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Abstract

Objective: A two-sample Mendelian randomization study was undertaken to elucidate the causal
link between subcortical brain structures in children and attention deficit hyperactivity disorder
(ADHD). This research contributes genetic evidence supporting the etiological mechanisms under-
lying ADHD in the pediatric population. Methods: We leveraged publicly accessible genome-wide
association study (GWAS) data to extract relevant information on subcortical brain structures in
children and their association with attention deficit hyperactivity disorder (ADHD). Employing the
inverse variance weighting method (IVW) as our primary analytical approach for causal inference,
we further substantiated the strength of our findings through an array of sensitivity analyses. Re-
sults: After F-statistics as well as an initial significance test, a total of two child subcortical brain
structure phenotypes were suggested to exhibit a causal association on ADHD, including bilateral
intracranial volume (IVW:OR = 0.953; 95%CI: 0.924~0.983; P = 0.003), bilateral amygdala volume
X postnatal stress interaction (IVW:0R =0.948; 95%CI: 0.904~0.994; P = 0.028). The results showed
that both phenotypes were negatively correlated with the development of ADHD. Conclusion: Our
results demonstrate a potential causal relationship between child subcortical brain structures and
ADHD. Bilateral intracranial volume and bilateral amygdala volume x postnatal stress interaction
phenotypes are associated with a decreased risk of ADHD. It may provide a new avenue for re-
searchers to explore child subcortical brain structures and ADHD and can lead to exploration of
earlier intervention and treatment.
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1. 3]

VE R B %2 3 65 (attention deficit hyperactivity disorder, ADHD) 2 UL 5 & & /K P A HVE R A
. A ERZ BB LR 2] WAL BT 1SS I R RS [L OV RHE 4 BEAG, UL
JLVEERFEZ . HEl, ADHD W EIAURmEALH] AR P, ERAT R SRR B ARG R 2,
CANFINLH S T AT 2 R iRIE[2]. TR SR, EBERMUE PN ADHD BIH%EZN 5% [3], HE
ADHD JLE 12 BIR LN 6.3% [4], BALEREN 1.6% [5], e 12.9% [6]. AHFFEY], %
SRR E AR FIBIRIE S RIE%, WLERF . FEEMA 2552 5T e A E [ 7] [8]. B4R
B WA, WBRER AR (MRD)EE AR IR, Bk 2 0 5T R B ADHD L2 1R 4544 7 o
AR 2 HE IR B0 B A R RN [9] [10], AHARIE AR R IAT KT LB B it T Wi 4544 5 ADHD )L 2 [8] Al
R R M) F R BEN LI AL

iR BEALAL (Mendelian randomization, MR) & EAL AT # W 57T ROA 1 LA [11], = FH s

][l
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TR 2 2547 s (single nucleotide polymorphism, SNP){E 4 T. B A8 & (instrumental variables, 1Vs), KPFAl 5 &
R FNEE R R & 2 R R R G R [12] [13]. SRS AL FUAR L, FLAR 2 e T ] R ARV 4 PR 2 A
SR R BT, BRI, R 43 AT R 8 5 R AR A 5 A DG P P R SRAHE T [14] 0 A 0K ) FH 25k BRI 2
YU S B ATF 7t (genome-wide association study, GWAS) I 122 ) 9 K A XU ) o 48 ZR BE WLAGHIE S0 R R ) L3
BN G458 5 ) LR VR R ) B RS 2 A R G R .

2. M5
2.1. WRET

AHEFAEH MR BFEA T 715, i B GWAS T8, SkvPAh )L B2 i Figife 5 ADHD
IR K R, a7 — RANBURIE S M B R AESS RO EEE. MR W25 T BN = MR
[14]: @ Vs 5EFRERMKN; @ Vs SATREAAERNRAKERLR; O Vs il iy HACH i 5 # A

RWMIGE R . AW T AL GWAS Bl . i 2 5H HERL GWAS s T . WA
1,

Bk
P4 <P

P=5x10-5

2=0.001 L & )5 Wergh e
T 3. 1R, Weight median
Kb=10000 Weight mode

| MR analysis \

i SRS HT
S
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Figure 1. Schematic diagram of the core hypothesis of Mendelian randomization
1. &HEREN R MRIETERE

