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Introduction

Gastric cancer (GC) is the sixth most diagnosed cancer and 
the third leading cause of cancer-related mortality world-
wide [1]. Besides Helicobacter pylori, a well-known risk factor 
of GC, environmental and lifestyle factors have been stud-
ied for their contribution to the risk of GC, often in tandem 
with genetic factors. Alcohol consumption has been identi-
fied as a potential risk factor for GC in several meta-analyses 
[2]. However, heterogeneity in the findings across studies [3] 
makes it challenging to establish a clear and conclusive rela-
tionship. 

Previous studies have demonstrated that single nucleotide 
polymorphisms (SNPs) can modify the effect of alcohol con-
sumption on the risk of GC. In a Chinese population, SNPs 
such as rs2976392 in the PSCA gene and rs13042395 in the 

SLC52A3 gene, both known GC susceptibility loci, showed 
significant interactions with alcohol consumption to GC risk 
[4,5]. SNPs in the CUX2 region on chromosome 12q24.11-12 
were identified as GC-associated variants in a large Japa-
nese cohort [6] and were also linked to alcohol consump-
tion in Korean men [7], suggesting a genetic overlap. Genes 
involved in alcohol metabolism also play crucial roles in 
alcohol consumption and modifying GC risk. A meta-anal-
ysis found that individuals with inactive ALDH2 were more 
susceptible to the effects of alcohol on GC than those with 
the active form of the enzyme [8]. Similarly, polymorphisms 
in ADH1C, another alcohol-metabolizing gene, exhibited sig-
nificant interactions with drinking in relation to GC risk [9]. 

In this context, the impact of alcohol consumption on GC 
risk may not depend solely on the absolute amount of drink-
ing but rather on an individual’s genetically determined 
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alcohol consumption, which can reflect their predisposition 
to alcohol metabolism. Individuals whose observed alcohol 
intake exceeds their genetically predicted consumption may 
be at particularly high risk, as their body may be less adapted 
to processing excessive alcohol. A similar concept has been 
observed in studies on body mass index (BMI) and type 2 
diabetes (T2D), where individuals with a higher BMI than 
their genetically predicted value had an increased risk of 
T2D, regardless of their actual BMI [10]. This suggests that 
the discrepancy between genetically predicted and observed 
alcohol consumption could serve as a key factor in modify-
ing GC risk. 

To quantify genetically determined alcohol consump-
tion and GC susceptibility, we utilized polygenic risk scores 
(PRSs) [11]. PRSs, which capture the cumulative effects of 
multiple genetic variants, each with a small effect size, are 
well-suited for studying complex traits such as alcohol con-
sumption and non-hereditary GC. Using these scores, we 
examined whether discrepancies between genetically pre-
dicted and observed alcohol consumption, as well as genetic 
risk for GC, modify the association between alcohol intake 
and GC risk.

Therefore, in this study, we aimed to investigate how 
genetic predisposition, measured through PRS, modifies the 
association between alcohol intake and GC risk in the Korean 
population. Specifically, we examined whether discrepancies 
between PRS for alcohol consumption (PRS-Alcohol) and 
observed alcohol consumption, as well as the interactions of 
alcohol consumption with PRS for GC (PRS-GC) and PRS-
Alcohol, have a significant effect on GC risk.

Materials and Methods

1. Study populations
Three independent datasets were used to generate the 

PRS: discovery, validation, and test sets (S1 Fig.). The dis-
covery set required genome-wide association study (GWAS) 
summary statistics for GC and drinks per week, which were 
downloaded from the BioBank Japan (BBJ) (https://pheweb.
jp/) [12,13]. The validation set included the Seoul National 
University Bundang Hospital (SNUBH) [14] and the Gene-
EnvironmeNtal IntEraction and phenotype (GENIE) cohorts 
[15]. The test set was derived from the Korean Genome and 
Epidemiology Study (KoGES) [16]. We replicated our results 
using data from the Korean Cancer Prevention Study (KCPS-
II) [17]. No individuals overlapped between the Korean 
cohorts. Details of the study population, genetic data pre-
processing [18,19], and GC identification are presented in 
Supplementary Methods (“Study population,” “Genotyp-
ing, quality control and imputation,” and “Gastric cancer 

identification”). Following the quality control of genotype 
data and application of exclusion criteria, 8,846 participants 
in the validation set (SNUBH-GENIE) and 67,771 in the test 
set (KoGES) were eligible for the study (S2 Fig.).

