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Causal association between gestational diabetes mellitus and
attention deficit hyperactivity disorder based on multivariable

Mendelian randomization
GE Jia —yu, XU Ze — wen, LI Shuang, CONG Xian — zhu, QI Xiao, SHI Fu —yan, KONG Yu - jia, WANG Su - zhen
School of Public Health ,Shandong Second Medical University, Weifang, Shangdong 261053, China
Abstract ; Objective To investigate the causal relationship between gestational diabetes mellitus (GDM) and attention deficit
hyperactivity disorder (ADHD) using Mendelian randomization to provide genetic evidence supporting the risk of developing
ADHD. Methods Based on pooled data from genome — wide association analyses, MR analysis was conducted using five
methods, including the inverse variance weighting method, MR - Egger regression, and the weighted median method.
Sensitivity analyses were performed using the MR — Egger regression test, the MR — PRESSO test, the Cochran Q test, and the
leave — one — out method. Two — sample MR analyses and validation group analyses explored the existence of a causal
relationship between GDM and ADHD, while multivariate Mendelian randomization examined the direct, independent causal
effect of GDM on ADHD after adjusting for factors such as obesity and autism spectrum disorder (ASD). Results  The two —
sample MR preliminary analysis (OR =1.209, 95% CI: 1.023 —1.423, P =0.026) and the validation group analysis ( OR =
1.030, 95% CI; 1.006 — 1. 055, P =0.015) indicated that GDM had a positive causal relationship with the risk of ADHD,
suggesting that an increased risk of GDM contributing to a higher risk of ADHD. The results of MVMR analysis showed that
GDM and ADHD still showed a causal relationship after controlling for Obesity and ASD ( OR =1.030, 95% CI.1.008 —
1.054, P=0.008). Conclusion This study confirms the causal relationships between GDM, obesity, and ASD with ADHD

from a genetic perspective, providing a reference for future research.

EEUR - EHXA AP W H (81872719) ; F K A AR K & HAE R =4 T H (81803337 ) ; ILAREBEIT A AR &I H
(ZR2019MH034 ,ZR2023MH313)

YEE BIAv : B ALH (2000—) , 22, WAL, WHEE 5 1) A TR 5 AR GE T2

BEBEEE . EXE,E - mail : wangsz@ sdsmu. edu. cn



- 1346 -

PR TR 2= 2% 2025 4255 52 55 8 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 8

Keywords: Gestational diabetes mellitus; Attention Deficit Hyperactivity Disorder; Mendelian Randomization; Causal effect

B B £ 3h e S ( Attention  Deficit
Hyperactivity Disorder, ADHD ) f&—Fh UL 3 & /1 A %
H  ZEh s R R I 2 R F RS, DF Al T
M 423K 5% By JLE R ALK 2.5% B AR
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Table 1 Summary information on GWAS data for the sample dataset

BAE AR GWAS ID AEy BN 9o 16115 hapil i VEAS i SNP % i
GDM IEU: finn - b — GEST DIABETES 2021 [l 5687 117 892 123 579 16 379 784

UKB; Data — Field 4041 2021 Ll 864 6 977 7 841 11 831 065
ADHD IEU: ebi —a - GCST012597 2017 BRI 4945 16 246 21 191 7 392 559

Catalog; GCST005362 2017 el 14 154 17 948 32 102 7 594 197
Obesity Finn;R11 Obesity 2024 el 27 711 425 881 453 592 21 306 793
ASD Catalog: GCST90275138 2023 B - - 54 976 8 785 478
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GDM 58 AH G SNP Jf K B iR P17 , e 28 i 5] 4
AT HAS R F A6 32.1 ~67.0 Z ], ¥ > 10, IVW
a5 H % GDM 5 ADHD (9 & B TEH R LR,
GDM & ADHD % 4 iy fEfe I Z (OR =1.209, P =
0.026 <0.05) , 5 FpIr ik Hras £ R 3, v Mk

UL 4, &> SNP X ADHD [y PRS00 LI S o

SRR R TVW 319 Q =2. 190, P =0. 533 >
0. 05, BUANAAAE S ot , PR % [T e i e A, %2
RS 5 MR — Egger 325 (9 Ml IH # R 4235 0, P =
0.813 >0.05; MR — PRESSO 3£/ 8 =0.105, SD =
0.033, P =0.549 >0.05, $& /R WA i 23 EAR
TEFE B BER) SNP, BIBRFEAS SNP J5 ) 8 — 1L 25 1 Il
6,

Exposure Outcome Method nSNP B SE

GDM ADHD MR-Egger 4 0.102 0.336
Weighted Median 4 0.147 0.104
inverse variance weighting 4 0.190 0.085
Simple mode 4 0.179 0.153
Weighted mode 4 0.119 0.112

P<0.05 was considered statistically significant

P.value OR(95%CI)

0.789 1.108(0.574 to 2.140) !