2.2. WHEHKIR

AW 5T A B S B 2 25k A TR RTHTE) GWAS s . 48 L8 Bz 5 I 45 9 GWAS %iedf ok
JiT GWAS Catalog (https://pubmed.ncbi.nlm.nih.qov/36777645), X & — Ik [ faf 2 45 P11 58 B 1 T
MEPEBANFIRT AT, ZEREHTANN 2257 42 . 76 ABCD WF5td, N=10,749 A A4, Hirh 55.1%
s WM A% M 42 [15]
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ADHD ##5 K H T IEU Open Gwas Project ## [ (ieu-a-1183), 1% B 700 R NG A BE, FE
A Ay 55,374, Hirh 20,183 44 £ F1 35,191 44 0t R AN BE, £U35 T 8,047,420 /> SNP.
2.3. 1Vs Bi%E$F

i R R B, A FRATTNT SNP B EAT IR R, TRIERIRRESN(L) LA P <5 x 1075 AyAnifE i ik
JLEE FZ 5 S 45 #4980 ADHD 19 SNP; (2) L& % r2 = 0.001, Kp = 10,000 Jykrk 2 B & 8UA T 47 16]-
[19]: 3) HIFRF<10 s TAZEF=(N-K-1) xrZ/[(1-r?) x K]; N: GWAS FEA%; K: Vs
) [20] [21]. (4) MHBR SR A% R &R (AL )5S 1) SNP PLFRRAR 2 %tk (5) 5 4 5845 208 MR 7K
- 2 JOME AR 75 AR H E (MR pleiotropy residual sum and outlier, MR-PRESSO)E A#b 78 77 12 5K 51 4 5
#[22].

2.4. MR 3%

NTRWLE R N5 iS5 ADHD Z (Al BRI OC &, AT 3% 07 22 InBGZ (inverse variance
weighting, IVW)/E R FE A T8 /R BENLAL 23 BT 5 iR 0 E B ik, 4 P AE/NT 0.05 B, FRATT100 5 5 A
SERA B OC &R o RIS 7 ZE G IR $E 2 BRI A BEAR A8 R & A ) LR AR 5 [23] [24], A —
SER R RYE . ATHEBRIX PR IR, FRATEAEH T A A7 (weighted median). MR-Egger [B])53, Fid
HiAE A (weighted mode) kit 25 AT 4N 70 . BT AT 24 A R4.3.3 FRANEHE G AT 7317

BURNE S M ELHE AT 30 /KOF 2 AR B0 FE A I BR B — 4556 . KA Cochran’s Q. MR-Egger.
MR-PRESSO. Ff —iZ kA fgugtt . e Cochran’s Q A% I TR 5 Bk, 4% P>0.05, MIFRIAHr
SEREBAEREN TR, &z, MAFERFE25]. 14/ MR-Egger STl TR R/KTF 2800, mf
MR-Egger B ISET T 0 KRR 2 RMEAK, # P > 0.05, WRBAAAELEKFZR1E[26]. [,
MR-PRESSO 1 J#h 78 J5 2 K6 MK - 22 2P, 24 MR-PRESSO 4 /S #a 56 ) P> 0.05, NI B ASTELEK T
2. R ¥ —i%(leave-one-out, LOO)K A #A~ SNP it K H 2 b U SE AR B o SR 54 T B AR & )
HeBR X B 2 R P= A R, A AR T HAR R AR MR /M e T HAR &, 808 il Ref77E s f%
P 55 @ [27]. JLE R Finsiig5 ADHD 2 [8] 1) 56 & LA 35 Lt (odds radio, OR) &3 95% 1 {5 [X [H]
(confidence interval, C)Z 7~ .

2.5. FHEMSTHT

KH R 1S HAF(RA.3.3 i) coloc B HEAT I S fr 43 #r, SR )L K T g #45 ADHD #H26
BRI 5 b BAFAE R — SNP. g fr 40 4 DU AMEs [28]-[30]: (1) HO: JLEE R 5t Nt #4 1 ADHD 5
FEANFE R A X IR SNP A 5 0 2 3 AH G s (2) HL/H2: JLEE 25T 45 /) F1 ADHD 5 55N JE R [X 35k 1) SNP
B A, (B)H3: JLEE SR T W4 # Al ADHD 53 AN3E R X 8k ) SNP A7 05 S 3 A%, {H R [F
(R SRAR S A7 S IK Sl (4) HA: JLEE R R AN 45 A1 ADHD 556K X3k A SNP A7 i B35 A%, HliA
— /NIRRT S OKE . M HA > 80% N, FRATTUACH IR 20N & B FE[F] SNP 5] #2 /[31].