2. Assessment of alcohol consumption
Participants responded to a study-specific questionnaire 

regarding their alcohol consumption habits. This included 
questions about drinking status and quantity and frequency 
of alcohol consumption among current drinkers. We calcu-
lated alcohol consumption (g/day) as described in “Assess-
ment of alcohol consumption” section of the Supplementary 
Methods. The participants were also classified into two cat-
egories: non-to-light drinkers (< 10 g/day for female and < 
20 g/day for male participants), or heavy drinkers (≥ 10 g/
day for female and ≥ 20 g/day for male participants). 

3. PRS evaluation
Detailed explanations of the PRS development and evalu-

ations are provided in “Polygenic risk score calculation and 
evaluation” section of the Supplementary Methods. The 
construction of the PRS required summary statistics from 
the GWAS and those for GC and alcohol consumption were 
downloaded from the BBJ (https://pheweb.jp/). We devel-
oped PRS-GC and PRS-Alcohol using data from GWAS of 
GC, conducted by Ishigaki et al. in 2020 [12] and the GWAS of 
alcohol consumption (drinks per week), conducted by Mato-
ba et al. in 2020 [13]. We initially estimated the genetic corre-
lation between summary statistics from the BBJ and KoGES 
[20] to ascertain the appropriateness of employing a Japa-
nese GWAS for PRS calculations in the Korean population. 
Additionally, we estimated the genetic correlation between 
GC and alcohol consumption using the linkage disequilib-
rium score regression method [21]. Four different methods, 
clumping and thresholding (CT) [22], lassosum [23], LDpred 
[24], and PRS–continuous shrinkage (PRS-CS) [25], were 
used to develop the PRS-GC and PRS-Alcohol, following the 
protocols suggested by Choi et al. [11]. The best PRSs were 
selected based on the 5-fold cross-validated area under the 
curve (AUC) for PRS-GC, and r2 and Pearson’s correlation 
coefficients for PRS-Alcohol using the validation set. SNPs 
used to calculate the best PRSs were mapped to the genome 
using the Variant Effect Prediction tool [26]. Finally, PRSs for 
the test set were computed using the weights obtained from 
the best PRSs in the validation set.

4. Statistical analysis
Details are provided in “Statistical analysis” section of 

the Supplementary Methods. In the validation set, we per-
formed multinomial logistic regression to investigate the 
association between GC types and PRSs, after adjusting for 
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age, sex, BMI, smoking status, salt preference, family history 
of GC, alcohol consumption and H. pylori infection. 

In the test set, we examined the association of PRS-GC 
and PRS-Alcohol with each phenotype. Logistic and lin-
ear regression models, adjusting for age, sex, and first four 
principal components, were used for GC and alcohol con-
sumption, respectively. We compared the performances of 
models with different covariate sets: model 1 (PRS-GC and 
PRS-Alcohol), model 2 (conventional risk factors), model 3 
(model 2, PRS-GC, and PRS-Alcohol), and model 4 (model 3, 
interaction terms of alcohol with PRS-GC and PRS-Alcohol). 
We performed a mediation analysis, assuming that alcohol 
consumption mediates the effect of PRS-Alcohol on GC with 
an interaction effect involving PRS-Alcohol and PRS-GC. 

