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Ji S 5 ) SR PR 4R s T B B A S ADHD R R AL B B VIB &R o T fii . B (electroencephalogram,
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Abstract

Attention-deficit hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder in
children, characterized by core symptoms of developmentally inappropriate inattention, hyperac-
tivity, and impulsivity. The disorder typically onsets during childhood and exerts multifaceted ad-
verse effects on affected children’s academic performance, social interactions, and family function-
ing. Without appropriate interventions, these negative impacts may persist into adulthood and in-
cur detrimental consequences to society. Currently, the global prevalence of ADHD among adoles-
cents exceeds 5%, exhibiting an upward trend year by year. In recent years, an increasing number
of children have received new diagnoses of ADHD, rendering pediatric ADHD an ongoing and ex-
panding public health concern. Despite decades of intensive research efforts, the exact etiology and
pathogenesis of ADHD remain incompletely elucidated. In recent years, groundbreaking advances
in microbiome-gut-brain axis research have unveiled a close association between dysbacteriosis
and the pathogenesis of ADHD. Electroencephalography (EEG), as a non-invasive technique for real-
time monitoring of cerebral electrical activity, can precisely capture the synchronous neuronal fir-
ing characteristics of key brain regions such as the prefrontal cortex and hippocampus. It thus
serves as a crucial window for unraveling the neurophysiological mechanisms underlying ADHD.
Mounting evidence indicates an increasingly tight link between intestinal flora and electroenceph-
alographic alterations, with intestinal flora emerging as a vital peripheral modulator of brain elec-
trical activity. Multiple studies have confirmed that intestinal flora can remotely regulate the elec-
trophysiological functions of the central nervous system (CNS) via the gut-brain axis. However, sub-
stantial heterogeneity exists across studies regarding the specific pathways through which intesti-
nal flora influence EEG patterns and the underlying mechanisms. Against the backdrop of recent
advances in microbiome-gut-brain axis research, this review synthesizes the existing evidence re-
garding alterations in the gut microbiota and EEG changes in ADHD. It investigates how these two
factors contribute to the progression of ADHD via a suite of intermediate mechanisms, including
neural pathways, chemical metabolic pathways, neuroinflammation, microglial polarization, dy-
namic regulation of the blood-brain barrier (BBB), epigenetics, and neural oscillations. Future re-
search should deepen the integration of multi-dimensional studies, clarify the regulatory networks
linking key gut microbial taxa, metabolites, neurotransmitters and EEG rhythms, thereby providing
innovative strategies with both diagnostic value and therapeutic potential for ADHD, and facilitat-
ing the translation from mechanistic research to clinical application.
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WIS, )2 B R A, RS T X e AR ) B L A A SR R R 0 E S ) T K
MERES[1]. EANANERE, RHRIILEAKKEERELN “RIERERR” , WEMEYRA
I HIE T i S 54 et e, TEILERKEFEFEMNE RS, MURENNEBEPLRETE . RERGK
AESERIEERE, TEX RN R & ORI DX D Re i 74k S Fe e Pe A IR s . TEARZ ARG phsi b, 1
IR 2 B[R AS (ADHD) -5 i 18 D) B (AR DA 70 8RR 52 1) 2R 22 S OG0 . IR ARk — R V1% ADHD
LI HIERAEAS PRI ADHD )L S A i S R LEA LR R E E R, ZOFER
PUNBEREZ RV . A o W B PR R A BUR B & R . N REMESRAR KRG, F40 91 %t BRI 72 i B
ADHD ) UJBIE HE R o ZREPE(0 Shannon #6340, Chao $5%0) %% & TE FEXT IR L, (H S Wi #2551 1
) Simpson i & B & R4, #4277 ADHD &L AV PR B 2 AH H A AT AN, HE DL BiAa 2 Il
A THREMZE[2]; A A0 7K B ADHD LI o 2 FEMERAR TR LE, XM 2 FE
R [FIRE 2 S B E A S R DR 28, R e W B2, 2R A E: ADHD &)L EREA
HORUSFT B J8 A S 3K A R T B S PRI, TRTAR 1R S AR N R o RS B B S BR B 3 9 NI 2 R

