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[ Abstract]

neurotransmitter imbalance, and dysregulation of brain functional networks. Exercise can promote brain plasticity through multiple

Children with attention-deficit hyperactivity disorder ( ADHD) exhibit abnormal brain structural development,

pathways, including promoting neurogenesis, enhancing synaptic plasticity, regulating neurotrophic factor expression, and

improving cerebral blood flow and cerebral metabolism. It can also improve attention, executive function, and behavioral
performance by enhancing prefrontal functional activity, optimizing brain network connectivity, and regulating neurotransmitter
systems. To elucidate the role of exercise intervention in improving brain plasticity in children with ADHD, the review summarizes
the abnormal characteristics of brain plasticity in children with ADHD, the main mechanisms by which exercise promotes brain

plasticity, and related empirical advances. Future research should strengthen standardized intervention studies and incorporate

multimodal indicators to further verify the mechanisms underlying the effects of exercise intervention.

[Keywords] Child; Exercise therapy; Nervous system diseases; Developmental disabilities

T B Bk Z sl B A (attention-deficit/ hyperactivity
disorder, ADHD ) J2 JL 2 3] 7 DL (9 11 22 4 7 BBy 2 —
HEORERRH N EE DAL 230 Lobah 1y
N WATRRAFRSE R, 2 )L ADHD SRR
5% ~7%"" , FLHR Gy A1 Bl MR AT 4525 28 7 AR T 0L =
JSCARIY K BRRR R ALY e L (1 2 o R AR A
A3, 30 T B 2l I | NP 5% 28 Bt B B ™ A
KA R Oy LEF 4RO B 517 R f
SR T B AR T AR R

IARSK  BEE MR B S ALY I R
WA A, ADHD BN Jt—Fiith ] 2 JR R AN 28 5 G 5
WM 2 Kk T B, BEFER W], ADHD L2 7k Al A

[E€mH])
i 5 (2022 YFC3600204)
[fEE® ] HRfESE(2001-

[BEEE] TKE1%, E-mail ; zhangyanfeng0310@ 126.com

I —ZCRAA ] B BRONASE 2 00 286 B PRAT 42 ol I 8% 56
THI A7 76 45 #4915 D BE 22 5, DTN R I v R 4% A7 A
Hil TNl fe S o7 IR, JLEE T A AE RN A
v (AT S | L 28 2540 5 T B R A% 7E T B 0
TFNAGAE T KA mal™ | R, ] 587k
FAEEHRTT ADHD 9T TR s HA B2

18 SRR —Fh I B B A 16 2R 2 7R T A
FROTTE A2 8 )2 K, MU S 3 n] 3E AR i pl 8 R
Az SR SE Ml AT SE M URT R 2 SR R Rk
0 1 045 22 Rl 42, X DA 1) B8 7 AR B R e Y
s TR A% ADHD JL#E = AT Ih e
FERFRBR | 300 ek o i A - D BT Bl KA i

R IET BRI E R AR5 2 5 B0 H (B25-19) 5 B T w0 R R0« F S @ BRI H 2 08 AL BB X 5 5 % 5

) B IR RE A FE B, R [ BT S R L E R,



A T AE 2026 4F 9 H 26 47 555 9 1 Chin J Sch Health, September 2026, Vol.47 ,No.9

- 1359 -

2% SRR HE I R PT I L SRIAT, ERTAR SCIRSE AT
b e B, LA FHAIL ] B o (T B =X il = —
BEE, AUISEN ADHD L Al 8P 55 5 R AIE iz
LK AT BVERE AL iz 30+ 10 ADHD [ i £
FLAll S S UM ST A5 O T BEAT £, LAY O B Wiz
g1 ADHD 9/E FIAIL i -0 1 1 55 s 32 3k L3
WA

1 ADHD JLER 7] 2814 5 & $F1E

Biti 5 PP AR R PG A 2R 9T S9N 1n) &
BUFRIAE &, AT #ARE] ADHD A4S
KWk & B R ) 2 )2 AR A 5, b i ml ¥ 1 5
WA N EE ML ILR " nT B4R
KIGTE KB REREE R AE T 38 4 b 28 0 25 44 2L
AR G ZE FE R YT LA K w22 X 2% T 21 45 T O T IE N
WEE AR RE S
1.1 &M AEFF WAL IR BRI R 8 R
ADHD L i 45 A BRAF B4 T H ZEHE ', ADHD
ILEFEZ AN XA LS R E 2 5, F20 LRiHn
B2 J2 SRR /NI S Ty AR X T R e 2 A
VR R AT A K T AR ICAZ SN AR v &
HBEVEH 1 ADHD JLEE7E % X 380 2300 B 2 5 3 0
MEE B IERY ) st R 51EW )L
HHEE , ADHD JLEERRM: B 2 it B e e — e i Je , &
BLPRBUAETS S T4 o S i 1T A 5 A g i
IAASE A X g 157

