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Abstract:  Objective  To investigate the causal relationship between cytomegalovirus ( CMV) infection and
neurodevelopmental disorders (NDDs) in children, in order to provide evidence for targeted intervention. Methods Using
genome-wide association study (GWAS) data, a two-sample Mendelian randomization (TSMR) approach was employed to
analyze causal associations between four CMV antibodies and autism spectrum disorder ( ASD), attention-deficit/
hyperactivity disorder (ADHD), developmental intellectual disability (DID), and tic disorder (TD). The inverse variance
weighted (IVW) method was primarily used for causal effect estimation, with Bonferroni correction applied to determine
significance thresholds. Robustness of results was validated via Cochran’s Q test, MR-Egger regression intercept, MR-
PRESSO. and leave-one-out analysis. Reverse MR was conducted to exclude reverse causality. Results TSMR analysis
under Bonferroni correction revealed a significant positive causal relationship between anti-CMV IgG and ASD risk (OR=
1.333, 95%CI:1.103 - 1.611, P=0.003), indicating that CMV infection significantly increased ASD risk. No causal
associations were found between CMV antibodies and ADHD, DID, or TD. Cochran’s Q test confirmed no heterogeneity,
MR-Egger regression indicated no horizontal pleiotropy, MR-PRESSO detected no outliers, and leave-one-out analysis
supported result reliability. Reverse MR excluded reverse causality.  Conclusion This Mendelian randomization study
confirms a genetically predicted positive causal link between CMV infection and ASD risk, suggesting that perinatal CMV
prevention may hold potential value for reducing ASD risk.
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Fig. 1 Schematic diagram of two-sample

Mendelian randomization analysis

1.2 #¥FEARF/ AR ET GWAS Catalog (ht-
tps://www. ebi. ac. uk/gwas/) 3K 15 2k B EX M 4= ¥
BRI E) CMV FiiR A8 6 GWAS %$cdli . 8@
o 25 22 B3 B R11 Chttps://www. finngen. {i/en)
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Tab. 1 Data sources for genome-wide association studies

CY T Rt B A GWAS ID SNP % i Bl R
CMV-1gG BRI A 8 735 ebi-a-GCST90006893 9170 312 2020  GWAS Catalog ¥4l
pp28 SlIPN 5087 ebi-a-GCST90006894 9170 765 2020  GWAS Catalog $ 4l &
pp52 BRI A 5681 ebi-a-GCST90006895 9172 314 2020  GWAS Catalog $u 4l
ppl50 TR A 5136 ebi-a-GCST90006896 9169 705 2020  GWAS Catalog $ 4l
ASD BN 331 227 finngen_R11_KRA_PSY_AUTISM_EXMORE. gz NA 2024 FinnGen %4
ADHD RN 449 029 finngen_R11_F5_ADHD. gz NA 2024 FinnGen ${ 48 8
DID BN 331 721 finngen_R11_KRA_PSY_MENTALRET_EXMORE. gz NA 2024 FinnGen ¥4
TD BRI 453 733 finngen_R11_KRA_PSY_TIC. gz NA 2024 FinnGen ¥ %

HNA g R,
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2.2 TSMR 4# TSMR 2 #i 45 %,CMV-1gG §
ASD KB & i 3 1E M 3¢ (OR = 1.333, 95% CI.
1.103~1.611,P=0.003), H.iE 13 Bonferroni # 1F
JETRFESG T 2% & X 28 CMV R 4L 1] BB B 3 1
fim ASD % %5 KU K. CMV-IgG 5 ADHD (OR =
1.091,95%CI:1.005~1.184, P=0.037) ,CMV-
IgG 5 DID(OR =1.202,95% CI:1.010 ~ 1. 430,
P=0.039) 47 7& ¥ 7£ & BX , {2 Bonferroni % IF 7 13
T #E Gtk L, pp52 Ptk 5 ADHD (OR =
1.164,95% CI:1.032~1.312, P=0.013) f£ 7£ %
B R KRB ZHEMERE, KWL CMV fit
&5 DID.TD Z [ f£7E R OCHE . WLIA 2.

