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Alcohol consumption plus high-salt diet and alcohol consumption plus family
history of gastric cancer: synergistic risk factors and precision screening strategies

for Helicobacter pylori infection among adults in Huaihe River Basin

YAN Ruohan'’, WU Xiaomin’, WANG Baohua’, YU Miao’, WU Jing"  'School of Public Health, Tianjin Medical
University, Tianjin; “National Center for Chronic and Non—Communicable Disease Control and Prevention, Chinese
Center for Disease Control and Prevention, Beijing; *School of Public Health, Inner Mongolia Medical University,
Hohhot, Inner Mongolia, China

[Abstract] Objective Current Helicobacter pylori (HP) prevention and control strategies are mostly
based on single-factor assessments, and whether alcohol consumption, high-salt diet, and family history of
gastric cancer exhibit joint effects on HP infection remains unclear. This study aims to determine the current
prevalence of HP infection among adults in the Huaihe River Basin, and to analyze whether pairwise additive
interactions exist among these three risk factors in increasing infection risk, thereby providing a scientific
basis for formulating precision stratified prevention and control strategies in high-incidence areas of gastric
cancer. Methods A cross-sectional study design was adopted. Local permanent adult residents were
recruited from 27 districts/counties across 4 provinces (Jiangsu, Anhui, Shandong, and Henan) via a multi-
stage stratified cluster random sampling. Demographic characteristics, lifestyle factors, and family history of
gastric cancer were collected through questionnaire surveys. HP status was determined using the "“C-urea
breath test. Height and body weight were measured to calculate body mass index (BMI). Based on the results
of HP test, the participants were divided into positive and negative groups. Binary logistic regression models,
with progressive adjustment for demographic, socioeconomic, and lifestyle confounders, were employed to
evaluate the independent associations of each factor. Multiplicative interaction terms and additive interaction
measures [relative excess risk due to interaction (RERI), attributable proportion due to interaction (AP), and
synergy index (S)] were calculated to quantify the synergistic effects among these factors. Results A total of
7 629 participants were included in the study, with an overall HP positivity rate of 29.6% (n=2 255).
Multivariate logistic regression analysis revealed that preference for high-salt diet (OR=1. 36, 95%CI: 1. 19 to
1.56, P<0.001) and family history of gastric cancer (OR=1.56, 95%CI: 1.22 to 1.99, P<0.001) were
significantly positively associated with HP infection; alcohol consumption was negatively associated with HP
infection (OR=0. 77, 95%CI: 0. 67 to 0. 88, P<0. 001). Interaction analysis revealed a synergistic effect when
alcohol consumption was combined with other risk factors. The combination of alcohol consumption and high-
salt diet showed significant positive multiplicative (OR=1. 03, 95%CI: 1. 01 to 1. 04) and additive (AP=0. 166,
95%CI: 0. 023 to 0. 308) interactions, with a coexisting OR of 2. 012 (95%CI: 1. 680 to 2. 630, P<0.001) ,
although the additive interaction indicators RERI and S did not reach statistical significance. Alcohol
consumption and family history of gastric cancer showed a positive interaction (AP=0. 194, 95%CI: 0. 050 to
0. 337), with the coexisting OR increasing to 2. 521 (95%CI: 1. 615 to 3. 934, P<0. 001), but multiplicative
interaction and additive indicators RERI and S did not reach significance. The co-exposure of high-salt diet
and family history of gasiric cancer also yielded a positive additive trend (AP=0.207, 95%CI: 0.063 to
0.350). Conclusion The prevalence of HP infection among adults in the Huaihe River Basin remains
relatively high. High-salt diet and family history of gastric cancer are risk factors for HP infection (Alcohol
consumption shows a negative association but should not be used for prevention), and lifestyle and genetic
background exhibit potential synergistic effects on the infection with public health significance.
Countermeasures Based on the “Healthy China Initiative—Cancer Prevention and Control Action Plan
(2023—2030)", it is recommended to establish a combined exposure screening mechanism integrating
“lifestyle plus family history” in gastric cancer high-risk areas, prioritizing “alcohol consumption combined
with high-salt diet” and “drinkers with a family history of gastric cancer” as high-risk screening populations.

Family-based “simultaneous screening and treatment” should be promoted, integrating salt-reduction
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environmental modification with eradication therapy for high-risk members. Joint health education on

“alcohol limitation and salt reduction” should be strengthened to correct the misconception that “alcohol

consumption prevents HP”, hereby promoting organic integration of primary and secondary prevention.