FERRBEIE N E IR T RA =4, HFEH S ADHD MR EFLE 2 8% MK, RUFERFEITRAEAME
RYEA3]. HRBRIHIZE, ¥ ADHD &3 FFSEREMBERERIOR /AN BIER, TS/ R I
1l ADHD (47 &AL, Br/DR I T30, vhal). FRENAY) ADHD AER, BEHIESE | Wi @ #Ext
ADHD AHZAT MR M (4], NI S A R A I 2 (R A7 AE — R A5 A% Sl , FRONTAED
B - i - Kl (AP ) o T8 B AEVE S NAREE KM, e 5 2% (10 X0 v 368 TR 2R G iR 20 5 M K i
REMIIGE. Wit i i S AT =4 ml i i e 2 B A B B TR A 2 0 S SR AE T A A b 2
ARG KM 235 2R RS S B SO R TR I RO D R[S 1. TERRE R B SRS AU, ik
st E G N . ADHD B b B e, WfEsh. B5. BRSO R AR R E & T
BARE, XRS5 ADHD FRBHEAE T BREIMIR A R, R AR S i Fa e R T
RE A2 i i i 1 R HE A A P A% O BR il o T P R i i i il 51 R B PR 2 R DR AL, %%
SRR I B 2 ELHRE AR, RS S, E N RN IR I B e W 1, LAY
AL, Woy 0y av BUEINNSCE S INEL. 4. MEIRSE A HIFEE DI K[6]. KEMF E~, ADHD &
FAFAEM R T, RN ADHD B35 7EF SRS MR X310 9% (4~7 Hz)id 3 &1,
AR N K R B IR R B R EE A B o« TEIEHMA R B I FEF, 0 W apEFE K ERmD, M
ADHD B FHFFEE R 0 W15 sl H R F NN Bz 5 ot R v 6 52 21 T P B 1 2R 167 368 3 P i £ 328 P o 42
5T B, 0 WIREESE R 4R TAECIZENTIRE % UM oS, ADHD B fEHITIEE S
AT SIS, it 0 iGshedt—23n, H5EERMEMMR, HREiGshnfEEE T T ADHD &
G HE R SRR [7); IR, B AT B IR (13~30 Hz)i& ) B S08ss, 1M f i 35 B 5 KM 244
W B R TR HOIRAS ARG, BT e B s R BAT DR A% O X, %A 15 4F St T ADHD
SR NI T RE B IA[8]. LEAh, ADHD M35 2HAHRC T@ FRGT REZH , 76 R AR I 7 o R o e X R IR HH B
F O WIhER, HFERRESERE IEE PPEIAT NI R A G X — R RO T R R %

PEA, PRRHTAIT - SCRAARPRES BAMHI ME R DI IRES . IEHAFRE T 6 B2 5ERFRES S %M
LRI, T ADHD S35 1) 6 Wt BEBUE T 0 . B MR e, dE— B mERARI ST Ak
9. FHECT O3 BIRHIMAMASTEY, o J(8~12 Hz)fE ADHD H& RN ENE S, KAWL BT
TE—EESS. WM, ADHD BEEFHFERE NATHmIX o IR m, B Em KT K.
B, AT S ADHD S T# B4 BEG 20T, KRIILATA FAH g X 501 o I R E &
TR, H o DR S BH R AL SRR ER R 2 IEAG[10]. X SHEBEMET o R
W el B R R R A e S R R R BARRAE— B SR, A FiRkIE ADHD B3 o T
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LB SREFEARA LR E ZR. XMPERS RS ADHD & WRRIE. B REARZR,
WNEERE . WAL, FERIEOLAE, LARCSEIRAESS MW T RN A 5% I — el FETF R RTE o BAIARAL
[FISDPE I REEFRAE AR, K ADHD & EIXEETT HIAFER T, $TR o PEEEIE ADHD ) 53 7]
BEA U BUAILAE DR AR L b, 3P0 e BIILAE KN R 28 mb 1) [F) 20 PE AT 5 D RE A2 #8311 i fAOK%E, ADHD
A% Lo i AR N DS 18U (0 O) DRI PRILBMXIA L o LLES R, JLFER TS - S0k
PRIR B AN D REDRSS 5 B PN a PR 2R, HASTERE ). hah 8™ B AR I il L BT T AR . ok
RS EEbR T AE A ADHD F HC I 7R 4 3l 22 5 f R Bl & T

