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ABSTRACT

Purpose: Although smoking and alcohol consumption are known risk factors for gastric
cancer (GC), studies assessing their effects on early-onset GC are limited. In this nationwide,
population-based, prospective cohort study, we assessed the effects of smoking and alcohol
consumption on early-onset GC in patients aged <50 years.

Materials and Methods: We analyzed data of patients aged 20-39 years who underwent
cancer and general health screening in the Korean National Health Screening Program
between 2009 and 2012. We calculated the adjusted hazard ratios (aHR) and 95% confidence
intervals (CI) for GC incidence until December 2020.

Results: We enrolled 6,793,699 individuals (men:women=4,077,292:2,716,407) in this

cohort. The mean duration of follow-up was 9.4 years. During follow-up, 9,893 cases of GC
(men:women=6,304:3,589) were reported. Compared with the aHRs (95% CI) of never-
smokers, those of former and current-smokers were 1.121 (1.044-1.205) and 1.282 (1.212-1.355),
respectively. Compared with the aHRs (95% CI) of non-consumers, those of low-moderate- and
high-risk alcohol consumers were 1.095 (1.046-1.146) and 1.212 (1.113-1.321), respectively. GC
risk was the highest in current-smokers and high-risk alcohol consumers (1.447 [1.297-1.615]).
Interestingly, alcohol consumption and smoking additively increased the GC risk in men but
not in women (Piyeracrion=0.002).

Conclusion: Smoking and alcohol consumption are significant risk factors for early-onset
GC in young Koreans. Further studies are needed to investigate sex-based impact of alcohol
consumption and smoking on GC incidence in young individuals.
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INTRODUCTION

Gastric cancer (GC) is one of the most common cancers in South Korea. Helicobacter pylori
infection is one of the most common causes of GC. In 1998, a Korean nationwide study
reported that the prevalence of H. pyloriwas as high as 67% [1]. However, its prevalence has
decreased significantly to 41.5% in 2016 due to improved hygiene and widespread eradication
therapy [2]. The prevalence of H. pylori showed a declining trend over 14 years (from 2005 to
2019). Particularly, for individuals in the 20-year age group, the prevalence decreased from
29.3% to 14.7%, and for individuals in the 30-year age group, the prevalence decreased from
49.1% to 30.4%.

However, the incidence of GC in young individuals did not decrease significantly despite

the decline in the prevalence of H. pyloriin this population. According to the Korean Cancer
Registry, the total number of GC cases in 2017 was 29,685, with 3,510 cases occurring in
individuals aged <50 years, accounting for 11.82% of all cases of GC [3]. In 2004, there were
4,674 GC patients aged <50 years. Therefore, other factors might contribute to GC in young
Koreans. Apart from H. pylori, smoking and alcohol consumption are significant risk factors for
GC [4]. However, genetic, hormonal, and other environmental factors can modify the effect of
smoking and alcohol consumption on GC development [5]. A recent meta-analysis indicated
that an individuals’ sex can affect the association between alcohol consumption and GC risk [6].

We conducted a nationwide population-based cohort study to investigate the association
between smoking, alcohol consumption, and GC development in patients aged <50 years.
In particular, we analyzed the effect of patients’ sex on the interaction between smoking and
alcohol consumption.

MATERIALS AND METHODS

Data source and study cohort

We analyzed data from a prospective population-based cohort of individuals who underwent
cancer screening and general health check-ups collected by the Korean National Health
Insurance Corporation [7]. Initially, 6,891,614 individuals aged 20-39 years who underwent
screening between 2009 and 2012 were enrolled. Those with missing data (n=71,610) or a
history of cancer at the time of screening (n=23,036) were excluded. Additionally, patients
who had a diagnosis of GC within 1 year (n=3,269) of enrollment were excluded to account
for the possibility of missed cases of GC at the time of screening. The remaining 6,793,699
individuals were included in this study (Supplementary Fig. 1). The follow-up duration was
calculated from the date of general health screening until the new diagnosis of GC, death, or
the end of the study period on December 31, 2020, whichever came first.

This study was approved by the Institutional Review Board (IRB) of the Seoul National
University Hospital (IRB No. X-2210-785-901). As this study used a nationwide database and
excluded collection of patient identifying information, the IRB waived the requirement for
informed consent.