[Key words | Helicobacter pylori infections; risk factors; effect modifiers; high-salt diet; family

history
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Table 1 General demographic characteristics of the

participants [n(%) ,%+s]

Variable Total (n=7 629)

Agelyears 49.8+14.3
Sex

Male 3384(44.4)

Female 4245(55.6)
Ethnicity

Han 7596(99. 6)

Other 33(0.4)
Education level

Primary school and below 1793(23.5)

Junior high school 2409(31.6)

Senior high school 1349(17.7)

College and above 2078(27.2)
Current smoking

No 6519(85.5)

Yes 1110(14.5)
Drinking

No 2136(28.0)

Yes 5493(72.0)
High-salt

No 6415(84.1)

Yes 1214(15.9)
Family history of gastric cancer

No 7342(96.2)

Yes 287(3.8)
Occupation

Agriculture and related work 2516(33.0)

Other 5113(67.0)
Health insurance

Yes 7454(97.7)

No 175(2.3)
Tea consumption

No 4875(63.9)

Yes 2754(36. 1)
BMI/(kg/m?) 24.3+3.6
Province

Jiangsu 1411(18.5)

Anhui 2823(37.0)

Henan 2052(26.9)

Shandong 1343(17.6)




1890 [ EHIyNE S

2F3,2026,48(13)

http ://aammt. tmmu. edu. cn

2.2 i BMI.SEKAERFRE#RLE HP AR F
ZEME,FHBARELS BREFEZ ML

AT 629 BIRIFFEXS G, o HP BHPEZH 2 255 1)
(29. 6%) ,HP 14415 374151 (70. 4%) . HP BHPEZL -1
IR (S1. 3213, 005, i T HP BRI (49. 2+14. 8)%
(P<0.001) . HP FH% 4 2o 1% Al 58. 0% i T B PE 2
54.7%(P=0.007) , ZHBBRE M EFAGIFE
X (P=0.002) , HP FHM:2H %) v S LA SCAR AR B2 & o

57.9% , K& K Uh 120135 5 24. 7% AT HP FIPEZ
[ 28. 3% 2 ZH PR 55 R 344 97% LA I HP FHPE A
W% 55 (98. 3% vs 97. 5% ,P=0. 021) . A= 1% J5 X7 1w, Wt
NRAT R 4L IR) 25 57 IC e 12 38 o HP BHEE ALK & H
1 70. 0% & F HP FAYEL 72. 8% (P=0. 013) , ifij i £ ik
1 ) 19. 3% 5 T HP B4 14. 5% (P<0.001) .
HP BH P 21 5 98 2805 s L 5. 19% &5 T BAPE 4 3. 2%
(P<0.001), HP FAYEZH BMI N (24. 623. 8)kg/m?, i T
HP BHE4L7) (24. 243, 4)kg/m*(P<0.001) . W32,

R2 HPRBELRRBRZOESHH(%),x5xs]

Table 2 Univariate regression analysis for HP infection [1(% ) ,x+s ]

Variable HP positive(n=2 255) HP negative(n=5 374) P
Agelyears 51.3%13.0 49.2+14. 8 <0. 001
Sex 0. 007
Male 947(42.0) 2437(45.3)
Female 1308(58.0) 2937(54.7)
Ethnicity 0.773
Han 2246(99. 6) 5350(99.6)
Other 9(0.4) 24(0.4)
Education level 0. 002
Primary school and below 538(23.9) 1255(23.4)
Junior high school 769(34.0) 1 640(30.5)
Senior high school 392(17.4) 957(17.8)
College and above 556(24.7) 1522(28.3)
Current smoking 0.949
No 1926(85.4) 4593(85.5)
Yes 329(14.6) 781(14.5)
Drinking 0.013
No 676(30.0) 1460(27.2)
Yes 1579(70.0) 3914(72.8)
High-salt <0. 001
No 1 820(80.7) 4595(85.5)
Yes 435(19.3) 779(14.5)
Family history of gastric cancer <0. 001
No 2140(94.9) 5202(96.8)
Yes 115(5.1) 172(3.2)
Occupation 0. 844
Agriculture and related work 740(32.8) 1776(33.0)
Other 1515(67.2) 3598(67.0)
Health insurance 0.021
Yes 2217(98.3) 5237(97.5)
No 38(1.7) 137(2.5)
Tea consumption 0.295
No 1461(64.8) 3414(63.5)
Yes 794(35.2) 1960(36.5)
BMI/(kg/m?) 24.6+3.8 24.2+3. 4 <0. 001
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Table 3 Multivariate logistic regression analysis for HP infection

