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Abstract

Adult attention-deficit/hyperactivity disorder (ADHD) exhibits marked heterogeneity in response
to neuromodulation, both in terms of executive function impairment and core symptoms, yet there
remains a lack of electroencephalography (EEG)-based biomarkers for individualized efficacy pre-
diction. The efficacy of intermittent Theta-burst stimulation (iTBS) has been shown to modulate dorso-
lateral prefrontal cortex (DLPFC) activity; however, evidence from randomized controlled trials (RCTs)
combined with multimodal biomarkers (behavioral, electrophysiological, clinical) remains limited.
This study aims to evaluate the effects of left dorsolateral prefrontal cortex (DLPFC) iTBS on executive
function, core symptoms, and electroencephalographic (EEG) power spectra in adult ADHD, and
to explore the predictive value of resting-state frontal theta/beta ratio (TBR) for treatment re-
sponse. This randomized, double-blind, sham-controlled, parallel-group superiority trial enrolled
100 adults with ADHD (aged 18~45 years) from the Department of Psychiatry at two tertiary hospi-
tals between January 2023 and December 2024. Participants were randomly allocated 1:1 to active
iTBS group (n = 50) or sham group (n = 50). Active iTBS over left DLPFC (80% resting motor thresh-
old, 600 pulses/session, two daily sessions with 15-min inter-session interval, 10 weekdays) was com-
pared with sham coil. Primary outcome was change in ADHD Self-Report Scale (ASRS) total score from
baseline to post-intervention (end of week 2). Secondary outcomes included: (1) Clinical Global Im-
pression-Severity (CGI-S); (2) Behavior Rating Inventory of Executive Function-Adult Version (BRIEF-
A) global score; (3) Cambridge Neuropsychological Test Automated Battery (CANTAB) stop-signal re-
action time (SSRT) and spatial working memory errors; (4) resting-state EEG frontal TBR (average
of Fz, Cz, Pz) and frontal theta power change; (5) Continuous Performance Test (CPT) omission and
commission errors. Assessments were performed at baseline (T0), mid-treatment (day 5, T1), post-
intervention (T2), and at 4-week (T3) and 12-week follow-ups (T4). Linear mixed models (LMM) were
used to analyze primary and secondary outcomes, covarying for age, sex, and baseline TBR. Subgroup
analyses (high TBR = 4.0 vs. low TBR) were pre-specified. Adverse events were monitored. Ninety-two
participants completed the full protocol (47 active, 45 sham). No significant differences were found
between the two groups at baseline in terms of demographic, clinical, or electrophysiological charac-
teristics. LMM revealed a significant group x time interaction for ASRS (F =27.85,P <0.001). At T2,
ASRS decreased by 15.2 + 4.8 points in the active iTBS group vs. 4.5 * 4.1 in sham group (between-group
difference 10.7 points, 95% CI: 8.6~12.8, Cohen’s d = 1.72). BRIEF-A improvement was also superior
in the active iTBS group (P < 0.001). CANTAB SSRT shortened by 51.2 + 24.5 ms in active iTBS group
vs.9.8 £ 22.1 ms in sham group (P < 0.001). EEG analyses showed a significant reduction in frontal
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TBR after treatment in active iTBS group (from 4.85 + 1.02 to 4.02 + 0.95) but not in sham group
(4.79+£0.98t04.70 £ 1.01, between-group P = 0.002). The high-TBR subgroup (=4.0) exhibited greater
ASRS improvement (difference 6.3 points, P = 0.01) than low-TBR subgroup. Adverse events were mild,
with no between-group differences. Therapeutic effects were sustained through T4. Left DLPFCiTBS
significantly improves core symptoms and executive function in adult ADHD, accompanied by a re-
duction in frontal theta/beta ratio. Baseline high TBR predicts better treatment response. iTBS may
serve as a personalized neuromodulation strategy for ADHD.
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{8 MagVenture MagPro X100 with Cool-B65 £kFé . 5 S e A4 AT LI 5E 3 512 2 B (B (RMT) o
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BT bR (1) IRRBAREIR - JHE(CGI-S): 1~7 3. (2) PATIIREST NIFE B F K SR (BRIEF-A):
EFRPATINRE LA 1F90(T 4). (3) CANTAB AENMAR: % 1115 51 55(SST): 1% 115 5 X MK (SSRT, 2
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2.6. EAERHE

HAR TR K Meta M7 9 ASRS 2R Cohen’s d =0.70, # a=0.05 (UM), 1—4=0.80, AL/
11, SRAIBTREA ¢ BBt AR AL 33 Bl 558 20% % B LSBT 7R (%5 TBR 2014 40%), S Al
gIN 50 5, S 100 .