B 25 04 ) BE 7E ADHD BF 5% v 32 31 32 5%
H L RS ST AT ok B S R T
L RIRE SOk IR S AR R £ U B A%
A EEAR AL ADHD JLE A R X I8 77 78 1A R
SRS 255, AT RESE M 2 0 T R 34 hn v 3h A7
Y AN, NI AR S 18 S P S E A%
PR SN T 2 E AR T, ADHD JL /M
E DX AT BEAEAE 4548 S, IS i 1 B A R AT
PR P

T VR h2e 2 5104 B B X, ZEAF 5% TR R i
AR gERg 22 T RN R RIRF SR 45 SR 2 [ AT A7 AE AR
—HE G, AT RE SR AR MR Tk E SRR
XY BT, B UEYE 2R ADHD JLE A 24
ST D68 B B AR S X AFAE & B Pl R,
IXSEAR AL AT i S W i 28 B o AR vl w8 R AL
H S
1.2 AZBFERFF BRI 2E 500, et i
ARG TP N ADHD 09 B 2k Yy 2f 3l 22
— U0 M ST A, LA i 2 e 2 R AR

gt UHEZ B £ EIRE £ ADHD /9% 4
RGP RIS, PR ER 22
TR 2R TR AT 1 i S R A

7 ADHD JLZ | i — SOIR AR 5 1 22 26
BN I A0 E PR 25 DI AH 5 1 DG B 2% il
BEAEAT I A | DR S AT 55 Wi A i A v A 4 R A
1, i 22 B A5 5 128 e m] RE R AR AR S AL BRSO
T2 B T R R S vh sl A58, Ak, 2 HVE B AR
R ARG Ry 50 W 7K P B A5 2 1 5 T HA A
HI, R AL AT R — L s B AR E Y

I PRZGA T BT S AE — R LS5 T Bk
P TR B R AR AT R 259, AUk R g
FeApan 22y, EEGE Y 2 B mE RS b
MR RGERIEIRITE T, S T 23 T R e AE 58
fi A 138 e At 22 00 2 981 v ) B AR T, LS T REE
— 2 5 fih T S K fik 1 £ 2H 2 75 5, DT S AR
IR Iz
1.3 W de W% 5% BEE hBE GO Ik 1R
(functional magnetic resonance imaging , fMRI) 541 2552
PGEAR K, AT ADHD AL 3R Ay Joy 358 i [X.
A D BE S S, S A Sy 5 i DX 14 R MLASE Dy B 6 255
e 5 A RUBE A DRI RS e 2 ZERR DGR SE
BROAREC I 28 AT 2 1 0 4 S i M 28 N 2 5
ADHD VIR SCHIRZ D DI RE R 25

NN S W E SR ) SR NN i PO R T N TR €
PATAT 55 b i 32 A7 28Am il , AR RS R0 5 5 70 e 22
S, ADHD JLEAE AT VAR 5 i R
BRI ) 26 40 ) A8 A2, DT T P 55 A0 O A5 2 m
T, RIS RO SR IR BT M
25 1 Bl AU B T DX B, 74T 55 A B AT
P A DR M P R A PSSR . ADHD JLEAEIZ N
28 HP PG KT AT, 4R AT D) BE IR 4 i
SEAv R R 4 AR R AR L S TR R AR
HARERZEEM, AR, ADHD JLH 7 4 & W 4%
THREIEHETT THAFAE S, AT RE R M s Sh R0 Y 12k
FEMEINTRE S Y IR PTSAVE R, LB 4
PS03 ik o 2% 32 A R e )l S B 5 3 %
11 R BT REX R T - e B

DL RYRIESE S F ADHD L2 7E 221> O HE i 2 g
W0 4 22 [B)AFAE DR IR I A, (B[] AIF 5 7 54K o 235 i 7
BT MAFAE—E 22 5%, W] BE S W3 =X B o b 7 vk
A—EH K,

2 iBEFNREE ADHD JLEE i ] 2244 Y Fh 2 AL 1)
FERARH ADHD AH OGN T 28 1 5 3 Ak A S At E



- 1360 -

v [ 244G A 2026 4 9 H 4 47 %55 9 1 Chin J Sch Health, September 2026, Vol.47,No.9

