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Abstract

Aims: The molecular mechanisms underlying the association between type 2 diabetes
(T2D) and gastrointestinal (Gl) disease are unclear. To identify protein pathways, we
conducted a two-stage network Mendelian randomisation (MR) study.

Materials and Methods: Genetic instruments for T2D were obtained from a large-
scale summary-level genome-wide meta-analysis. Genetic associations with blood
protein levels were obtained from three genome-wide association studies on plasma
proteins (i.e. the deCODE study as the discovery and the UKB-PPP and Fenland stud-
ies as the replication). Summary-level data on 10 Gl diseases were derived from
genome-wide meta-analysis of the UK Biobank and FinnGen. MR and colocalisation
analyses were performed. Pathways were constructed according to the directionality

of total and indirect effects, and corresponding proportional mediation was
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estimated. Druggability assessments were conducted across four databases to priori-
tise protein mediators.

Results: Genetic liability to T2D was associated with 69 proteins in the discovery
protein dataset after multiple testing corrections. All associations were replicated at
the nominal significance level. Among T2D-associated proteins, genetically predicted
levels of nine proteins were associated with at least one of the Gl diseases. Geneti-
cally predicted levels of SULT2A1 (odds ratio = 1.98, 95% Cl 1.80-2.18), and ADH1B
(odds ratio = 2.05, 95% Cl 1.43-2.94) were associated with cholelithiasis and cirrho-
sis respectively. SULT2A1 and cholelithiasis (PH4 = 0.996) and ADH1B and cirrhosis
(PH4 = 0.931) have strong colocalisation support, accounting for the mediation pro-
portion of 72.8% (95% Cl 45.7-99.9) and 42.9% (95% Cl 15.5-70.4) respectively.

Conclusions: The study identified some proteins mediating T2D-GlI disease associa-
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2D) affects around 480 million population
globally.? As the fastest growing metabolic disorders, T2D imposes a
significant disease burden worldwide.? Gastrointestinal (G) disease is
more prevalent in patients with T2D compared to the general popula-
tion, and the presence of Gl disease substantially deteriorates life
quality.® Although accumulating evidence supports T2D as a risk fac-
tor for developing a wide range of Gl diseases,*”” the underlying bio-
logical pathways remain unclear.

Circulating proteins play important roles in biological process and
have high potentials as drug targets®’ Unravelling protein links
between T2D and GI disease may provide crucial insights into disease
pathogenesis understanding, early disease prevention and target drug
development. Blood protein alteration has been observed in patients
with T2D*°72 and implicated in Gl diseases as well.*3-1¢

Mendelian randomisation (MR) using randomly allocated genetic
variants as instrument variables has the advantages of minimising con-
founding and reversal causation.'” MR approach has been widely used
to understand disease pathophysiology.*® Recent MR studies have
identified several plasma proteins associated with T2D*"?° and some
Gl diseases?'~2%; however, the shared protein basis between T2D and
Gl diseases has been scarcely been studied. We here applied MR anal-
ysis under the two-stage network framework to identify the interme-
diate proteins linking T2D and Gl diseases.

2 | MATERIALS AND METHODS
21 | Study design

The study design is presented in Figure 1. Based on our previous
explorations,* we included 10 Gl diseases associated with T2D in this

tions, which provided biological insights into the underlying pathways.

drug target, gastrointestinal diseases, Mendelian randomisation, protein biomarker, type

study. There are three steps of two-stage MR analysis. First, we exam-
ined T2D-Gl disease associations. In the second step, we conducted a
proteome-wide MR to explore the proteins associated with genetic
liability to T2D. To increase the reliability, only proteins survived after
the multiple testing correction and consistently replicated in replica-
tion datasets were regarded as putative T2D-associated proteins and
retained for subsequent analyses. In the last step, we estimated the
associations between T2D-associated proteins and Gl disease risk.
Several extra analyses including genetic colocalisation analysis, media-
tion calculation and druggability assessment were conducted to priori-

tise protein mediators.

