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Abstract: Objective To investigate the causal relationship between subcortical brain structures and autism spectrum
disorder (ASD) in children, in order to identify potential biomarkers for early ASD diagnosis. Methods The data related
to children’s subcortical brain structure and ASD were extracted from the open data of the genome-wide association study
(GWAS), and the two-sample Mendelian randomization method was used for causal inference. The inverse-variance
weighted (IVW) method served as the primary analysis, supplemented by MR-Egger regression, weighted median, and
weighted mode methods to address IVW limitations. Quality control was conducted using Cochran’s Q test, MR-PRESSO,
and leave-one-out analysis. Results Three subcortical structural phenotypes showed causal associations with ASD. 1)
The bilateral caudate nucleus volume was positively correlated with ASD (IVW: OR=1. 220, 95%CI. 1. 088 - 1. 369, P=
0.001); 2) the interaction between bilateral nucleus accumbens volume and prenatal stress exhibited a negative association
with ASD (IVW. OR =0.850, 95% CI.:0.734 - 0.983, P=10.029); 3) bilateral intracranial volum X postnatal stress
interaction was negatively correlated with ASD (IVW. OR = 0. 878, 95% CI.0.780 - 0.988, P =0.031). Sensitivity
analyses confirmed robust findings. Conclusions  Increased bilateral caudate nucleus volume may represent a risk

biomarker for ASD, while the protective interaction effects of nucleus accumbens volume X prenatal stress and intracranial
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volume X postnatal stress could mitigate ASD risk. These findings may provide potential neuroanatomical markers for early

ASD detection.
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Fig. 2 Scatter diagram shows the causal associations between subcortical brain structure and ASD

2.3 MEIEH

2.3. 1 HURAEST ORISR kAT S b, S5 OR
KRN 53 W 45 sz e B R 1 SNP, WL 3, & W]
JoReAE 1) SNP 3K 2 JL # Fz Jit ik 45 F9 #l ASD Z J7]
(P T VING TSR 3 i

2.3.2 SmPEUPER IR Z AR R R R AT 3

FR ] Cochran's Q ¥, IVW ff§ P=0.05 i}, #
INGEHR TS EM . R MR-Egger 347 /K ¥ 28014
R, 2 P>0. 05 WA A K280, R g
BARTFAE K L2850k, 3 Fh BH Ik 45 51 ¥ 38 i MR-
PRESSO 2 F K55 , i — A HEBR 1 /K 7 2 3000 i 7T
g, W#E 1.,



« 270 -

TR JLE AR A G 2026 4F 3 45 34 B4R 3 4]

Chin J Child Health Care,Mar. 2026, Vol. 34, No. 3

0.0 0.1 0.2 0:3

-0.3
MR leave-one-out sensisvity analysis for
Bilateral caudate volume Il id:ebi-csbs48-

GCST90255781 on Autism spe(more control
exlusions)llid:finngen_R10_KRA PSY_AUTIS

(A) B R R AZ A TR

-0.2

id:finngen R10_KRA PSY AUTIS
(B) WL B AZAA AR, s 7 B I 980 14 38 20T

-0.1 0.0 -0.2 -0.1 0.0

MR leave-one-out sensisvity analysis for MR leave—one-out sensisvity analysis for
Bilateral nucleus accumbens volumexprenatal Bilateral intracranial volume x postnatal
stress interaction |l id:ebi-csbs48- GCST90255788 stress interaction |l id:ebi-csbhs48— GCST90296650
on Autism spe(more control exlusions)l| on Autism spe(more control exlusions)l|

id:finngen_RI0_KRA_PSY_AUTIS
(C) U 5P AR > EH A S IO Y 58 28800,

3 5 ASD MG ILEE B BT M 25 4 ) SRR 43 A 45
Fig. 3 Sensitivity analysis results of subcortical brain structure associated with ASD
F 1 5 ASD A A 3¢ R 09 JL B Bz 5T T i 45 440 (04 JoT £ 42 ol 45 2R
Tab. 1 Quality control results of subcortical brain structure with causal relationship to ASD
i 5 K 2R MR-PRESSO
T ik Qi P Eger B Pl Pl
XA IR AZ AR R MR Egger 87. 566 0.611 0.018 0. 440 0. 631
IVW 88. 169 0.622
LA AR B8 A% A L X 72 7 38 19 58 T 300 MR Egger 37. 064 0. 466 —0.022 0. 454 0.502
IVW 37.638 0. 486
A 51 P AR X A R 38 A 5 3R MR Egger 39. 816 0. 389 —0.012 0. 729 0.435
VW 39. 943 0.428