BT RERS A SCIE Il v SV ) T I T Be A
S JTAER A ICAIT ST 2 B B R T 51 BE A% X I G 485 )
FUIREF=A: 2 R0 38 B SRy — R 1 ER
BEREN 2R | s i 22 R 28 20 W 2 s AR AR 1 Jigi ml 98
Pk AR fE g e et RS fil T M R R s
Fr R 7 ek DA R s o i g 5 AR AR 7R LR
AR HEAT R IZ 3 AT RE XA S BE S & R 4
RAE AR, SRS FBFRAEZ s 268 SR
L1085 5 T A AR O 22 S, HAE AL ) K s8R
A it — 2D G S HE,
2.1 PAFTHRIALTEMNMZBRAANTERE B3
Tk ADHD JLERLCIER R E A Y2 5Lal, &
SEARBEAE XS ik N 3 20 58 Rl 28 366 T3 4 1Y) s 4800
W, MAEFRRFEMEITER S AIE R 24 M
R R AR R AR o R 2
H % T (brain-derived neurotrophic factor, BDNF ) ##
AR 2 VR i T 9B 1Y) B 93 -2 — . BDNF REfS
HEMZTTAE TG G ok 5 filf% 2 01 2 5 2E 2 Hidie i
TR RUESE Sl A] 4R R BDNF K7, M 2
iRy 20 G (P | -y ASRe B =2 NS R T S U
31z 35 A BDNF 7KV T, 78 12 3 Al e i
M ERE TR mik AT,

ADHD W2 2 A= W2 BNl 2 B e 25
HUE FIRR RGBS H R A O KL 2 —
BN BENS B LR 28 B R GL U BE, L i 2
CEL g R, 4 v ol 225 3k B0 52 A AR, T B0 38 A 22
{5 5L %R . XF ADHD JLEE 1M 5 , 128 3% S
25368 ST 9 BE A5 A 000 T A P — SOIR AR DG [ % 114
IRe ST A5 BAL R
22 HAAPR AL EZIIm R EMegTBE G
Oy 52 T R G ek i DR TR
Mgt i) kB S AEE . e A A 5 5 il mT R R SR A
A SICAZ I T AR SRR, ML
BIIREHS ) AR TR 1 DX R 28 K A 4 Ve 4 2 T 4 Y
FEK- S SR A I R S SC Bl il e ] S M AR AL
Sl [RIAERERS IS fih AH OG5 1 20k, 12 7E 5 Mk 2 7l B
B3 N4 = M2 28 15 BB AR . a2 5
BRI 3 10 ) LB AR T S A OGN AT: 55 rh RIS AR, OF:
PR T S (A RR B ) RE TG 21 19 3 5 3 DA [] 422 £ B8 S A
T iz gyl GEAE IR T AH SR X AR 28 T IR

12 BI)34 R A% 308 2o 2 A L 3 R A X 3 AR A 22
ARG, (65 3 & v, O SR Il A PF R 3
T, DA i e fii 4 0 %) 4R 3 25 W 11 107, 30 LA
IE B4 W] e AR A I A B, B s A i I O T R
TN MR ARSI UESE 32 23 i A3 i I 7 A

WA, A B T4 25 ADHD JL 21 45 i AH DG ik X 1)
REEzsh ™ XA R T s 2 & B S
HOFGEZYJIEN
2.3 EBEIE AW S E G T RN AT
TGS REAE i3 LB WP T DI B8, AL G I 45 ] TAE
AL BN RIS DT O SR R L,
BTG, ADHD JLEE 7E AT 1l 190 4 R 2 190 4%
7 T A D REE 12 1T RE IR EACE R 4 A RO T R
B 22 N 45 (0 76 SR B 66, A R T R g AT U B
E

ADHD JLEEZE A TIAKIAT 55 B3 8 77 R AR 5K
PR 28 0 A JE IS, SECAN AT IR S B sz 2 T4k,
S FE R | 32 3 T 191 BE 0% 338 38 BR OB X X 4% 75 1T
5 ARAS T B0 HIBE T, DT Ak i X 45 22 ) 4 By 9 32
AR SR 45 ) i 42 T YRR T, A B T
/b ADHD JLEEFE ML, (AR H % 24 > R 5540
Frn B O A T AR PR AN T A s il e

