an 
empty stomach before taking food, more etha-
nol will contact with and stimulate the mucosal 
lining. Additionally, before mixing with food, mo- 
re ethanol may be absorbed by digestive tract 
fast and direct, compared with drinking and 
eating something at the same time. The enzyme 
systems of ADH and ALDH suffer from overload-
ing, which may result in the accumulation of 
acetaldehyde in human body. Excess acetalde-
hyde plays a crucial role in the development of 
non-cardia GA. In this study, compared with 
moderate drinker who eat and drink alcohol at 
the same time, significantly higher ESCC risk 
was only found in heavy drinker drinking before 
meal at mealtime. The esophagus may be aff- 
ected slightly by the direct stimulation and 
absorption of ethanol, comparing with stom-
ach. Overall, the potential mechanisms sug-
gested explaining these findings remain to be 
clarified. 

Among the 7 million cancer-related deaths wo- 
rldwide in 2001, there have been an estimated 
2.43 million deaths attributable to nine main 

behavioral and environmental risk factors [23]. 
Identification lifestyle and environmental risk 
factors and primary prevention through corre-
sponding interventions may greatly reduce the 
burden of cancers. This study demonstrates a 
new possible behavioral risk factor of non-car-
dia GA: alcohol consumption before meal at 
mealtime, which can be corrected by appropri-
ate intervention. For alcohol drinkers, especial-
ly for heavy drinkers, eating and drinking alc- 
ohol at the same time may help to prevent non-
cardia GA. However, to further confirm alcohol 
consumption before meal at mealtime as a new 
behavioral risk factor for non-cardia GA, large-
scale, prospective studies are needed. 

The current study also has several limitations. 
First, the retrospective design of this study lim-
ited the accuracy of the collected information, 
which was based on recalls of the subjects. 
Second, the relatively small number of cancer 
patients and controls may render some esti-
mates not reliable, but the major results were 
highly significant and consistent throughout the 
analysis. Third, all subjects were recruited from 
only one hospital, selection bias should be con-
cerned. However, participation rates were high 
and all eligible subjects were based on strict 
criteria, which may reduce the possibility of 
selection bias. Therefore, large-scale prospec-
tive studies are required to confirm these drink-
ing habits as risk factors of non-cardia GA, 
GCA, and ESCC.

In conclusion, this hospital-based case-control 
study is the first to demonstrate the significant 
association of alcohol consumption before a 
meal at mealtime with non-cardia GA risk, 
especially combined with heavy alcohol drink-
ing. Additionally, alcohol consumption before a 
meal at mealtime did not experience higher 
GCA and ESCC risk. Our study suggests that 
alcohol consumption before a meal at meal-
time may serve as a hazard biomarker of non-
cardia GA, especially for heavy drinkers, which 
may help clinicians with their decisions in the 
future.
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