2.7. GitorHn

KH SPSS26.0 J R4.2.2 (Imed ), FESHEF ZHMESTATT), FHEHREASHEALMM)ER
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ELECR ] Tukey B2IE . ZM &R 45 Cohen’s d 38 #2. WZ143#7: % TBR (>4.0)51K TBR (<4.0), 2 HAG
5. REMKF a=0.05(WE).

3. IRER

3.1. B5EERERELFHEGERR 1)

LA 156 15\ ADHD, #HEFR 56 1123 BIAFFG 12, 19 I35 E AR, 8 HI4E4E, 6 9] rTMS
A52), BEWL 100 . iTBS 4 50 4 3 BilJlivE (2 H1 BT ESE, 1 61937), Bl 50 w5 B
3 BIRIAS RS T ARG, 2 Flal [F ). 4 ITT 2004 100 I, 756707 24 92 HIGTBS 41 47, B
B 45). PREHIERZE N 1250 PR S0 L BRI G Y2 35 22 (BT P > 0.05). TE L 1 (BEZR A TR PR
KRR, “FH4EE 293 £7.1 £, B 67%; ¥ ASRS &4 35.1+5.9; “FH%irt TBR 4.82 + 1.05).

Table 1. Comparison of baseline demographic and clinical characteristics between the two groups (intention-to-treat set, n = 100)

F 1. RAZRFREAOFRIGKRFELLR(ERMESHE, n=100)

FFIE iTBS #4(n = 50) Bl 2H (n = 50) GuitE P A

WD, BME + bRiEE) 29.1+73 29.5+6.9 t=-0.28 0.78
B, n (%) 33 (66.0) 34 (68.0) 72=0.04 0.84
HEFEREE, HME £ brlEE) 13.8+2.5 13.5+2.7 t=0.57 0.57
FZPREFEIENE A, 1 (%) 16 (32.0) 15 (30.0) 24=0.05 0.83
ASRS £.4) 35457 348+6.1 t=0.51 0.61

CGI-S ¥4 47409 46+0.8 t=0.58 0.56

BRIEF-A E55(T 47) 715+84 702 +9.1 t=0.73 0.47
CANTAB SSRT (ms) 312.4+38.5 308.2 £41.2 t=10.52 0.60
CANTAB SWM £ i%%k 28.5+10.2 279+11.0 t=0.28 0.78
CPT s = (X E) 128+44 12.1+4.0 t=0.83 0.41

CPT B =R ED 62+28 59+29 t=0.52 0.61

A TBR (Fz/F3/F4 1) 4.85+1.02 479 +0.98 t=0.30 0.76
Zir theta £85I (uv?) 6.18 +1.45 6.09 £ 1.52 t=0.30 0.76
Ziint beta £85I (uV?) 1.28+0.35 1.27+0.38 t=0.14 0.89

TE: ASRS = WG 2 ZEAG HIFEE; CGI-S = MRS - " HEZ; BRIEF-A = $UTIHREAT APFE BRI
AIR: CANTAB = S CHM H 3L aE; SSRT = (£1H(5 5 RN ; SWM = [ LEIIZ; CPT = #F4E
T 1% s TBR = theta/beta LUAE o« 48] LEACR FHAMSZREA ¢ A 30 (LA 8 Bl 2 K (70 KAL) T P A 19>0.05,
SRR B R AT L

3.2. EELS: ASRS RHTHGAERTE 2)

LMM SR EZERHR x I3 HREN(F = 27.85, P < 0.001). T2 I, iTBS 4 ASRS MIE4k 354 +
5.7 BEA 202+53 (R 15.2+4.8), BUHBLALI 34.8 6.1 [ 303+59 (FFE4.5+4.1), 4lAZ(E 10.7
73(95% CI: 8.6~12.8,t=9.34, P<0.001, Cohen’s d = 1.72). T3 J T4 BEVi}], iTBS 4J7 %% 4EEF(ASRS 75
5 19.8+5.6 F120.5+6.0), BRI HE 29.5+6.3 & 30.2+6.5 (HAIZEMEES: >9 4y, P<0.001).
33. XELR/