Definitions and clinical parameters

GC diagnoses were identified from claims data using the International Classification of Diseases,
10th revision (ICD-10) code C16. The C16 code refers to malignant neoplasms of the stomach and
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does not include benign neoplasms, such as gastric adenoma. Diabetes was defined as a fasting
plasma glucose level 2126 mg/dL, taking oral hypoglycemic agents or insulin, or ICD-10 codes
E11-14. Hypertension was defined as systolic/diastolic blood pressure >140/90 mmHg, taking
antihypertensive medication, or ICD-10 codes I10-13. Dyslipidemia was defined as fasting total
cholesterol 2240 mg/dL, taking lipid-lowering medications, or ICD-10 code E78. The history of
medications prescribed within 1 year prior to registration was collected from the claims data.

The following data were extracted from the questionnaire: previous cancer diagnosis,
smoking (never/former/current), alcohol consumption (non-consumer; low-moderate-risk
alcohol consumer: men <40 g/day, women <20 g/day; high-risk alcohol consumer: men 240
g/day, women >20 g/day), and regular exercise (high-intensity: >20 minutes >3 times/week;
moderate-intensity: >30 minutes >5 times/week over the last week, yes/no). On the screening
day, anthropometric data, such as height, weight, and waist circumference, were collected,
and systolic/diastolic blood pressure was measured.

Blood samples were drawn after an 8-hours fast. Laboratory data, including fasting plasma
glucose and cholesterol (total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, and triglycerides), were analyzed.

Statistical analysis

To analyze continuous and categorical variables, we used Student’s t-test and y*-test,
respectively. GC incidence rates were calculated as the number of cases per 1,000 person-
years at risk. The log-rank test was employed for the time-to-event analyses. To investigate
the independent risk of smoking and alcohol consumption on GC development, we used a
Cox proportional hazards model after adjusting for clinically important factors.

All analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC, USA) and R
(version 3.2.3; The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-
project.org). A two-tailed test method was applied, and statistical significance was defined as
a P-value <0.05.

RESULTS

Baseline characteristics of cohort

Baseline characteristics of the study population according to smoking and alcohol
consumption status are shown in Table 1. Participants who were smokers were primarily
men, obese, and demonstrated higher blood pressure, total cholesterol, and fasting serum
glucose levels compared with never-smokers (all P<0.001). Diabetes, hypertension, or
dyslipidemia was more prevalent in former- and current-smokers than in never-smokers
(all P<0.001). Conversely, former-smokers (18.4%) were more likely to exercise regularly
compared with never- (11.6%) or current-smokers (14.4%).

Alcohol consumption was more prevalent in men (P<0.001) than in women. Moreover,
alcohol consumption was significantly associated with increased blood pressure, body mass
index, waist circumference, cholesterol, and fasting serum glucose levels (all P<0.001).
Participants with heavy alcohol consumption exhibited a higher prevalence of hypertension
compared with non-consumers or mild-to-moderate-risk alcohol consumers. Additionally,
alcohol consumers showed a tendency to engage in regular exercise than non-consumers.
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Detailed information on the smoking and alcohol consumption status of the participants,
including alcohol consumption frequency, the amount of alcohol consumed per drink,
smoking duration, number of cigarettes smoked per day, and pack-years, is provided

in Supplementary Table 1. Baseline characteristics according to sex are summarized in
Supplementary Table 2.

Smoking, alcohol consumption, and GC risk

GC developed in 9,893 individuals during a median follow-up period of 9.35 years (0.17%,
men:women=06,304:3,589). Patients with GC were mostly men, older, smokers, and
alcohol consumers, and presented with comorbidities, such as diabetes, hypertension,
and dyslipidemia compared with those without GC (P<0.001) (Supplementary Table 3).
Conversely, engaging in regular exercise was not associated with GC risk.

To investigate the relation between smoking and GC incidence, adjusted hazard ratios (aHRs)
with 95% confidence intervals (Cls) for GC were calculated (Table 2). Before adjustment
(model 1), former and current-smokers exhibited a higher GC risk than never-smokers

(Fig. 1A). After adjusting for sex, age, physical activity, and income, as well as diabetes,
hypertension, dyslipidemia, and alcohol consumption status, both former and current-
smokers were determined to have independent risk factors for GC (aHR [95% CI], 1.121
[1.044-1.205] and 1.282 [1.212-1.355], respectively). Further, GC risk significantly increased
with the number of cigarettes smoked per day, duration of smoking, and pack-years (P-values
for trend <0.001).