Survival analysis of the association between the incidence 
of GC and drinking status was performed using the Cox pro-
portional hazards model. Subgroup analyses were conduct-
ed according to PRS-GC and PRS-Alcohol levels. We defined 
discrepancy between alcohol consumption and genetically 
predicted intake as the difference between scaled alcohol 
consumption and scaled PRS-Alcohol. This discrepancy 
was categorized into three groups: (1) less than 0 (individu-
als who consumed less alcohol than genetically predicted), 

(2) zero to the median value of discrepancies greater than 
0 (0.78), and (3) greater than median value. We then tested 
association between these discrepancy groups and GC inci-
dence. All statistical analyses were performed using R v3.6.3 
(R Foundation for Statistical Computing) and Rex (v3.6.1), 
and statistical significance was set at a p-value of 0.05.

Results

1. Characteristics of the study participants
Table 1 presents the characteristics of the study partici-

pants in the validation (531 GC cases and 8,315 controls) and 
test sets (313 GC cases and 67,458 controls). Cases in both 
sets were older, had a higher proportion of males and ever-
smokers, and consumed more salty food and alcohol than 
the controls (p < 0.05). Additionally, a higher proportion of 
cases tested positive for H. pylori in the validation set (p < 
0.001). 

2. SNP heritability and genetic correlations
The SNP heritability estimates were 0.02 (standard error 

[SE], 0.005; p=0.001) for GC, and 0.07 (SE, 0.04; p=0.081) for 
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Table 1.  Characteristics of the study participants 

		 Validation set (SNUBH-GENIE)		  Test set (KoGES)

Variable	 GC case	 Control	
p-value

	 Progressor 	 Non-progressor	
p-value

	 (n=531)	 (n=8,315)		  to GC (n=313)	 (n=67,458)

Male sex	 371 (69.9)	 5,064 (60.9)	 < 0.001	 205 (65.5)	 24,436 (36.2)	 < 0.001
Age (yr)	 59.9±11.4	 48.8±9.9	 < 0.001	 57.6±8.0	 54.0±8.3	 < 0.001
BMI (kg/m2)	 23.9±3.2	 23.3±3.1	 < 0.001	 24.2±2.8	 24.0±2.9	 0.426
Salted food intake (g/day)	 NA	 NA	 NA	 175.4±148.3	 150.0±119.4	 0.003
Salt preference						    
    Non-salty	 115 (22.7)	 3,252 (41.1)	 < 0.001	 NA	 NA	 NA
    Mild	 225 (44.5)	 3,784 (47.8)		  NA	 NA	
    Salty	 166 (32.8)	 884 (11.2)		  NA	 NA	
Smoking status						    
    Never	 190 (36.3)	 3,946 (51.6)	 < 0.001	 142 (45.4)	 48,475 (71.9)	 < 0.001
    Past	 223 (42.6)	 2,283 (29.8)		  100 (31.9)	 10,647 (15.8)	
    Current	 111 (21.2)	 1,420 (18.6)		  71 (22.7)	 8,306 (12.3)	
Alcohol consumption (g/day)	 10.5±14.2	 8.9±12.5	 0.012	 13.0±25.4	 7.2±19.0	 < 0.001
Family history of GC	 117 (22.0)	 1,081 (13.0)	 < 0.001	 41 (13.1)	 6,596 (9.8)	 0.061
Helicobacter pylori–positive	 515 (97.0)	 3,063 (36.8)	 < 0.001	 NA	 NA	 NA
Lauren classification						    
    Intestinal	 301 (58.1)	 NA	 NA	 NA	 NA	 NA
    Diffuse	 153 (29.5)	 NA		  NA	 NA	
    NA	 64 (12.4)	 NA		  NA	 NA	
Values are presented as number (%) or mean±SD. p < 0.05 indicates statistical significance. BMI, body mass index; GC, gastric cancer; 
GENIE, Gene-EnvironmeNtal IntEraction and phenotype; KoGES, Korean Genome and Epidemiology Study; NA, not applicable; SD, 
standard deviation; SNUBH, Seoul National University Bundang Hospital. 
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alcohol consumption, using BBJ GWAS summary statistics. 
The genetic correlation between summary statistics from the 
Japanese and Korean populations for GC was 0.84 (p=0.017), 
and for alcohol consumption, it was 0.82 (p=0.004). 