P2 IR T B IRBELERAE T2 Mo T4 A L. F &K I: BRIEF-A: iTBS 2 T 70 M 71.5 + 8.4 [%
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%563 +92 (FF152), AN 70.2 9.1 f£% 65.1 = 8.7 (N 5.1), dHlA1%ERFEEP < 0.001).
CANTAB SSRT: iTBS ZH%3% 51.2 ms (M 312 ms % 260.8 ms), AL EE 9.8 ms (M 308 ms | 298.2
ms), P<0.00l. CANTAB SWM #i%%: iTBS 41M 28.5 £ 10.2 5% 20.1 £ 9.3, BUHIEAM 27.9 £11.0
%% 25.7+10.1 (P=0.007). CPT i#Jg4i%: iTBS 4L/ 6.9 Wk, BB 1.8 (P < 0.001), CGI-
S: iTBSHM 4.7+0.9 FFZ2.9+0.8, AN 4.6 +0.8 [£5 4.1+0.9 (P<0.001).

3.4. RREELER

A TBR 284k FELE P41 TC 2 SE((TBS 41 4.85 + 1.02 vs. B4 4.79£0.98, P=0.76). T-Ti)5 T2,
iTBS 41922 PRI E 4.02 + 0.95 (346-0.83, 95% CI: —1.12~0.54), {BHIE4H N 4.70 + 1.01 (3&4£-0.09,
95% CI: —0.32~0.14), ZH[A]Z 5 0.74 (t = 5.28, P < 0.001, Cohen’s d = 0.95). il theta 4% L) Z4E iTBS
HIFR 6.2 pV2FEZE 5.0 uV?), beta DIFREE EFA(M 1.28 F+ & 1.24), B TBR FFIK—#. #H
KNS HT: AT TBR FERIESE 5 ASRS BGER & 2 1 E IEAH % (r = 0.52, P = 0.001).

Table 2. Changes in primary and secondary outcome measures from baseline to post-intervention (T2) and 12-week follow-

up (T4) in two groups (ITT analysis, mean + standard deviation)

322 METERRBEEBIGRETMERT2) R 12 AREH(THRIELATT 94, HE £ fREE)

EELA A iTBS 4l(n=50) (AL M =50) 4LAIZE{HO5%CI)  P{i  Cohen’sd
) T2 202+53 303+59 -10.7 (-12.8,-8.6)  <0.001 1.72
ASRS &7

T4 20.5 £ 6.0 302+6.5 —9.7 (-12.0,-7.4)  <0.001 1.55
} T2 563+9.2 65.1+8.7 —8.8(—12.2,-54)  <0.001 1.10

BRIEF-A &.43(T 43)
T4 55.9+10.0 66.0+9.2 -10.1 (-14.0,-6.2)  <0.001 1.18
T2 260.8 +35.2 2982 +41.5 —37.4(-52.8,-22.0)  <0.001 0.97

CANTAB SSRT (ms)
T4 2553 +£38.1 300.1 +43.0 —44.8 (—61.2,-28.4)  <0.001 1.08
T2 20.1+9.3 25.7+10.1 -5.6 (-9.5,-1.7) 0.007 0.58

CANTAB SWM 45154

T4 18.9+9.0 262+112 73 (-11.5,-3.1) 0.001 0.71
T T2 58+3.1 10.1+£4.2 -43(-5.9,-2.7)  <0.001 1.14

CPT &I IR (XED
T4 55+33 10.5+4.5 -5.0(=6.7,-3.3)  <0.001 1.25
T2 29+0.8 41+09 -12(-1.6,-0.8)  <0.001 1.20

CGI-S (1~7)

T4 2.8+0.9 42+1.0 -1.4(-1.8,-1.0)  <0.001 1.40
%tk TBR (FZ/F3/F4) T2 4.02+0.95 470+ 1.01 -0.68 (—1.03,-0.33)  <0.001 0.95

T BERAIME £ AR ZEILLITBS HIEREA T P EE TR A (Tukey £21F); T2= TS5 RN
(GE10K), T4=12 AREY; TBR UKET TO Fl T2, MALZIL T2 1H; RS Cohen’s d 2T 4R T2 HZERITH.
3.5. ESETEEL TBR)

