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Abstract
Background: Whether the positive associations of smoking and alcohol consumption with gastro-
intestinal diseases are causal is uncertain. We conducted this Mendelian randomization (MR) to 
comprehensively examine associations of smoking and alcohol consumption with common gastroin-
testinal diseases.
Methods: Genetic variants associated with smoking initiation and alcohol consumption at the 
genome- wide significance level were selected as instrumental variables. Genetic associations with 
24 gastrointestinal diseases were obtained from the UK Biobank, FinnGen study, and other large 
consortia. Univariable and multivariable MR analyses were conducted to estimate the overall and 
independent MR associations after mutual adjustment for genetic liability to smoking and alcohol 
consumption.
Results: Genetic predisposition to smoking initiation was associated with increased risk of 20 of 
24 gastrointestinal diseases, including 7 upper gastrointestinal diseases (gastroesophageal reflux, 
esophageal cancer, gastric ulcer, duodenal ulcer, acute gastritis, chronic gastritis, and gastric cancer), 
4 lower gastrointestinal diseases (irritable bowel syndrome, diverticular disease, Crohn’s disease, 
and ulcerative colitis), 8 hepatobiliary and pancreatic diseases (non- alcoholic fatty liver disease, alco-
holic liver disease, cirrhosis, liver cancer, cholecystitis, cholelithiasis, and acute and chronic pancre-
atitis), and acute appendicitis. Fifteen out of 20 associations persisted after adjusting for genetically 
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predicted alcohol consumption. Genetically predicted higher alcohol consumption was associated 
with increased risk of duodenal ulcer, alcoholic liver disease, cirrhosis, and chronic pancreatitis; 
however, the association for duodenal ulcer did not remain statistically significant after adjustment 
for genetic predisposition to smoking initiation.
Conclusions: This study provides MR evidence supporting causal associations of smoking with a 
broad range of gastrointestinal diseases, whereas alcohol consumption was associated with only a 
few gastrointestinal diseases.
Funding: The Natural Science Fund for Distinguished Young Scholars of Zhejiang Province; National 
Natural Science Foundation of China; Key Project of Research and Development Plan of Hunan 
Province; the Swedish Heart Lung Foundation; the Swedish Research Council; the Swedish Cancer 
Society.

Editor's evaluation
This is a valuable article that is methodologically convincing and provides evidence, through Mende-
lian Randomisation, that genetic predisposition to smoking and alcohol consumption influences the 
risk to develop different gastrointestinal diseases. The findings largely corroborate the findings from 
observational studies, especially for the effects of smoking. The major strength of the paper is the 
use of the largest possible genetic datasets for both the exposures and outcomes, which makes the 
findings more robust.

Introduction
Tobacco smoking and alcohol consumption are leading causes of the global burden of disease and 
are major contributors to premature mortality (GBD 2016 Alcohol Collaborators, 2018; GBD 2016 
Alcohol Collaborators, 2020). Gastrointestinal diseases account for considerable health care use and 
expenditures, and a holistic approach to lifestyle interventions may result in more health gains and less 
economic burdens (Peery et al., 2022). Population- based studies have identified tobacco smoking as 
a risk factor for several gastrointestinal diseases, including gastroesophageal reflux disease (Eusebi 
et al., 2018), esophageal cancer (Fund WCR and Research AIfC, 2007), Crohn’s disease (Piovani 
et  al., 2019), liver cancer (McGee et  al., 2019), and pancreatitis (Yadav and Whitcomb, 2010). 
Evidence on the association between tobacco smoking and risk of other gastrointestinal diseases 
is limited and inconsistent. Like smoking, heavy alcohol consumption has been associated with 
increased risk of several gastrointestinal outcomes, including gastritis (Bujanda, 2000), gastric cancer 
(Laszkowska et al., 2021), colorectal cancer (McNabb et al., 2020), cirrhosis (Simpson et al., 2019), 
liver cancer (McGee et al., 2019), and pancreatitis (Yadav and Whitcomb, 2010). However, whether 
these associations are all causal remains unestablished, since most of the evidence was obtained from 
observational studies where the results may be biased by reverse causality and confounding. Of note, 
even though reverse causality may not be an issue in the studies for any of studied gastroenterological 
outcomes, it might exist for certain gastroenterological diseases causing pain, which smoker patients 
may try to increase smoking dose to mitigate via an intake of higher levels of nicotine. In addition, 
as smoking and alcohol consumption are phenotypically and genetically correlated (Roberts et al., 
2020; Liu et al., 2019), the independent impacts of smoking and alcohol consumption on gastro-
intestinal diseases are unclear. Establishing the causal association of tobacco smoking and alcohol 
consumption with gastrointestinal diseases is crucial, as this provides further evidence for subsequent 
recommending public policies and clinical interventions.

Mendelian randomization (MR) is an epidemiological approach that utilizes genetic variants as 
an instrument to strengthen the causal inference in an exposure- outcome association (Davey Smith 
and Hemani, 2014). MR is by nature not prone to confounding since genetic variants are randomly 
assorted at conception and thus unrelated to environmental and self- adopted factors that usually act 
as confounders. Additionally, this method can minimize reverse causality since fixed alleles are unaf-
fected by the onset and progression of disease. Previous MR studies have examined the associations 
of smoking and alcohol consumption with several gastrointestinal diseases (Yuan and Larsson, 2022a; 
Larsson et al., 2020; Yuan and Larsson, 2022b; Yuan et al., 2022c; Chen et al., 2022; Yuan et al., 
2021). Nevertheless, whether smoking and alcohol consumption exert influence on a wide range of 

https://doi.org/10.7554/eLife.84051
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gastrointestinal outcomes has not been investigated in a comprehensive way. A thorough investiga-
tion on the gastrointestinal consequences of smoking and alcohol drinking is of great importance to 
develop non- pharmacological interventions on gastrointestinal diseases. Here, we conducted an MR 
investigation of the associations of smoking and alcohol consumption with the risk of common gastro-
intestinal diseases to fill in above knowledge gaps.

Materials and methods
Figure  1 shows the study design overview. The study was based on publicly available genome- 
wide association studies (GWAS), and the detailed information on used studies was presented in 
Supplementary file 1A. The genetic associations were estimated using data from the UK Biobank 
study (Sudlow et al., 2015), the FinnGen study (Kurki et al., 2022; https://www.finngen.fi/en), and 
several large consortia. The summary effect estimates were combined using meta- analysis for each 
gastrointestinal disease from different data resources. Included studies had been approved by corre-
sponding institutional review boards and ethical committees, and consent forms had been signed by 
all participants.

Instrumental variable selection
A total of 378 and 99 single nucleotide polymorphisms (SNPs) associated with smoking initiation (a 
binary phenotype indicating whether an individual had ever being a regular smoker, 1,232,091 indi-
viduals of European descent) and alcohol consumption (log- transformed drinks per week, 941,280 
individuals of European descent) at the genome- wide significance threshold (p<5 × 10–8) were iden-
tified by the GWAS and Sequencing Consortium of Alcohol and Nicotine use (GSCAN) study (Liu 
et al., 2019). These SNPs explained approximately 2.3 and 0.3% of the variation in smoking initiation 

eLife digest People who smoke cigarettes or drink large amounts of alcohol are more likely 
to develop disorders with their digestive system. But it is difficult to prove that heavy drinking or 
smoking is the primary cause of these gastrointestinal diseases.

For example, it is possible that having a digestive disorder makes people more likely to take up 
these habits to reduce pain or discomfort caused by the illness (an effect known as reverse causation). 
The association may also be the result of confounding factors, such as age or diet, which contribute 
to digestive problems as well as the health outcomes of smoking and drinking. Additionally, many 
people who smoke also drink alcohol and vice versa, making it challenging to determine if one or both 
behaviors contribute to the disease.

One solution is to employ Mendelian randomization which uses genetics to determine if two vari-
ables are linked. Using this statistical approach, Yuan, Chen, Ruan et al. investigated if people who 
display genetic variants that predispose someone to becoming a smoker or drinker are at greater risk 
of developing certain digestive disorders. This reduces the possibility of confounding and reverse 
causation, as any association between genetic variants will have been present since birth, and will 
have not been impacted by external factors.

Yuan, Chen, Ruan et al. used data from two studies that had collected the genetic and health infor-
mation of thousands of people living in the United Kingdom or Finland. The analyses revealed that 
genetic variants associated with cigarette smoking increase the risk of 20 of the 24 gastrointestinal 
diseases investigated. This risk persisted for most of the disorders, even after adjusting for genes 
linked with alcohol consumption.

Further analysis showed that genetic variants linked to heavy drinking increase the risk of duodenal 
ulcer, alcoholic liver disease, cirrhosis, and chronic pancreatitis. However, accounting for smoking- 
linked genes eliminated the relationship with duodenal ulcer.