3. PRS development and evaluation in the validation set
In the SNUBH-GENIE cohort, the lassosum method exhib-

ited the best performance for PRS-GC and PRS-Alcohol (S3 
and S4 Tables). For PRS-GC, SNPs in MUC1, THBS3, MTX1, 
GBAP1, RPL3P2, PSCA, JRK and ABO had high weights (S5A 
and S5B Fig.). In the case of PRS-Alcohol, the SNPs on chro-
mosomes 4 and 12 had higher weights including those in 
the ADH family, ALDH2, MAPKAPK5, TMEM116, CCD63, 
MYL2, CUX2, RPH3A, and OAS2 (S5C and S5D Fig.). The 
SNPs involved in the development of PRS-Alcohol included 
variants associated with ALDH2 expression levels according 
to GTEx [27] (https://gtexportal.org/home/) (S6 Table).

PRS-GC showed a weak correlation with PRS-Alcohol 
for the overall population (Pearson’s correlation coefficient 
r=−0.03, p=0.003) (S5 Fig.), while the correlation became 
higher when evaluated in GC cases (r=−0.11, p=0.009), but 
these correlations were not significant in the test set (all sam-
ples: r=−0.004, p=0.237; GC cases: r=−0.001, p=0.984). 

In the validation set, PRS-GC showed a significant associa-
tion with GC even after adjusting for H. pylori infection and 
other factors (odds ratio [OR], 1.40; 95% confidence interval 
[CI], 1.26 to 1.57; p=2.54×10−9) (S7 Table), while PRS-Alcohol 
was not significantly associated with GC. These results were 
consistent across both the intestinal and diffuse types of GC. 
Alcohol consumption was significantly associated with GC 
of the intestinal type only (OR, 1.15; 95% CI, 1.00 to 1.31; 
p=0.046).

The integration of PRSs into the risk factor model signifi-
cantly increased the AUC for diffuse-type GC prediction 
(∆AUC=0.01, DeLong’s p=0.012) (S8 Fig.), but it did not have 
a significant impact on intestinal-type GC prediction.

4. Association between PRS-GC and GC in the test set 
In the KoGES cohort, we observed a significant association 

between PRS-GC and GC (OR for PRS-GC as a continuous 
variable, 1.34; 95% CI, 1.24 to 1.45; p=9.8×10−14) (S9A Fig.). 
Individuals in the highest quartile (Q4) of PRS-GC exhibit-
ed an OR for GC of 2.09 (95% CI, 1.68 to 2.62; p=5.9×10−11), 
compared to those in the lowest quartile (Q1). Males in Q4 
of PRS-GC exhibited an OR for GC of 2.46 (95% CI, 1.84 to 
3.32; p=2.6×10−9) when compared to those in Q1, while the 
corresponding OR for females was 1.70 (95% CI, 1.23 to 2.38; 
p=1.6×10−3). To create binary variables for PRS-GC in further 
analyses, we set cutoffs based on observed trends in the data. 
We divided groups at the 70th percentile, as the OR for GC 
showed a sharp increase from Q3 to Q4 of PRS-GC (S9A Fig.).

5. Association between PRS-Alcohol and alcohol consump-
tion in the test set 

A significant association was observed between PRS-Alco-
hol and alcohol consumption (β for continuous PRS-Alcohol, 
2.09; 95% CI, 1.97 to 2.22; p=6.0×10−232) (S9B Fig.). Those in Q4 
of PRS-Alcohol demonstrated a 5.35 g/day increase in alco-
hol consumption compared to those in Q1 (95% CI, 5.00 to 
5.71) (p=3.0×10−189). Males in Q4 of PRS-Alcohol displayed a 
12.42 g/day increase compared to those in Q1 (95% CI, 11.48 
to 13.36; p=3.2×10−162), while females exhibited a more mod-
erate increase of 1.44 g/day (95% CI, 1.27 to 1.61; p=3.7×10−62). 
We dichotomized PRS-Alcohol at the 50th percentile, given 
the notable increase in alcohol consumption from Q1 to Q2 
of PRS-Alcohol (S9B Fig.).