3 ADHD JLEEZFHBTZIEFHR

VAR 32 3 T-WiZE ADHD JLEE Hh i 1o FH 72 7 1
SRR KT MAT HFRB ANETIRE L &
P A PREE bR A5 24 2 B HE sh X% ADHD iR 9
oM, SVAOKRT , BA TIE 5 2 A AL B A3 20 Be 6%
2 ADHD JLE R E 1 PATIIRELL AT R R,

3.1 &MEFH TR RIS T 5 R [
AR, R R S SE E 4RiE B s, ADHD JLEE7E
TERAT 55 AT I REAT 55 Hh B R B E 4 rele s Y
A5 R A A8 B X 328 g RESL A 8] — ik
20~30 min, 58 &I, 12 3l 5 JLFE LRI 45 AT 55
(10 52 7 8 O S B 1, A DR R B — BB SR
SEFN2 B )5 5 1 BN T AR S A F FE bR s B AR
LVEIS BT T 3R A RS i ) B, — TR IE B
J5i 30~60 min PIFRBEC I A S e )
TG ST RS 2 2 vl BE A B T4 ADHD JLE R
SRR, MAN, I AT A T RE AR A EMRT SEUEIE
PR Bk A MEs s G , ADHD JLEEHA TR ST 5
B, 5 &MU AR I K i S 1R A I AR A KT S ) Rg
PTG 2 BV 220 ) B B A2 B BT X A A
IR I 24 7 A S ) RE T SRR AN

3.2 EHEFH TR FERFEEEUR ST L E 3
Yk, 230 FEALA B 50 P81 148 3h Il 57 ADHD
JLEE P AR IR . — BB st R RS 8~ 12 WA
Azl ghitRl, B /3 1T 3 ~5 Wisah, &k 30 ~
60 min, 23805 U 45 )5, ADHD JL# 76 7 i S s
PATIIREAT 55 LA AT Ry e 6040 Jr T 2 Bk >



v [ 244G A 2026 4 9 H 4 47 %55 9 1 Chin J Sch Health, September 2026, Vol.47,No.9

- 1361 -

PG IR G N 18 32 3 T 1k 3% ADHD $2
ML B B R 5 4 5 Dy e mT SR YRR . E DD B )2
Figk 8~ 12 WA Hiz g TG, 8 5144 MRI
7R ADHD JLZE (% BRIASE 2 0 28 76 4T 55 1 1] 1) 67 38
T B 7 B 0 8 AUET 4 il P 24 5 0 ) 4% 1) T e
P B W AR 0 e 4 2, K R B iR
SR, SRR SR WS E] ADHD JL 2 fij 45 -
R R B I DX 3 R R M B R e 3 Tk s, HL
ST e UG S A I — SOIR A % S5 A% O 11 BT 4
WA T B s Y LRSS 5 T B E
UEHE ELHAIESE 7K W2 2 T Wi #F ADHD L K ik
7% XL EE I (1) B 2 I R ASCR

33 ARABEFHFEAGTFRAR WIssE i
AR UHATEI DL A BAE 3%, A Rz sh
W5z T IO, Befe s ADHD JLE MY
HARMPATIRERI , MAEZ Shn s | Bkag &
AU SR A5 1 sh T B A S E R I E T, — BB 5T
K BRLRE RS v L 1 T B AR PR AN AT R 4

I BAAZ g R B8R T BRE A & SR TE 3y, 8 W I
LU | R W PSR AL 25 S, PT REAE B AT I
REFIFL AT Nl B Ve B Rl
2 5z 1 =X 0T g e o — & 32 sh A R TR
Toimedl gk,

4 INEERZ

Z5 L iR ,ADHD & —Fh & Ze i ph 2k i ifig ,
K e S AR PR 283 T 7R G B G 1) e N 4% S
FUIME, EofE A EEM AN XHE R, il id
PREfh 20 2 A R 2 fl ] A M R b R T
T A i L 37 S 3k A AR A mT SR X R T BE P
AU, A DG 2 AR A 5Tt & B, 32 3l T R
I IR AT 2 BE T Bl B R A BT s o 0 4% i R
P 4 4Bz , AR TE R T RE T 9

