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Abstract: Objective To understand the apphcatlon and research progress of Mendelian randomization

(MR) studies related to gastric cancer and provide a scientific basis for gastric cancer prevention. Methods
Published studies on risk factors of gastric cancer based on MR methods were searched in PubMed, Web of
Science, EMBASE, CNKI, and WANFANG DATA from the establishment of each database to November
19" 2022. Two researchers examined the eligibility of studies, extracted key information, and assessed
the research quality independently. Results A total of 30 publications published from 2016 to 2022 were
included in the study, and 20 were judged to be of high quality. These studies examined the relationship
between behaviors and lifestyle factors, anthropometric characteristics, indicators of biological exposure, and
other pathological conditions and gastric cancer, and the results suggest potential causal associations between
smoking and other factors and the risk of gastric cancer. Conclusion Previous MR studies extensively
investigated the causal association between internal and external exposures or traits and gastric cancer and
provided positive evidence of gastric cancer etiology. However, MR studies may be subject to methodological

limitations. Interpretation of results
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PubMed n=19

Web of Science n=37
EMBASE n=37

CNKI =6

WANFANG DATA =1
Total n=100

Duplicated
n=34

Exclusion studies:

Conference abstracts n=2

Not formally published n=1

Not Mendelian randomization
study n=12

Not original study n=11

Not related to gastric cancer n=10

Full text studies assessed
for eligibility n=66

Included studies
=30
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Figure 1 Flow chart of literature search and selection

process
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Table 1 Summary of literature search strategies in English databases

Database Search strategies Results

PubMed ((mendelian randomization analysis[MeSH Terms]) QR (instrumental Variab}e[T.itle/Abstract])) 19
AND (neoplasms[MeSH Terms]) AND ((stomach[Title/Abstract])OR (gastric[Title/Abstract]))

Web of Science (TS=(mendelian randomization analysis) OR TS=(instrumental variable)) AND (TS=(gastric 37
cancer) OR TS=(stomach neoplasms) OR TS=(stomach cancer) OR TS=(gastric carcinoma))

EMBASE ('instrumental variable analysis'/exp OR "'mendelian randomization analysis'/exp) AND 37

'stomach tumor'/exp
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Table 2 Methods for assessing the quality of MR study
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Figure 2 Number of Mendelian randomization studies

Number of studirs

related to risk factors of gastric cancer published from 2016
to 2022
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Item Grade Criteria
. Full IV analyses, such as two-stage least-squares regression for one-sample MR study and
> [N el Coed inverse-variance weighted method for two-sample MR study.
Poor Without full IV analyses; only uses other approaches, such as an association analysis between

the genetic variant and outcome.

b. Relevance assumption Good

For one-sample MR study, the assumption is tested by reporting an F-statistic (F>10); for two-
sample MR study, strongly and robustly associated SNPs from GWAS are selected (P<5x10-8).

Moderate Associated SNPs are selected using a P value threshold not satisfying Bonferroni correction.
Poor Failure to describe whether the assumption is satisfied.

c. Independence assumption Good
and exclusion restriction

Assumption is tested using MR-Egger regression, MR-Pleiotropy Residual Sum and Outlier,
and other novel methods.

Moderate Full IV analysis is selected based on literature research and without testing the assumption.

assumption . ) e >
Poor Failure to describe whether the assumption is satisfied.
d. Sensitivity analysis Good Sensitivity analysis is conducted, and results that are consistent with primary analyses are
reported.
Poor Failed sensitivity analysis or inconsistent results are reported.

e. Population stratification

f. Non-linearity correlation ~Good

Good Absence of population stratification.
Poor Presence of population stratification or failure to report population information.
Potential non-linearity correlations of exposure and outcome variables are explored.

Poor Failure to describe potential non-linearity correlations.

Notes: GWAS: genome-wide association studies, I'V: instrument variable, MR: mendelian randomization, SNPs: single-nucleotide polymorphisms.
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Table 3 Key information of 20 high-quality MR studies related to risk factors of gastric cancer
Author,

Exposure Outcome Main

Year Exposure/trait SNPs R°  Population Cases Controls  Sources methods Primary findings
Behaviors and lifestyle factors
Larsson, Smoking 75 2.30% European 736 366,907 UKB IVW  Smoking may be a risk factor for
2020P"  initiation GC (OR: 1.46,95%CI: 1.05-2.03)
Alcohol 19-29 0.2%- No significant association.
consumption 0.3%
Yuan,[ﬂ ChronOtype 317 NR European 1,086 366,456 UKB Moming Chronotype was
2022 associated with a decreased risk of
889 204,070 FinnGen GC (OR: 0.84, 95%CI: 0.73-0.97)
TitOVé[l;] Short-sleep 27 NR European 736 366,907 UKB IVW  No significant association.
2021 duration 26 NR 329 120,006 FinnGen
Long sleep 8 NR 736 366,907 UKB No significant association.
Contmuoqs 77 NR 736 366,907 UKB No significant association.
sleep duration
Carter,  Coffee 12 NR European 994 366,567 UKB IVW  No significant association.
2022 consumption
Caffeine 2 NR No significant association.
consumption
Wu, Processed 23 NR European 633 174,006 FinnGen IVW  No significant association.
2022" meat intake
Pork intake 14 NR No significant association.
Beef intake 17 NR No significant association.
Mutton 32 NR No significant association.
intake
Anthropometric characteristics
Vltharsl/athil,BMI 312 4.05% European 994 366,567 UKB IVW  Elevated BMI was positively
2021™ associated with GC (per 1 kg/m’,
OR: 1.13,95%CT: 1.06-1.21)
FMI 577 3.15% No significant association.
FFMI 577 2.27% No significant association.
Height 293 5.50% No significant association.
Mao, BMI 37 NR Chinese 2,631 4,373 Nanjing-GWAS, wGRS High BMI was associated with
2017™ Beijing-GWAS, increased GC risk (per SD in the
and NCI-GWAS WGRS, OR: 1.07, 95%CI: 1.02-1.13)
Zang, BMI 57 <1% East 6,563 195,745 BBJ IVW  No significant association.
20221 Asians
Wade BMI 77 NR  White British 144° NR UKB IVW  No significant association.
2018 White British 105* NR ~ UKB