0.157 1.159(0.945 to 1.421)

0.026 1.209(1.023 to 1.423) :

0.327 1.196(0.886 to 1.615) :

0.364 1.127(0.905 to 1.403) :
I

[
09 1 1.4 1.2 13

protective factor risk factor

B3 GDM 5 ADHD fyPIEEA MR #1455 Hr
Fig.3 Preliminary MR analysis of two samples of GDM and ADHD
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Fig.4 Scatterplot of two — sample MR preliminary analysis
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GDM 53 AH G SNP I 2 Bk 7 40 AN V-7 , d5c 28 0 326 3]
50 4~ SNP, i@ LDlink /45 Hi 5 4~ 5 ADHD 4 X/
TRZ% A 2 SNP If B % ( 1s13333054 , rs142780398 |
156735470 1575910690 19874537 ) , [RI B I T 8 4~
[ 3¢ SNP ( 1s112827156 , 1s114221312 151687844

rs1907734 . 1s274485 ,  rs3737015., rs61414544
rs77281163) , fx 445 F] 37 /> SNP I+ MR Z3-#7, UL
2, F{HTE16.49 ~26.44 Z 6], #] >10, IVW ykgh
R I7R GDM 5 ADHD [y & AEAFERIROCF , GDM &
ADHD % A= fale K Z (OR =1.030, P =0.015),
SFf 7 04 43 A 45 SR LRI T, AT AL 2 B L T8 B
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Fig.5 Forest plot of two — sample MR preliminary analysis
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Fig. 6 Leave — one — out of two — sample MR preliminary analysis

SNP 3 ADHD [ PR SR80 VLI 9,
SRS 56 IVW B A9 Q =22. 586, P =0. 960

>0.05, $E /8 WA 5 5, PRI SR FH T e 00 I A A
ZRPER S T MR - Egger ¥ (1) B H @ BE 43K 0, P =
0.797 >0.05, MR - PRESSO ¥/ 8 =0.029, SD =
0.010, P =0.963 >0.05, $& /R WA G L5 A
FETERIERY SNP, ZIBRIEAS SNP J5 1Y B — 45 1 I
&l 10,

2.3 MVMR #7452 R MVMR 23047 )7 2%, U
GDM JEJHEFT ASD = A5 5 Ry 75 5% , ADHD Ry 4% Jay i
TFBEA M. T RF5%] 589 4~ SNP, 455 R, e85
TR RE AN ASD #5200 J5, IVW 3245 1 i GDM 5
ADHD (R SRERZ R B2 (OR =1. 030, P =8.23 x
107%) , 30 GDM Xt ADHD {4 PR SR A0 AT B fe b
S E A, IERE(OR =1.033, P =4.04 x 107°) 1
ASD(OR =0.617,P =5.11 x107*) 5 ADHD py AR
KEAWMBEAS R L, W3R 3, XEW ADHD iy %
M52 Z 0 2R Bk ST 52

£2 5 ADHD 31y SNPs
Table 2 SNPs related to ADHD

SNP EA 0A B 1t SE P F{H

15112485858 A C 0.017 0. 064 0.791 19.474
15113947030 A o 0.070 0.053 0.186 18.772
15114406182 T C -0.003 0.043 0.943 19. 166
15116847631 C T 0.036 0.024 0.136 26.446
1511737203 G A 0.007 0.019 0.729 17.550
1512402318 T C 0.021 0.020 0.286 16.954
1513014907 I C -0.090 0.089 0.314 16. 565
151321530 G T 0.073 0. 060 0.225 20. 545
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ADHD 1 JL B 5 LAY Fh 28 % 8 RS, iy T 0
SERTE AR S FR S A7 TE , BL5) 5 Ho A0 R 772 A 3
BB IR AR T 3 T A S R ) 24 8 W) 1 SR
TERERRSE BT S ARBESEAI A MR J7IESE T GDM