2.2 | Study population and data sources

221 | Geneticinstruments for T2D
Genetic instruments for T2D were obtained from the Vujkovic et al
GWAS incorporating 148 726 cases and 965 732 non-cases of

European ancestry.2*

We selected genetic variants (e.g. single-
nucleotide polymorphisms [SNPs]) associated with T2D at the
genome-wide significance level (p < 5x 1078) and a low linkage dis-
equilibrium (defined as r? < 0.001) as the instrumental variables. To
minimise horizontal pleiotropy, we excluded variants in the FTO

4,25

gene®? via searching in PhenoScanner V2.2¢

2.2.2 | Blood protein data sources

We obtained GWAS data on blood protein levels from three large-
scale studies without sample overlap. The discovery analysis was
based on the deCODE protein genetic database that assessed genetic
variants' associations with 4719 unique plasma proteins measured in
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FIGURE 1
2 diabetes.

35559 Icelanders.?”” We further used two replication data sources
from the UK Biobank Pharma Proteomics Project (UKB-PPP) where
2923 unique proteins were profiled in 54 219 participants?® as well as
from the Fenland study where genetic associations were calculated
for 4775 proteins in 10 708 Caucasian.?’ Both the deCODE and Fen-
land studies profiled blood protein data using the SomaScan version
4 assay (Somalogic) while the UKB-PPP used Olink Explore 3072
PEA. Regarding genetic instrumental variable selection for proteins,
we obtained the index cis-acting variant defined as the SNP located
within 1 Mb upstream or downstream of the transcription start site of

the protein encoding gene and with the smallest p value.*°

2.2.3 | Datasources for Gl diseases

The study included 10 Gl diseases including four upper Gl
diseases (gastroesophageal reflux disease, gastric ulcer, acute gastritis,
chronic gastritis), two lower Gl diseases (irritable bowel syndrome,
diverticular disease) and four hepato-biliary and pancreatic diseases
(cholelithiasis, cholecystitis, nonalcoholic fatty liver disease and cirrho-
sis). Summary-level data on these outcomes were obtained from the
UK Biobank and FinnGen R9 release. The UK Biobank is an ongoing
cohort study, which recruited half a million of participant across the
United Kingdom between 2006 and 2010 aged over 40.3! Participants
with Gl diseases were ascertained by International Classification of

Genome-wide association studies data for Gl

i ® Colocalization analysis
1 Sharing variants driving both pQTL and Gl diseases
| ® Mediation analysis

BTZD _, protein x ﬁ protein _, GI diseases
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Connectivity Map

Study flow chart. Gl, gastrointestinal; IVW, inverse variance weighted; SNP, single nucleotide polymorphisms; T2D, type

Diseases (ICD)-8, ICD-9 and ICD-10. Summary-level data on the
10 GI diseases were based on individuals of European ancestry.
GWAS analysis was performed by the Lee Lab (Seoul National Univer-
sity, Seoul, Republic of Korea; https://www.leelabsg.org/resources)
with the adjustment of sex, birth year, genotyping batch and first four
principal components. The FinnGen study included Finnish adults. Gl
diseases were ascertained by the ICD codes from nationwide health
registers. GWAS analysis was adjusted for sex, age, genotyping batch
and the first 10 genetic principal components.®? Detailed information
on two studies is presented in Additional File 1: Table S1. We per-
formed the GWAS meta-analysis of the UK Biobank and FinnGen R9
using the inverse-variance fixed-effects method by METAL software
with genomic control correction.®® To increase the statistical power,
our MR analyses were based on these genome-wide meta-
analysis data.