These findings suggest that smoking has detrimental effects on gastrointestinal health. Reducing 
the number of people who start smoking or encouraging smokers to quit may help prevent digestive 
diseases. Even though there were fewer associations between heavy alcohol consumption and gastro-
intestinal illness, further studies are needed to investigate this relationship in more depth.

https://doi.org/10.7554/eLife.84051
https://www.finngen.fi/en
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and alcohol consumption, respectively (Liu et al., 2019). SNPs in linkage disequilibrium (defined as 
r2 >0.01 or clump distance <10,000 kb) and with the weaker associations with the exposure were 
removed, leaving 314 independent SNPs as instrumental variables for smoking initiation and 84 for 
alcohol consumption. Smoking initiation and alcohol consumption shared two index genetic variants, 
which were rs1713676 and rs11692435. Considering partial sample overlap (around 30%) between 
the GSCAN study with full data and the UK Biobank study (Liu et al., 2019), we performed sensitivity 
analyses for smoking initiation and alcohol consumption using summary statistics data from the anal-
ysis excluding the UK Biobank and 23andMe. For a supplementary analysis of smoking behavior, we 
used 126 SNPs associated with a lifetime smoking index that considered smoking duration, heaviness, 
and cessation (Wootton et al., 2020). The set of genetic instruments captured around 0.36% of the 
variance in lifetime smoking (Wootton et al., 2020). We also conducted a sensitivity analysis using 
rs1229984 in ADH1B gene that encodes alcohol dehydrogenase 1B enzyme as the genetic instrument 
for alcohol consumption to minimize pleiotropy. Detailed information on used SNPs is presented in 
Supplementary file 1B.

Gastrointestinal disease data sources
Genetic associations with 24 gastrointestinal diseases were obtained from the UK Biobank study 
(Sudlow et al., 2015), the FinnGen study (Kurki et al., 2022), and two large consortia, including 
the International Inflammatory Bowel Disease Genetics Consortium (IIBDGC) (Liu et al., 2015) and 
Genetic Epidemiology Research on Aging (GERA) (Guindo- Martínez et al., 2021). Included outcomes 
were classified into four major categories according to the disease onset site: (1) upper gastroin-
testinal diseases (gastroesophageal reflux disease, esophageal cancer, gastric ulcer, acute gastritis, 
chronic gastritis, and gastric cancer); (2) lower gastrointestinal diseases (irritable bowel disease, celiac 
disease, diverticular disease, Crohn’s disease, ulcerative colitis, and colorectal cancer); (3) hepatobi-
liary and pancreatic diseases (non- alcoholic fatty liver disease, alcoholic liver disease, cirrhosis, liver 
cancer, cholangitis, cholecystitis, cholelithiasis, acute pancreatitis, chronic pancreatitis, and pancreatic 
cancer); and (4) other (acute appendicitis).

Figure 1. Overview of the present study design. GERA, Genetic Epidemiology Research on Aging; IIBDGC, the International Inflammatory Bowel 
Disease Genetics Consortium; MR, Mendelian randomization; MR- PRESSO, Mendelian randomization pleiotropy residual sum and outlier; SNP, single 
nucleotide polymorphism.

https://doi.org/10.7554/eLife.84051
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The UK Biobank study is a large multicenter cohort study of 500,000 participants recruited in the 
United Kingdom between 2006 and 2010 (Sudlow et al., 2015). We used the summary statistics of 
European ancestry from GWAS conducted by Lee lab, where the gastrointestinal outcomes were 
defined by codes of the International Classification of Diseases 9th Revision (ICD- 9) and ICD- 10 (Zhou 
et  al., 2020). Genetic associations were estimated by logistic regression with adjustment for sex, 
birth year, and the first four genetic principal components. For the FinnGen study, we used summary- 
level data on the genetic associations with gastrointestinal diseases from the last publicly available 
R7 data release (Kurki et al., 2022). The FinnGen study is a nationwide genetic study where genetic 
and electronic health record data were collected. The gastrointestinal diseases were ascertained by 
the codes of the ICD- 8, ICD- 9, and ICD- 10. Genome- wide association analyses were adjusted for sex, 
age, genetic components, and genotyping batch. Summary- level genetic data on Crohn’s disease 
(5956 cases and 14,927 controls) and ulcerative colitis (6968 cases and 20,464 controls) were addition-
ally obtained from the IIBDGC (Liu et al., 2015), and data on irritable bowel syndrome (3117 cases 
and 53,520 controls) were obtained from the GERA (Guindo- Martínez et al., 2021). Detailed diag-
nostic codes are listed in Supplementary file 1C.

Statistical analysis
Data were harmonized to omit ambiguous SNPs with non- concordant alleles and palindromic SNPs 
with ambiguous minor allele frequency (>0.42  and <0.58) were removed from the analysis. The 
primary MR analyses were performed by the multiplicative random- effects inverse- variance weighted 
(IVW) method, which provides the most precise estimates though assuming that all SNPs are valid 
instruments. The analysis of rs1229984 for alcohol consumption was conducted by the Wald method. 
Estimates for each association from different sources were combined using fixed- effects meta- 
analysis, and the heterogeneity of the associations from different data sources was evaluated by the 
I2 statistic. Heterogeneity among SNPs’ estimates in each association was assessed by Cochran’s Q 
value. Multivariable MR analyses were conducted to mutually adjust for smoking initiation and alcohol 
consumption. To detect potential unbalanced pleiotropy (horizontal pleiotropy) and examine the 
consistency of the associations, three sensitivity analyses including the weighted median (Yavorska 
and Burgess, 2017), MR- Egger (Burgess and Thompson, 2017), and MR pleiotropy residual sum 
and outlier (MR- PRESSO) (Verbanck et al., 2018) analyses were performed. The weighted median 
method can provide consistent estimates when more than 50% of the weight comes from valid instru-
ment variants (Yavorska and Burgess, 2017). The MR- Egger intercept test can detect unmeasured 
pleiotropy, and MR- Egger regression can generate estimates after accounting for horizontal pleiot-
ropy albeit with less precision (Burgess and Thompson, 2017). The MR- PRESSO method can iden-
tify SNP outliers and provide results identical to that from IVW after removal of outliers (Verbanck 
et al., 2018). The F- statistic was estimated to quantify instrument strength, and an F- statistic   >10 
suggested a sufficiently strong instrument. Power analysis was performed using an online tool (Brion 
et al., 2013). The Benjamini- Hochberg correction that controls the false discovery rate was applied 
to correct for multiple testing. The association with a nominal p- value <0.05 but Benjamini- Hochberg 
adjusted p- value >0.05 was regarded suggestive, and the association with a Benjamini- Hochberg 
adjusted p- value <0.05 was deemed significant. All analyses were two- sided and performed using the 
TwoSampleMR (Hemani et al., 2018), MendelianRandomization (Yavorska and Burgess, 2017), and 
MRPRESSO R packages (Verbanck et al., 2018) in R software 4.1.2.

Results
The F- statistic for each genetic variant was above 10, suggesting a good strength of used genetic 
instruments (Supplementary file 1B). Most associations were well powered (Supplementary file 1D). 
For smoking initiation, there was 80% power to detect the smallest odds ratio (OR) ranging from 1.08 
to 1.40 for included outcomes. Although power was lower for alcohol consumption, it was adequate 
to detect a moderate effect size for most common gastrointestinal diseases.

Smoking and gastrointestinal diseases
Genetic predisposition to smoking initiation was associated with 20 of the 24 studied gastrointes-
tinal diseases, and all these associations remained after multiple comparison correction (Table 1 and 

https://doi.org/10.7554/eLife.84051
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Supplementary file 1E). In detail, genetic liability to smoking initiation was positively associated with 
seven upper gastrointestinal diseases: gastroesophageal reflux (OR, 1.28; 95% confidence interval [CI], 
1.20–1.37; p=4.09 × 10−14), esophageal cancer (OR, 1.67; 95% CI, 1.24–2.25; p=6.84 × 10−4), gastric 
ulcer (OR, 1.54; 95% CI, 1.37–1.72; p=3.83 × 10−14), duodenal ulcer (OR, 1.53; 95% CI, 1.34–1.75; 
p=8.47 × 10−10), acute gastritis (OR, 1.29; 95% CI, 1.09–1.53; p=0.003), chronic gastritis (OR, 1.33; 
95% CI, 1.18–1.49; p=1.55 × 10–6), and gastric cancer (OR, 1.42; 95% CI, 1.13–1.79; p=0.003); genetic 
liability to smoking initiation was positively associated with four lower gastrointestinal diseases: irri-
table bowel syndrome (OR, 1.22; 95% CI, 1.12–1.32; p=3.50 × 10−6), diverticular disease (OR, 1.25; 
95% CI, 1.18–1.33; p=5.23 × 10−14), Crohn’s disease (OR, 1.25; 95% CI, 1.11–1.40; p=3.03 × 10−4), and 
ulcerative colitis (OR, 1.15; 95% CI, 1.04–1.26; p=0.004); genetic liability to smoking initiation was 
positively associated with eight hepatobiliary and pancreatic diseases: non- alcoholic fatty liver disease 
(OR, 1.49; 95% CI, 1.26–1.76; p=3.82 × 10−6), alcoholic liver disease (OR, 1.99; 95% CI, 1.65–2.41; 
p=1.49 × 10−12), cirrhosis (OR, 1.68; 95% CI, 1.40–2.02; p=3.39 × 10−8), liver cancer (OR, 1.57; 95% CI, 
1.13–2.17; p=0.007), cholecystitis (OR, 1.47; 95% CI, 1.29–1.68; p=4.71 × 10−9), cholelithiasis (OR, 1.20; 
95% CI, 1.13–1.27; p=5.75 × 10−9), acute pancreatitis (OR, 1.39; 95% CI, 1.23–1.56; p=6.71 × 10−8), 
and chronic pancreatitis (OR, 1.38; 95% CI, 1.17–1.64; p=1.79 × 10−4); genetic liability to smoking initi-
ation was positively associated with acute appendicitis (OR, 1.15; 95% CI, 1.08–1.23; p=1.27 × 10−5). 
Results were consistent in sensitivity analyses. An indication of horizontal pleiotropy was observed in 
the analysis of esophageal cancer in the FinnGen study (p for MR- Egger intercept <0.05, Supplemen-
tary file 1F). Although MR- PRESSO detected one to three outliers, the associations persisted and 
remained significant after removal of these out- lying SNPs (Supplementary file 1F). When using the 
genetic variants for smoking initiation based on data without the UK Biobank and 23andMe studies, 
the associations attenuated slightly albeit remained significant after multiple comparisons (Supple-
mentary file 1L and Supplementary file 1G). All associations were replicated in the supplementary 
analysis of the lifetime smoking index (Supplementary file 1G). After correcting for multiple testing, 
genetically predicted lifetime smoking index was significantly associated with 17 of 24 gastrointestinal 
diseases, where the patterns of associations were generally similar to the analysis for smoking initia-
tion (Supplementary file 1M and Supplementary file 1G). In distinction to the analysis of smoking 
initiation, genetically predicted lifetime smoking index was not significantly associated with acute 
gastritis, gastric cancer, Crohn’s disease, and ulcerative colitis, whereas genetically predicted lifetime 
smoking index was significantly associated with pancreatic cancer (OR, 2.09; 95% CI, 1.30–3.36).