SR, HRTFIEAR A e — 8 Jm B 56— IR 2T
FEAC /N, HLAF G X G A7 76 22 5, T BB 52 WA 5% 45
RRRENE, 8=, ANFEFRTEZ 358 | RFLL ()
DL b T B = G —F i, B0 I 45 SR 22 1]
FEAE—E S o = REBISE 32T 2
R, X Al ML A R R AT AR A BR oA Sfe iy I Jé
AR Z s BB BRI 5T, IR 25 & Z B M 4 1R
A Wi d8 s , #E— 25 0 B 52 24 2 i mT 98 1 1Y
BUH, [FIAE, R F5 R R AN IR iz sh 28 AL o B R 1 i ]
WIS, ADHD L il E B R} 2 (138 3h 1
Fems, VBN —Fh 4 KA H S T T B0
2, BEE AT B ARWHEA 32 3 T W7 22 F ADHD

JLZE N A 5 By O HE DT THT 4 B O B AR I
FlERSRAER A EE A g P

[1] Salari N, Ghasemi H, Abdoli N, et al. The global prevalence of
ADHD in children and adolescents: a systematic review and Meta-
analysis[ J]. Ttal J Pediatr, 2023,49(1) :43.

[2] Ayano G, Demelash S, Gizachew Y, et al. The global prevalence of
attention deficit hyperactivity disorder in children and adolescents: an
umbrella review of Meta-analyses [ J]. J Affect Disord, 2023,339;
860-866.

[3] Pliszka S . Practice parameter for the assessment and treatment of
children and adolescents with attention-deficit/hyperactivity disorder
[J].J Am Acad Child Adolesc Psychiatry, 2007,46(7) :894-921.

(4] ZfE, 5k, BAF. ARl 3y 200 T R B 2 3 i L # 4

HEFISZ IR PR Meta HTL)]. R T, 2024,45(4)
497-502.
Li H, Zhang P, Zhen Z P. A network Meta-analysis of the effects of
different exercise modalities on inhibitory control in children with
attention deficit hyperactivity disorder[ J]. Chin J Sch Health, 2024,
45(4) :497-502.(in Chinese)

[5] MisEEk, Zsulii) fo e 4 1990—2021 4E A [E K 4Bk L #E M

TR TE BRI 2 30 BB i3 5 O Zr A [T]. PRI BE 2 20K
2026, 17(2) .452-462.
LaiM Q, Li K X, Zeng S H, et al. Burden of attention deficit
hyperactivity disorder in children and adolescents in China and
globally from 1990 to 2021[ J]. Med J Peking Union Med Coll Hosp,
2026,17(2) :452-462.(in Chinese)

[6] Rubia K . Cognitive neuroscience of attention deficit hyperactivity
disorder ( ADHD ) and its clinical translation [ J ]. Front Hum
Neurosci, 2018,12:100.

[7] Cortese S,Kelly C,Chabernaud C,et al.Toward systems neuroscience
of ADHD:a Meta-analysis of 55 fMRI studies[ J]. Am J Psychiatry,
2012,169(10) :1038-1055.

[8] Castellanos F X, Aoki Y.Intrinsic functional connectivity in attention-
deficit/hyperactivity disorder: a science in development [ J]. Biol
Psychiatry Cogn Neurosci Neuroimaging, 2016,1(3) :253-261.

[9] EricksonK I, Hillman C , Stillman C M , et al . Physical activity ,
cognition, and brain outcomes;a review of the 2018 physical activity
guidelines[ J]. Med Sci Sports Exerc, 2019,51(6) ;1242-1251.

[10] De Miguel Z, Khoury N, Betley M J, et al. Exercise plasma boosts
memory and dampens brain inflammation via clusterin [ J ]. Nature,
2021,600(7889) :494-499.

[11] Zhang M, Jia J, Yang Y, et al. Effects of exercise interventions on
cognitive functions in healthy populations: a systematic review and
Meta-analysis[ J]. Ageing Res Rev, 2023,92.102116.

[12] Ng Q X, Ho C Y X, Chan H W, et al. Managing childhood and
adolescent attention-deficit/hyperactivity disorder ( ADHD ) with
exercise:a systematic review[ J]. Complement Ther Med, 2017,34.
123-128.

[13] Valkenborghs S R, Noetel M, Hillman C H, et al. The impact of
physical activity on brain structure and function in youth:a systematic

review[ J ]. Pediatrics, 2019,144(4) :e20184032.



- 1362 -

A T AE 2026 4F 9 H 2 47 555 9 1 Chin J Sch Health, September 2026, Vol.47 ,No.9

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Soman S M, Vijayakumar N, Thomson P, et al. Cortical structural
and functional coupling during development and implications for
attention deficit hyperactivity disorder[ J]. Transl Psychiatry, 2023,
13(1):252.

