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Abstract
Background: The incidence of acute pancreatitis (AP) is increasing over years, 
which brings enormous economy and health burden. However, the aetiolo-
gies of AP and underlying mechanisms are still unclear. Here, we performed a 
two-sample Mendelian randomization (MR) analysis to investigate the associa-
tions between all reported possible risk factors and AP using publicly available 
genome-wide association study summary statistics.
Methods: A series of quality control steps were taken in our analysis to select 
eligible instrumental single nucleotide polymorphisms which were strongly as-
sociated with exposures. To make the conclusions more robust and reliable, we 
utilized several analytical methods (inverse-variance weighting, MR-PRESSO 
method, weighted median, MR-Egger regression) that are based on different as-
sumptions of two-sample MR analysis. The MR-Egger intercept test, radial re-
gression and leave-one-out sensitivity analysis were performed to evaluate the 
horizontal pleiotropy, heterogeneities, and stability of these genetic variants on 
each exposure. A two-step MR method was applied to explore mediators in sig-
nificant associations.
Results: Genetic predisposition to cholelithiasis (effect estimate: 17.30, 95% CI: 
12.25–22.36, p = 1.95 E-11), body mass index (0.32, 95% CI: 0.13–0.51, p < 0.001), 
body fat percentage (0.57, 95% CI: 0.31–0.83, p = 1.31 E-05), trunk fat percent-
age (0.36, 95% CI: 0.14–0.59, p < 0.005), ever smoked (1.61, 95% CI: 0.45–2.77, 
p = 0.007), and limbs fat percentage (0.55, 95% CI: 0.41–0.69, p < 0.001) were asso-
ciated with an increased risk of AP. In addition, whole-body fat-free mass (−0.32, 
95% CI: −0.55 to −0.10, p = 0.004) was associated with a decrease risk of AP.
Conclusion: Genetic predisposition to cholelithiasis, obesity and smoking could 
be causally associated with an increased risk of AP, and whole body fat-free mass 
could be associated with a decreased risk of AP.
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1   |   INTRODUCTION

Acute pancreatitis (AP) is a common emergency in clin-
ical practice, which accounts for almost 300,000 hospi-
talizations per year in the United States (Gardner, 2021) 
and lead to a huge burden on health system. In the past 
five decades, the incidence of AP has been rising in 
most countries especially the western countries, which 
brings enormous health and economic burdens (GBD 
2017 Disease and Injury Incidence and Prevalence 
Collaborators, 2018). The severity of AP varies a lot in dif-
ferent patients; while most cases are mild, approximately 
20% of them are moderate/severe AP with pancreatic ne-
crosis or organ failure.

Though gallstones, alcohol intake, and hypertriglyceri-
demia (HTG) are well-known risk factors of AP, however, 
those three have only accounted up to 50% and others are 
listed in Table 1 (Mederos et al., 2021). The available evi-
dence on possible risk factors for AP is mostly based on 
observational studies that are prone to be challenged by 
biases and residual confounding. Moreover, reverse cau-
sality could be of concern in such studies because levels 
of certain biomarkers and behaviors may be influenced 
by the pathophysiological change of AP itself or other un-
derlying diseases. Therefore, it remains unclear whether 
previously reported risk factors are causally related to AP.

Mendelian randomization (MR) is an approach that 
can help deal with those problems through the use of ge-
netic variants as instrumental variables to infer causality 
among correlated traits (Davey Smith & Hemani, 2014; 
Davies et al.,  2018; Smith & Ebrahim, 2003). As an in-
dividual's genotype is established at zygote formation 
then genetic variation is robust to reverse causation 
and confounding is considerably less evident than in 
conventional observational studies (Smith et al., 2007). 
Furthermore, a method named two-step MR have been 
developed to determine whether the causal relationship 
between exposure and outcome is mediated by other fac-
tors (Relton & Davey Smith, 2012). MR study in the field 
of AP was scarce, recently, Yuan et al. (2021) conducted 
a MR study to determine the potential associations of 
cholelithiasis, diabetes, serum calcium, triglyceride lev-
els, smoking, and alcohol consumption with acute and 
chronic pancreatitis, which provides evidence in sup-
porting that cholelithiasis, type 2 diabetes, and smok-
ing initiation was associated with an increased risk of 
AP. However, the rest of possible aetiologies and related 
mechanisms of AP are still poorly understood. Hence, 
we sought to conduct an exposure-wide MR study to de-
termine the causal associations between all reported risk 
factors and AP.