In multivariable MR analysis adjusted for genetically predicted alcohol consumption, the associa-
tions between genetically predicted smoking initiation and gastrointestinal diseases were consistent 
with that from univariable MR analysis (Table 1 and Supplementary file 1H). However, the associa-
tions became stronger with wider CIs, in particular the associations for gastrointestinal reflux, esoph-
ageal cancer, gastric ulcer, irritable bowel syndrome, diverticular disease, non- alcoholic fatty liver 
disease, alcoholic liver disease, and cholecystitis (Table 1). In addition, the association for pancreatic 
cancer became suggestive significant from null.

Alcohol consumption and gastrointestinal diseases
Genetically predicted alcohol consumption was nominally positively associated with esophageal 
cancer (OR, 2.86; 95% CI, 1.18–6.91; p=0.020), duodenal ulcer (OR, 1.92; 95% CI, 1.23–3.00; p=0.004), 
alcoholic liver disease (OR, 14.35; 95% CI, 7.69–26.81; p=6.32 × 10−17), cirrhosis (OR, 2.96; 95% CI, 
1.50–5.85; p=0.002), and chronic pancreatitis (OR, 2.96; 95% CI, 1.80–4.89; p=2.13 × 10−5), and nomi-
nally inversely associated with irritable bowel disease (OR, 0.73; 95% CI 0.57–0.93; p=0.012) (Table 2). 
After Benjamini- Hochberg correction, the associations for duodenal ulcer, alcoholic liver disease, 
cirrhosis, and chronic pancreatitis remained (Supplementary file 1E). Results were consistent in sensi-
tivity analyses, and no horizontal pleiotropy was detected (Supplementary file 1I). One outlier was 
detected in the analysis of duodenal ulcer in the FinnGen study, and the association slightly changed 
after removal of this outlier (Supplementary file 1I). Results were consistent in the sensitivity anal-
ysis, where the genetic associations with alcohol consumption were obtained from the genome- wide 
association analysis excluding the UK Biobank and 23andMe studies (Supplementary file 1N and 
Supplementary file 1G). The associations were directionally consistent albeit with wider CIs in the 
analysis, where alcohol consumption was instrumented by rs1229984 (Supplementary file 1J). The 
associations for alcoholic liver disease, cirrhosis, and chronic pancreatitis persisted after adjustment 

https://doi.org/10.7554/eLife.84051
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for genetic liability to smoking initiation and multiple testing correction (Table 2 and Supplementary 
file 1H).

Discussion
We conducted a comprehensive MR investigation to examine the causal role of smoking and alcohol 
consumption in 24 gastrointestinal diseases, and the result summary of this comprehensive analysis 
is shown in Figure 2 and Supplementary file 1K. We found robust associations between genetic 
predisposition to smoking and increased risk of 15 gastrointestinal outcomes independent of 
alcohol consumption, showing an extensive impact on gastrointestinal health. In contrast, geneti-
cally predicted alcohol consumption was robustly and predominantly associated with increased risk of 
liver and pancreatic diseases, including alcoholic liver disease, cirrhosis, and chronic pancreatitis after 
adjustment for smoking.

Corroborating and extending the previous observational studies, our MR investigation strength-
ened the evidence that smoking has a detrimental effect on gastrointestinal health and increases the 
risk of a broad range of gastrointestinal diseases, including gastroesophageal reflux disease (Eusebi 
et al., 2018), esophageal cancer (Castro et al., 2018), gastric and duodenal ulcer (Kato et al., 1992), 
gastritis (Nordenstedt et al., 2013), gastric cancer (Zhang et al., 2020), irritable bowel syndrome 
(Talley et al., 2021), diverticular disease (Aune et al., 2017), Crohn’s disease (Piovani et al., 2019), 
cirrhosis (Liu et al., 2009), liver cancer (McGee et al., 2019), cholelithiasis (Aune et al., 2016), acute 
and chronic pancreatitis (Aune et al., 2019), and acute appendicitis (Montgomery et al., 1999). In 
line with previous MR studies, the current MR study also found that smoking was associated with 
increased risk of gastroesophageal reflux disease (Yuan and Larsson, 2022a), esophageal cancer 
(Larsson et al., 2020), gastric cancer (Larsson et al., 2020), diverticular disease (Yuan and Larsson, 
2022b) non- alcoholic fatty liver disease (Yuan et al., 2022c), cholelithiasis (Chen et al., 2022), and 
acute and chronic pancreatitis (Yuan et al., 2021). As for ulcerative colitis, traditional observational 
studies revealed a decreased risk among current smokers (Piovani et al., 2019; Park et al., 2019); 
however, a recent MR analysis including 12,366 ulcerative colitis cases did not verify this inverse 
association in the analysis where smoking initiation was instrumented by 363 SNPs (Georgiou et al., 
2021). Based on data from three independent populations, our study provided genetic evidence that 
smoking was a causal risk factor for ulcerative colitis in the analysis including 16,770 cases. Obser-
vational studies found that smoking was associated with an increased risk of colorectal cancer in a 
dose- dependent manner (Botteri et al., 2020), whereas the positive association was not observed 
in an MR analysis (Larsson et al., 2020). The current study was in line with the above MR study and 
found no strong association between smoking initiation and colorectal cancer risk. Nevertheless, a 
previous MR analysis with a 52,775 colorectal cancer cases found that genetic prediction to lifetime 
smoking index was positively associated with risks of colorectal cancer (Dimou et al., 2021), which 
might imply that our null finding might be caused by insufficient power due to a relatively small sample 
size. Smoking has been identified as a well- established risk factor for pancreatic cancer (Mizrahi et al., 
2020). Interestingly, despite a null finding on the association of genetic liability to smoking initiation 
and pancreatic cancer in univariable MR analysis, the association became stronger and suggestively 
significant after adjusting for genetically predicted alcohol consumption. This might be explained by 
an inverse association between moderate alcohol consumption and pancreatic cancer. In addition, 
an adverse effect of smoking on pancreatic cancer was observed when using a smoking index as 
genetic instrument for lifetime smoking exposure. Our findings also provide novel evidence on the 
associations of smoking with the higher risk of cholecystitis and alcoholic liver disease independently 
of alcohol consumption, which need to be verified.