2.3 | Statistical analyses

23.1 | MRanalysis

Data harmonisation was performed based on both effect and other
alleles. Due to low levels of missingness, we did not replace SNPs that
were not available in one of the datasets with proxies. The inverse
variance weighted (IVW) and the Wald ratio methods were used as
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the primary analysis depending on the number of SNPs included in
the analysis. To test the robustness of the results, MR-Egger,®*
weighted median® and weighted mode®® analyses were performed as
the sensitivity analyses. Cochran's Q statistic was calculated to mea-
sure the heterogeneity. The IVW analysis was guided by the hetero-
geneity test. Specifically, the fixed-effects IVW method was applied
when the p-value for Cochran's Q statistic was 20.05; otherwise, the
random-effects IVW method was used.” Horizontal pleiotropy was
assessed by MR-Egger intercept test.3* The false discovery rate
(FDR) based on Benjamini-Hochberg approach was used for multiple
testing correction. A significance level of FDR-corrected p < 0.05 was
considered significant. All tests were two-sided, and the TwoSam-
pleMR package in R software were used to perform analyses.

2.3.2 | Colocalisation analysis

To investigate whether the protein and Gl disease share a causal
variant,®® we conducted genetic Bayesian colocalisation analysis using
the coloc R package. For each protein, we included SNPs within the
1 Mb region around the lead cis-pQTL in the primary analysis and
included SNPs within 500 kb in the supplementary analysis. Five
exclusive hypotheses are as follows: (1) no association with either pro-
tein or Gl outcomes (Pyo); (2) one causal variant for protein only (Py4);
(3) one causal variant for Gl disease only (Py2); (4) two distinct causal
variants for protein and Gl disease were associated (P3); (5) a shared
causal variant for both protein and Gl disease (Py4). The prior proba-
bility for the causal variant associated with trait 1 only (P), trait 2 only
(P,), both traits 1 and 2 (P;,) were set as 1 x 1074 1 x 10~ and
1 x 1075, We defined the P,y4 20.8 as strong evidence of colocalisa-
tion, 0.5<P14<0.8 as medium evidence and Py4 <0.5 as low evidence.

2.3.3 | Mediation analysis

We performed the mediation analysis according to directional consis-
tency of between total effect (Br2p-gi disease) and indirect effect (Brap-
protein X Bprotein-GI disease) among the associations reaching the FDR
significance level in both step 2 (Brap-protein) and step 3 (Bprotein-GI dis-
ease) MR analyses. We then estimated the proportion mediated of pro-
tein in the T2D-GI disease association. In detail, the product of
coefficient method was applied to estimate the indirect effect.®? The
proportion was calculated by multiplying the estimate of T2D-protein
association and the estimate of protein-Gl disease association (indi-
rect effect = Brap-protein X Bprotein-GI disease) then dividing by the esti-
mate of T2D-GI disease association (B1op-gi disease)- The propagation
method was used to calculate the CI.%7

2.34 | Appraisal of druggability

We assessed the druggability of potential protein mediators with the

aim of prioritising therapeutic targets. This assessment was conducted

with data from the DrugBank,*® ChEMBL,*! Dependency Map and
the Connectivity Map (https://clue.io/repurposing-app). Treating pro-
tein as the drug target, we documented the information on the drug
name, drug indication and development process in the pipeline were
documented. We characterised the therapeutic development process
into four categories: (1) approved, (2) in clinical trials, (3) preclinical
and (4) druggable.?!

3 | RESULTS
3.1 | Genetic liability to T2D in relation to Gl
disease

Genetic liability to T2D was associated with all 10 Gl diseases after
FDR correction, with ORs ranging from 1.04 (95% CI 1.00, 1.07,
p = 0.035) for diverticular disease to 1.36 (95% Cl 1.21, 1.53,
p = 2.94 x 10~7) for nonalcoholic fatty liver disease (Figure 2). The
associations remained overall consistent in the sensitivity analyses
(Additional File 1: Table S2).

3.2 |
levels

Genetic liability to T2D in relation to protein

The association between genetic liability to T2D and levels of blood
proteins was examined in three protein genome-wide association
datasets. In the discovery dataset, a total of 464 of 4907 proteins was
associated with genetic liability to T2D after FDR correction
(Figure 3A, and Additional File 1: Table S3). Among these, 69 associa-
tions were directionally replicated in UKB-PPP and Fenland (p < 0.05;
Figure 3B, Additional File 1: Tables S4 and S5).