T A B L E  1   Reported risk factors of acute pancreatitis

Diseases

Gallstone

Obesity

HIV-positive status

Hyperparathyroidism

IBD

Hypercalcemia

Hypertriglyceridemia

Diabetic ketoacidosis

Pancreas divisum

Pancreas tumor

Pancreas cystic lesions

Traits

Alcohol

Older age

Smoking

Medication: Acetaminophen

Medication:5-animosalicylate

Medication: Amiodarone

Medication: Androgenic anabolic steroids

Medication: Azathioprine

Medication: Cannabis

Medication: Carbamazepine

Medication: Carbimazole

Medication: Cimetidine

Medication: Cisplatin

Medication: Clomiphene

Medication: Didanosine

Medication: Enalapril

Medication: Estrogen

Medication: Furosemide

Medication: Isoniazid

Medication: Lamivudine

Medication: Losartan

Medication: Methyldopa

Medication: Metronidazole

Medication: Nadolol

Medication: Pravastatin

Medication: Perindopril

Medication: Procainamide

Medication: Pyritinol

Medication: Ranitidine

Medication: Rosuvastatin

Medication: Saxagliptin

Medication: Simvastatin
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2   |   METHODS

2.1  |  Ethical compliance

This study involved analysis of publicly available, de-
identified data. Specific ethical review and informed con-
sent had been obtained in all the original studies.

2.2  |  Study design

The MR approach builds upon three principal assump-
tions; (1) The genetic variants proposed as instrumental 
variables should be robustly associated with the risk fac-
tors of interest; (2) The used genetic variants should not 
be associated with potential confounders; (3) The selected 
genetic variants should affect the risk of outcome merely 
through the risk factor, not via alternative pathways 
(Figure 1).

2.3  |  Outcome and exposure 
data resource

Summary-level data of GWAS for AP as outcome was 
obtained from the FinnGen consortium. FinnGen study 
launched in Finland from 2017 combines genome infor-
mation with digital health care data. We used the R5 re-
lease of the FinnGen consortium data with 3022 AP cases 
and 195,144 controls of Finnish ancestry. In this dataset, 
associations had been adjusted for age, sex, 10 genetic 
principal components, and genotyping batch.

Detailed information on used studies and genetic 
consortia (de Lange et al.,  2017; Jiang et al.,  2019; 
Klimentidis et al., 2018; Liu et al., 2021; Locke et al., 2019; 
Onengut-Gumuscu et al.,  2015; Sinnott-Armstrong 
et al.,  2021; Wang et al.,  2019) as exposure data was 
shown in Table  S1, 55 different phenotypes involved 
and 42 datasets of them were obtained from the GCTA 
data resource consisting of 2173 traits on 456,422 array-
genotyped as well as 49,960 whole-exome-sequenced 
individuals of European ancestry in the UK Biobank 
based on a resource-efficient tool (i.e., fastGWA) mixed-
model association analysis (Jiang et al.,  2019). Four 

genome-wide association study (GWAS) summary data 
of cholelithiasis, ketoacidosis, human immunodefi-
ciency virus infection and hyperparathyroidism were 
obtained from OpenGWAS project (Elsworth et al., 2020; 
Lyon et al., 2020), which is a manually curated collec-
tion of complete GWAS summary datasets.

2.4  |  Genetic instrumental 
variables selection

Genetic instruments for each exposure trait or disease 
were selected at the genome-wide significance threshold 
(p < 5 × 10−8) from corresponding GWASs. Independent 
single nucleotide polymorphisms (SNPs) were defined by 
r2 < 0.001 and clump window >10 kb and correlated SNPs 
(e.g., linkage disequilibrium) with the lowest p-value was 
retained. Linkage disequilibrium among SNPs for each 
risk factors was calculated based on 1000 genomes LD ref-
erence panel (European population) (Abecasis et al., 2012) 
using the PLINK clumping approach (Chang et al., 2015). 
We estimated the variance of each SNP and total variance 
of selected SNPs explained to the corresponding pheno-
type by using “2β2MAF(1-MAF)”, where β was the effect 
size of the genetic variation and MAF represented the 
minor allele frequency.