The pathogenic role of alcohol in alcoholic liver disease is well established and was confirmed 
also in our MR analysis. Our MR evidence along with previous observational studies also supported 
alcohol consumption as a risk factor for esophageal cancer (Yu et al., 2018), cirrhosis (Roerecke et al., 
2019), and chronic pancreatitis (Samokhvalov et al., 2015). Noteworthy, the association between 
alcohol consumption and esophageal cancer became positively nonsignificant in multivariable MR, 
which possibly explained by the synergistic effect of alcohol and smoking. However, the associa-
tion between alcohol consumption and duodenal ulcer has been scarcely studied. A meta- analysis 
including a small number of studies with relatively small sample sizes indicated that alcohol consump-
tion was not associated with duodenal ulcer (Ryan- Harshman and Aldoori, 2004). This null finding 
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Figure 2. Summary of associations of genetically predicted smoking initiation, lifetime smoking, and alcohol consumption with 24 gastrointestinal 
diseases. UVMR, univariable Mendelian randomization; MVMR, multivariable Mendelian randomization. The numbers in the box are the odds ratios 
for associations of exposure for gastrointestinal diseases. The association with a p- value <0.05 but Benjamini- Hochberg adjusted p- value >0.05 was 
regarded suggestive, and the association with a Benjamini- Hochberg adjusted p- value <0.05 was deemed significant.
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is likely due to insufficient power. Alcohol drinking has been associated with increased risk of gastric, 
colorectal, and liver cancer as well as acute pancreatitis (Bagnardi et al., 2015). These associations 
were not supported by our MR study. A possible explanation for this inconsistent findings is that heavy 
alcohol drinking is commonly associated with an unhealthy lifestyle and meager nutrition (Klatsky, 
2001), which might exert confounding effects that could not be ruled out in previous observational 
studies. Another possible reason is that the U- shaped association could not be detected in MR anal-
ysis. For example, light drinking may be associated with decreased risk of these diseases (McNabb 
et al., 2020). In addition, it is also possible that the null associations observed in present study might 
be a consequence of inadequate power given SNPs used to mimic alcohol consumption explained a 
small phenotypic variance. In agreement with previous studies, our MR investigation demonstrated 
no associations of alcohol consumption with the development of gastroesophageal reflux, Crohn’s 
disease, or ulcerative colitis (Eusebi et al., 2018; Piovani et al., 2019; Georgiou et al., 2021).

Many mechanisms have been proposed to support the observed positive associations between 
smoking and gastrointestinal diseases. Tobacco smoking has been shown to augment the produc-
tion of numerous pro- inflammatory cytokines and decrease the levels of anti- inflammatory cytokines 
(Arnson et  al., 2010), which might mediate a variety of inflammation- associated gastrointestinal 
diseases. In addition, smoking may also generate impacts on the immune system, including inhibition 
of the function of circulatory dendritic cells (Givi et  al., 2015) and alteration signaling of Toll- like 
receptors (Noakes et  al., 2006), which might contribute to the autoimmune disease and occur-
rence of neoplasm. The underlying mechanisms behind the associations of alcohol consumption with 
gastrointestinal diseases have not been fully understood. In addition to direct mucosal damage, the 
metabolites of ethanol are accountable for a part of the inflammation of alcohol drinking on the liver 
(Mandrekar and Szabo, 2009) and the gastrointestinal tract (Bishehsari et al., 2017).

This study investigated the impacts of smoking and alcohol consumption on a wide range of 
gastrointestinal disease. Based on our findings, promoting public awareness of the adverse impacts 
of tobacco smoking and alcohol consumption on gastrointestinal diseases is of particular importance 
and should be used as prevention strategies to lower gastrointestinal disease burden because these 
two factors are modifiable behavioral factors as possible targets of the pharmacal (Leone et al., 2020) 
and behavioral interventions. In addition, our results may help facilitate the guidelines of gastrointes-
tinal disease prevention and the management of certain patients who have a subsequent high risk of 
gastrointestinal disease, like those with obesity and diabetes (Camilleri et al., 2017; Krishnan et al., 
2013).

The major strength of the present study is MR design, which minimized bias from confounding and 
reverse causality and thus improved the causal inference in the associations of smoking and alcohol 
consumption with gastrointestinal diseases. We also used several independent outcome sources and 
combined the estimates, which increased statistical power as well as strengthened our findings by the 
observed consistency of results. Another strength is that we confined our analysis within the individ-
uals of European ancestry, which minimized the population stratification bias.

This study also has several limitations. A major limitation of MR design is horizontal pleiotropy, 
which means that the used SNPs exert effects on the outcomes not via the exposure but via alternative 
pathways. However, in this study, the bias caused by pleiotropic effects should be minimal since we 
observed no indications of horizontal pleiotropy in MR- Egger analysis, consistent results from a series 
of sensitivity analyses, and robust associations from multivariable MR analysis with mutual adjustment. 
Another limitation is the relatively small phenotypic variance of alcohol consumption (approximately 
0.2%), which resulted in inadequate power to detect weak associations for certain uncommon gastro-
intestinal diseases. There are several limitations of using summary- level data. First, we could not eval-
uate the nonlinear associations between alcohol consumption and gastrointestinal diseases without 
individual- level data. We could not differentiate the associations of smoking and alcohol consump-
tion on the pathological subtypes of certain gastroenterological diseases, like esophageal cancer, 
based on summary- level data. For example, heavy alcohol consumption was associated with a high 
risk of squamous esophageal cancer (Abnet et  al., 2018), but the associations were inconsistent 
for adenocarcinoma esophageal cancer (Coleman et al., 2018), which needs further investigation. 
Stratification analysis on sex was unlikely to be performed. In addition, we could not interpret and 
rescale the associations in a comparable scale to traditional observational studies because the unit 
of the exposure phenotypes was fixed in the corresponding genome- wide association analyses. An 
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additional limitation is that our analysis was confined to the European populations, and thus whether 
the observed associations can be generalized to other populations remains unknown. For alcohol 
consumption, it has been reported that there were substantial behavioral and genetic differences 
across ethnic groups. For example, East Asian individuals drink much less alcohol compared to other 
races, which appears to be related to ALDH2 gene (Jorgenson et  al., 2017). A further potential 
limitation is that the UK Biobank study was included in both the exposure and outcome datasets, 
which might cause MR estimates toward the observational associations. However, the used instru-
mental variants were proven to be strongly associated with the exposure (F- statistic >10) (Burgess 
et al., 2016), and the associations were replicated in the FinnGen study. Moreover, the associations 
remained stable in the sensitivity analyses using the genetic associations with exposures from the data 
excluding the UK Biobank and 23andMe studies. All of these indicated that the bias due to sample 
overlap was limited.

In conclusion, this MR study suggested that smoking is a risk factor for a broad range of gastro-
intestinal diseases independent of alcohol consumption. Alcohol consumption on the other hand 
seemed to be an independent risk factor for only a few gastrointestinal diseases, including alcoholic 
liver disease, cirrhosis, and chronic pancreatitis, but we cannot rule out weak associations with other 
diseases. These findings provide genetic evidence on supporting reducing tobacco smoking and 
possibly excessive alcohol consumption in particular to prevent gastrointestinal diseases.

Acknowledgements
We want to thank the Lee Lab, the FinnGen study, the International Inflammatory Bowel Disease 
Genetics Consortium (IIBDGC), and the Genetic Epidemiology Research on Aging (GERA) for 
sharing data. XL: the Natural Science Fund for Distinguished Young Scholars of Zhejiang Province 
(LR22H260001). XYW: National Natural Science Foundation of China (81970494) and Key Project of 
Research and Development Plan of Hunan Province(2019SK2041); SCL: the Swedish Heart Lung Foun-
dation (Hjärt- Lungfonden, 20210351), the Swedish Research Council (Vetenskapsrådet, 2019–00977), 
and the Swedish Cancer Society (Cancerfonden). Funders had no role in the design and conduct of 
the study; collection, management, analysis, and interpretation of the data; preparation, review, or 
approval of the manuscript; or the decision to submit the manuscript for publication.

Additional information

Funding

Funder Grant reference number Author

National Natural Science 
Foundation of China

81970494 Xiaoyan Wang 

Key Project of Research 
and Development Plan of 
Hunan Province

2019SK2041 Xiaoyan Wang

Hjärt-Lungfonden 20210351 Susanna C Larsson

Vetenskapsrådet 2019-00977 Susanna C Larsson

Cancerfonden Susanna C Larsson

Natural Science Fund 
for Distinguished Young 
Scholars of Zhejiang 
Province

LR22H260001 Xue Li

The funders had no role in study design, data collection and interpretation, or the 
decision to submit the work for publication.

Author contributions
Shuai Yuan, Jie Chen, Conceptualization, Data curation, Formal analysis, Methodology, Writing - orig-
inal draft; Xixian Ruan, Conceptualization, Methodology, Writing - original draft; Yuhao Sun, Dipender 

https://doi.org/10.7554/eLife.84051


 Research article      Epidemiology and Global Health | Genetics and Genomics

Yuan, Chen, Ruan et al. eLife 2023;12:e84051. DOI: https:// doi. org/ 10. 7554/ eLife. 84051  15 of 19

Gill, Stephen Burgess, Edward Giovannucci, Conceptualization, Methodology, Writing – review and 
editing; Ke Zhang, Conceptualization, Writing – review and editing; Xiaoyan Wang, Conceptualiza-
tion, Data curation, Funding acquisition, Writing – review and editing; Xue Li, Susanna C Larsson, 
Conceptualization, Data curation, Methodology, Writing – review and editing

Author ORCIDs
Jie Chen    http://orcid.org/0000-0002-4029-4192
Xixian Ruan    http://orcid.org/0000-0002-4937-9168
Xiaoyan Wang    http://orcid.org/0000-0002-7281-1078
Xue Li    http://orcid.org/0000-0001-6880-2577
Stephen Burgess    http://orcid.org/0000-0001-5365-8760

Ethics
Human subjects: Included studies had been approved by corresponding institutional review boards 
and ethical committees, and consent forms had been signed by all participants.