ASD J& — b 22 & B A, FHLARAE SR AL 2 B
Bl i 3E DL R 20 B RN S AT Ry T B . ASD 1
IRV B Fppp e e g R b S S B
P A8 BN S 52 ) ASD B 28 A W 22 kR DG A 1A
K. SCHBOV TR WA 8L 2 I ZE Can 3 R A 85 A
.25 W ) Z R AH B AE & R AR
S ¥R9T ASD JLEE K Rz A S R N 5 R R
() 28 BN RE % S ASD (112 Wi F1 5 By 2 43k ] e
WAL £ W, S 4 B W JLEAM L, ASD JL#
B2 A K Rl F BT IX Bl A7 7R S 35 Y 45 A AN ) e ek
AR R R S F R SOIR AR B3 R T 8 Bl A
L K2 ) F A b 7 SO #E ASD B il PR &2
478 (restricted and repetitive behaviors, RRBs) [
T ke 2 s MR . RRBs J& ASD B #% 0
iEAR 2 — o 2 W G K P, Sato TR
ARSI EZH 5, BREMERRY K
ASD JLE R M 2R AT 0 0 B 2 IE AR OG . BF
FE 0N R R SR TR i A A i el s s sz e JL B TR
KE, Estes H W it Xt 3~4 % ASD JL# 5 1E
WREILE B K ASD JLEE XU 5E 8% K 420
ARAZAR TG K. O A W 55 3 R w6 28 4R il 15 0 52

B B A BRI IR R AT L B R AR MR AR

Bas N L TE ASD B R R AR
LTI A B ST B4 A AR
B A% S M T 5 25 L S ALRI A 2 AT O B DDA G R
HELEH LI RE W 5 ASD [ 2 Rk 0 e R A
Ko WFFEERW. 5 R IE % JL# A L. ASD L%
IR B A A BRI LA B U i =\ 55 = fili 2 2R
O i = R PR R R A i Y A B T A
R T B G R AR B B A W s AR AR T B
ASD [ 95 . Nolvi &5 Bk T 7 il B SOR™ i B
@ UREE ALY EE AN S = I DIVAT G (RS 2 R
ZE S I0) 28 3 1) B s A B g ik B T g Rl G ot
ZRBLHE  IG IL I K & B 5 R RO 1R &
PEAE 73 W e 22 D0 B0 — ZR 50 AR B L0 BRI AL 2 e )L 3K
BEJE g AT RE S R RE SR 00 R AT O LA BB Kk
B BRI 7R T R S BOL E AR R A
PRER B/ ik b A8 AL HT B 5 M 22 JT 19 0 Ak 5 fik B
I U A0 A S iR BE S 0 L 2 AT DA ] £
2 LR S g BT I L ASD L
F0 B S5 7 IR 9 O A A R T A 2 L T
TERZE 25 ~28 JH I ASD JL & i B 25 7 Bif & 2R N
P s B 0 AR T G Al 28 5] O R L ¢ B X — B
£50 . Chan 555X 351 AUtk T 22 5860



TR LB PR Ak 2026 4F 3 45 34 B4 3 4]

Chin J Child Health Care,Mar. 2026, Vol. 34, No. 3 e 271 -

GBI ST % BR o 7= 1 0 35 R 7 Cln 28 003 (R 4 L i = R
80 5 45 AR B8 A2 22 8] A7 A S 38 1 28 BRI 7 I G
WK 55 05 AR IR B A2 0 B 5% 52 2% Mk 186 i 4 5, 2 i
WRE S B N 3 2 R IR LR R AZ B &K E . K
I REAR S 199 L 28 BSR4 T O 1) 8 A JXUBS: . Nolvi
LU g BB L 7 I N SR A G 4 A ) A LA
AR T JE N AT 38 S s R I & B Ok s2 R ASD
KA 0w B B R A A B T Ak AT B O 5 R R
V7 355X i A A i 245 4 0 ) R 1 £ TR