2.5  |  Statistical analysis

The univariate fixed-effects inverse-variance weighted 
model was used as the main analysis, which estimated 
the causal effect of an exposure on an outcome by com-
bining ratio estimates using each variant in a fixed effect 
meta-analysis model (Burgess et al., 2013). The weighted 
median approach and MR-Egger regression were used 
as a sensitivity analysis (Bowden et al., 2015, 2016). The 
p-value for the MR-Egger intercept was used to indicate 
directional pleiotropy and the p-value <0.05 indicated 
possible pleiotropy. The MR pleiotropy residual sum and 
outlier (MR-PRESSO) test was also applied to identify hor-
izontal pleiotropic outliers (Verbanck et al., 2018). Radial 
regression was used for the inverse-variance weighted 
model to detect outlier variables with heterogenicity 
(Bowden et al., 2018). The association with two-sided false 
discovery rate corrected p values <0.05 were deemed sta-
tistically significant.

From previous studies, cholelithiasis is known as the 
most important risk factor of AP (Vege et al., 2018; Yuan 
et al., 2021). In this MR study, we postulated that if some 
risk factors have causal effects on AP, then the effects could 
be direct or indirect that are likely mediated by cholelithi-
asis. This scenario is possible to investigate using two-step 

Medication: Sulindac

Medication: Tamoxifen

Medication: Telaprevir

Medication: Tetracycline

Medication: Trimethoprim

Medication: Valproic acid

T A B L E  1   (Continued)
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MR. To assess whether cholelithiasis is a mediator in the 
pathway from possible risk factors to AP, a two-step MR 
analysis (Relton & Davey Smith,  2012) was performed. 
In step 1, causal effects of risk factors detected from two-
sample MR on mediator (i.e., cholelithiasis) were tested, 
and then the causal effect of cholelithiasis on AP as step 2.

All analysis was performed using the TwoSampleMR 
(Hemani et al.,  2018), RadialMR (Bowden et al.,  2018), 
and MR-PRESSO (Verbanck et al.,  2018) packages in R 
Software 4.1.0 (R Core Team. R Foundation for Statistical 
Computing. Vienna, Austria. 2021. https://www.R-proje​
ct.org). Plots were created using the packages ggplot2 
(Wickham, 2016) and pheatmap (Kolde, 2019).

3   |   RESULTS

Summary data for the genetic instruments were available 
for 17 binary traits or diseases, corresponding to 846,202 
cases (median, 7682 per trait or disease), 3,260,307 controls 
(median, 96,367 per trait or disease), and 38 quantitative 
traits or diseases corresponding to 10,904,652 participants 
(median, 141,119 per trait or disease). After genetic instru-
mental variables selection in the GWAS summary datasets 
of corresponding risk factors, 18 presented no available in-
struments, a total of 37 traits or diseases were included in 
the MR analysis (Table S2). The median number of SNPs 
available as instruments across traits or diseases was 90 
ranging from 1 to 530 (Figure 2).

Effect estimates from the current MR study reflected 
the change of risk of AP for each unit change of our 

derived exposures. The results showed that genetic pre-
disposition to cholelithiasis (effect estimate: 17.30, 95% 
CI: 12.25–22.36, p < 0.001), body mass index (0.32, 95% 
CI: 0.13–0.51, p < 0.001), body fat percentage (0.57, 95% 
CI: 0.31–0.83, p < 0.001), trunk fat percentage (0.36, 95% 
CI: 0.14–0.59, p < 0.005), ever smoked (1.61, 95% CI: 0.45–
2.77, p = 0.007), and limbs fat percentage (0.55, 95% CI: 
0.41–0.69, p < 0.001) was associated with an increased 
risk of AP. And whole-body fat-free mass (−0.32, 95% 
CI: −0.55 to −0.10, p = 0.004) were associated with a de-
crease risk of AP (Figures 3 and 4). The associations were, 
however, highly variable across risk factors, varying from 
an effect estimate of 0.32 for body mass index and 17.30 
for cholelithiasis. Except for factors of ever smoked and 
cholelithiasis, the rest of statistically significant traits are 
all quantitative indicators of obesity, which presented 
similar strength of association with risk of AP. A sugges-
tive association of triglyceride and serum calcium with 
AP was also observed at non-FDR p < 0.05. Bidirectional 
MR analysis was performed to detect the potential re-
verse causal relationship from AP to cholelithiasis, body 
mass index, body fat percentage, trunk fat percentage, 
ever smoked, and limbs fat percentage, showing that AP 
had no significantly causal effects on those traits or dis-
eases (Table S3).