Decision letter and Author response
Decision letter https://doi.org/10.7554/eLife.84051.sa1
Author response https://doi.org/10.7554/eLife.84051.sa2

Additional files
Supplementary files
•  MDAR checklist 

•  Supplementary file 1. Supplementary material. (A) Information of included studies and consortia. 
(B) Definition of gastrointestinal diseases in UK Biobank and FinnGen. (C) Single nucleotide 
polymorphisms used as instrumental variables for smoking and alcohol consumption. (D) Power 
estimation of this Mendelian randomization analysis. (E) False discovery rate adjusted p values for 
all tested association. (F) Association of genetically- predicted smoke initiation with gastrointestinal 
disease in univaribale mendelian randomization. (G) Association of genetically- predicted smoking 
initiation (excluding 23andMe and UK Biobank), alcohol consumption (excluding 23andMe and 
UK Biobank) and lifetime smoking index with gastrointestinal disease in univariable mendelian 
randomization. (H) Association of genetically- predicted smoke initiation and alcohol consumption 
with gastrointestinal disease in multivaribale mendelian randomization. (I) Association of genetically- 
predicted alcohol consumption with gastrointestinal disease in univariable mendelian randomization. 
(J) Association of genetically- predicted alcohol consumption instrumented by rs1229984 in ADH1B 
with gastrointestinal diseases. (K) Evidence of causal association of smoking and drinking with 
24 gastrointestinal diseases in the current study. (L) Association of genetically- predicted smoking 
initiation (excluding 23andMe and UK Biobank) with 24 gastrointestinal diseases. (M) Associations 
of genetically- predicted lifetime smoking with 24 gastrointestinal diseases. (N) Association 
of genetically- predicted alcohol consumption (excluding 23andMe and UK Biobank) with 24 
gastrointestinal diseases.

•  Reporting standard 1. STROBE- MR checklist for current Mendelian randomization study.

Data availability
Data analyzed in the current study are publicly available GWAS summary- level data. The specific 
information and link could be found in Table S1, Supplementary file 1. The code and curated data 
for the current analysis are available at https://github.com/XixianRuan/smoking_gi (copy archived at 
swh:1:rev:1f31c18364102366be9ed05770e4a0f23de078f6).

 Continued on next page

https://doi.org/10.7554/eLife.84051
http://orcid.org/0000-0002-4029-4192
http://orcid.org/0000-0002-4937-9168
http://orcid.org/0000-0002-7281-1078
http://orcid.org/0000-0001-6880-2577
http://orcid.org/0000-0001-5365-8760
https://doi.org/10.7554/eLife.84051.sa1
https://doi.org/10.7554/eLife.84051.sa2
https://github.com/XixianRuan/smoking_gi
https://archive.softwareheritage.org/swh:1:dir:1e0a26e81c938435f06cadad879b80af6b16fac7;origin=https://github.com/XixianRuan/smoking_gi;visit=swh:1:snp:52c51f0779acae70b1e0a300d0fb8dcd475da426;anchor=swh:1:rev:1f31c18364102366be9ed05770e4a0f23de078f6


 Research article      Epidemiology and Global Health | Genetics and Genomics

Yuan, Chen, Ruan et al. eLife 2023;12:e84051. DOI: https:// doi. org/ 10. 7554/ eLife. 84051  16 of 19

The following previously published datasets were used:

Author(s) Year Dataset title Dataset URL Database and Identifier

Kurki MI 2022 FinnGen: Unique genetic 
insights from combining 
isolated population and 
national health register 
data

https://www. finngen. 
fi/ en

The FinnGen study, finngen

Mengzhen L 2019 Data Related to Association 
studies of up to 1.2 million 
individuals yield new 
insights into the genetic 
etiology of tobacco and 
alcohol use

https:// doi. org/ 10. 
13020/ 3b1n- ff32

Data Repository for 
University of Minnesota 
(DRUM), 10.13020/3b1n- 
ff32

References
Abnet CC, Arnold M, Wei WQ. 2018. Epidemiology of esophageal squamous cell carcinoma. Gastroenterology 

154:360–373. DOI: https://doi.org/10.1053/j.gastro.2017.08.023, PMID: 28823862
Arnson Y, Shoenfeld Y, Amital H. 2010. Effects of tobacco smoke on immunity, inflammation and autoimmunity. 

Journal of Autoimmunity 34:J258–J265. DOI: https://doi.org/10.1016/j.jaut.2009.12.003, PMID: 20042314
Aune D, Vatten LJ, Boffetta P. 2016. Tobacco smoking and the risk of gallbladder disease. European Journal of 

Epidemiology 31:643–653. DOI: https://doi.org/10.1007/s10654-016-0124-z, PMID: 26898907
Aune D, Sen A, Leitzmann MF, Tonstad S, Norat T, Vatten LJ. 2017. Tobacco smoking and the risk of diverticular 

disease- a systematic review and meta- analysis of prospective studies. Colorectal Disease 19:621–633. DOI: 
https://doi.org/10.1111/codi.13748, PMID: 28556447

Aune D, Mahamat- Saleh Y, Norat T, Riboli E. 2019. Tobacco smoking and the risk of pancreatitis: a systematic 
review and meta- analysis of prospective studies. Pancreatology 19:1009–1022. DOI: https://doi.org/10.1016/j. 
pan.2019.09.004, PMID: 31668562

Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko V, Scotti L, Jenab M, Turati F, Pasquali E, Pelucchi C, 
Galeone C, Bellocco R, Negri E, Corrao G, Boffetta P, La Vecchia C. 2015. Alcohol consumption and site- 
specific cancer risk: a comprehensive dose- response meta- analysis. British Journal of Cancer 112:580–593. 
DOI: https://doi.org/10.1038/bjc.2014.579, PMID: 25422909

Bishehsari F, Magno E, Swanson G, Desai V, Voigt RM, Forsyth CB, Keshavarzian A. 2017. Alcohol and gut- 
derived inflammation. Alcohol Research 38:163–171 PMID: 28988571. 

Botteri E, Borroni E, Sloan EK, Bagnardi V, Bosetti C, Peveri G, Santucci C, Specchia C, van den Brandt P, 
Gallus S, Lugo A. 2020. Smoking and colorectal cancer risk, overall and by molecular subtypes: a meta- analysis. 
The American Journal of Gastroenterology 115:1940–1949. DOI: https://doi.org/10.14309/ajg. 
0000000000000803, PMID: 32773458

Brion M- JA, Shakhbazov K, Visscher PM. 2013. Calculating statistical power in Mendelian randomization studies. 
International Journal of Epidemiology 42:1497–1501. DOI: https://doi.org/10.1093/ije/dyt179, PMID: 
24159078

Bujanda L. 2000. The effects of alcohol consumption upon the gastrointestinal tract. The American Journal of 
Gastroenterology 95:3374–3382. DOI: https://doi.org/10.1111/j.1572-0241.2000.03347.x, PMID: 11151864

Burgess S, Davies NM, Thompson SG. 2016. Bias due to participant overlap in two- sample Mendelian 
randomization. Genetic Epidemiology 40:597–608. DOI: https://doi.org/10.1002/gepi.21998, PMID: 27625185

Burgess S, Thompson SG. 2017. Interpreting findings from Mendelian randomization using the MR- egger 
method. European Journal of Epidemiology 32:377–389. DOI: https://doi.org/10.1007/s10654-017-0255-x, 
PMID: 28527048

Camilleri M, Malhi H, Acosta A. 2017. Gastrointestinal complications of obesity. Gastroenterology 152:1656–
1670. DOI: https://doi.org/10.1053/j.gastro.2016.12.052, PMID: 28192107

Castro C, Peleteiro B, Lunet N. 2018. Modifiable factors and esophageal cancer: a systematic review of 
published meta- analyses. Journal of Gastroenterology 53:37–51. DOI: https://doi.org/10.1007/s00535-017- 
1375-5, PMID: 28821981

Chen L, Yang H, Li H, He C, Yang L, Lv G. 2022. Insights into modifiable risk factors of cholelithiasis: a mendelian 
randomization study. Hepatology 75:785–796. DOI: https://doi.org/10.1002/hep.32183, PMID: 34624136

Coleman HG, Xie SH, Lagergren J. 2018. The epidemiology of esophageal adenocarcinoma. Gastroenterology 
154:390–405. DOI: https://doi.org/10.1053/j.gastro.2017.07.046, PMID: 28780073

Davey Smith G, Hemani G. 2014. Mendelian randomization: genetic anchors for causal inference in 
epidemiological studies. Human Molecular Genetics 23:R89–R98. DOI: https://doi.org/10.1093/hmg/ddu328, 
PMID: 25064373