Ao R T ILE R R T 455 ASD [ [H
EOCH 1) WU MR AR BUS ASD IE A 2%, 3 B
ASD LI AR AR BUR F1E % R # L., 5 A
WFFE 220 W s A — . 2) RO AR B A% AR B X 7 iy
IO 38 () A2 LA 5 ASD i JXURS: 52 50K ¢ L 72 B0 T
K- BE % 30 R A= L R i AR B A% 19 38 K B AR ASD
() A KUBSE » 48 78 7 /i N 38 K 77 48 B 0T BE X R IR
ASD KBS ELAT /e i BB 7E A . 5 Antonacei 457
MWESE A0 — B0, H 5 7= /N 3K 16 b 2l S 36 8
T ASD BRI ASTR] . 30 RO P AR X
A 5 R A H AN 5 ASD 52k 3, 22 B P 4
R AR A6 X A S5 N 389 58 EL I X ASD ) &
DA R AR 80 o 1 A DL 3 PR I g o) L B
R A LB 1) 1 4 G SCHR I 9T

AWFIE R RBRPEZE T: D A A ASD GWAS
BRI 0 WO HE Bl = e Hb X R CRE 9 508 5
JLEE R g GWAS Hodis v 55. 126 Jhy BRI 35k
R ge . % F AR Fp O AT RE A7 78 388 4% 57 0 1, ik 45
WA HE P T fE N 8 4 T . 2) AS BIF 9E R 1) 43 B LA
ASD fE b 2 &%, JLEE J T 45 1R b 45 R B s o
KPR PE 25 R AN BB U B ASD X R i B 2 AR
AR T EA IR S H B L., WA
It GRS 4y NREECHE , AN i 58 4 AR B0 & 1)
PRI SR DGR, 5 Bt — 25 70 SR P ) Fe ke AR i

ZE LA R ILEE B T Rl 45 4 B FL R R BE 1 38
HAEH S ILE ASD K96 HH M58 880 A58 R L
# ASD [WHRT 2 W MR YT SR R T 3 W o 72
AT BT A EL A — 2 I EE I RN SE R X

S & ik

[1] Lai MC, Lombardo MV, Baron-Cohen S. Autism/[J]. Lan-
cet,2014,383(9920) :896-910.

[2] Shaw KA, Williams S, Patrick ME, et al. Prevalence and
early identification of autism spectrum disorder among chil-
dren aged 4 and 8 years - autism and developmental disabili-
ties monitoring network, 16 Sites, United States, 2022[J].
MMWR Surveill Summ,2025,74(2) . 1-22.