2. FEEESRBEELREXER AR

MR, R 2 (IR 2 W T8 B A2 R T I R AR A SE AN R 2R, HOF ARSI AR AE T i B
PRIE, i A A X R, S PR R G A BRSO R A . FTRE T AR ST
REPMRARIR, AR I - PR AR O 2 R RS U BT FERT T 1. B i
SIS NLHIBT FC R AR, ADHD [R50 L B I8 A G mONAZ R, AT 0 R 2R K
BA B A AR A T A . KEIRRIT C S S SCRAIESE, ADHD 8 3 b A7 AR R P il T A 2%
P, BEAh, AR R ) T IR T A A SR T (R 1 ADHD Zh4 s R ) i A 55 i e e 3L, it
— PRI T R I AR A 2 (B T REAEAE R OCHE, AR AL ERE R AR . AR, BT R 94
WAESHR, TCIEER G IE MG RN, T <A - rpx 7 AR IR A T R
S R, O S RO s o T R I 4 RS A B EIE R ALEL,  H AT R R
SEA W], XSO Z) ADHD il g -5 i AR AR AT TT I PR AL B SR B, DL, RSt
ADHD il B3 5 i B AR AL 2 (8] (R R AL, BRI RRGE AP 20 A% Sl B . A2 AUIE RS . MR JOAE SN
J S AN AR AL < LG 7 B Bl A 15 | RO A A U S M 22 72 3 55 v TR 35 IR 1 A T, AN RESRA ADHD
FEAMATUER - PR R A BEOCHRMLA H T A B, e B AR RN IHE S,  SERE it 3
R S EUEYE ) ADHD FHAEMIFR S JF R 24 m AU A A 40 R T 007 S e i i B S 4%, 0
#E3) ADHD A& #EL 7 K e B AT S FERE B FUOE S IR EE AL L. XTI T ADHD Fi g S a2 1k
IR AE K B AR AT, Ferp L Al S AR
2.1, EERESUFKBHIER

ADHD S8 7R E IR, FLRSALIE 5 A2 7 R B AR U R 1A 2 s/l T At — 2T g fig ¢
{1 200 B 50 U T A 2 AR o T Al A5 R A I T TR 7K S AR o T R U O PR KT T 4 o s e A
G AT DL AR RGN IE R ThRE 2 S E 2 12]. RREM AL N LT Y12 Wil T RS 5% 3 8 i 1 2%
SEEIE . REM T O B A A S AT, T LTS EIRERA SR ER AR, XL
P2 3 RO YEFF B JR B SEIE S E R SN 4T R B [13] LR BT i AN A2 B 2 R BRI S i
B (IR E A NRHY B S W g B A i 554 G (A Bl R AE R . RBE I X 0,
FZ 5 EE . WHEMPATINEE[14]. RAEMLRTES), JOHRHREMRIK S, BHEL LR R
PRI & Bm ik M2k ) 5 e E AT . N RGNS S S REIC. RRERATK
JTHE T TR E % B _LIRFORTBUR AR AT R 5, TOVEAE 75 BN 53 A RO 202 21 L PRk A
BT B SR S RE[15]. BRAh, FEBERENIR, JUHAENRR, fEild G B BRI A(E SileE, LK+
Z BN E S IR A BOCHEBR K75 1, R BEAR IRk = B3 S EOX A 5IER T ST DhfE
BRI I8 A AR [16]. BRTEMEEA R KA I 7 2 S8 0p IR EZET &, X2
ADHD A JLAEARAE 5 A B AFAE[ 1 7] ADHD S35 AF AL BROA QR 2435 3l 15 B 5 4R 55 1R 2% 1 4L
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HRRRE . XEWEERELETRINBAESE, BRI Ik pa Zam), M FHEE ).
TR FEPREE D) R AN W] BRI 55 0 BRI 28 R4 1k 1 42, NI Rl 0 U e, AR AT 2 70 P 4
FF[18].