767 TBR W41 (>4.0, n=56, 15 61%), iTBS ZH(n=27)ff] ASRS N[N 18.5+4.2 4, (=
20) FF&N 5.6 £4.0 4, #HIEZEME 12.9 43P < 0.001). fEAK TBR W.4H(<4.0, n = 36), iTBS #(n =20) FF&
10.2+3.8 47, A Mm=16) FF 3.1+3.5 47, 4IEZEMH 7.1 48P =0.002). & TBR IFAE 2K TBR ¥
MR N 5.8 0 (3EH P =0.01).

3.6. Z22H
ANRFMRAER: 1TBS AR5 19 Bk (38%), EHIHMA 14 B1Ik(28%), ZF LG FE X (PA=1.12,
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P=0.29). % WAREIRTT AL BEAEGTBS 8 1], 16%; 18 5 %, 10%), kJEETBSS #l, 10%; {&
451, 8%), VRIT HIEFFGATBS 3 B, 6%; {2 B, 4%). T/ EAR R, TomHAME, TR RFE/FHE
H (B2 R 3 PR 2 AN IE (H A 2 ).

3.7. BEEIEGERSRER 3)

TERIKBEVI(T4, 265 12 B, A e s 3280 (n = 92) 82 T B 1A B MG 0Pl . 52
REZRF I I E CEREANEYT LU I Z 12 (1) BEARIBEGTBS)s (2) R EF):
(3) AwaE” .

3.7.1. fERES

SEIRIR: iTBS 4 47 520 H, 19 11(40.4%) 55 B 52 12 BRI, 12 61(25.5%) 58 A R
I, 16 1(34.0%)IE 5 “AHiE” o RFIEA 45§52 3, 15 61(33.3%) 5 M8 BRI, 14 51(31.1%)
FEMABRIE, 16 B1(35.6%)iE5 “AHiE” « PRS2 E NI B 352 BT L s oE B 2 % 5 (40.4%
vs. 33.3%, * = 0.49, P = 0.48); J& M Bk 11y 5 7R G 5 2 22 57(25.5% vs. 31.1%, 2 = 0.3, P = 0.55).

3.7.2. Bang’s Blinding Index (BBI)it+ &

Nk BB RN, AWFFLiHA T Bang’s Blinding Index (BBI) [9]. BBI it 5 A : BBI=
(ERR AN BRI ] + IERR BRI teE)/2. X iTBS 4H: BBI=(19/47 + 12/47)/2 = (0.404 +
0.255)/2=0.330; X T4 : BBI=(15/45+ 14/45)/2=(0.333+0.311)/2=0.322. BBI KIf#ELFRHAE[10]:
BBI=0.50: %4 LHGE4IEWIRA]); BBI=0.00: FIAEEZ(EEMEALEN); 0.00<BBI<0.50: #77H
ER), BRI 0BG, BRI, iTBS 41 BBI 24 0.330, {EAIE4 BBI 24 0.322, ¥R EWES 0.50 (F
FEAS t K056, 3 P<0.001), HIFHEET 030 7K, #2088 T A 32 B RS . WA
BBI fH L& % F(t=0.21, P =0.83).

3.7.3. EFIRAIFES Kappa RE

B CAHE” BONEINES RS, PIALIERR B B 5 7 H R HER R 20 iTBS 41 25.5% (12/47, 1E
BR BN FRE 5 A L), R 31.1% (14/45, IEBRBIDN RS GAA L), HinzERE
Gt X (* = 0.36, P = 0.55). kappa 2% 0.07 (95% CI: —0.14~0.28), #&/R32& /415 5 92br 7
42 R ) — B AR G T B K ) -

Table 3. Subject guessing of treatment allocation and blinding index at the final follow-up (per-protocol set, n = 92)

3. RARBETZR BN AT HENBUE AR EREREE R RS, n=92)

fabr iTBS #H(n=47) A (n = 45) PRI P1{H

FEM N ERL n (%) 19 (40.4) 15(33.3) 22 =0.49 0.48

FEMERL n (%) 12 (25.5) 14 (31.1) =036 0.55

AHE, n (%) 16 (34.0) 16 (35.6) 72=0.02 0.88

EFNE*, n (%) 12 (25.5) 14 (31.1) 72=0.36 0.55

Bang’s Blinding Index (BBI) 0.330 0.322 t=0.21 0.83
kappa Z#1(95% CI) 0.07 (—0.14, 0.28)