Sydnor V J, Larsen B, Bassett D S, et al. Neurodevelopment of the
association cortices; patterns, mechanisms, and implications for
psychopathology[ J]. Neuron, 2021,109(18) ;2820-2846.

Faraone S V, Banaschewski T, Coghill D, et al. The world federation
of ADHD international consensus statement: 208 evidence-based
conclusions about the disorder[ J]. Neurosci Biobehav Rev, 2021,
128.789-818.

Hoogman M, Muetzel R, Guimaraes ] P, et al. Brain imaging of the
cortex in ADHD: a coordinated analysis of large-scale clinical and
population-based samples[ J]. Am J Psychiatry, 2019,176(7) :531-
542.

Shaw P, Malek M, Watson B, et al. Development of cortical surface
area and gyrification in attention-deficit/hyperactivity disorder [ J ].
Biol Psychiatry, 2012,72(3) :191-197.

Wang Y, Zuo C, Xu Q, et al. Attention-deficit/hyperactivity disorder
is characterized by a delay in subcortical maturation [ J ].

Neuropsychopharmacol Biol Psychiatry, 2021,104;110044.

Prog

Bernanke J, Luna A, Chang L, et al. Structural brain measures
among children with and without ADHD in the Adolescent Brain and
Cognitive Development Study cohort;a cross-sectional US population-
based study[ J]. Lancet Psychiatry, 2022,9(3) :222-231.

Chen Q R, Wang Y, Yang B R, et al. Abnormalities of gray matter
volume and structural covariance in children with attention-deficit/
hyperactivity disorder subtypes: implications for clinical correlations
[J]. Eur Arch Psychiatry Clin Neurosci, 2025,275(7) :1897-1911.
Humphries M D . Basal ganglia : mechanisms for action selection
[ M ]//Jaeger D,
neuroscience. New York : Springer, 2022.410-415.

Jung R. Encyclopedia of computational
Yan G , Amita H , Nonomura S , et al . Fluorescence detection of
dopamine signaling to the primate striatum in relation to stimulus-
reward associations|[ J]. Proc Natl Acad Sci USA, 2025,122(11):
€2426861122.

Wu F, Zhang W, Ji W, et al. Stimulant medications in children with
ADHD normalize the structure of brain regions associated with
attention and reward [ J ]. Neuropsychopharmacology, 2024,49 (8) ;
1330-1340.

Fernandez L , Burmester A , Duque J D , et al . Examination of
cerebellar grey-matter volume in children with neurodevelopmental
disorders ;a coordinated analysis using the ACAPULCO algorithm[]].
Cerebellum, 2023,22(6) :1243-1249.

Shen F, Zhou H. Advances in the etiology and neuroimaging of
children with attention deficit hyperactivity disorder [ J ]. Front
Pediatr, 2024,12;1400468.

Connaughton M, O’Hanlon E, Silk T J, et al. The limbic system in
children and adolescents with attention-deficit/hyperactivity disorder:
a longitudinal structural magnetic resonance imaging analysis[ J]. Biol
Psychiatry Glob Open Sci, 2024,4(1) :385-393.

Kim T H , Choi E , Kim H , et al . The association between

hippocampal volume and level of attention in children and adolescents

[J]. Front Syst Neurosci, 2021,15:671735.

[29]

[30]

[33]

[34]

[36]

[37]

[39]

[40]

[41]

[42]

[43]

[44]

Koirala S, Grimsrud G , Mooney M A |, et al . Neurobiology of
attention-deficit hyperactivity disorder; historical challenges and
emerging frontiers[ J]. Nat Rev Neurosci, 2024,25(12) :759-775.
MacDonald H J, Kleppe R, Szigetvari P D, et al. The dopamine
hypothesis for ADHD; an evaluation of evidence accumulated from
human studies and animal models[ J]. Front Psychiatry, 2024, 15:
1492126.

Jackson E F, Riley T B, Overton P G. Serotonin dysfunction in
ADHD( J]. J Neurodev Disord, 2025,17(1) :20.

Parlatini V, Bellato A, Murphy D, et al. From neurons to brain
networks, pharmacodynamics of stimulant medication for ADHD[J].
Neurosci Biobehav Rev, 2024 ,164:105841.

Bellato A, Perrott N J, Marzulli L, et al. Systematic review and Meta-
analysis; effects of pharmacological treatment for attention-deficit/
hyperactivity disorder on quality of life[ J]. J Am Acad Child Adolesc
Psychiatry, 2025,64(3) :346-361.