2.2, HERIE. NRRAIRLS M AXFFRE RS TS

76 ADHD £ )LH, Fii B 5 2 1 OO0 UE S fir R AR A 2 B 1) Sk B R 2 — . Wi i
FENNER NSRS A% O IRIE S, A RS F R R i A= mn 3. s igss 52 =
wAE, Higtfk, MEERREYNEER, BB S 250N B 5 4 AN T PR s RS I B A AR A 1
M1 KA, iR M2 RE AL, PR RAT 2 0 22 RTERFSAFAE AR O IR [19]0 W0E Y M1
AN SR 4 B O B AR R AR 7, G0 TL-64 TNF-a. IL-18 %5, 33X 88 580 R 14 BE i K i #oh 2038 I
MR, B 2 E LR RS R LAk, T PRATAI B 2 X I B, AT 52 M A A PR Th g
[20]. FrJ E RS 0 48 I N4 A SN ST AT . AR 200 S B ] LB I 75 5 A 480 e o 40 B S 4 A
BRI 5T, 75 A PR S Al rT BEVE ThRE I . AR I ADHD 38 K 2 g A iz 2 i
REATU Bz 2 DX 30 /)N I I A LA 5 4t sy, LR ™ B 505K P 2 IEAR DG [21] i e N
(IR 9 RE 5 1ok P 1 WG, 3 S5 S50 o 55 445 1) R Sh RE 453477 1) EE L35 K . ADHD R K BRI BT A 2 2
AR, EHERE N, W Z0-1 Al occludin MFRIA TR, HEMRTERE, ME5). hahELR i
FHOR[22]0 I Pl VeSS N JS R e Ao VR4 A SOE K 58 5 ik N AR, R 48 DRl ( TL-6) 22 5 22 2
S pp 3 R AR, TR AT R 2 IR, I RO SORE RN, SRR AE, AR
RE[23]. JIl b B R ATIE 2ol P A MU B, (A2 5 ADHD & Bt #2 . ADHD &)L 17
PRI BRI, RO EPIENEE ST S E SRS DR RSP, T SRS R A B R
B[ 24] KW B ivE M A 2 N DNA L 2 ER AR 1 7 4504, T3 3500 48 9 R SR B2 51
PP MBS T AR S TOIEAT VR . A S B> S EOL AR PR A 2, RN B0 B B A K
FEAEM N TR R S FIEMEA(ROS) KR AR, INE 2R JOE [ N [25]. LN BF B f IR 5 3501 4 28 0 28 B A
B ST IEH I n] BB AR . A T B A2 45, R A A P e ) o 8 T ) T RE T I 485 0% 4
SR, SRR RN R 2 24 AT - PSP T[22]. ADHD LI iz T8 B RE S i « e id - wa R
it~ (LA B R AR - SR 1) 2 AT IE R, SN R AT e . R R 2K AL SR AL A
HAER, JLFEBIR RN R E-1 T4, SEMNar st 2 ol BEEOE, &R IMHE ADHD %O
RAEIR[19] 0