In the framework of two step MR study, the causal ef-
fects of cholelithiasis, body mass index, body fat percent-
age, trunk fat percentage, ever smoked, right or left leg 
fat percentage, and right or left arm fat percentage on AP 
were maintained. In addition, all aforementioned factors 
except for ever smoked showed positive causal effects on 

F I G U R E  1   Study design and 
assumptions: (1) the genetic variants 
proposed as instrumental variables should 
be robustly associated with the risk factors 
of interest; (2) the used genetic variants 
should not be associated with potential 
confounders; (3) the selected genetic 
variants should affect the risk of outcome 
merely through the risk factor, not via 
alternative pathways.

https://www.r-project.org
https://www.r-project.org


      |  5 of 9TANG et al.

cholelithiasis (Table S4), which indicated the obesity re-
lated effects to the increased risk of AP are mediated by 
cholelithiasis.

In the sensitivity analysis, we appraised the potential 
impact of confounding by pleiotropic pathways on our re-
sults. Associations estimated by the weighted median and 
MR-Egger were similar to the main results (Table S2).

4   |   DISCUSSION

This exposure-wide MR study found cholelithiasis, body 
mass index, body fat percentage, trunk fat percentage, 
ever smoked, limbs fat percentage were associated with an 
increased risk of AP. And whole-body fat-free mass were 
associated with a decrease risk of AP.

Cholelithiasis, HTG, and alcohol intake have been re-
ported as the three main risk factors of AP based on ob-
servational and animal experimental studies (Roberts 
et al., 2017; Vege et al., 2018; Yang & McNabb-Baltar, 2020). 
However, the underlying mechanisms of how these fac-
tors cause AP are still unclear. In addition, there are di-
verse less common risk factors of AP reported which are 

almost based on observational studies with small sample 
size and case reports.

Hypothesis about cholelithiasis-relating AP, account-
ing for approximately 35%–40% of AP cases, vary from 
block of pancreatic fluid to reflux of bile into pancre-
atic duct (Gardner,  2021). The present MR study found 
evidence that genetic predisposition to cholelithiasis 
is consistently associated with an increased risk of AP. 
It strengthened the causality from cholelithiasis to AP 
based on human genetic data, in line with the study by 
Yuan et al.  (2021). However, the associations between 
AP and HTG or alcohol failed to reach statistical signif-
icance in our study. Given the published studies about 
alcohol-related AP, long-term and heavy alcohol drink-
ing posed great risk to AP especially in Western countries 
(Roberts et al.,  2017). A meta-analysis suggested that a 
dose–response relationship between alcohol consump-
tion and risk of AP existed, which is monotonic in men 
and no-linear in women, and alcohol consumption below 
40 g/day was even associated with reduced risk of AP in 
women (Samokhvalov et al.,  2015). In our study, we ex-
plored different traits including alcohol type, amount of 
alcohol intake and frequency of alcohol intake. However, 
the results showed no association of the alcohol-related 
exposures with the increased risk of AP. Similar result 
happened to HTG which only showed suggestive associa-
tion with AP (non-FDR p < 0.05). The discrepancies might 
be explained by which there are only a small portion of 
drinkers with a long-term and heavy alcohol intake in our 
study, and the median triglyceride level in our study pop-
ulation is 1.5 mmol/L (Interquartile Range 1.11 mmol/L) 
which is far lower than the diagnostic criteria of HTG-
related AP (11.3 mmol/L). Therefore, future studies with 
larger sample size are needed.