3. &R
31. TREZTE

AT 48 B )L J2 i N I 4E My L AL ) GWAS $ediE k4T 7 T A Bk, g TAELEN F Y
KT 10, NETETS T EAS B ffdr, Fea&itk Hi5k 1596 4~ SNP A T-4947, L5 4RI E F Z 11 SNP
F1E.
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3.2. MR g R

25t MR 2387, SRR 2 FhLEE R RN 45#) 5 ADHD 5%, ZRA giit2# = X (P <0.05), 75
S AN A U A AR AL x P2 e N BEAEH . LK 2,

Exposure No.of SNP  Method OR(95% ClI) P

Bilateral intracranial volume 64 VW ——i 0.953 (0.924 t0 0.983) 0.003
MR Egger ————  0962(0.885t01.045) 0.361
Weighted median —— 0.949 (0.906 to 0.995) 0.025
Weighted mode >—°—5—¢ 0.933 (0.839t0 1.037) 0.187

Bilateral amygdala volume x postnatal stress interaction 32 VW —— 0.948 (0.904 t0 0.994) 0.028
MR Egger ——e——  0.955(0.866t01.053) 0.361
Weighted median — 0.934 (0.877 t0 0.996) 0.037
Weighted mode ~ +——e—— 0.914 (0.828t0 1.010) 0.087

0.8 1 1.1

Figure 2. Forest map of the relationship between subcortical brain structure phenotype and ADHD in two children (IVW:
inverse variance weighted method; weighted median; weighted mode)

E 2. mHH)LERRTRGEHRFRRS ADHD X RBIZRMEI(VW: BE75ZEMBGE; weighted median: SIRAHALE;
weight mode: fN#ER)

IVW VEAE R BRI 735, RN A A6 ADHD A77E R 3 ¢ R (IVWEOR = 0.953; 95%Cl:
0.924~0.983; P = 0.003), 8 Hi % =1 ARSI it 3 25 AR 7K T /& ADHA BIORYER o Fofh =kl 7732, ik
B 7 —#. MR-Egger (OR = 0.962; 95%CI: 0.885~1.045; P = 0.361); weight median (OR = 0.949; 95%ClI:
0.906~0.995; P = 0.025); weight mode (OR = 0.933; 95%Cl: 0.839~1.037; P = 0.187). R, XUMIAA=#Z 1Ak
R x 725 RO BAE B 2 % ADHD &9 EF IVW (OR = 0.948; 95%Cl: 0.904~0.994; P = 0.028);
MR-Egger (OR = 0.955; 95%Cl: 0.866~1.053; P = 0.361); weight median (OR = 0.934; 95%Cl: 0.877~0.996; P
=0.037); weight mode (OR = 0.914; 95%CI: 0.828~1.010; P = 0.087).

ST BURAE S b, S M el R U S K 2 3t . Cochran’s Q F TR IR Btk 455K XU
PN 25 AR Q-pval Ay 0.603, MU A A KLMAA x 72 )5 SO B FH (1 Q-pval iy 0.112. MR-Egger #5743
BT TR 2280, g5 o XUy 258 ¥ MR-Egger 5 5—0.001, P=0.828; XU #% ik
TR x 77 g NSO BAE A MR-Egger ##H55—0.002, P = 0.876. MR-Presso 7301 BH, RNIEAEK T2 5%
P o U F Py 22 AR 1) Global Test £l Pval = 0.601; XU A= Z AR x 7= )5 N A H 9 Global Test
R Pval =0.126. [AIR, HOS EICLE 3) i (OO 1] 4) B s 74 R itatd v, B —BI(LE 5)A K
LA SNP X285 B 7 2 ff 75 5210 o

MR Test MR Test
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Figure 3. Scatterplot of SNP for subcortical brain structure and ADHD in children ((a) is the scatter plot of bilateral intracranial
volume for ADHD; (b) is the scatter plot of bilateral amygdala volume x postpartum stress interaction on ADHD)