Chen Z , Xu T , Liu X , et al . Cortical gradient perturbation in
attention deficit hyperactivity disorder correlates with neurotransmitter
—, cell type-specific and chromosome—transcriptomic signatures[ J].
Psychiatry Clin Neurosci, 2024,78(5) :309-321.

Yin W, Li T, Mucha P J, et al. Altered neural flexibility in children
with attention-deficit/hyperactivity disorder [ J ]. Mol Psychiatry,
2022,27(11) :4673-4679.

Norman L J , Sudre G , Price J , et al . Subcortico - cortical
dysconnectivity in ADHD: a voxel-wise Meta-analysis across multiple
cohorts[ J]. Am J Psychiatry, 2024,181(6) :553-562.

Norman L J, Sudre G, Price J, et al. Evidence from " big data" for
the default-mode hypothesis of ADHD: a Meta-analysis of multiple
large samples [ J ]. Neuropsychopharmacology, 2023,48 (2):281 -
289.

Pho B, Stevenson R A, Saljoughi S, et al. Identifying developmental
changes in functional brain connectivity associated with cognitive
functioning in children and adolescents with ADHD[ J]. Dev Cogn
Neurosci, 2024,69.101439.

Baker A E, Galvan A, Fuligni A J. The connecting brain in context:
how adolescent plasticity supports learning and development[ J]. Dev
Cogn Neurosci, 2025,71:101486.

Boa Sorte Silva N C, Barha C K, Erickson K I, et al. Physical
exercise, cognition, and brain health in aging[ J]. Trends Neurosci,
2024,47(6) :402-417.

Augusto—Oliveira M, Arrifano G P, Leal-Nazaré C G, et al. Exercise
reshapes the brain: molecular, cellular, and structural changes
associated with cognitive improvements[ J]. Mol Neurobiol, 2023, 60
(12) :6950-6974.

Wang C S, Kavalali E T, Monteggia L. M. BDNF signaling in context:
from synaptic regulation to psychiatric disorders[ J]. Cell, 2022,185
(1):62-76.

Cefis M, Chaney R, Wirtz J, et al. Molecular mechanisms underlying
physical exercise-induced brain BDNF overproduction[ J]. Front Mol
Neurosci, 2023,16:1275924.

De Menezes—Junior F J, Jesus 1 C, Brand C, et al. Physical exercise
and brain-derived neurotrophic factor concentration in children and
adolescents ;a systematic review with Meta-analysis[ J]. Pediatr Exerc

Sei, 2022,34(1) :44-53.



TR 2E A A 2026 4F 9 A5 47 555 9 W] Chin J Sch Health, September 2026, Vol.47,No.9

- 1363 -

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[53]

WRPH—%t, BBk, 240, 38 S AXS T8 1 R b 22 Bl e fid
WHILE BRI AT RARAL[ )], P E A A, 2019,40(6) :
952-955.

Ouyang Y Y, Teng Q L, Luo J. Research status of physical
intervention on improving physical and mental adaptation of school-age
children with attention deficit hyperactivity disorder[ J]. Chin J Sch
Health, 2019,40(6) :952-955.(in Chinese)

Amsten A F . The emerging neurobiology of attention deficit
hyperactivity disorder;the key role of the prefrontal association cortex
[J]. ] Pediatr, 2009,154(5) :1-S43.

Chan Y S, Jang J T, Ho C S. Effects of physical exercise on children
with attention deficit hyperactivity disorder[ J]. Biomed J, 2022,45
(2) :265-270.

Chen L, Li Z, Wang W, et al. Adult hippocampal neurogenesis : new
avenues for treatment of brain disorders[ J]. Stem Cell Rep, 2025,20
(9) :102600.

Augusto—Oliveira M, Arrifano G P, Leal-Nazaré C G, et al. Exercise
reshapes the brain: molecular, cellular, and structural changes
associated with cognitive improvements[ J]. Mol Neurobiol, 2023, 60
(12) :6950-6974.

Wang H , Chen Y , Xu L , et al . Cognitively engaging running
enhances inhibitory control and prefrontal activation in children with
ADHD : the moderating role of physical self-efficacy [ J]. Sci Rep,
2025,15:44313.

Qiu H, Liang X, Wang P, et al. Efficacy of non-pharmacological
interventions on executive functions in children and adolescents with
ADHD: a systematic review and Meta-analysis [ J ]. Asian J
Psychiatry, 2023,87.:103692.

Jiang K, Xu Y, Li Y, et al. How aerobic exercise improves executive
function in ADHD children:a resting-state fMRI study[ J]. Int J Dev
Neurosci, 2022, 82(4) :295-302.