(253%)
SNP EA OA B1E SE P1E F 1y
rs138195044 A G 0.015 0.040 0.712 22.719
1144239028 T C 0.009 0.084 0.919 19. 694
rs144564570 A C 0.106 0.067 0.114 16. 609
rs149431593 T C 0.052 0.055 0.345 16.974
rs1712427 C T -0.037 0.029 0.197 17.752
rs1776356 C A 0.008 0.020 0.670 16.874
rs1940366 T C -0.013 0.018 0.485 18.167
rs2012241 A C 0.028 0.024 0.234 17.538
12462452 G A -0.007 0.038 0.861 18.006
1s2555033 A C 0.008 0.017 0.630 17.063
28829341 G A 0.037 0.031 0.235 20.292
134329665 T ( -0.023 0.019 0.240 17.306
134659031 A C 0.001 0.021 0.967 16.933
4368621 A G -0.007 0.020 0.728 19.921
rs4461603 A G 0.031 0.030 0.301 17.444
rs4492433 C T 0.023 0.017 0.180 18.551
rs58956809 T C 0.005 0.018 0.769 16.493
60058643 G A 0.005 0.018 0.772 17.391
62277797 T C 0.005 0.018 0.796 22.849
rs6585732 A G 0.004 0.019 0.819 16.930
rs71645033 A G -0.013 0.019 0.507 22.324
rs72747793 C T -0.069 0.078 0.378 16. 841
rs75910415 T ( -0.026 0.060 0.662 17.829
1577489099 T C -0.056 0.044 0.198 18.259
1578299350 G A -0.055 0.047 0.244 17. 641
rs78409576 C T -0.065 0.071 0.355 20. 165
1932726 T C 0.004 0.021 0.861 19.493
1s9394878 A G -0.022 0.020 0.269 17.128
rs9507884 T C 0.015 0.020 0.464 19.477
Exposure Outcome Method nSNP B SE P.value OR(95%CI)
GDM ADHD MR-Egger 37 0.037 0.031 0243 1.038(0.976 to 1.103) '—i—'_|
Weighted Median 37 0028 0017 0094 1.029(0 995 to 1.063) ——t
inverse variance weighting 37 0029 0012 0015 1.030(1.006 to 1.055) i'—'—'
Simple mode 34 0.079 0.037 0039 1.082(1.007 to 1.163) i'_'_'
Weighted mode 37 0.078 0033 0023 1.081(1.014 to 1.153) f—
P<0.05 was considered statistically significant []Vlg 1' 1|1 1|2
protective factor risk factor
E7 GDM 5 ADHD fyMFEA MR B 1EZH 53 B
Fig.7 Two —sample MR validation group analysis of GDM and ADHD
&3 AF#FE 545 ADHD () MVMR
Table 3 MVMR of different exposures with outcome ADHD
R B SE OR(95% CI) P
GDM 0. 030 0.011 1.030(1.008 - 1.054) 8.23x1073
Obesity 0. 032 0.011 1.033(1.010 - 1. 056) 4.04 x10 73
ASD —-0.4383 0. 089 0.617(0.519 ~0.734) 5.11x10°%
3 W @ 55 ADHD JH AR . — 50 Meta A0 45 5 R ™
8 T

GDM 5LE A R 47 4 1 & A4 5%, 4045 ADHD
I ASD, X S AMFTE A R IEAR—, A CDM 1yl
LR ARSI T B ISR TR AR AR [ A
Jri B XU B R AT e 2 B R AR 4 K
(RS, GDM. % il JL A 28 % B 19 5% Wk 2 %2 07 T
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Fig.8 Scatter plot of two — sample MR validation set analysis
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Fig.9 Forest plot of two — sample MR validation set analysis
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Fig.10 Leave — one — out oftwo — sample MR validation set analysis
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T2t A0 2% 98 1 M DG I XTI 6 K AT g 2
ADHD STV B ) o B AR W2 Ll . A5 W5 36 9 4
THERERIAE S 2B VAl GDM 53 28 2% T b =2
] 56 22 AR PR AT I R A . AR AE 5288 T GDM
JEHEH T ASD*URT ADHD T i UK, A S 22 5
Mo (o7 B BEE I 2 Bk — A 1IN 2 52 T GDM 5 & ADHD

14 RS

— Tyt %5 [ BA A F Y Sk, 5 oK ZR R JLEE AR L,
PRZ S [R] - AG WE R 1 BE S T A () 2% 1 f& ADHD iy
JXUR: B 5 47 {H GDM 5 ADHD F) S 15 A AN 2 [R5
KHR . BT, A58 GDM 5 ADHD (1) PSR 5C &
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