[3] Zhou H, Xu X, Yan W, et al. Prevalence of autism spectrum

disorder in China: A nationwide multi-center population-

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

based study among children aged 6 to 12 years[ ] ]. Neurosci
Bull,2020,36(9):961-971.
Lord C, Elsabbagh M, Baird G, et al. Autism spectrum dis-
order[J]. Lancet,2018,392(10146) :508-520.
Libero LE, Reid MA, White DM, et al. Biochemistry of the
cingulate cortex in autism: An MR spectroscopy study[]J].
Autism Res. 2016,9(6):643-657.
Wang H, Ma ZH, Xu LZ, et al. Developmental brain struc-
tural atypicalities in autism: A voxel-based morphometry
analysis[ ] |. Child Adolesc Psychiatry Ment Health, 2022,16(1):7.
Habata K, Cheong Y, Kamiya T, et al. Relationship between
sensory characteristics and cortical thickness/volume in autism
spectrum disorders[ J]. Transl Psychiatry,2021,11(1):616.
Burgess S, Davey Smith G, Davies NM, et al. Guidelines for
performing Mendelian randomization investigations: Update
for summer 2023[J]. Wellcome Open Res,2023,4:186.
Richmond RC, Davey Smith G. Mendelian randomization:
Concepts and scope[ J]. Cold Spring Harb Perspect Med,
2022,12(1) :a040501.
Zheng J, Baird D, Borges MC, et al. Recent developments
in Mendelian randomization studies [ J ]. Curr Epidemiol
Rep,2017,4(4) :330-345.
Power GM, Sanderson E, Pagoni P, et al. Methodological
approaches, challenges, and opportunities in the application
of Mendelian randomisation to lifecourse epidemiology: A
systematic literature review[ ] ]. Eur J Epidemiol, 2024, 39
(5):501-520.
Bolhuis K, Mulder RH, de Mol CL, et al. Mapping gene by
early life stress interactions on child subcortical brain struc-
tures: A genome-wide prospective study[]J]. JCPP Adv,
2022,2(4) :el2113.
Burgess S, Small DS, Thompson SG. A review of instru-
mental variable estimators for Mendelian randomization[ ] ].
Stat Methods Med Res, 2017,26(5):2333-2355.
Miao JP, Gu XY, Shi RZ. COVID-19 is associated with the
risk of cardiovascular disease death: A two-sample Mende-
lian randomization study[J]. Front Cardiovasc Med, 2022,
9:974944.
Cupido AJ, Kraaijenhof JM, Burgess S, et al. Genetically
predicted neutrophil-to-lymphocyte ratio and coronary ar-
tery disease: Evidence from Mendelian randomization[ ] ].
Circ Genom Precis Med, 2022,15(1) :e003553.
Li X, Hu Z, Liang F, et al. Causal relationship between is-
chemic stroke and its subtypes and frozen shoulder; A two-
sample Mendelian randomization analysis[ J]. Front Neurol,
2023,14:1178051.
Bowden J, Holmes MV, Meta-analysis and Mendelian ran-
domization: A review[]J]. Res Synth Methods, 2019, 10
(4):486-496.
Bowden J, Davey Smith G, Haycock PC, et al. Consistent
estimation in Mendelian randomization with some invalid in-
struments using a weighted median estimator[ J]. Genet Ep-
idemiol, 2016.,40(4) :304-314.
Burgess S, Thompson SG. Interpreting findings from Men-
delian randomization using the MR-Egger method[]J]. Eur J
Epidemiol, 2017.,32(5) :377-389.

CR¥eE 283 1)



TR LB PR Ak 2026 4F 3 45 34 B4 3 4]

Chin J Child Health Care,Mar. 2026, Vol. 34, No. 3 e 283 -

[12]

[13]

[14]

[15]

[16]

467-478.

Delara M, McMillan DE, Nickel NC, et al. Early life expo-
sure to antibiotics and the risk of mood and anxiety disor-
ders in children and adolescents: A population-based cohort
study[]]. ] Psychiatr Res, 2021, 137 621633.

Margetaki K, Stratakis N, Roumeliotaki T, et al. Prenatal
and infant antibiotic exposure and childhood growth, obesi-
ty and cardiovascular risk factors: The Rhea mother-child
cohort study, Crete, Greece[]]. Pediatr Obes, 2022, 17
(1):e12843.

Slob EMA, Brew BK, Vijverberg SJH, et al. Early-life an-
tibiotic use and risk of attention-deficit hyperactivity disor-
der and autism spectrum disorder: Results of a discordant
twin study[J]. Int J Epidemiol. 2021, 50(2): 475-484.
Bistoletti M, Caputi V, Baranzini N, et al. Antibiotic treat-
ment-induced dysbiosis differently affects BDNF and TrkB
expression in the brain and in the gut of juvenile mice[ J].
PLoS One 2019, 14(2):e0212856.

Guida F, Turco F, lannotta M, et al. Antibiotic-induced
microbiota perturbation causes gut endocannabinoidome
changes, hippocampal neuroglial reorganization and depression

in mice[ J]. Brain Behav Immun, 2018, 67; 230-245.

[17]

[18]

[19]

[20]

[21]

Vargason T, McGuinness DL, Hahn ]. Gastrointestinal symp-
toms and oral antibiotic use in children with autism spec-
trum disorder: Retrospective analysis of a privately insured
U. S. population[ J]. J Autism Dev Disord, 2019, 49(2):
647-659.

Chaaban H, Patel MM, Burge K, et al. Early antibiotic ex-
posure alters intestinal development and increases suscepti-
bility to necrotizing enterocolitis; A mechanistic study[ J].
Microorganisms, 2022, 10(3):519.

Volkova A, Ruggles K, Schulfer A, et al. Effects of early-
life penicillin exposure on the gut microbiome and frontal
cortex and amygdala gene expression[]]. iScience, 2021, 24
(7):102797.

Shi F, Huang Y., Yang M, et al. Antibiotic-induced alter-
nations in gut microflora are associated with the suppression
of immune-related pathways in grass carp (Ctenopharyng-
odon idellus)[J]. Front Immunol, 2022, 13; 970125.