Dimou N, Yarmolinsky J, Bouras E, Tsilidis KK, Martin RM, Lewis SJ, Gram IT, Bakker MF, Brenner H, 
Figueiredo JC, Fortner RT, Gruber SB, van Guelpen B, Hsu L, Kaaks R, Kweon S- S, Lin Y, Lindor NM, 
Newcomb PA, Sánchez M- J, et al. 2021. Causal effects of lifetime smoking on breast and colorectal cancer risk: 

https://doi.org/10.7554/eLife.84051
https://www.finngen.fi/en
https://www.finngen.fi/en
https://doi.org/10.13020/3b1n-ff32
https://doi.org/10.13020/3b1n-ff32
https://doi.org/10.1053/j.gastro.2017.08.023
http://www.ncbi.nlm.nih.gov/pubmed/28823862
https://doi.org/10.1016/j.jaut.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/20042314
https://doi.org/10.1007/s10654-016-0124-z
http://www.ncbi.nlm.nih.gov/pubmed/26898907
https://doi.org/10.1111/codi.13748
http://www.ncbi.nlm.nih.gov/pubmed/28556447
https://doi.org/10.1016/j.pan.2019.09.004
https://doi.org/10.1016/j.pan.2019.09.004
http://www.ncbi.nlm.nih.gov/pubmed/31668562
https://doi.org/10.1038/bjc.2014.579
http://www.ncbi.nlm.nih.gov/pubmed/25422909
http://www.ncbi.nlm.nih.gov/pubmed/28988571
https://doi.org/10.14309/ajg.0000000000000803
https://doi.org/10.14309/ajg.0000000000000803
http://www.ncbi.nlm.nih.gov/pubmed/32773458
https://doi.org/10.1093/ije/dyt179
http://www.ncbi.nlm.nih.gov/pubmed/24159078
https://doi.org/10.1111/j.1572-0241.2000.03347.x
http://www.ncbi.nlm.nih.gov/pubmed/11151864
https://doi.org/10.1002/gepi.21998
http://www.ncbi.nlm.nih.gov/pubmed/27625185
https://doi.org/10.1007/s10654-017-0255-x
http://www.ncbi.nlm.nih.gov/pubmed/28527048
https://doi.org/10.1053/j.gastro.2016.12.052
http://www.ncbi.nlm.nih.gov/pubmed/28192107
https://doi.org/10.1007/s00535-017-1375-5
https://doi.org/10.1007/s00535-017-1375-5
http://www.ncbi.nlm.nih.gov/pubmed/28821981
https://doi.org/10.1002/hep.32183
http://www.ncbi.nlm.nih.gov/pubmed/34624136
https://doi.org/10.1053/j.gastro.2017.07.046
http://www.ncbi.nlm.nih.gov/pubmed/28780073
https://doi.org/10.1093/hmg/ddu328
http://www.ncbi.nlm.nih.gov/pubmed/25064373


 Research article      Epidemiology and Global Health | Genetics and Genomics

Yuan, Chen, Ruan et al. eLife 2023;12:e84051. DOI: https:// doi. org/ 10. 7554/ eLife. 84051  17 of 19

Mendelian randomization study. Cancer Epidemiology, Biomarkers & Prevention 30:953–964. DOI: https://doi. 
org/10.1158/1055-9965.EPI-20-1218, PMID: 33653810

Eusebi LH, Ratnakumaran R, Yuan Y, Solaymani- Dodaran M, Bazzoli F, Ford AC. 2018. Global prevalence of, and 
risk factors for, gastro- oesophageal reflux symptoms: a meta- analysis. Gut 67:430–440. DOI: https://doi.org/10. 
1136/gutjnl-2016-313589, PMID: 28232473

Fund WCR, Research AIfC. 2007. Food, nutrition, physical activity, and the prevention of cancer: a global 
perspective. Amer Inst for Cancer Research.

GBD 2016 Alcohol Collaborators. 2018. Alcohol use and burden for 195 countries and territories, 1990- 2016: a 
systematic analysis for the global burden of disease study 2016. Lancet 392:1015–1035. DOI: https://doi.org/ 
10.1016/S0140-6736(18)31310-2, PMID: 30146330

GBD 2016 Alcohol Collaborators. 2020. Global burden of 87 risk factors in 204 countries and territories, 
1990- 2019: a systematic analysis for the global burden of disease study 2019. Lancet 396:1223–1249. DOI: 
https://doi.org/10.1016/S0140-6736(20)30752-2, PMID: 33069327

Georgiou AN, Ntritsos G, Papadimitriou N, Dimou N, Evangelou E. 2021. Cigarette smoking, coffee 
consumption, alcohol intake, and risk of Crohn’s disease and ulcerative colitis: a Mendelian randomization 
study. Inflammatory Bowel Diseases 27:162–168. DOI: https://doi.org/10.1093/ibd/izaa152, PMID: 32628751

Givi ME, Folkerts G, Wagenaar GTM, Redegeld FA, Mortaz E. 2015. Cigarette smoke differentially modulates 
dendritic cell maturation and function in time. Respiratory Research 16:131. DOI: https://doi.org/10.1186/ 
s12931-015-0291-6, PMID: 26498483

Guindo- Martínez M, Amela R, Bonàs- Guarch S, Puiggròs M, Salvoro C, Miguel- Escalada I, Carey CE, Cole JB, 
Rüeger S, Atkinson E, Leong A, Sanchez F, Ramon- Cortes C, Ejarque J, Palmer DS, Kurki M, Aragam K, 
Florez JC, Badia RM, Mercader JM, et al. 2021. The impact of non- additive genetic associations on age- related 
complex diseases. Nature Communications 12:2436. DOI: https://doi.org/10.1038/s41467-021-21952-4, PMID: 
33893285

Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, Laurin C, Burgess S, Bowden J, Langdon R, 
Tan VY, Yarmolinsky J, Shihab HA, Timpson NJ, Evans DM, Relton C, Martin RM, Davey Smith G, Gaunt TR, 
Haycock PC. 2018. The MR- Base platform supports systematic causal inference across the human phenome. 
eLife 7:e34408. DOI: https://doi.org/10.7554/eLife.34408, PMID: 29846171

Jorgenson E, Thai KK, Hoffmann TJ, Sakoda LC, Kvale MN, Banda Y, Schaefer C, Risch N, Mertens J, Weisner C, 
Choquet H. 2017. Genetic contributors to variation in alcohol consumption vary by race/ethnicity in a large 
multi- ethnic genome- wide association study. Molecular Psychiatry 22:1359–1367. DOI: https://doi.org/10. 
1038/mp.2017.101, PMID: 28485404

Kato I, Nomura AM, Stemmermann GN, Chyou PH. 1992. A prospective study of gastric and duodenal ulcer and 
its relation to smoking, alcohol, and diet. American Journal of Epidemiology 135:521–530. DOI: https://doi. 
org/10.1093/oxfordjournals.aje.a116319, PMID: 1570818

Klatsky AL. 2001. Diet, alcohol, and health: a story of connections, confounders, and cofactors. The American 
Journal of Clinical Nutrition 74:279–280. DOI: https://doi.org/10.1093/ajcn/74.3.279, PMID: 11522547

Krishnan B, Babu S, Walker J, Walker AB, Pappachan JM. 2013. Gastrointestinal complications of diabetes 
mellitus. World Journal of Diabetes 4:51–63. DOI: https://doi.org/10.4239/wjd.v4.i3.51, PMID: 23772273

Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Donner K, Reeve MP, Laivuori H, Aavikko M, 
Kaunisto MA, Loukola A, Lahtela E, Mattsson H, Laiho P, Della Briotta Parolo P, Lehisto A, Kanai M, Mars N, 
Rämö J, Kiiskinen T, et al. 2022. FinnGen: Unique Genetic Insights from Combining Isolated Population and 
National Health Register Data. medRxiv. DOI: https://doi.org/10.1101/2022.03.03.22271360

Larsson SC, Carter P, Kar S, Vithayathil M, Mason AM, Michaëlsson K, Burgess S, Tsilidis KK. 2020. Smoking, 
alcohol consumption, and cancer: a mendelian randomisation study in UK biobank and international genetic 
consortia participants. PLOS Medicine 17:e1003178. DOI: https://doi.org/10.1371/journal.pmed.1003178, 
PMID: 32701947

Laszkowska M, Rodriguez S, Kim J, Hur C. 2021. Heavy alcohol use is associated with gastric cancer: analysis of 
the National health and nutrition examination survey from 1999 to 2010. The American Journal of 
Gastroenterology 116:1083–1086. DOI: https://doi.org/10.14309/ajg.0000000000001166, PMID: 33625123

Leone FT, Zhang Y, Evers- Casey S, Evins AE, Eakin MN, Fathi J. 2020. Initiating pharmacologic treatment in 
tobacco- dependent adults. An Official American Thoracic Society Clinical Practice Guideline. Am J Respir Crit 
Care Med 202:e5–e31. DOI: https://doi.org/10.1164/rccm.202005-1982ST

Liu B, Balkwill A, Roddam A, Brown A, Beral V, Million Women Study C. 2009. Separate and joint effects of 
alcohol and smoking on the risks of cirrhosis and gallbladder disease in middle- aged women. American Journal 
of Epidemiology 169:153–160. DOI: https://doi.org/10.1093/aje/kwn280, PMID: 19033524

Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, Ripke S, Lee JC, Jostins L, Shah T, 
Abedian S, Cheon JH, Cho J, Dayani NE, Franke L, Fuyuno Y, Hart A, Juyal RC, Juyal G, Kim WH, et al. 2015. 
Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight shared 
genetic risk across populations. Nature Genetics 47:979–986. DOI: https://doi.org/10.1038/ng.3359, PMID: 
26192919

Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, Datta G, Davila- Velderrain J, McGuire D, Tian C, Zhan X, 
23andMe Research Team, HUNT All- In Psychiatry, Choquet H, Docherty AR, Faul JD, Foerster JR, Fritsche LG, 
Gabrielsen ME, Gordon SD, et al. 2019. Association studies of up to 1.2 million individuals yield new insights 
into the genetic etiology of tobacco and alcohol use. Nature Genetics 51:237–244. DOI: https://doi.org/10. 
1038/s41588-018-0307-5, PMID: 30643251

https://doi.org/10.7554/eLife.84051
https://doi.org/10.1158/1055-9965.EPI-20-1218
https://doi.org/10.1158/1055-9965.EPI-20-1218
http://www.ncbi.nlm.nih.gov/pubmed/33653810
https://doi.org/10.1136/gutjnl-2016-313589
https://doi.org/10.1136/gutjnl-2016-313589
http://www.ncbi.nlm.nih.gov/pubmed/28232473
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1016/S0140-6736(18)31310-2
http://www.ncbi.nlm.nih.gov/pubmed/30146330
https://doi.org/10.1016/S0140-6736(20)30752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1093/ibd/izaa152
http://www.ncbi.nlm.nih.gov/pubmed/32628751
https://doi.org/10.1186/s12931-015-0291-6
https://doi.org/10.1186/s12931-015-0291-6
http://www.ncbi.nlm.nih.gov/pubmed/26498483
https://doi.org/10.1038/s41467-021-21952-4
http://www.ncbi.nlm.nih.gov/pubmed/33893285
https://doi.org/10.7554/eLife.34408
http://www.ncbi.nlm.nih.gov/pubmed/29846171
https://doi.org/10.1038/mp.2017.101
https://doi.org/10.1038/mp.2017.101
http://www.ncbi.nlm.nih.gov/pubmed/28485404
https://doi.org/10.1093/oxfordjournals.aje.a116319
https://doi.org/10.1093/oxfordjournals.aje.a116319
http://www.ncbi.nlm.nih.gov/pubmed/1570818
https://doi.org/10.1093/ajcn/74.3.279
http://www.ncbi.nlm.nih.gov/pubmed/11522547
https://doi.org/10.4239/wjd.v4.i3.51
http://www.ncbi.nlm.nih.gov/pubmed/23772273
https://doi.org/10.1101/2022.03.03.22271360
https://doi.org/10.1371/journal.pmed.1003178
http://www.ncbi.nlm.nih.gov/pubmed/32701947
https://doi.org/10.14309/ajg.0000000000001166
http://www.ncbi.nlm.nih.gov/pubmed/33625123
https://doi.org/10.1164/rccm.202005-1982ST
https://doi.org/10.1093/aje/kwn280
http://www.ncbi.nlm.nih.gov/pubmed/19033524
https://doi.org/10.1038/ng.3359
http://www.ncbi.nlm.nih.gov/pubmed/26192919
https://doi.org/10.1038/s41588-018-0307-5
https://doi.org/10.1038/s41588-018-0307-5
http://www.ncbi.nlm.nih.gov/pubmed/30643251


 Research article      Epidemiology and Global Health | Genetics and Genomics

Yuan, Chen, Ruan et al. eLife 2023;12:e84051. DOI: https:// doi. org/ 10. 7554/ eLife. 84051  18 of 19

Mandrekar P, Szabo G. 2009. Signalling pathways in alcohol- induced liver inflammation. Journal of Hepatology 
50:1258–1266. DOI: https://doi.org/10.1016/j.jhep.2009.03.007, PMID: 19398236

McGee EE, Jackson SS, Petrick JL, Van Dyke AL, Adami H- O, Albanes D, Andreotti G, Beane- Freeman LE, 
Berrington de Gonzalez A, Buring JE, Chan AT, Chen Y, Fraser GE, Freedman ND, Gao Y- T, Gapstur SM, 
Gaziano JM, Giles GG, Grant EJ, Grodstein F, et al. 2019. Smoking, alcohol, and biliary tract cancer risk: a 
pooling project of 26 prospective studies. Journal of the National Cancer Institute 111:1263–1278. DOI: 
https://doi.org/10.1093/jnci/djz103, PMID: 31127946

McNabb S, Harrison TA, Albanes D, Berndt SI, Brenner H, Caan BJ, Campbell PT, Cao Y, Chang- Claude J, 
Chan A, Chen Z, English DR, Giles GG, Giovannucci EL, Goodman PJ, Hayes RB, Hoffmeister M, Jacobs EJ, 
Joshi AD, Larsson SC, et al. 2020. Meta- Analysis of 16 studies of the association of alcohol with colorectal 
cancer. International Journal of Cancer 146:861–873. DOI: https://doi.org/10.1002/ijc.32377, PMID: 31037736

Mizrahi JD, Surana R, Valle JW, Shroff RT. 2020. Pancreatic cancer. The Lancet 395:2008–2020. DOI: https://doi. 
org/10.1016/S0140-6736(20)30974-0, PMID: 32593337

Montgomery SM, Pounder RE, Wakefield AJ. 1999. Smoking in adults and passive smoking in children are 
associated with acute appendicitis. Lancet 353:379. DOI: https://doi.org/10.1016/S0140-6736(05)74951-5, 
PMID: 9950450

Noakes PS, Hale J, Thomas R, Lane C, Devadason SG, Prescott SL. 2006. Maternal smoking is associated with 
impaired neonatal toll- like- receptor- mediated immune responses. The European Respiratory Journal 28:721–
729. DOI: https://doi.org/10.1183/09031936.06.00050206, PMID: 16870663

Nordenstedt H, Graham DY, Kramer JR, Rugge M, Verstovsek G, Fitzgerald S, Alsarraj A, Shaib Y, Velez ME, 
Abraham N, Anand B, Cole R, El- Serag HB. 2013. Helicobacter pylori- negative gastritis: prevalence and risk 
factors. The American Journal of Gastroenterology 108:65–71. DOI: https://doi.org/10.1038/ajg.2012.372, 
PMID: 23147524

Park S, Chun J, Han K- D, Soh H, Kang EA, Lee HJ, Im JP, Kim JS. 2019. Dose- Response relationship between 
cigarette smoking and risk of ulcerative colitis: a nationwide population- based study. Journal of 
Gastroenterology 54:881–890. DOI: https://doi.org/10.1007/s00535-019-01589-3, PMID: 31093771

Peery AF, Crockett SD, Murphy CC, Jensen ET, Kim HP, Egberg MD, Lund JL, Moon AM, Pate V, Barnes EL, 
Schlusser CL, Baron TH, Shaheen NJ, Sandler RS. 2022. Burden and cost of gastrointestinal, liver, and 
pancreatic diseases in the United States: update 2021. Gastroenterology 162:621–644. DOI: https://doi.org/ 
10.1053/j.gastro.2021.10.017, PMID: 34678215

Piovani D, Danese S, Peyrin- Biroulet L, Nikolopoulos GK, Lytras T, Bonovas S. 2019. Environmental risk factors 
for inflammatory bowel diseases: an umbrella review of meta- analyses. Gastroenterology 157:647–659.. DOI: 
https://doi.org/10.1053/j.gastro.2019.04.016, PMID: 31014995

Roberts W, Verplaetse T, Peltier MKR, Moore KE, Gueorguieva R, McKee SA. 2020. Prospective association of 
e- cigarette and cigarette use with alcohol use in two waves of the population assessment of tobacco and 
health. Addiction 115:1571–1579. DOI: https://doi.org/10.1111/add.14980, PMID: 31977106

Roerecke M, Vafaei A, Hasan OSM, Chrystoja BR, Cruz M, Lee R, Neuman MG, Rehm J. 2019. Alcohol 
consumption and risk of liver cirrhosis: a systematic review and meta- analysis. American Journal of 
Gastroenterology 114:1574–1586. DOI: https://doi.org/10.14309/ajg.0000000000000340, PMID: 31464740

Ryan- Harshman M, Aldoori W. 2004. How diet and lifestyle affect duodenal ulcers. Review of the evidence. 
Canadian Family Physician 50:727–732 PMID: 15171675. 