Subsequently, we investigated the association between alcohol consumption and GC

risk (Table 3). The Kaplan—Meier curve illustrated an increase in GC risk with alcohol
consumption (Fig. 1B). After adjusting for age, sex, physical activity, income, diabetes,
hypertension, dyslipidemia, and smoking status, low-to-moderate-risk alcohol consumption
increased the GC risk by 9.5%, whereas high-risk alcohol consumption increased the risk by
21.2% (Table 3). Additionally, GC risk significantly increased with the frequency of alcohol
consumption, the amount of alcohol consumed per drink, and the average daily alcohol
consumption (P-values for trend <0.001, Table 3).

6

Time (yr)

B
== Non-drinker . == Never smoker/Non-drinker
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Fig. 1. Kaplan-Meier analysis results according to smoking and alcohol consumption status. (A) Gastric cancer risk by smoking status (never-/former-/current-
smoker). (B) Gastric cancer risk by alcohol consumption status (non-/low-moderate-risk/high-risk consumer). (C) Combined effect of smoking (never-/ever-
smoker) and alcohol consumption (non-/low-moderate-risk/high-risk consumer) on gastric cancer risk.
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Fig. 2. Gastric cancer incidence rate according to smoking and alcohol consumption status. (A) Overall population; (B) Among men; (C) Among women. Smoking
status was categorized into never/former/current-smokers. Alcohol consumption was categorized as non-consumer (G1), low-moderate-risk consumer (G2; men
<40 g/day, women <20 g/day), and high-risk consumer (G3; men 240 g/day, women >20 g/day).

IR = incidence rate per 1,000 person-years; Cl = confidence interval.
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GC risk by smoking and alcohol consumption according to sex

Stratified analysis was conducted to determine whether alcohol consumption or smoking

had a synergistic effect on the incidence of GC (Table 4, Fig. 1C). Among never-smokers,
compared with non-consumers of alcohol, the GC risk increased after adjusting for clinical
variables with high-risk alcohol consumers (1.367 [1.161-1.611]) but not with low-moderate-risk
consumers (1.042 [0.982-1.106], Table 4). Among current-smokers, both low-moderate- and
high-risk alcohol consumption increased GC risk (1.414 [1.324-1.510] and 1.447 [1.297-1.615],
respectively). Among former-smokers, both low-moderate- and high-risk alcohol consumption
significantly increased GC risk (1.180 [1.083-1.287] and 1.361 [1.118-1.658], respectively).

Interestingly, the effects of smoking and alcohol consumption differed according to

seX (Pinteraction DY s€x = 0.002; Table 4, Fig. 2). Both smoking and alcohol consumption
significantly increased GC risk in men. However, in women, high-risk alcohol consumption
significantly increased GC risk only in never-smokers (1.412 [1.164-1.712]) but not in former-
and current-smokers (1.289 [0.800-2.079] and 0.929 [0.658-1.311], respectively).

DISCUSSION

Smoking was consistently associated with an increase in GC incidence [8]. The Stomach
cancer Pooling (StoP) project, which comprehensively collected data from 23 epidemiological
studies, showed that GC was associated with current smoking (odds ratio [OR]: 1.25, 95%
CI: 1.11-.40), and that the risk of GC increased with the amount and duration of smoking
[9]. Smoking was associated with an increased GC risk regardless of H. pylori infection in
relatives of GC patients [10]. A meta-analysis including 42 observational studies showed that
current smoking was associated with GC in both men (risk ratio [RR], 1.62; 95% CI, 1.50—
1.75) and women (RR, 1.20; 95% CI, 1.01-1.43) [11]. The mechanisms contributing to the
onset and progression of GC associated with smoking may involve the activation of nicotinic
acetylcholine receptors, formation of DNA adducts, stimulation of angiogenesis, and
modulation of immune responses in the gastric mucosa [12]. Smoking could also increase
the susceptibility to H. pylori infection [12,13]. Nicotine, an active compound in cigarette
smoke, promotes gastric tumor growth and neovascularization [14].
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Heavy alcohol consumption is also associated with GC risk [15,16]. Data from the National
Health and Nutrition Examination Survey (1999-2010) showed that heavy alcohol use (=5
alcoholic drinks daily) in adults was associated with a more than three-fold increase in the
odds of developing GC [15]. A meta-analysis of 44 case-control and 15 cohort studies showed
that, compared with non-consumers, the pooled RR was 1.07 for alcohol consumers and
1.20 for heavy alcohol consumers (consuming >4 alcoholic drinks daily) [16]. The findings
presented in our study are similar to that of the meta-analysis (Table 3).