Obesity is defined as an excess accumulation of body 
fat which can be assessed with BMI and fat percentage, 
which we also included in our study as exposures. Most of 
the epidemiological data on obesity were based on BMI (in 
kg/m2) and used the ranges of 18.5–24.9 for normality, 25–
29.9 for overweight, and ≥30 for obesity (Caballero, 2019). 
A meta-analysis included 12 clinical studies with a total of 
1483 patients showed that obese patients (BMI ≥ 25 kg/m2 
in Asian countries and BMI ≥ 30 kg/m2 in non-Asian coun-
tries) had a significantly increases risk of severe AP (risk 
ratio = 2.20, 95% CI 1.82–2.66, p < 0.05) (Chen et al., 2012). 
Our findings based on several relevant traits further con-
firmed the causality of this obesity, whereof BMI, body fat 
percentage, and limbs fat percentage were shown to be sig-
nificantly associated with increased risk of AP, and whole-
body fat-free mass was significantly associated with a 
decreased risk of AP. Previous studies (Khatua et al., 2017) 
explained the possible underlying mechanisms of how 
obesity causes AP, mainly focused on HTG, diabetes, 

F I G U R E  2   Flow chart of the instrumental variant screening.
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therapeutic interventions for obesity. Obesity could also 
increase AP severity through the effects of cytokines, adi-
pokines, damage-associated molecular patterns and unsat-
urated fatty acid-mediated lipotoxicity. The two-step MR 

analysis in our study revealed that cholelithiasis act as a 
mediator in the causality association of body mass index, 
body fat percentage, trunk fat percentage, right or left leg 
fat percentage and right or left arm fat percentage with AP. 

F I G U R E  4   Forest plot of the effect 
estimates of statistically significant 
exposures in two-sample Mendelian 
randomization.

F I G U R E  3   Heatmap included every exposure according to −lg(p-value).
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The 2020 Global Burden of Disease report noted a global 
year-over-year increase in BMI, blood pressure, and fasting 
plasma glucose (i.e., metabolic syndrome) (GBD 2019 Risk 
Factors Collaborators,  2020), which explained partially 
the increase of incidence of AP over the past 5 decades 
(Iannuzzi et al., 2021). Prevention of cholelithiasis should 
be strongly recommended to lower the risk of AP for those 
individuals with a high risk of cholelithiasis.

Smoking has been established as an independent risk 
factor of AP (Majumder et al., 2015). Our study found that 
the factor ever smoked increased the risk of AP, but the 
number of cigarettes smoked daily for both former and 
current smoker was not significantly associated with the 
increased risk of AP. The results of two-step MR showed 
no mediation effect of cholelithiasis in the causal relation-
ship of ever smoked with AP. Further research is warrant 
to demonstrating the underlying mechanism.

The major strength of the present study is the MR de-
sign which can minimize residual confounding and di-
minish reverse causality. Another strength is the two-step 
MR design which can explain to some extent the mecha-
nism of causality relationship. A limitation of our study is 
possible pleiotropy, where a genetic variant has more than 
one direct correlate that would invalidate conclusions 
based on the assumption of a single pathway. However, 
our results remained quite stable across all MR methods 
and MR-PRESSO method was applied to detect possible 
pleiotropy. Population stratification bias is less likely to 
affect our results since the used genome-wide association 
studies were based on individuals of solely European an-
cestry. In addition, adjustment was made for population 
structure through genetic principal components in these 
genome-wide association studies. However, this popula-
tion restriction might confine the generalizability of our 
findings to other populations. Another limitation of our 
study is weak instrument bias. We observed the variance 
of each SNP and total variance of selected SNPs explained 
to the corresponding phenotypes or traits was relatively 
small. In 2-sample MR, this bias would tend to make es-
timates closer to the null. However, we have followed a 
strict screening process of instrumental SNPs and the re-
sults showed stability through all the sensitivity analysis, 
we therefore, admit that weak instrument bias is a notable 
issue in our results but not critical to the main findings. 
Nevertheless, further research is required to clarify our 
finds especially those contradictories between MR results 
and observational epidemiology.

5   |   CONCLUSION

The present MR study suggested that genetic predisposi-
tion to cholelithiasis, obesity and smoking could be causally 

associated with an increased risk of AP, whole body fat-free 
mass could be associated with a decreased risk of AP. And 
the association between obesity and AP could be mediated 
by cholelithiasis. The suggestive associations of triglyceride 
and serum calcium with AP need further investigations.
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