T *IEBIR A GE O ATBS Il o SRS (9 LB, BRS8N D BRI B IO L] (AN E 7 TR -

3.7.4. BEWNELE R
CEEHRIAYES T, BBLL IERIRIR I kappa REL, AWFRLEREY . BRI, 2R Akt
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WE %

R B T2 IR AY, HERR T DRI RGN 5 B2 S £ P A XU
4. g

AHFFCIEE 2 Pl BELXCE B IRAREG, IR RGP 1 AN AMU G 45 (DLPFC) 8] &1 1% Theta
1 KR GTBS) A BN TE B B 2 5 5 (ADHD) T 3 S A & AR FEN L] . 45 R B R: iTBS BEE T
ADHD # O EIR . AT ThEE S 4 theta/beta LB (TBR), RN &K, Jrakrs: 12 A, HIE4Z= TBR &
FIREAMN . XLERIMIGIRAT N INEIAR OB T o rEbR S =N 2T, A iTBS fE N A ADHD [
B L R IBI TR AL T S S RAE .

4.1. TR MSIEKREXL

AW H ITBS 41 ASRS M HFELE R % 15.2 43(Cohen’s d = 1.72), B E L TEAIBALCFBE 4.5 47).
23N AN R B AT S0 1 TMS Z5RE 73BT (Y I B B (d = 0.65) [4], s T3 38 AR PTkE s 2578
ADHD H 3R IE YT U8 (d = 0.4~0.6) [3]. AIGIRMEER, ASRS R > 12 403 H #A0 A I PR = L
NERME[11], iTBS 4N 25K 67%, MBRHRIEAHIA 18% (¢ =24.5, P <0.001, FHEnI+h7e). BLAk,
CGI-S MFEZL 4.7 (REFEWHE)FER 2.9 (RIEFT), FonZ2HEERIT RN FREIE XA, XHE
e 5 380 . ik R 1 2V T R G 12

AHIEFEI ST 00 B 3 KT BRAE S f TMS F 98 1) Meta AT S R & (d = 0.65) [4], A fg 5 KA
i () M TBS B, & H R BBk HGE 1200, SBkP% 12,000, &TF 2807 Q) HIEERE
K 90% RMT, ] 8IS ) 2 I RTAIH R4, (3) NALHE FELRAEIR ™ 5 F 4 5(ASRS 35 43), Xt
SRR RN ZS K, EAERIE, BB A R E R4S ), eSS EAIN . AR
B SN ISR ST RS O, H BCRIT R0z HE 22 B 7

4.2. PATINRERIE KNI Z DIRHLH)

AW 2 AENFN PPl 2R, 1TBS MU | HIFHAT DIBE(BRIEF-A T 73 N 15.2 73), &I
T HIEE I (SSRT 4% 51 ZF0) M TAEICIZ(SWM H5 %980 7.3 4N SSRT 4k 51 ZAbHEE AR AR 4 77
7E ADHD H () St 2N (2 40~60 Z£40) [13], TR ALN 4k 9.8 AP (A e 525 S RN sl HLA %) -
XY RE ITBS S5 A M AR (7] - §i 40 Bhis sh X RS I InHI ohfe, 203% ADHD FIAZ O s PEBRRE[14].

HEAARIERRE, TARCIZ 3 (SWM R8> 26%)5 72 ll DLPFC i sm B A% . TR ILR
BAZUEAE R B, iTBS A M DLPFC W] 38 ik ) AIC A4 £5 565 5 M U i 2t i 4%, 3 TAE 1242 9m S 30 1)
theta-gamma AHA7 - TEEERSA[15]. UbAh, CPT BHWHIRIED 6.9 IR(FFIK 54%) T8 2o M i s e i PR3
5, IXEPNEE LR, 2R s B EE A E—— ) sk R R U B TR R 16].