Model 1 Model 2 Model 3 Model 4
Variable
OR(95%CI) P OR(95%CI) P OR(95%CI) P OR(95%CI) P
Smoking
. 1. 00 1. 00 1. 00 1.00
Never smoking - - - -
(Reference) (Reference) (Reference) (Reference)
1.23 1.29 1.28 1.21
Former smoking 0. 146 0.217 0.209 0.237
(0.94—1.61) (0.97—1.71) (0.97—1.70) (0.91—1.61)
1.01 1.17 1.15 1.05
Current smoking 0.336 0. 052 0. 086 0. 606
(0.88—1.17) (1.00—1.37) (0.98—1.35) (0.88—1.24)
Drinking
1. 00 1.00 1. 00 1. 00
No - - - -
(Reference) (Reference) (Reference) (Reference)
0. 87 0.73 0.75 0.77
Yes 0.013 <0. 001 <0. 001 <0. 001
(0.78—0.97) (0.65—0.83) (0.67—0.86) (0.67—0.88)
High-salt
1. 00 1.00 1. 00 1.00
No - - - -
(Reference) (Reference) (Reference) (Reference)
1.41 1.42 1.41 1.36
Yes 0.013 <0. 001 <0. 001 <0. 001
(1.24—1.60) (1.25—1.62) (1.23—1.61) (1.19—1.56)
Tea consumption
1. 00 1.00 1. 00 1. 00
No A - i = ) =i ) -
(Reference) (Reference) (Reference) (Reference)
0.95 0.99 0.97 0.91
Yes 0.297 0. 869 0. 548 0. 095
(0.85—1.05) (0.89—1.11) (0.86—1.08) (0.81—1.02)
Family history of gastric cancer
1. 00 1.00 1. 00 1.00
No - - - -
(Reference) (Reference) (Reference) (Reference)
1.63 1.63 1. 60 1.56
Yes <0. 001 <0. 001 <0. 001 <0. 001
(1.28—2.07) (1.28—2.08) (1.25—2.04) (1.22—1.99)
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Table 4 Multiplicative interaction analysis of alcohol consumption, high-salt diet, and family history of gastric cancer

Factor combinations Variable B SE Z OR (95%CI) P
DrinkingxHigh-salt Drinking -3.774 0.418 -9.036 0.02(0.01—0.05) <0.001
High-salt 0.333 0.08 4.192  1.40(1.19—1.63) <0.001

DrinkingxHigh-salt

0.028 0.008 3.414  1.03(1.01—1.04) <0.001

DrinkingXFamily history of gastric cancer ~ Drinking 0.318 0.075 4.254 1.37(1.19—1.59) <0.001
Family history of gastric cancer -0.133  0.064 -2.077 0.88(0.77—0.99) 0.038
DrinkingXFamily history of gastric cancer 0.064 0.285 0.225 1.07(0.61—1.87) 0.822
High-saltxFamily history of gastric cancer ~ High-salt 0.615 0.157  3.924 1.85(1.36—2.51) <0.001
Family history of gastric cancer -0.135 0.064 -2.108 0.87(0.77—0.99) 0. 035
High-saltxFamily history of gastric cancer ~ —0.375  0.334 -1.122  0.69(0.35—1.32) 0.262

®5 RB.BRUNFSBEFELEHEMZEERIHT

Table 5 Additive interaction analysis of alcohol consumption, high-salt diet, and family history of gastric cancer

Factor combinations Exposure status OR(95%CI) P RERI(95%CI) AP(95%CI) S(95%CI)
L . Neither 1. 000 0. 349 0. 166 1. 035
DrinkingxHigh-salt
(Reference) (-0.034—0.732) (0.023—0.308) (0.564—1.901)
High-salt only 1.357 0. 002
(1.119—1.645) ’
Drinking only 1. 396
’ <0. 001
(1.194—1.631)
Both 2.012
o 0 <0.001
(1.680—2.630)
DrinkingXFamily history of  Neither 1. 000 0. 489 0.194 1.385
gastric cancer (Reference ) (-0.038—1.015) (0.050—0.337) (0.551—3.483)
amily history of gastric 1. 657 0. 004
cancer only (1.167—2.338)
Drinking only 1.374 <0. 001
(1.187—1.590) ’
Both 2.521 <0. 001
(1.615—3.934) '
High-saltxFamily history of  Neither 1. 000 0.575 0.207 0. 600
gastric cancer (Reference) (-0.007—1.156)  (0.063—0.350) (0. 144—2.498)
Family history of gastric 1. 850
<0. 001
cancer only (1.356—2.511)
High-salt only 1.353
<0. 001
(1.161—1.575)
Both 2.778
<0. 001

(1.559—4.950)
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