6. Interaction between PRS-GC/PRS-Alcohol and alcohol 
consumption on GC risk

We compared models containing different sets of risk fac-
tors and PRSs (Table 2). In model 1, PRS-GC was significant-
ly associated with GC. In model 2, age, sex, smoking status, 
salted food intake and family history of GC was significantly 
associated with GC, while BMI and alcohol consumption 
were not. Model 4, which incorporated the conventional 
risk factors, the PRSs, and their interaction terms with alco-
hol consumption, showed the best model fit, with the low-
est Akaike information criterion value (3,738.0) of the four 
models (Table 2). In model 4 (Table 2, S10 Fig.), after adjust-
ing for conventional risk factors, the estimated β value for 
the interaction term between alcohol consumption (as a con-
tinuous variable) and PRS-GC was 0.09 (p=0.008), whereas 
for PRS-Alcohol, it was −0.14 (p=0.003). Similar results were 
observed when evaluating the interaction between drinking 
status (non-to-light and heavy drinker) and PRS-GC (β=0.30, 
p=0.025) and PRS-Alcohol (β=−0.31, p=0.049) (S10 Fig.). In 
the sex-stratified analysis (S11 Table), the direction of the 
interaction terms remained consistent, however statistical 
significance was observed only in males.

7. Mediation analysis
The mediating effect of alcohol consumption between 

PRS-Alcohol and PRS-GC is shown in S12A Fig. When cat-
egorized as high or low PRS-GC, a positive indirect effect 
was observed, with a pure indirect effect estimate of 0.12 in 
the high PRS-GC group (p=0.004) (S12B Fig.). This implies a 
significant mediating role of alcohol consumption, primarily 
when PRS-Alcohol was controlled below the 50th percentile. 
This group showed a significant total direct effect (β=−0.29, 
p=0.040). In the low PRS-GC group, a significant total effect 
of −0.26 was noted (p=0.027) (S12C Fig.).

Cancer Res Treat. 2026;58(2):563-572
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8. Survival analysis
Fig. 1 shows survival curves for different subgroups based 

on combinations of three binary factors: PRS-GC (high/low), 
PRS-Alcohol (high/low), and drinking status (heavy/non-to-

light drinker). Across these combinations, the high PRS-GC 
& heavy drinker group, the low PRS-Alcohol & heavy drink-
er group, and the high PRS-GC & low PRS-Alcohol group 
show decreased survival over time compared with other sub-
groups. Additionally, significant interactions were observed 
between alcohol consumption and PRS-GC (p=0.025), PRS-
Alcohol (p=0.035) and their combination (p=0.023) on the 
incidence of GC (Fig. 2). That is, in the high PRS-GC group, 
heavy drinkers had a significantly higher risk of develop-
ing GC than non-to-light drinkers (HR, 1.55; 95% CI, 1.02 to 
2.36; p=0.038). In contrast, no increased risk was observed in 
the low PRS-GC group. Furthermore, heavy drinkers in the 
high PRS-GC/low PRS-Alcohol group showed a 2.16-fold 
increased risk compared with non-to-light drinkers (95% 
CI, 1.25 to 3.72; p=0.006). Subgroup analysis was replicated 
using KCPS-II (S13 Table). When actual alcohol consumption 
significantly exceeded genetically predicted levels (discrep-
ancy [actual alcohol intake–genetically predicted intake] > 
median value), the risk of alcohol-related GC was notably 
increased (HR, 1.32; 95% CI, 1.01 to 1.72; p=0.041) (Fig. 3).

Stratified by sex, a significant effect was found in males 
with high PRS-GC/low PRS-Alcohol (HR, 2.29; 95% CI, 1.28 
to 4.12; p=0.005) (S14A Fig.) but not in females (HR, 4.29; 95% 
CI, 0.93 to 19.89; p=0.063) (S14B Fig.). The consistent direc-
tion of interaction was observed across the various PRS cut-
off values (S15 Table). 