[E 3. SNP xf)LE R R T Ru4a4aF1 ADHD RIS = Bl ((2) AR AR B FAXT ADHD BIRL=E; (b)) AU A AT x
FIRRCMEEER X ADHD KIS )
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Figure 4. Funnel plot of SNP on subcortical brain structure and ADHD in children ((a) is the funnel plot of bilateral intracranial
volume for ADHD; (b) is the funnel plot of bilateral amygdala volume x postpartum stress interaction on ADHD)
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Figure 5. SNP mapping of subcortical brain structure and ADHD in children ((a) is a figure of bilateral intracranial volume
for ADHD; (b) is the residual graph of bilateral amygdala volume x postpartum stress interaction on ADHD)

5. SNP Xt )LEE R iR T x5 #9F0 ADHD Y B —[El((a) A UMM A AT ADHD BIBE—E; (b) AMME AL FFR %
FRNMEE{ERT ADHD #EB—E)

3.3. XEMNSITER

S Ar 25 B R, XU A 587 5 ADHD BSOS A% AR AR x 7= g B AR 5 ADHD ) H4
SR Z 5 /N T 80%, BARZEF Ny, XU N A F1 5 ADHD i) H4 R34 6.57E-05, AU A% 14
U x 7= JE MIAH BAEF 5 ADHD ) H4 %2 Jy 0.005. [RItk, UG Py 25852 5 ADHD DL A U 54—
AR x 7= Ja N BAE 5 ADHD F BRS80S AN 2 H 9 3 S R 410 A R ) SNP 5 1SR, 1 A Eh 2
#& 5l m[31].

DOI: 10.12677/acm.2024.14112919 594

[MANFSE St A/


https://doi.org/10.12677/acm.2024.14112919

R &%

TE M AT, 2 ADHD fENEEE, JLE i NS e g R, JH30A K3 ADHD X)L 57
J5 i 45 A4 1) KBS A TR R /R (P > 0.05) . LI 6.

(2)

* gc rs12g%541
rs128835419¢ g e
° T 15 ®
° N~
,‘E o o
e B °
0.9 § 1.0 °
o ® =
(]
° Q 8

? °«°°

® 05 ° .

<

8 .\- ‘ o [ )

] o o o ©°0 ©
S I PP N R
= B 0] ® ".‘0'“:. .r.' °
[=
—CI’ 061 e °

L]
3 ° rs1288354¢
Y ° e o
bole ™ .
_E - .. 0.9 oo
) L °
Py ee® 08 o
o %o ° ]
feo 06 8
0317y o oo 18] oo
N 0.4 2 o
[} .. ? .. LY [ ]
oL | ° 0.2 © 8 g v °
go @ ° L @
° ()]
e g° , L 2 03 g () °
‘..o .. ° Cd
’:'. ® o * .o .."o
° (]
°® ° P O% we 0q °
0.0 LY
0.0 ® ¢
00 05 10 15 975 976 976 976 976 976
ebi-csbs48-GCST90255787 —logo(P) chr14 (Mb)
(b) ~ 8 .
o g

>

k]

|

©

24

(o]

4 &

o

(o)

=

I

18]

Q2

=]

E > rs1131465
~ 3 8 e °® @ (]
g & |8 e o S o '.QS....
] 9 ° °
o
o
@

U_) o
p
i e
3 151191465 4
0.8 T
3
° 06 83
[ ] |
0.4 <3
; e
= 2 ®
° 0.2 © rs1191465
L
2 °,
® 1
° °
e % Se0 o oot Cwam’,
0 L]
0 2 4 6 204 294 294 294 295
ebi-csbs48-GCST90255796 —log+o(P) chr14 (Mb)

Figure 6. SNP colocalization map of subcortical brain structure and ADHD in children ((a) is the colocalization of bilateral
intracranial volume for ADHD; (b) is the co-localization of ADHD by bilateral amygdala volume x postpartum stress interaction)
[ 6. SNP xtJLEE K R T AZE A1 ADHD O£ (L ((a) AR A A%t ADHD BIEELL; (b) AR A= 4% 4477
x FEEMEMEEER X ADHD H#E ()
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4. ¥1ig