Dash S, Syed YA, Khan MR. Understanding the role of the
gut microbiome in brain development and its association
with neurodevelopmental psychiatric disorders[ J]. Front

Cell Dev Biol,2022, 10. 880544.

7 HH#3:2024-10-30 fEE HH#A:2025-02-28 AXHIE:WIEE

CE4EE 271 7O

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Verbanck M., Chen CY, Neale B, et al. Detection of wide-
spread horizontal pleiotropy in causal relationships inferred
from Mendelian randomization between complex traits and
diseases[ J]. Nat Genet, 2018,50(5):693-698.

F AR 5 I /N R R I AE T 2R R O A 1 B 2 A 2 LR
(7). A E L FE AR 225k, 2024 ,32(12) 1 1277-1281.

Xiao L, Ye XS. Emphasizing the neurobiological mecha-
nisms of autism spectrum disorder[ J]. Chin J Child Health
Care, 2024,32(12):1277-1281. (in Chinese)

Nolvi S, Merz EC, Kataja EL, et al. Prenatal stress and
the developing brain: Postnatal environments promoting
resilience[ J . Biol Psychiatry, 2023,93(10) :942-952.

Ong LT, Fan SWD. Morphological and functional changes
of cerebral cortex in autism spectrum disorder[]]. Innov
Clin Neurosci, 2023,20(10-12) :40-47.

Yoo T, Kim SG, Yang SH., et al. A DLG2 deficiency in
mice leads to reduced sociability and increased repetitive be-
havior accompanied by aberrant synaptic transmission in the
dorsal striatum[]J]. Mol Autism, 2020,11(1):19.

Langen M, Bos D, Noordermeer SD, et al. Changes in the
development of striatum are involved in repetitive behavior
in autism[ J]. Biol Psychiatry, 2014,76(5) :405-411.

Tian J. Gao X, Yang L. Repetitive restricted behaviors in
autism spectrum disorder; From mechanism to development
of therapeutics[ J]. Front Neurosci, 2022,16:780407.

Sato W, Kubota Y, Kochiyama T, et al. Increased putamen
volume in adults with autism spectrum disorder[ ]J]. Front
Hum Neurosci, 2014,8.957.

Tan AP, Ngoh ZM, Yeo SSP, et al. Left lateralization of

[29]

[30]

[31]

[32]

[33]

[34]

Y %5 B #9:2025-02-25

neonatal caudate microstructure affects emerging language
development at 24-months[ ] ]. Eur J Neurosci, 2021, 54
(2):4621-4637.

Estes A, Shaw DW, Sparks BF, et al. Basal ganglia mor-
phometry and repetitive behavior in young children with au-
tism spectrum disorder [ J ]. Autism Res, 2011, 4 (3):
212-220.

Langen M, Schnack HG, Nederveen H, et al. Changes in
the developmental trajectories of striatum in autism[ ] ]. Biol
Psychiatry, 2009,66(4).327-333.

Shiohama T, Ortug A, Warren JLA, et al. Small nucleus
accumbens and large cerebral ventricles in infants and tod-
dlers prior to receiving diagnoses of autism spectrum disor-
der[J]. Cereb Cortex, 2022,32(6):1200-1211.

Antonacci C, Buthmann JL, Borchers LR, et al. Nucleus
accumbens volume mediates the association between prena-
tal adversity and attention problems in youth[J]. Dev Psy-
chopathol,2025,15:1-13.

Walker LLO, Murry N. Maternal stressors and coping stra-
tegies during the extended postpartum period: A retrospec-
tive analysis with contemporary implications[]J]. Womens
Health Rep, 2022,3(1):104-114.

Beversdorf DQ, Manning SE, Hillier A, et al. Timing of
prenatal stressors and autism[ J]. J Autism Dev Disord,
2005,35(4) :471-478.

Chan SY., Low XZ, Ngoh ZM, et al. Neonatal nucleus ac-
cumbens microstructure modulates individual susceptibility
to preconception maternal stress in relation to externalizing
behaviors[J]. J] Am Acad Child Adolesc Psychiatry, 2024,
63(10):1035-1046.

&5 B H#1:2025-07-10 AN 445 1% 1B 1%