33 |
diseases

T2D-associated proteins in relation to Gl

We then performed two-sample MR analysis to estimate the associa-
tions between 69 T2D-driven proteins and Gl diseases. Given some
proteins had no suitable instruments, 64 proteins with cis-acting (pro-
tein quantitative trait loci) pQTL (p <5 x 1078, r? <0.01) were
included. Eleven pairs of putative T2D-driven protein associated with
Gl diseases were identified using the deCODE database. This included
three proteins (ADH4 [alcohol dehydrogenase 1B], ENPP7 [ectonu-
cleotide pyrophosphatase/phosphodiesterase family member 7] and
SULT2A1 [bile salt sulfotransferase]) associated with cholelithiasis,
two proteins (ADH1B [alcohol dehydrogenase 1B] and NCAN [neuro-
can core protein]) associated with cirrhosis, two proteins (GUSB
[beta-glucuronidase] and NCAN) associated with NAFLD, two pro-
teins (EPHA1 [ephrin type-A receptor 1] and SULT2A1 [bile salt sulfo-
transferase]) with cholecystitis, one protein (TNFSF12 [tumour
necrosis factor ligand superfamily member 12]) associated with diver-

ticular disease and one protein (INSL5 [insulin-like peptide 5])
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FIGURE 2 Associations of genetically predicted type 2 diabetes with gastrointestinal diseases. The ORs were scaled to 1-unit increase in log-

transformed OR of type 2 diabetes. Cl, confidence interval; OR, odd ratio.

associated with gastric ulcer (Table 1 and Additional File 1: Table S6).
All these pairs were directionally replicated in the UKB-PPP database,
while ADH1B-cirrhosis and EPHA1-cholecystitis did not reach the sig-
nificant level (Additional File 1: Table S7). In the Fenland study, all
identified pairs reached nominal significant level (p < 0.05) except for
ENPPT (the analysis could not be performed due to lack of available
variants) (Additional File 1: Table S8).

3.4 | Colocalisation analysis

SULT2A1 (Py4 = 0.996) and ADH1B (P4 = 0.931) had high support
colocalisation with cholelithiasis and cirrhosis in the deCODE dataset
respectively. SULT2A1 maintained strong colocalisation using other
two data sources (P4 = 0.998 in UKB-PPP and P4 = 0.961 in Fen-
land). While strong colocalisation for ADH1B was replicated in
Fenland study (Pns4 = 0.933), evidence was weaker in UKB-PPP
(Pysa = 0.181). Moderate colocalisation were observed between
GUSB and NAFLD, and INSL5 and gastric ulcer (0.8 > P4 > 0.7)
(Table 1, and Additional File 1: Table S9).

3.5 | Mediation analysis

Among 11 protein-Gl disease pairs, mediation effect was not found
between EPHA1 and cholecystitis, INSL5 and gastric ulcer, TNFSF12
and diverticular disease due to directionality inconsistency. SULT2A1
mediated around 72.8% (95% Cl, 45.7%, 99.9%) of the association

between T2D and cholelithiasis. This mediation was observed in UKB-
PPP and Fenland albeit attenuated. ADH1B mediated 42.9% (95% ClI,
15.5%, 70.4%) of the association between T2D and cirrhosis using
deCODE protein data and 45.9% (95% Cl 0%, 92.6%) using the Fenland
protein study. (Figure 4, and Additional File 1: Table $10). There were
some other mediations with moderate effects including
ADH4-cholelithiasis (36.2%, 95% Cl, 13.6%, 58.8%), ENPP7-cholithiasis
(3.8%, 95% Cl, 1.3%, 6.3%), GUSB-NAFLD (25.7%, 95% Cl, 10.9%,
40.4%), NCAN-cirrhosis (31.8%, 95% Cl, 10.5%, 53.1%), NCAN-NAFLD
(20.1%, 95% Cl, 7.4%, 32.9%) and SULT2A1-cholecystitis (30.9%, 95%
Cl, 10.0%, 51.8%) (Additional File 1: Table S10).