Discussion

Alcohol consumption has been shown to increase the risk 
of GC; however, the results across studies have been hetero-
geneous [2], and their relationship has not been clarified. In 
this study, we evaluated the effects of alcohol consumption, 
PRS, and their interaction on GC risk in the Korean popula-
tion. 

In our analyses, we first found there was a significant 
negative interaction (β for interaction=–0.14) between alco-
hol consumption and PRS-Alcohol for GC risk; for non-
drinkers, the OR for one standard deviation (SD) increase 
in PRS-Alcohol was 0.96, whereas for drinkers (consuming 
20 g/day of ethanol), the OR was 0.83. These findings sug-
gest that alcohol consumption plays a critical role in gastric 
carcinogenesis, with some effect modification. Consequently, 
the interpretation of these results should consider alcohol 
metabolism. PRS-Alcohol may capture not only the amount 
of alcohol consumed but also genetic influences on alcohol 
metabolism, particularly the oxidation of acetaldehyde, a 
group 1 carcinogen. The SNPs used to calculate PRS-Alcohol 
include variants linked to ALDH2 expression levels. Notably, 
individuals with inactive ALDH2 often consume less alcohol 
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Fig. 1.  Survival curves for gastric cancer (GC) incidence accord-
ing to polygenic risk score for GC (PRS-GC), PRS for alcohol 
consumption (PRS-Alcohol), and drinking status. Kaplan-Meier 
curves are presented for subgroups of PRS-GC/drinking status 
(A), PRS-Alcohol/drinking status (B), and PRS-GC/PRS-Alco-
hol (C). PRS-GC and PRS-Alcohol were categorized into low and 
high groups based on their respective percentiles (70th for PRS-
GC and 50th for PRS-Alcohol). 
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due to adverse reactions such as flushing, tachycardia, and 
nausea, which are associated with severe acetaldehydemia 
[28]. As a result, individuals with inactive ALDH2 tend to 
consume less alcohol than those with active ALDH2 and 
may be less susceptible to alcohol-related GC. However, in 
practice, heavy drinkers with inactive ALDH2 experience 
excessive acetaldehydemia, making them more susceptible 
to GC, underscoring the role of alcohol metabolism in gastric 
carcinogenesis [8]. In this context, we found that a greater 
discrepancy between actual alcohol consumption and genet-
ically predicted levels was associated with an increased risk 
of alcohol-related GC. 

We also found a significant positive interaction (β for inter-
action=0.09) between alcohol consumption and PRS-GC for 
GC risk. The OR for a 1 SD increase in PRS-GC was 1.25 for 
non-drinkers, compared to 1.37 for those consuming 20 g/
day of ethanol. The moderating effect of PRS-GC can be 

partly understood through MUC1, whose overexpression is 
associated with cancer progression [29]. Alcohol consump-
tion has also been linked to increased MUC1 expression [30], 
suggesting a potential combined effect of PRS-GC and alco-
hol consumption. Additionally, PRS-GC included SNPs in 
genes associated with alcohol dependence such as CSMD1, 
LINGO2, MAGI1, and SOX5 [31-33].

PRS-Alcohol was positively correlated with alcohol con-
sumption, and the effect of PRS-Alcohol on GC could be 
interpreted as being mediated by alcohol consumption. 
Therefore, analyzing the effects of PRS-Alcohol on GC 
requires distinguishing between its direct and indirect effects 
through alcohol consumption. To better understand the rela-
tionship between PRS-Alcohol and alcohol consumption, we 
conducted a mediation analysis. Consistent with the logis-
tic regression analysis, there was a significant interaction 
(β=–0.08) between PRS-Alcohol (exposure) and alcohol con-
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Fig. 2.  Effect of drinking status on gastric cancer (GC) incidence stratified by polygenic risk score for GC (PRS-GC), PRS for alcohol con-
sumption (PRS-Alcohol), and their combination. PRS-GC was dichotomized into low and high based on the 70th percentile, while PRS-Alco-
hol was dichotomized based on the 50th percentile. Drinking status was categorized into non-to-light and heavy drinkers. CI, confidence 
interval; HR, hazard ratio.