Ko Y W, Kim S M, Kang K D, et al. Changes in functional
connectivity between default mode network and attention network in

response to changes in aerobic exercise intensity [ J ]. Psychiatry

Investig, 2023,20(1) :27-34.

[54] Pan Q, Zheng S, He P. Beyond binary comparisons :a Bayesian dose-

response Meta-analysis of exercise on executive function in children
and adolescents with ADHD[ J]. Pediatr Res, 2026,99(4) :1296—
1305.

[55] Wang P, Rao F, Xu Z, et al. Effects of aerobic exercise on executive

function in children and adolescents with attention deficit hyperactivity
disorder; a systematic review and Meta-analysis of randomized
controlled trials[ J ]. BMC Sports Sci Med Rehabil, 2025,17(1):
257.

[56] Ludyga S, Brand S, Gerber M, et al. An event-related potential

investigation of the acute effects of aerobic and coordinative exercise
on inhibitory control in children with ADHD[J]. Dev Cogn Neurosci,
2017,28:21-28.

[57] Yu C L, Hsieh S S, Chueh T Y, et al. The effects of acute aerobic

exercise on inhibitory control and resting state heart rate variability in

children with ADHD[J]. Sci Rep, 2020,10(1) :19958.

[58] Chang Y K, Liu S, Yu H H, et al. Effect of acute exercise on

executive function in children with attention deficit hyperactivity

disorder[ J]. Arch Clin Neuropsychol, 2012,27(2) :225-237.

[59] Wang P, Rao F, Xu Z, et al. Effects of aerobic exercise on executive

function in children and adolescents with attention deficit hyperactivity
disorder; a systematic review and Meta-analysis of randomized
controlled trials[ J ]. BMC Sports Sci Med Rehabil, 2025,17(1):
257.

[60] Chaddock —Heyman L, Erickson K I, Kienzler C, et al. Physical

activity increases white matter microstructure in children [ J]. Front

Neurosci, 2018,12.950.

[61] Zhang Y, Che X, Dong Z, et al. Optimizing exercise interventions for

motor skills enhancement in attention deficit hyperactivity disorder:
evidence from Meta-analysis[ J]. Clin Rehabil, 2026,40(9) ;1177-
1194.

Y s HHA:2026-04-14 {E[E HHEE:2026-07-02 AX44E: T

(E#% 1357 R)

[16]

[17]

[18]

W, BA, M. RO K 5 O 2R L R B O R
[J]. FEBITESIE, 2025, 26(6) ; 764-768.

Guo Y, Liao Y, Wang L. Advancements in drinking water
disinfection methods and their disinfection by-products[ J]. Chin Prev
Med, 2025, 26(6) ;: 764-768. (in Chinese)

VT, XER. ASIRI LK O 2O A TR R K 2 ma [ 7] rp A3
AR HE, 2020,36(3) : 388-391.

Sun F, Liu H R. Influence of different water supply modes on
drinking water[ J]. Chin J Public Health Manag, 2020,36(3) ; 388
391. (in Chinese)

TE, B, FEA, % 2021 FAFET RN P/NERE [ #
WK TARBLI A [ )], B A2 2=k, 2025, 15(2) .
123-128.

Wang H, Fan W W, Niu Y J, et al. Investigation on sanitary

condition of drinking water in rural primary and secondary schools

[19

with self-constructed water supply facilities in Shijiazhuang, China,

2021[J]. J Environ Hyg, 2025, 15(2): 123-128. (in Chinese)

1 TH, &E, S, % SehxX 2018 AR R /N2

AR BA BRI T]. 2R T, 2020, 41(1) : 107-109.
Ding Y, Lei P Y, Meng Z W, et al. Drinking water current situation
among Guanzhong Area rural primary and secondary schools in 2018

[J]. Chin J Sch Health, 2020, 41(1): 107-109. (in Chinese)

[20] AWETH, i, HNEE, 4. 2022 1N ARG FBARH K FEA AR

P R A WSRO T (D], BB B2k R, 2025, 31(1):
61-66, 71.

Song X P, Xu J, Dong S Q, et al. Survey on basic status of school
drinking water and analysis of hygienic supervision countermeasures in
Shandong Province in 2022[ J]. Prev Med Trib, 2025, 31(1) . 61—
66, 71. (in Chinese)

Kim B EA:2026-05-19 fEEIAH:2026-08-09 AL 4R4E: FhEHi