23. RUBRERESHERS

MRS ZR (U Sy G B %) T LUE I 2 AL AL I 5 A JE R %38 [26]. ADHD 535 3 ik 4775 Jigy 1
PR BESE A SR, P R A SR T T I I T R MBS M R AR A DGR R R IE, TR BB - R E
- WAThEE” WMIHTEH[27]. ALY, ADHD & INAALF, SHAIEHR ARG, MEkE MR
BEAH S I 5 [H A7 5 22 5 MR ) DNA F SRR [28], 40, ADHD 3% i b fast IRiies, TR, Wik
FEE R, T RAE SR R O A SRS, KPR RS SR E D B E R, ok
Gty i 5 G e DR IR m] B e FE AL IR R R R R, T R A IR R . IR R A T
(R AL 2 BT RE %S 5 ADHD M 563 (R 1 26 T8 1% o i T8 1 0 o) 2 s A% A5 1 1) R 28 30 S Ao 22 4 7R
FHEIHFIIES D RNA 2%, AU BRI 2Bk H3E0. BERRIGSS, I8 ik ol et i 45 F ok R 4% i [A]
A B VE[29]. dESMAY RNA, 41 microRNAs, Ji7iHE ##E2H A8 10 il i 25 208 1 . miRNA kil 4l st
AT T miR-144 FiAe M SRR IIAE, 11 ADHD B8 F R S/ miRNA 2%, 0
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28 microRNAs ik i, wlilid SR mRNA S5 G 3) H R s (et Ho AR, Sz & Tae
FHRFE R R IL LR [30] 0 IXLER ML AL PT RS ADHD AHCICHAE D, flnZ Bz RGEE, £
Eife 32tk D4, 2 G Ia RS . ADHD B3 Jiis b ek i =42 5 i vl gt il i R i e T3 2 %
HIRDIRE, T REME K DRD4 A1 DAT1 & K AR AR, T B LR IA K-, i i 1 S fih
(A2 22 L HRO AR P 5 45 2 ], SN RN B R T RE(3 1], HIKIE GABA REARGIEER, GABA
S R EE AN P 2208 . FOAH OCHERI (U0 GAD1, 45 2R AR ) ) 2R VL8 A% 2K 181 v A 5 S5 il P 4+
LABIIREINII(32]. ZH'E LIRKR RGN B lIERE . B IRR TR RS, FIRERRIA I
Rt DM BRI DI RE . BOAees - 0T TROR . ol - BRI EES R KR - &
VR - il - BJZ [ D RE S 0 55 o 22 X 2% [F) 0 1k ) 57t e 28 > PR B 5 WL K I L AE % =, JF 5 ADHD
R ORISR . BT E 2, HATIA W 7R W], ADHD (R EAL 2 m] BEVE — N R B 7
T, R T AR R AR 2 1T Il A U A SR P R A P A AR A, R R
LK DNA WL A BB RIS RNA Rik, SN i /g, & liE. R
FEVEAR R R L, SR AR D RE R W, I 51 A KN IR (K 5

3. BRfRIRESRE

H AT, £ ADHD BT 7T i 57 “ i di iR - 1 RG22 IRV R OGRS 2 L S22 R 2 Bl
HoRz O Pl 32 ZORVF T ADHD Wi A B i PR 5 2502 e Bk, DA K — i Je 2 14 52 2% XU 1% - ADHD
AR —p, HEAARIRKER, WEREIskiER, Zahrhahf, REa8, & —MEAZMEEN
2 REFNLHI LR AR, JF H ADHD % 58, 8. X nEPikEts . I REISEROR . H AT
T I T HWTIOCER, Ae I ADHD (3 548 Hous AL B BRI AR b BRI 225, (EDRARAEX 2 A
RKARs AEW T L, WA 5 e I B AERR R IR, SR RN EME AT R, BARER
Y. RO SR SAE R RAESE, (H/NE ¥ ADHD FEAT AL T0VE 56 2 A 2E ADHD 5 7R FIA
KT IRYERE . H ATShY) SRS AR 1 BRUER SHLHI B, (ESR IR AR TR AL T 56 R LB i 1) 31 B
P B AFAE S B R B A R A o R SR A 7F 7E Rt T RE RN IR A, AE At 58 70 B O 45 5 sh WA Y
ARG TS5, W2 A RE AT AT T, A REFS AR OC 2 R RN 878, D9 Al ADHD 7
BN B TT A8 T PSS 4R it N S} i o

£i LPid, ADHD fEN—R R IR K B RalT, i w0 2R PR PR MRS 3 1 3 0
RHE, IXLSTEREROAE I e L G M I 0T IR PR B 7 RSO, AT 5 B 28388 T T R e 22
AT, HE—25 51 REUINE ADHD (A% iR 75 ZEREIE 702 18, AT B RF - A rAH DG AT B T 1 9 ADHD
P X AL s I PR S A JR T, g FEL A b T VR D DA R L T ORI B B bR 5. RK,
BEHE BRI, JATE S 5 I E W R OR 2G% ADHD 5 AR, 4 ADHD R 77 TTRERT &
1. H AR Z B0t 7t R RER W IE B 55 i r AR 2 [AI A AE SRR, (B AR 2 8 Z R R G R .
TE A TSR ADHD [ PRI R 25 3L, B0 R HAR AR KN R 2L AR 428, DA feitt— PR R .
RAE MR AR, EREE 2 ARREE  RaT S BRI T I LR A TT R, BATTRAE ARk
REfS S 4. IR AMIE R ADHD (AR AL, D9 B R 4L A RiGT T B
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