Samokhvalov AV, Rehm J, Roerecke M. 2015. Alcohol consumption as a risk factor for acute and chronic 
pancreatitis: a systematic review and a series of meta- analyses. EBioMedicine 2:1996–2002. DOI: https://doi. 
org/10.1016/j.ebiom.2015.11.023, PMID: 26844279

Simpson RF, Hermon C, Liu B, Green J, Reeves GK, Beral V, Floud S, Million Women Study Collaborators. 2019. 
Alcohol drinking patterns and liver cirrhosis risk: analysis of the prospective UK Million women study. The 
Lancet. Public Health 4:e41–e48. DOI: https://doi.org/10.1016/S2468-2667(18)30230-5, PMID: 30472032

Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey P, Elliott P, Green J, Landray M, Liu B, 
Matthews P, Ong G, Pell J, Silman A, Young A, Sprosen T, Peakman T, Collins R. 2015. Uk Biobank: an open 
access resource for identifying the causes of a wide range of complex diseases of middle and old age. PLOS 
Medicine 12:e1001779. DOI: https://doi.org/10.1371/journal.pmed.1001779, PMID: 25826379

Talley NJ, Powell N, Walker MM, Jones MP, Ronkainen J, Forsberg A, Kjellström L, Hellström PM, Aro P, 
Wallner B, Agréus L, Andreasson A. 2021. Role of smoking in functional dyspepsia and irritable bowel 
syndrome: three random population- based studies. Alimentary Pharmacology & Therapeutics 54:32–42. DOI: 
https://doi.org/10.1111/apt.16372, PMID: 33983640

Verbanck M, Chen CY, Neale B, Do R. 2018. Detection of widespread horizontal pleiotropy in causal 
relationships inferred from Mendelian randomization between complex traits and diseases. Nature Genetics 
50:693–698. DOI: https://doi.org/10.1038/s41588-018-0099-7, PMID: 29686387

Wootton RE, Richmond RC, Stuijfzand BG, Lawn RB, Sallis HM, Taylor GMJ, Hemani G, Jones HJ, Zammit S, 
Davey Smith G, Munafò MR. 2020. Evidence for causal effects of lifetime smoking on risk for depression and 
schizophrenia: a Mendelian randomisation study. Psychological Medicine 50:2435–2443. DOI: https://doi.org/ 
10.1017/S0033291719002678, PMID: 31689377

Yadav D, Whitcomb DC. 2010. The role of alcohol and smoking in pancreatitis. Nature Reviews. 
Gastroenterology & Hepatology 7:131–145. DOI: https://doi.org/10.1038/nrgastro.2010.6, PMID: 20125091

Yavorska OO, Burgess S. 2017. MendelianRandomization: an R package for performing Mendelian 
randomization analyses using summarized data. International Journal of Epidemiology 46:1734–1739. DOI: 
https://doi.org/10.1093/ije/dyx034, PMID: 28398548

https://doi.org/10.7554/eLife.84051
https://doi.org/10.1016/j.jhep.2009.03.007
http://www.ncbi.nlm.nih.gov/pubmed/19398236
https://doi.org/10.1093/jnci/djz103
http://www.ncbi.nlm.nih.gov/pubmed/31127946
https://doi.org/10.1002/ijc.32377
http://www.ncbi.nlm.nih.gov/pubmed/31037736
https://doi.org/10.1016/S0140-6736(20)30974-0
https://doi.org/10.1016/S0140-6736(20)30974-0
http://www.ncbi.nlm.nih.gov/pubmed/32593337
https://doi.org/10.1016/S0140-6736(05)74951-5
http://www.ncbi.nlm.nih.gov/pubmed/9950450
https://doi.org/10.1183/09031936.06.00050206
http://www.ncbi.nlm.nih.gov/pubmed/16870663
https://doi.org/10.1038/ajg.2012.372
http://www.ncbi.nlm.nih.gov/pubmed/23147524
https://doi.org/10.1007/s00535-019-01589-3
http://www.ncbi.nlm.nih.gov/pubmed/31093771
https://doi.org/10.1053/j.gastro.2021.10.017
https://doi.org/10.1053/j.gastro.2021.10.017
http://www.ncbi.nlm.nih.gov/pubmed/34678215
https://doi.org/10.1053/j.gastro.2019.04.016
http://www.ncbi.nlm.nih.gov/pubmed/31014995
https://doi.org/10.1111/add.14980
http://www.ncbi.nlm.nih.gov/pubmed/31977106
https://doi.org/10.14309/ajg.0000000000000340
http://www.ncbi.nlm.nih.gov/pubmed/31464740
http://www.ncbi.nlm.nih.gov/pubmed/15171675
https://doi.org/10.1016/j.ebiom.2015.11.023
https://doi.org/10.1016/j.ebiom.2015.11.023
http://www.ncbi.nlm.nih.gov/pubmed/26844279
https://doi.org/10.1016/S2468-2667(18)30230-5
http://www.ncbi.nlm.nih.gov/pubmed/30472032
https://doi.org/10.1371/journal.pmed.1001779
http://www.ncbi.nlm.nih.gov/pubmed/25826379
https://doi.org/10.1111/apt.16372
http://www.ncbi.nlm.nih.gov/pubmed/33983640
https://doi.org/10.1038/s41588-018-0099-7
http://www.ncbi.nlm.nih.gov/pubmed/29686387
https://doi.org/10.1017/S0033291719002678
https://doi.org/10.1017/S0033291719002678
http://www.ncbi.nlm.nih.gov/pubmed/31689377
https://doi.org/10.1038/nrgastro.2010.6
http://www.ncbi.nlm.nih.gov/pubmed/20125091
https://doi.org/10.1093/ije/dyx034
http://www.ncbi.nlm.nih.gov/pubmed/28398548


 Research article      Epidemiology and Global Health | Genetics and Genomics

Yuan, Chen, Ruan et al. eLife 2023;12:e84051. DOI: https:// doi. org/ 10. 7554/ eLife. 84051  19 of 19

Yu C, Tang H, Guo Y, Bian Z, Yang L, Chen Y, Tang A, Zhou X, Yang X, Chen J, Chen Z, Lv J, Li L, China Kadoorie 
Biobank Collaborative Group. 2018. Hot tea consumption and its interactions with alcohol and tobacco use on 
the risk for esophageal cancer: a population- based cohort study. Annals of Internal Medicine 168:489–497. 
DOI: https://doi.org/10.7326/M17-2000, PMID: 29404576

Yuan S, Giovannucci EL, Larsson SC. 2021. Gallstone disease, diabetes, calcium, triglycerides, smoking and 
alcohol consumption and pancreatitis risk: Mendelian randomization study. NPJ Genomic Medicine 6:27. DOI: 
https://doi.org/10.1038/s41525-021-00189-6, PMID: 33782414

Yuan S, Larsson SC. 2022a. Adiposity, diabetes, lifestyle factors and risk of gastroesophageal reflux disease: a 
mendelian randomization study. European Journal of Epidemiology 37:747–754. DOI: https://doi.org/10.1007/ 
s10654-022-00842-z, PMID: 35119566

Yuan S, Larsson SC. 2022b. Genetically predicted adiposity, diabetes, and lifestyle factors in relation to 
diverticular disease. Clinical Gastroenterology and Hepatology 20:1077–1084. DOI: https://doi.org/10.1016/j. 
cgh.2021.06.013, PMID: 34139333

Yuan S, Chen J, Li X, Fan R, Arsenault B, Gill D, Giovannucci EL, Zheng JS, Larsson SC. 2022c. Lifestyle and 
metabolic factors for nonalcoholic fatty liver disease: mendelian randomization study. European Journal of 
Epidemiology 37:723–733. DOI: https://doi.org/10.1007/s10654-022-00868-3, PMID: 35488966

Zhang Y- B, Pan X- F, Chen J, Cao A, Zhang Y- G, Xia L, Wang J, Li H, Liu G, Pan A. 2020. Combined lifestyle 
factors, incident cancer, and cancer mortality: a systematic review and meta- analysis of prospective cohort 
studies. British Journal of Cancer 122:1085–1093. DOI: https://doi.org/10.1038/s41416-020-0741-x, PMID: 
32037402

Zhou W, Zhao Z, Nielsen JB, Fritsche LG, LeFaive J, Gagliano Taliun SA, Bi W, Gabrielsen ME, Daly MJ, 
Neale BM, Hveem K, Abecasis GR, Willer CJ, Lee S. 2020. Scalable generalized linear mixed model for 
region- based association tests in large biobanks and cohorts. Nature Genetics 52:634–639. DOI: https://doi. 
org/10.1038/s41588-020-0621-6, PMID: 32424355

https://doi.org/10.7554/eLife.84051
https://doi.org/10.7326/M17-2000
http://www.ncbi.nlm.nih.gov/pubmed/29404576
https://doi.org/10.1038/s41525-021-00189-6
http://www.ncbi.nlm.nih.gov/pubmed/33782414
https://doi.org/10.1007/s10654-022-00842-z
https://doi.org/10.1007/s10654-022-00842-z
http://www.ncbi.nlm.nih.gov/pubmed/35119566
https://doi.org/10.1016/j.cgh.2021.06.013
https://doi.org/10.1016/j.cgh.2021.06.013
http://www.ncbi.nlm.nih.gov/pubmed/34139333
https://doi.org/10.1007/s10654-022-00868-3
http://www.ncbi.nlm.nih.gov/pubmed/35488966
https://doi.org/10.1038/s41416-020-0741-x
http://www.ncbi.nlm.nih.gov/pubmed/32037402
https://doi.org/10.1038/s41588-020-0621-6
https://doi.org/10.1038/s41588-020-0621-6
http://www.ncbi.nlm.nih.gov/pubmed/32424355

	Smoking, alcohol consumption, and 24 gastrointestinal diseases: Mendelian randomization analysis
	Abstract
	Editor's evaluation
	Introduction
	Materials and methods
	Instrumental variable selection
	Gastrointestinal disease data sources
	Statistical analysis

	Results
	Smoking and gastrointestinal diseases
	Alcohol consumption and gastrointestinal diseases

	Discussion
	Acknowledgements
	Additional information
	Funding
	Author contributions
	Author ORCIDs
	Ethics
	Decision letter and Author response

	Additional files
	Supplementary files

	References