male
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Author, Exposure Outcome Main Pri findi

Year Exposure/trait SNPs R°  Population Cases Controls  Sources methods rimary findings

Indicators of biological exposure

Jiang,  Adiponectin 8 2.65% East 6,563 195,745 BBIJ [vw High level of adiponectin may have a
202214 Asians causal effect on GC (per 10% increase

in log-transformed adiponectin level,
OR: 0.88, 95%CI: 0.81-0.96)
ong,  Circulating 2 NR European 569 455,779 UKB Ivw Circulating levels of IL-17 and the
20221 1L-17 risk of stomach cancer using the
IVW method (per 1 SD increase,
OR: 0.15, 95%CI: 0.07-0.36)

Other circulating 224  NR No significant association.

levels of cytokines
Gao, LTL 17 1.37% European 155 420,318 UKB IVW  No significant association.
20201
Yuan, FI 17 1.20% European 736 367,643 UKB IVW No significant association.
2020 FG 35 4.80% IVW No significant association.
Zzlz)zgg[fg] FI 35 0.80% European 1,091°410,350 UKB, GERA IVW No significant association.
22}53’2[19] CRP 52 2.60% European 335 386,319 UKB wGRS No significant association.
Wu, HDL 81 NR European 554 393,372 UKB IVW  No significant association.
20227 84 NR Japanese 6,563 195,745 BBIJ
72 NR  Chinese 1,625 2,100  Shanxi, and NIT
LDL 71  NR  European 554 393,372 UKB No significant association.
62 NR Japanese 6,563 195,745 BBJ
56 NR Chinese 1,625 2,100  Shanxi, and NIT
TG 48 NR European 554 393,372 UKB TG involved in GC etiology in
48 NR Japanese 6,563 195,745 BBIJ Japanese (OR: 1.11,
42 NR Chinese 1,625 2,100  Shanxi, and NIT 95%CI: 1.01-1.22)
Yuan, Folate 2 1%  European 994 307,914 UKB IVW No significant association.
202189 506 147,282 FinnGen
Vitamin B6 1 2.80% 994 307,914 UKB No significant association.
506 147,282 FinnGen
Vitamin B12 14 6.30% 994 307,914 UKB No significant association.
506 147,282 FinnGen
L;(r)szszo[lzlz,] Vitamin C 10 1.90% European 1054 308,100 FinnGen IVW No significant association.

1,086 366,456 UKB
Other pathological conditions

Yuan, T2DM 399 17.40% European 736 367,643 UKB IVW No significant association.

2020

Gu, PBC 5 11.30% East Asians 6,563 195,745 BBJ IVW An inverse association was observed

20221 between PBC and risk of GC
(OR: 0.96, 95%CI: 0.93-0.99)

Kamiza, Chronic HBV ~ 4  NR EastAsians 6,563 195,745 BBJ [vw Chronic HBV infection is causally

2022 infection associated with GC

(OR: 1.12,95%CI: 1.05-1.19)
Notes: BBJ: BioBank Japan; BMI: body mass index; CI: confidence interval, CRP: C-reactive protein; FFMI: fat-free mass index; FG: fasting

glucose; FI: fasting insulin; FMI: fat mass index; GC: gastric cancer; GERA: Kaiser Permanente Genetic Epidemiology Research on Adult Health and
Aging; GRS: genetic risk score; GWAS: genome-wide association studies; HBV: Hepatitis B virus; HDL: high-density lipoprotein; IL: interleukin;
IVW: inverse-variance weighted; LDL: low-density lipoprotein; LTL: leukocyte telomere length; NCI: United States National Cancer Institute; NIT:
Linxian Nutrition Intervention Trial; NR: not reported; OR: odds ratio; PBC: primary biliary cholangitis; SD: standard deviation; Shanxi: Shanxi
Upper Gastrointestinal Cancer Genetics Project; SNP: single-nucleotide polymorphism; T2DM: type 2 diabetes mellitus; TG: triglyceride; UKB: UK
Biobank; a: number of stomach cancer deaths; b: number of esophagus and stomach cancer cases; c: the study investigated causal associations of
T2DM, FG and FI with gastric cancer.
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