3.6 | Druggability analysis

We assessed druggability for nine protein mediators in T2D-GlI dis-
ease association. As summarised in Additional File 1: Table S11,
SULT2A1 and ADH1B were listed as druggable target with wide impli-
cations in cancer and chronic pain treatment. However, neither of

them has been recognised to treat Gl diseases.

4 | DISCUSSION

4.1 | Principal findings

The study employed a two-stage network MR analysis and studied
the potential roles of blood proteins mediating association between
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(A) Volcano plots of MR association between genetically predicted T2D and circulating protein levels in the discovery dataset
(deCODE). The labelled proteins are 69 out of 464 discovered proteins with FDR <0.05 that directionally consistent and maintained nominal
significant (p < 0.05) in the UKB-PPP and Fenland datasets. (B) Heatmap of associations replicated using protein data from UKB-PPP and
Fenland. The association with a p value <0.05, but FDR-corrected p value 20.05 was labelled with *, while FDR-corrected p value <0.05 was
labelled as ** in the heatmap. FDR performed among all proteins in each dataset. ADH1B, alcohol dehydrogenase 1B; ADH4, alcohol
dehydrogenase 4; ENPP7, ectonucleotide pyrophosphatase/phosphodiesterase family member 7; EPHA1, ephrin type-A receptor 1; FDR, false
discovery rate; Gl, gastrointestinal; GUSB, beta-glucuronidase; INSL5, insulin-like peptide INSL5; NCAN, neurocan core protein; SULT2A1, bile
salt sulfotransferase; T2D, type 2 diabetes; TNFSF12, tumour necrosis factor ligand superfamily member 12.

T2D and a wide range of Gl diseases. Putative causal plasma proteins
associated withT2D were screened among more than 4000 proteins.
We identified 69 proteins associated with genetically predicted T2D.
We then established the MR associations between these proteins and
Gl disease risk. Along with genetic colocalisation and mediation con-
struction, we highlighted two potential protein pathways linking T2D
and Gl diseases. SULT2A1 mediated around 72.8% of T2D-
cholelithiasis association and ADH1B mediated 42.9% of T2D-
cirrhosis association. These findings provided biological insights into

the underlying pathways for T2D and Gl disease associations.

4.2 | Comparison with previous studies

The results from the present study are in line with previous findings.
Some identified T2D-associated proteins were reported including
well-studied proteins like SHBG (sex hormone-binding globulin),*? C2
(complement C2)** and MXRA8 (matrix remodelling associated 8).** A

prior MR-based association study identified T2D was associated with

SULT2A1 (bile salt sulfotransferase).** Supported by earlier observa-
tions, reduced level of plasma TNFSF12 (TWEAK)* and elevated level
of GUSB (B-glucuronidase)*® were reported in prevalent T2D. ENPP7
has been identified as novel biomarkers associated with glycaemic
deterioration in T2D.*” Two alcohol dehydrogenase (ADH) enzymes,
ADH1B and ADH4, were identified as the putative T2D-associated
proteins. ADH protein regulates alcohol metabolism and may influ-
ence the development of T2D. The association between ADH4 and
incident T2D was identified in a previous cohort study,*® but the
effect of T2D on the ADH1B and ADH4 is less explored. However,
considering the complex biological pathways due to possible pleiot-
ropy, further study is warranted to disclose the underlying chain of
T2D-to-protein effect.

