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[ Abstract] Objective To explore the causal relationship between immune cell phenotypes
and the risk of developing gestational diabetes mellitus (GDM) by using Mendelian randomization
(MR). Methods Using genome-wide association study data from European populations, we
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extracted 731 immune cell traits as instrumental variables, and obtained GDM summary statistics from the
Finnish database (FinnGen). The inverse-variance weighted (IVW) method served as the primary estimator,
supplemented by the weighted median, MR-Egger regression, simple mode, and weighted mode to evaluate
the causal relationship between immune cell phenotypes and GDM, with additional tests for heterogeneity,
horizontal pleiotropy, and sensitivity analyses. Reverse MR was further conducted to assess the potential causal
impact of GDM on immune phenotypes. Results A total of 40 immune phenotypes showed potential causal
associations with GDM risk. After false discovery rate correction (FDR<0.05), two phenotypes remained
significant: HLA DR on CD33- HLA DR+ [OR=1.107, 95%CI (1.050, 1.166)] and HLA DR on DC [OR=1.098,
95%CI (1.048, 1.150)]. Reverse MR revealed no significant causal impact of GDM on any of the 40 immune
phenotypes (P>0.05). Conclusion Specific immune cell phenotypes (HLA DR on CD33- HLA DR+, HLA DR

on DC) may be potential causal risk factors for the development of GDM and may provide targets for future risk

prediction and immune intervention strategies.

[Keywords ] Gestational diabetes mellitus; Immune cell phenotype; Mendelian randomization;

Genome-wide association study; Causality
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F1 EEMRAHER
Table 1. Forward MR analysis results

eI i) ioesil itk SNPHUR  PH ORfE (95%CI) FDR
B cell CD20- CD38- %B cell VW 12 0.039 0.934 (0.875, 0.997) 0.635
CD20- CD38- %lymphocyte VW 13 0.032 0.927 (0.865, 0.993) 0.629

CD19 on IgD+ CD24- vw 19 0.030 0.970 (0.943, 0.997 ) 0.629

CD19 on IgD+ CD38- VW 14 <0.001 0.889 (0.829, 0.954) 0.242

CD19 on PB/PC VW 13 0.029 0.901 (0.821, 0.998 ) 0.629

CD19 on sw mem vw 17 0.044 0.926 (0.860, 0.998 ) 0.635

CD19 on IgD+ VW 17 0.020 0.968 (0.941, 0.995) 0.629

CD20 on IgD+ VW 18 0.007 0.957 (0.927, 0.988) 0.479

CD20 on IgD+ CD24- vw 21 0.007 0.960 (0.933, 0.989) 0.479

CD20 on IgD- CD24- VW 13 0.030 0.895 (0.810, 0.989 ) 0.629

IgD- CD38dim %8B cell VW 13 0.020 1.097 (1.015, 1.186) 0.629

IgD+ CD38dim %lymphocyte vw 19 0.003 1.053 (1.017, 1.089) 0.302

CD38 on IgD+ CD38br VW 10 0.028 1.075 (1.008, 1.146) 0.629

Myeloid cell CD45 on Gr MDSC VW 8 0.026 1.066 (1.008, 1.128) 0.629
HLA DR on CD33- HLA DR+ VW 10 <0.001 1.107 ( 1.050, 1.166) 0.049

Maturation stages of T cell HVEM on EM CD8br VW 7 0.011 1.088 (1.020, 1.161) 0.600
HVEM on CD4+ IVW 12 0.010 1.079 (1.018, 1.144) 0.600

TBNK CD4+ CD8dim AC VW 9 0.043 0.903 (0.818, 0.997 ) 0.635
CD45 on CD4+ Ivw 8 0.003 0.846 (0.757, 0.946) 0.302

HLA DR++ monocyte %leukocyte IVw 6 0.002 1.194 (1.065, 1.339) 0.296

DN (CD4-CD8-) AC VW 13 0.030 1.091 ( 1.008, 1.181) 0.629

T cell %leukocyte VW 12 0.034 1.051 (1.004, 1.101) 0.629

B cell AC VW 14 0.007 1.103 (1.027, 1.184) 0.479

CD3 on NKT VW 10 0.032 1.138 (1.011, 1.281) 0.629

SSC-A on myeloid DC VW 11 0.038 1.026 (1.001, 1.051) 0.635

Treg Activated & resting Treg %CD4+ VW 19 0.017 0.942 (0.897, 0.990 ) 0.629
CD3 on CD4+ vw 16 0.041 1.077 ( 1.003, 1.156) 0.635

CD4 on CD4 Treg VW 20 0.027 1.047 (1.005, 1.091) 0.629

CD4 on resting Treg VW 8 0.033 1.120 ( 1.009, 1.242) 0.629

CD4 on CD39+ activated Treg IVw 11 0.013 1.102 ( 1.021, 1.190) 0.629

CD4 on activated & secreting Treg VW 15 0.002 1.089 (1.031, 1.149) 0.296

cDC CCR2 on granulocyte VW 10 0.036 0.940 (0.887, 0.996 ) 0.635
CD62L~ plasmacytoid DC AC VW 15 0.019 1.073 (1.012, 1.138) 0.629

SSC—A on HLA DR+ T cell VW 14 0.043 1.067 ( 1.002, 1.136) 0.635

HLA DR on myeloid DC VW 11 0.036 1.069 (1.004, 1.138) 0.635

HLA DR on plasmacytoid DC VW 15 0.002 1.082 ( 1.030, 1.136) 0.281

HLA DR on DC VW 14 <0.001 1.098 ( 1.048, 1.150) 0.047

Monocyte HLA DR on CD14+ CD16- monocyte VW 13 0.017 1.062 (1.011, 1.116) 0.629
HLA DR on monocyte vw 7 0.029 1.064 ( 1.006, 1.125) 0.629

HLA DR on CD14+ monocyte VW 13 0.014 1.067 (1.013, 1.124) 0.629
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Table 2. Mendelian randomization results for GDM for HLA DR on CD33- HLA DR+ and HLA DR on DC

B R 2 it 72 1Y Ik SNPHY & Pf OR{H (95%CI )
HLA DR on DC MR Egger 14 <0.001 1.165 (1.087, 1.249)
WME 14 <0.001 1.149 (1.089, 1.212)
VW 14 <0.001 1.098 (1.048, 1.150)
SM 14 0.477 1.052 (0.919, 1.204)
WM 14 <0.001 1.149 (1.092, 1.209)
HLA DR on CD33- HLA DR+ MR Egger 10 0.006 1.163 (1.075, 1.258)
WME 10 <0.001 1.138 (1.079, 1.200)
VW 10 <0.001 1.107 ( 1.050, 1.166)
SM 10 0.864 1.013 (0.874, 1.174)
WM 10 <0.001 1.149 (1.088, 1.213)
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