exposure outcome method nsnp pval OR(95% CI)
CMV-1gG ASD VW 8 2.89E-03 | ——e—— 1.333(1.103 to 1.611)
ADHD IVW 8 3.72E-02 ot 1.091(1.005to 1.184)
DID IVW 8 3.86E-02 —— 1.202(1.010 to 1.430)
TD IVW 8 5.75E-01 —— 0.924(0.701to 1.218)
pp28 ASD IVvw 14 6.42E-01 —— 1.075(0.792 to 1.458)
ADHD IVW 14 6.74E-01 —e— 0.968(0.834 to 1.125)
DID VW 14 7.26E-01 —to—— 1.044(0.821to0 1.328)
TD VW 14 8.58E-02 +——e— 0.706(0.475 to 1.050)
pp52 ASD IVw 16 7.06E-01 —e— 0.948(0.717 to 1.252)
ADHD IVW 16 1.32E-02 |—— 1.164(1.032t0 1.312)
DID IVW 16 1.00E+00 —— 1.000(0.803 to 1.246)
TD IVvw 16 7.32E-01 ——e———  1.063(0.750t0 1.507)
pp150 ASD VW 9 1.57E-01 ———e——— 1.230(0.924 to 1.637)
ADHD IVW 9 2.66E-01 He— 1.073(0.948 to 1.215)
DID VW 9 3.08E-01 ——e———  1.142(0.885t0 1.474)
TD IVW 9 8.80E-01 —e— 0.973(0.678 to 1.396)
T T T T T 1
040608 1 12141.6
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Fig. 2
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Mendelian randomization analysis results of CMV antibody and neurodevelopmental disorders in children
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Tab. 2 Heterogeneity and horizontal pleiotropy tests
Ey %5 Cochran's Q MR-Egger MR-Egger MR-PRESSO
P g e W P P g
CMV-IgG  ASD 0.653 0. 085 0.175 0.729
ADHD 0. 781 —0.025 0. 336 0.692
DID 0.219 0. 066 0.218 0. 280
TD 0.203 —0.035 0.705 0.228
pp28 ASD 0. 944 0. 030 0. 643 0.937
ADHD 0. 205 —0.010 0.758 0.202
DID 0.738 0.019 0.707 0.752
TD 0.370 —0.029 0. 737 0. 394
pp52 ASD 0.917 —0.028 0. 545 0.919
ADHD 0. 882 0. 006 0.767 0. 892
DID 0.901 —0.023 0.527 0. 887
TD 0. 881 0. 004 0.951 0.897
ppl50 ASD 0.938 —0. 060 0.295 0. 850
ADHD 0.539 0.029 0.236 0.562
DID 0.254 0.048 0.337 0.318
TD 0.698 0.007 0.918 0.730
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Sensitivity analysis of cytomegalovirus antibody and autism spectrum disorder association using leave-one-out approach



+ 1320 -

TR JLE G A G 2025 4F 12 A5 33 5 12 ]

Chin J Child Health Care,Dec. 2025, Vol. 33,No. 12

MR Test ) )
— Inverse variance weighted ~ ---- Weighted median
- MR Egger --- Weighted mode

— Simple mode

pp28 on ASD

0.25 0.5 0.75 1.0 1.25 0.1 0.2 0.3 0.4 0.5

0.4

SNP effect on outcome(ASD)

0.5

0.0 e

0.0pzas

-0.5]

pp52 on ASD ppl50 on ASD
U.Z ().4 U.(y 08 0.2 H‘J 0.6
SNP effect on exposure(CMV-antibody)

B4 EHMUETEDURS ASD BB AL B 40 B 45 5t

Fig. 4 Scatter plot of causal effect sizes between

cytomegalovirus antibody and autism spectrum disorder
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Fig. 5 Funnel plot for heterogeneity assessment between

cytomegalovirus antibody and autism spectrum disorder
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RI CMV-1gG FAME:BEE P A= 19 L 3 A5 40 30 R 4H
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(OR=1.333,95%CI;1.103~1.611, P=0.003),
HiZKEKTE Bonferroni Z EKIEGIRFF 51T 2
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BEA: WL WF 58 Mk B CMV &t 5 ADHD 2 ] 7
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5 I 3 . 45 R & B R P CMV-1gG (OR= 1. 30,
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JLZ IRV AE IR S I A7 78 570 8 52 1 D& B, T v 79 BH
PR R 2 3 DL S 2 Wi o ADHD 9 XU
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FNIEA & 1 55 — S 58 A B 3 R A SE™ . [HE
B R 1k #0 8 = 1 40 09 HL I BF 58 . CMV Rl ADHD
ZIE MR 220 R 07 BEHEAT R S RN N 2 50 Ok 50 E
WAE L H. A WF 945 R B R, CMV-IgG 5
ADHD(OR =1.091,95% CI:1.005~ 1. 184, P =
0. 037) £ 7E X BX , fHAE Bonferroni # 1F J5 5% £ I &
PR 4 WEAT U 53 1 F 5% T B 2 5% A% TR 2% R A 1B
P £ 52 1)

CMVpp52 & —Fik 8 & 11 . 1E i DNA R 4 i
(3 B 3L B Bh DNA RAPY, B 40 M5 & pp28
FEH (HCMV) UL99 46 =4, 1% & 1 X F CMV
(AL = 25 DL K 5 A E AR Y . B AN B
ppl50 & A Cyclin A2 R 1Y RXL 45 & 3 )y, ] 4
Cyclin A2/CDK & &Y B2 1k ; 1% 45 & 0 s 572
JEAE I BE RPAT b3 20 AL S/ G2 W1 CDK 4 S BH
T AEANEE 25 0 20 M S5 I AR 62 3l TE 38 R #% 5 S
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