A recent study revealed shared genetic mechanisms between
T2D and gastroesophageal reflux disease, irritable bowel syndrome,
peptic ulcer disease (i.e. gastric ulcer) and gastritis-duodenitis

(i.e. acute gastritis).*®

The study found multiple genes and biological
pathways are shared between T2D and various Gl disorders, involving

autoimmune, viral and proinflammatory-mediated mechanisms.*® Our



TABLE 1 Associations of putative type 2 diabetes-associated proteins with gastrointestinal diseases.
Discovery (deCODE) Replication (UKB-PPP) Replication (Fenland)
Gene? Gl disease OR (95% CI) p Pus” OR(95%Cl) p Pus” OR(95%Cl) p Phs’
ADH1B Cirrhosis 2.05(1.43,2.94) 8.96E-05 0931 1.81(0.82, 0.145 0.181 3.49 (1.87, 8.96E-05 0.933
4.03) 6.51)
ADH4 Cholelithiasis 1.26 (1.10,1.43) 0.001 0.363 NA NA NA 1.20 (1.05, 8.54E-03 0.107
1.38)
ENPP7 Cholelithiasis 1.04 (1.02,1.06) 4.19E-04 0.028 NA NA NA NA NA NA
EPHA1 Cholecystitis 0.87 (0.80,0.95) 0.001 0.013 1.05(0.87, 0.629 0.009 0.99 (0.94, 0.542 0.016
1.25) 1.03)
GUSB NAFLD 1.92(1.39,2.67) 8.61E-05 0.017 2.10(1.45, 8.61E- 0.723 1.79 (1.31, 2.51E-04 0.562
3.04) 05 2.44)
INSL5 Gastric ulcer 0.39 (0.23,0.65) 3.18E-04 0.774 0.74 (0.63, 3.18E- 0.800 0.60 (0.46, 3.18E-04 0.817
0.87) 04 0.79)
NCAN Cirrhosis 0.54 (0.44,0.65) 1.85E-10 <0.001 0.48(0.38, 1.09E- <0.001 0.48(0.39, 1.85E-10 <0.001
0.61) 09 0.61)
NCAN NAFLD 0.34 (0.26,0.43) 1.34E-18 0.009 0.30(0.22, 1.07E- 0.001 0.28 (0.21, 1.34E-18 0.008
0.41) 14 0.37)
SULT2A1 Cholecystitis 1.45(1.17,1.81) 0.001 0.589 1.23(1.09, 8.03E- 0.638 1.35(1.13, 1.03E-03 0.593
1.39) 04 1.62)
SULT2A1 Cholelithiasis 1.98 (1.80,2.18) 1.28E—45 0996 1.47(1.39, 1.28E- 0.998 1.64 (1.52, 1.28E-36 0.961
1.55) 45 1.77)
TNFSF12  Diverticular 1.11(1.05,1.17) 2.78E-04 0.001 1.15(1.08, 1.08E- 0.001 1.05 (1.01, 8.55E-03 <0.001
disease 1.22) 05 1.08)

Abbreviations: ADH1B, alcohol dehydrogenase 1B; ADH4, alcohol dehydrogenase 4; Cl, confidence interval; ENPP7, ectonucleotide pyrophosphatase/
phosphodiesterase family member 7; EPHA1, ephrin type-A receptor 1; FDR, false discovery rate; Gl, gastrointestinal; GUSB, beta-glucuronidase; INSL5,
insulin-like peptide INSL5; NA, absence of cis-pQTL; NCAN, neurocan core protein; NAFLD; nonalcoholic fatty liver disease; OR, odd ratio; SULT2A1, bile
salt sulfotransferase; TNFSF12, Tumour necrosis factor ligand superfamily member 12.

2Presented results reached FDR <0.05 in MR analysis based on deCODE database.

bP4 values were based on colocalisation analysis under 1000 kb window.

study reveals underlying connections between T2D and Gl diseases
from a protein perspective by integrating human genetic and proteo-
mics data. These findings offer valuable insights for clinical translation
and potential opportunities for drug target repurposing and
development.

