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[ Abstract] Objective This study aimed to explore the causal association between
autoimmune liver disease (AILD) and diabetes mellitus (DM) by two-sample bidirectional
Mendelian randomization (MR) analysis. Methods GWAS data for AILD and type 1 diabetes
mellitus (T1DM) were downloaded from the IEU database, and GWAS data for type 2 diabetes
mellitus (T2DM) were downloaded from the DIAGRAM consortium, and eligible single
nucleotide polymorphisms (SNP) were extracted. MR analyses were performed using MR-
Egger regression, weighted median (WME), and inverse variance weighting (IVW) methods.
In addition, the robustness of the results was verified by heterogeneity test, multiple validity
analysis, leave-one-out analysis and MR-PRESSO analysis. Results IVW results showed that
primary biliary cholangitis (PBC) had a positive causal effect on TIDM (OR=1.244, 95%CI:
1.137-1.361, P<0.001). Reverse MR analysis showed that TIDM significantly increased the
morbidity risk of autoimmune hepatitis (AIH) (OR=1.111, 95%CI: 1.053-1.173, P<0.001),
PBC (OR=1.218, 95% CI: 1.133-1.310, P<0.001), and primary sclerosing cholangitis (PSC)
(OR=1.375, 95%CI: 1.187-1.592, P<0.001). No significant causal association between AILD and
T2DM was observed. Heterogeneity tests suggested heterogeneity among SNPs, consequently,
the random effects IVW model was used for MR analysis. Multivariate analysis did not suggest
horizontal pleiotropy. Leave-one-out analysis showed that causality remained consistent after
removing each SNP. Outliers were detected by MR-PRESSO analysis, and the results did not
change much when the outliers were removed and the MR analysis was repeated, further
confirming the reliability of the results. Conclusion Bidirectional causality was observed
between PBC and T1DM. Patients with T1DM were at increased risk of AIH and PSC, and no
significant causality was observed between AILD and T2DM.

[Keywords] Autoimmune liver disease; Diabetes mellitus; Mendelian randomization;
Causality
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Figure 1. Study design
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Table 1. Summary information of GWAS data
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Table 2. Results of MR analysis of the association between AILD and DM

RE-45F SNP MR betafff ORfH 95%CI1 Pl REPERIPE AKF 28R P
AIH-TIDM 13 VW 0.278 1320 0.984~1.771 0.064 <0.001 0.550
MR-Egger[flJd  0.482 1.619  0.792~3.307 0.213
WME -0.003 0.997  0.944~1.053 0.923
PBC-TIDM 37 VW 0.218 1.244 1.137~1361  <0.001 <0.001 0.076
MR-Egger[flJd  0.013 1.013 0.800~1.283 0.913
WME 0.097 1.102 1.050~1.157  <0.001
PSC-TIDM 15 VW 0.039 1.039  0.789~1.368 0.783 <0.001 0.137
MR-Egger[ilJd  -0.293 0.746  0.459~1213 0.258
WME 0.028 1029  0.970~1.092 0.348
AIH-T2DM 9 VW 0.005 1.005 0.982~1.029 0.649 0.103 0.256
MR-Egger[flJd  -0.024 0976  0.927~1.028 0.394
WME -0.004 0.996  0.970~1.023 0.772
PBC-T2DM 31 VW 0.004 1.004  0.985~1.023 0.688 <0.001 0.027
MR-Egger[flJd  0.058 1.060 1.009~1.113 0.027
WME 0.006 1.006  0.989~1.023 0.489
PSC-T2DM 13 VW -0.014 098  0.960~1.014 0.335 0.001 0.632
MR-Egger[dlJd  -0.030 0.971 0.906~1.041 0.422
WME -0.014 0.986  0.962~1.012 0.295
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Table 3. Results of MR analysis of the association between DM and AILD

B4R SNP MRJTIE betafi  OR{H 95%CI Pl SRPERIPH ACF 2R P
TIDM-ATH 87 VW 0.106 LIl 1.053~1.173  <0.001 <0.001 0.738
MR-Egger[flJ5 0.098 1103 1.029~1.182  0.007
WME 0.154 1166 1.102~1.234  <0.001
TIDM-PBC 53 VW 0.198 1218 1133~1310 <0001  <0.001 0.655
MR-Egger[flJ 0.185 1203 1.099~1318  <0.001
WME 0.227 1255 1221~1290  <0.001
TIDM-PSC 70 VW 0318 1375 1.187~1.592 <0001  <0.001 0.895
MR-Egger[flJ 0.345 1413 0922~2.164  0.119
WME 0.198 1219 1.064~1398  0.004
T2DM-AIH 232 VW 0.056 1.058  0.935~1.198  0.373 0.061 0.882
MR-Egger[sl)d  0.076 1079 0.810~1437  0.605
WME -0.031 0970  0.801~1.174  0.753
T2DM-PBC 116 VW -0.032 0968  0.853~1.098 0613  <0.001 0.889
MR-Egger[flJ -0.053 0948 0.687~1.307  0.745
WME -0.009 0991  0.872~1.128 0896
T2DM-PSC 190 VW -0.123 0.884  0.765~1.021  0.094 0.001 0.126
MR-Egger[ilJd  -0.421 0.657  0438~0985  0.044
WME -0.100 0905  0.775~1.056  0.206
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Figure 2. Scatter plot of MR analysis
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