 Category

Discrepancy ≤ 0
O < Discrepancy ≤ median
Discrepancy > median

HR (95% CI)  

 1.00 (reference) 
1.03 (0.77-1.38)
1.32 (1.01-1.72)

Case/ Person-years  

   133/187,207 
  73/80,536
105/81,700

p-value 

  
0.864
0.041

HR for gastric cancer
0.5 1.0 1.5 2.0

Fig. 3.  Effect of discrepancy between alcohol consumption and polygenic risk score for alcohol consumption (PRS-Alcohol) on gastric can-
cer incidence. The discrepancy was defined as the difference between scaled alcohol consumption and scaled PRS-Alcohol. Discrepancies 
greater than zero were further stratified by the median value (0.78). CI, confidence interval; HR, hazard ratio.
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sumption (mediator), as well as between PRS-GC and alco-
hol consumption (β=0.09). In the context of the PRS-Alcohol 
direct effect, PRS-Alcohol exhibits protective pure and total 
direct effects on GC, and the total direct effect (OR for a 1 SD 
increase=0.75) is smaller than the pure direct effect (OR, 0.81), 
which indicates that the protective effect of PRS-Alcohol is 
much stronger when individuals counterfactually consume 
more alcohol. Alcohol can lead to carcinogenesis through the 
accumulation of ethanol and acetaldehyde, which are highly 
reactive towards DNA. Ethanol and acetaldehyde are metab-
olized to acetate, which is relatively harmless [34]. Alcohol 
consumption was strongly linked to ethanol metabolism 
and had a negative genetic correlation with several diseases, 
such as coronary heart disease, type 2 diabetes, and BMI [35], 
which corresponds to our results. 

Furthermore, in individuals with high PRS-GC, PRS-
Alcohol showed a significant positive indirect effect on 
GC through alcohol consumption in the low PRS-Alcohol 
group (pure indirect effect; OR, 1.13), suggesting poor alco-
hol metabolism, whereas the indirect effect through alcohol 
consumption in the high PRS-Alcohol group (total indirect 
effect; OR,  1.04) was much smaller and not significant. 
From the perspective of alcohol metabolism, this result can 
be interpreted as indicating that alcohol consumption may 
have no significant effect on GC in the high PRS-Alcohol 
group where ethanol is well metabolized. For low PRS-
GC, the total indirect effect was also smaller than the pure 
indirect effect, but neither effect was significant. Survival 
analysis also showed a significant increase in the risk of GC 
with higher alcohol consumption in the high–PRS-GC and 
low–PRS-Alcohol groups. The consistency of the interaction 
effects was confirmed using logistic, mediation, and survival 
analyses. These findings were replicated in an independent 
dataset of Korean individuals (KCPS-II).

Our study had several limitations. First, to develop the 
PRS, we used GWAS summary statistics for GC and alcohol 
consumption from the BBJ database. Our findings need to be 
confirmed using a Korean population dataset. Second, nei-
ther H. pylori infection status nor GC pathology data were 
available for the test set. In the validation set, alcohol con-
sumption significantly increased the risk of intestinal-type 
GC but not diffuse-type GC. However, this was not con-
firmed in the test set. 

In conclusion, Korean drinkers with higher PRS-GC who 
consume alcohol more than genetically predicted levels 
exhibited heightened susceptibility to the effects of alco-
hol consumption on the risk of incident GC. These results 
emphasize the importance of considering an individual’s 
genetic profile, specifically PRS-GC and PRS-Alcohol, when 
assessing the impact of alcohol consumption on the risk of 
GC in Koreans. This personalized approach may improve 

risk stratification and targeted interventions for individuals 
with a higher genetic risk.
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