JLE TR SR 2 85 (ADHD) &3 1 R I B3 = 70 A2 0AE 5 S0k T seless .
FFCUE ST, X EE RN Th BE R IE AT A2 DA &5 R0 B 1 9 4% 25 14 S Al 1, %F ADHD & AR B S AR H
[32]. BEEMZRBE:, WNGTHIRBUE MRI BRI R, BRRiEk 2 (7 78 % 8] ADHD & 2% (11l RAE
R 55 100 8 &5 74 25 UIAH 9 [33] [34]. AW 78K FH Al R BEALAL B 72 7792, R GUHLVPA% L3 % R w45 i 5
ADHD 95 R 22 T8 R PR R 6 2R o 5 DRI TN S 7%, U] F557 A 2 DR UM 54— A A A R 77 s I k] B A
15 ADHD AR H AR R R

—UeR R, ADHD LRI K B EEG M AE SIS 5 15 1EH JLEZ MAFIEZER . WG
7, ADHD B )LER IS ARFAR R BT R ARFR, IR N Wit%, /81154 ) LE[10] [33]. R Rifk
TR B o B B RN R AR (A7, AW Fi 45 & W] ADHD B 1 B RARBUN T IEH JLE . LEE 25[34] &
WFFi % 152 44 5~18 % 1f] ADHD EF HATH 9T, I ADHD B3 K Bz i AR AR LG R 3 4/ 3.7%.
4b, MOSTOFSKY %5t 24 4 ADHD ik MR H14, 45 &I ADHD JLE e 25 B B IE L
H/ 8.3%, R IR XUMARIT B 5 AARFR S 25 Jk /b [35]. MU S S84 A FreeSurfer 73%3%, Jll& ADHD
B S0 B MR R TR, K3 ADHD F B2 5t R ARAR B S8 /N[36] . 3R 138 A R B LG
JiFAHAESE T, U A N 25 A ADHD A7 7E 5 C 196 & (IVWEOR = 0.953; 95%Cl: 0.924~0.983; P = 0.003)
U] ADHD B [ A A FE/NTIER )LE, EABTMHH MRI 5248 2% 5 ADHD &)L, & e —
ANEIAIRIRE TS50, e T Rr @iy s DA = T AT, AT AL RAIR
WL, DARISHIE I REI R . RS EHRLS% 2%, BAGERX. TERKR, =
PR Z MG RIE, 165 IR 1 BEAGAH G 78 h B I R 5 IR A 8 R AN 4y BO IS 26 V8 R K,
AL S A B A RTE LGS A7 T 48 in AR RN IR B YRS Be 71 R FE[37]. Btz 4h, e %
SERIIE S, AT, I RNCAZE R MG . WNTE R R 25 BRRE S AR B B4R, T RS
WAL I IC 2 T RE , FEUESER AR AE AT AL T R AR - X T ADHD 3%, ZHUFTEICICERS,
HHEEBTAES SR, E=%N, MEEkmmtz. Aot scmd g0 SR 0 i & 90 ADHD B4
(R ED ZRCAZ B B IR [RIZ 3P0 B AR T 15 5 A BE[38]. [RINRR, *FF ADHD #JL, AR ek thfg
HIEH JLEAME, #2738, HOOGMAN M 5 A [39]f# 7 — WAL KW FAREABT L, KL ADHD &%
FHEC TR B2, A AT ARARAA L N ARAR BRI AR R 278/ o T A e 45 R 3R, B4R F 5 ADHD
MRS FASE, 5IEWLEMI, ADHD B)LMA A2/, B2 T ADHD E# kg Rk
DA 3] A G 8y 2 T A s Ja NOOK P2 38 n ) L2 2 ADHD KU, LRI T 22 5%
(B TRI[40] [41] 6 FOG A2 25 ol LR 1Y) B e 4 FH 2 B, ISRt vl 368 3 S 45 A AR T i P 52 s o G il 2 24 2
BEo T BEIKPXoF FoG s2 mm FRE 9 2 B P e . A AR AT A B i 45 X 3. Ahmed 55 A [42]38 i
Guit o A RN T )L 122 527 FE A5 e HA BG5OSR 1 A B S A Rt IR L, R B 4=
AT A /N . Koen Bolhuis 58 A[151@ A KL, 75 RIS 24 KIS A R R, W17 5 Mg Ee
BT A AL RAN, RN R, A AEARRURI P 5 ROFUK -2 SL [ 0 ADHD F A2 AR o« ASHIE 7
I AR BENAG TR R, B A ARRRN = 5 SO [FE FH 5 ADHD f77E FUAH LR DG R (IVWEIOR
=0.948). AR LFE R RS54 5 ADHD KI5 &, RtELZSHZIL.
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