Few studies have investigated whether smoking and alcohol consumption simultaneously
increase the risk of developing GC. In a population-based cohort study conducted in Norway,
the combination of use of cigarettes (>20/day) and alcohol consumption (>5 occasions in

2 weeks) increased the risk of non-cardia GC by five times in individuals compared with
non-users [17]. Similarly, we found that current-smokers/high-risk alcohol consumers were
associated with an increased risk of GC compared with never-smokers/non-consumers of
alcohol (Table 4).

In the present study, the effect of alcohol on early-onset GC differed according to sex. In
young men, alcohol consumption increased the risk of GC, regardless of smoking status.
However, in young women, high-risk alcohol consumption was associated with GC in never-
smokers but not in former/current-smokers (Table 4). In a meta-analysis of 27 cohort studies,
alcohol consumption was associated with GC incidence in men but not in women [6]. Even
when subgroup analysis was performed according to smoking status or region, alcohol
consumption in women did not show a significant association with GC [6]. Another cohort
study from Japan also reported similar findings [18].

Some studies have reported that female sex hormones might protect against GC, which may
partially explain these observations [19]. Alcohol consumption can increase the plasma levels
of female sex hormones from ovaries, which explains why women experience an increased
protective effect against alcohol compared with men [20]. He et al. [21] reported that low
alcohol consumption (<12 g/day) was associated with a reduced GC risk in women (RR,

0.74), suggesting that women can experience a protective effect against GC development.
These studies indicate that sex can be an effect modifier in the interaction between alcohol
consumption and GC risk [6].

Men and women differ in their ability to metabolize alcohol. Compared with women, men
have highly active forms of alcohol dehydrogenase in their stomach and liver [22], which can
reduce alcohol absorption by 30% [23]. These sex differences in alcohol metabolism result
in higher blood alcohol concentrations in women than in men, even if they both consume
the same amount of alcohol. Moreover, the sensitivity to alcohol is higher in women than

in men [24]. Despite the consumption of the same amount of alcohol, the effect of alcohol
is greater in women than in men due to higher fat and lower water composition [25].
Therefore, high-risk alcohol consumption is defined as consumption of >40 g/day alcohol
for men or 220 g/day alcohol for women. Nevertheless, the proportion of high-risk alcohol
consumers was higher among men (6.92%, 282,092/4,077,292) than among women (4.89%,
132,848/2,716,407). Among smokers, this proportion was much lower among women than
among men. Since the proportion of both high-risk alcohol consumers and current-smokers
was significantly lower among women (1.37%, 37,320/2,716,407) than among men (5.10%,
208,042/4,077,292), there could be selection bias for women.
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The effect of alcohol consumption on the development of early-onset GC appears to be
complex and depends on the histological type of GC and sex of the individual. The increased
risk of developing GC due to alcohol consumption appears to be more pronounced in
patients with intestinal-type GC. A pooled analysis within the StoP project consortium

data showed a stronger association of heavy alcohol consumption with intestinal-type GC
(OR, 1.54; 95% CI, 1.20-1.97) than with diffuse-type GC (OR, 1.29; 95% CI, 1.05-1.58) [26].
Intestinal-type GC can develop in the background of mucosal atrophy or intestinal metaplasia
[27]. Environmental risk factors, including smoking, alcohol consumption, and dietary
carcinogens can explain the higher incidence of intestinal-type GC in men [28]. In contrast,
diffuse-type GC can occur in H. pylor-infected patients without atrophy and intestinal
metaplasia and is more prevalent in young women [29]. A recent study has reported that
estrogen promotes diffuse-type GC progression in H. pylori-infected young women [30]. We
postulate that alcohol might have two conflicting effects in premenopausal women, i.e.,
protection against intestinal-type GC and induction of diffuse-type GC due to increased
female sex hormones. Further studies are required to better understand the effect of female
sex hormones on the development of the different types of GC.