Our findings offer protein insights into the association between
the protein links to T2D and Gl diseases. Among 11 identified
protein-Gl disease pairs, the evidence of colocalisation for most asso-
ciations were weak, indicating the possible confounding from linkage
disequilibrium. The strongest signal was SULT2A1 that may play a role
in the development of cholelithiasis among T2D. SULT2A1, known as
bile salt sulfotransferase, belongs to hydroxysteroid sulfotransferase
(SULT) family. SULT is highly expressed in liver, and metabolically
active or hormonally responsive tissues outside the liver.*’ The associ-
ation between T2D and SULT2A1 has been reported in an MR study
using the proteomics source from 5438 elderly Icelanders.** Several
large GWAS also identified susceptibility loci at SULT2A1 associated
with risk of cholelithiasis (gallstone disease).2?*>5! Cholelithiasis is
featured as the formation of one or more gallstones in the gallbladder,
and bile acid dysregulation is one of the established mechanisms.>?

Insulin resistance can decrease the expression of bile acid synesthetic

enzymes and increase the gallstone susceptibility.>3 Thus, alternation
of SULT2A1 among T2D patients may change the hepatic sulfation of
bile acid, bile acid metabolism and in turn increase the risk of develop-
ing cholelithiasis.>*

The putative role of ADH1B in linking T2D to cirrhosis was also
noted. ADH1B is involved in ethanol metabolic pathway®* and has
potential role in insulin resistance.>>>® Molecular studies suggested
that elevated expression of ADH1B decreased the expression of an
intracellular lipid transporter FABP4, which can stimulate (-cells to
secrete insulin to maintain glucose homeostasis.”> ADH1B is pre-
dominately expressed in liver, and accumulating evidence sug-
gested its association with cirrhosis, especially alcohol-related liver
cirrhosis.>”>® However, no previous studies have revealed that this
protein is associated with excessive cirrhosis caused by T2D. Nev-
ertheless, the rs1229984 variant in the ADH1B has been strongly
linked to T2D, potentially altering alcohol consumption and result-
ing in T2D development.®® We could not rule out that the observed
mediating effect of ADH1B in the association between T2D and
cirrhosis might be driven by an upstream effect of alcohol con-
sumption on T2D. Thus, future studies are needed to warrant our

findings.
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FIGURE 4 Proteomic mediators of the associations between T2D and Gl diseases. The association was based on the deCODE protein
dataset. Blue coloured protein encoding genes (SULT2A1 and ADH1B) demonstrating high evidence of colocalisation with associated Gl diseases
(PH4 =20.8). ADH1B, alcohol dehydrogenase 1B; Gl, gastrointestinal; SULT2A1, bile salt sulfotransferase; T2D, type 2 diabetes.

43 | Strengths

This study is the first study to explore the protein pathway between
T2D and Gl disease and provided insights into the complex patho-
physiological process of Gl disease comorbidities in T2D. The MR
study design has the advantages of reducing the confounding and
reverse causation and facilitate the causal inference. Another nota-
ble strength of study is that we used multiple data sources and con-
ducted a series sensitivity and replication analyses to validate our
findings. In addition, combined evidence from colocalisation analysis,
we were able to rule out the possible bias caused by linkage disequi-
librium. The stringent replication criteria enhanced the reliability of

our findings.

44 | Limitations

The study also has some limitations. First, some proteins might be
inadvertently neglected due to lack of cis-pQTL signals. Second, the
current study used data only from European ancestry. Although it can
minimise the population stratification bias, it decreases the generalisa-
bility of our findings to other populations. Third, pleiotropic effect
could not be fully ruled out. To minimise the bias, we removed the
SNPs near the FTO gene that has been associated with obesity, a
shared risk factor between T2D and Gl diseases.* Fourth, although we

used genome-wide meta-analysis of two large cohorts for the Gl

diseases, statistical power might still be inadequate for weak-
to-moderate associations for some outcomes with a small number of

cases. Further study using emerging larger GWAS is warranted.

5 | CONCLUSIONS

In summary, the study identified many circulating proteins associated
with T2D. SULT2A1 and ADH1B were suggested as vital protein bio-
markers mediating the association between T2D and cholelithiasis
and the association between T2D and cirrhosis respectively.
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