Unfortunately, in the present study, H. pylori test results were not included in the cancer
screening cohort data. Risk factors for H. pyloriinfection include male sex, older age, low
socioeconomic status and education level, and living in crowded and unsanitary conditions
[1]. There is conflicting evidence on the association between smoking and H. pylori

infection [31]. A study using data from StoP project showed that smoking had no significant
association with H. pylori infection and that alcohol consumption was also not associated
with a high H. pylori prevalence [32]. One meta-analysis of observational studies indicated
that alcohol consumption was associated with a lower prevalence of H. pylori infection [33].
This inverse relation between alcohol consumption and the prevalence of H. pylori infection
was consistent, regardless of sex, age, area of residence, H. pylori detection methods or
beverage types. Another recent meta-analysis revealed that among people aged <40 years,
alcohol consumption was not associated with H. pylori infection risk [34]. Collectively, H.
pylori infection status did not appear to be associated with alcohol consumption habits in the
younger age group. Therefore, although H. pylori status could not be adjusted for in this study,
the findings of our study may not be affected substantially.

Further, we analyzed data from the Healthcare System Gangnam Center cohort, which
contained information on H. pylori status of the participants (Supplementary Tables 4

and 5). Among young participants (<40 years), alcohol consumption and smoking were

not associated with H. pylori status in men. However, in women, the proportion of H. pylori
seropositivity was higher in alcohol consumers (30.6%) than in non-consumers (25.5%,
P<0.01, Supplementary Table 5). As female alcohol consumers are more likely to be H.
pylori positive, the effect of alcohol consumption on GC risk should be more pronounced in
women. However, in the present study, a significant association of alcohol consumption and
smoking with GC risk was observed only in men. Therefore, alcohol consumption did not
appear to increase the risk of developing GC in young women.

The limitations of this study must be acknowledged. First, we could not evaluate differences
according to the histological types and sites of GC because the Korean National Health
Insurance Corporation dataset lacked this information. A recent study analyzing 2,983
patients with gastric adenocarcinoma showed that gastric body cancer and diffuse-type
histology were more common in women than in men [35]. Hence, the results might vary
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depending on GC histology and location. Second, we could not adjust for H. pylori infection
status. Although H. pylori infection might not have substantially affected the outcomes of this
study, further research is required to investigate its effect. Third, in the sample population,
the proportion of men (n=4,077,292) was higher than that of women (n=2,716,407). This

is partly explained by the fact that the target population were individuals aged <40 years

and most of them were employee-insured subscribers. However, because the analyses

were stratified by sex, it is unlikely that this could have impacted the results. Fourth, we

used the ICD-10 code C16 to identify GC. Therefore, it is possible that cases of gastric
adenocarcinoma, gastrointestinal stromal tumor (ICD-10 code: C16.9), and neuroendocrine
carcinoma (C16.99) could be included in the study. However, because at least more than 90%
of all GC cases are gastric adenocarcinomas and cases of gastrointestinal stromal tumor or
neuroendocrine carcinoma are rare, this is unlikely to have affected the results of this study.

In conclusion, smoking and alcohol consumption are significant risk factors of early-onset GC
in young Koreans. The effects of smoking and alcohol consumption may differ according to the
sex of the individuals. In Korea, a decline in the prevalence of H. pylori infection did not lead to a
similar reduction in the incidence rate of early-onset GC. Our findings might help screen high-
risk groups for early-onset GC based on their smoking and alcohol consumption habits.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Smoking and drinking status of the study subjects in detail

Supplementary Table 2
Baseline characteristics according to sex, smoking and drinking status

Supplementary Table 3
Baseline characteristics according to gastric cancer incidence during the follow-up period

Supplementary Table 4
Baseline characteristics of the subjects (< 40 years old) who visited Seoul National University
Healthcare System Gangnam Center in 2011

Supplementary Table 5

Association of H. pylori positivity with smoking, and alcohol according to sex in the young
individuals (< 40 years old) who visited Seoul National University Healthcare System
Gangnam Center in 2011

Supplementary Fig. 1
Study flow chart depicting patient enrollment.
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