PAT DI REM 2 4EFEVPAL 7R, iTBS AMUEE T H iFHAT DI RE(BRIEF-A), 102 M B 1 1l 428 il
(SSRT %% 51 ms) A TAEICIZ(SWM i itiiksl), R R4 2wy /1) 7 SR 48[ 13]; 3X 5 DLPFC fE A kN5
IR OE ] —3[15]. tbAh, CPT IR HT 15 M 2 2 R iTBS X i M v i 1R S P it

4.3. HiRt Theta/Beta ELEREIK: FBRREEIE B LAY IR

AR I TBS 3 FFACAT TBR (M 4.85 P4 % 4.02), TR 41 LA 10(4.79 & 4.70). TBR [%
K EZF F theta ThEE T BRI R IKE IR /) Fl beta DA b TF(B W 57 T s 3 ) [ 7] X — R
N ATBS [ “ R 5 B E AR SR 4 7 BBz SCFF: ADHD S I8 H RIUNEI theta I JEIHEIR(FER K
JRGEEEA ), 11 iTBS 7] g ifid 158 DLPFC (X6 Ar PR, 28 B R A B2 o - Fefii 1948, {3 TBR
[ 380 B il A K2 4.0~4.2) [17]
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EERE

WE R Z, TBR FFRIEE S ASRS BB MR 2 EAH K (r=0.52), #2728 TBR AMUZIT A Ebr
B, BT RETE VAT RO IR AR . X 5 H Al R 2 T Fe gt S 18], (EAHT I RN B (d = 0.95)
BK, WRe 5205 (Fz. F3. F4 P Rmlikh 2806 0. R 7007 K 2T [ PA 26 iTBS: S
W TBR, 4 TBR & BT [ B3 bk b B a8 #2 26 18 £ 1

it TBR R FK, H5RARSEEA I, TBR g e B i ol A 2 (1 LA 3R & [ 7] iTBS
A] e I 58 DLPFC ¥ theta-gamma #5455 B0 57 5554, MM AITELL TBR [18]. & TBR W4HiE
JYIRa R, X SEELWIRYT MR SRS iR I — B8], SCHF TBR AEN “HESULEL” HIAEYIFR E .
AR S G T K 4R TBR it 35 AN .

4.4. = TBR AR E: BEHERZRE

WAH TR, HEE R TBR (>4.0)E3% M iTBS H13K 7 B K(ASRS FF% 18.5 73 vs.fik TBR 211 10.2
4%, ZHP=0.01). IX— R ZP5E R L 2RI 2 S AT Ak A E 0 B = 5 — 3. Arns S5 A\ [8]IZE%E 5
Hria i, = TBR JL#E ADHD & # 4UR H e ) N FEAR; Halawa 56 A [19]fAF FEtH KL, TBR AI{EN rTMS
7R TR 7, BUKPETL 78%. HLHI L, & TBR SO R B A L Al Gt “ 32T dhg s
iTBS) B AR, MK TBR H 2 AT BE I S AN 7] B9 B0 AR B BR (A SOHRAA 22 T et 82 335 4 1T =l 2 3 o T8 1) )
[20].

MG RERME F R, FE4k EEG RAEMN 5 2r4hi B EI AT 8l TBR, A, 0. ATEE . Hi,
AV AE NG R 52t iTBS RifHi &4t TBR: TBR>4.0 ##E47 iTBS, TBR <4.0 ¥ AI %5 f& Al 7 (0 2%
B FIBAT RIRIT) o X FNIETLEYINR S 53 2 SRS A B R B e 4 22 VR A R AR RN 2 0 1, 3 1K S
B BORYT -

4.5. SBRERRERESHMLTHE

BEfE =10 iTBS ¥8J7 ADHD HIHFFL[6] [14] [21155 RAFAE R A E. SRR, (ARG 15~30 4380
WK ATBS FJ ZEK: LTP 4EREA ] A 2 /NI 2 48 /NEF[S]o B IRIT KB ARFFT 10 K (20 ¥R), 1200 fkih/H
(WK FE - V247~ ADHD SEARSGEAAAE RARRUSL, 28 5~10 RV BGE IR L 5 A % &1 60%
[22] R f e AW TR MR SRU(E0™ K 10~20 RS F3 £, 1Mo GRS e . DhRE
BRI, S R X ThAg & 5k 1) DLPFC fUhi A A& F R i [23]

4.6. ZEM RN ZHEITML

AW FA R FAE 5B rTMS BEA 8024, AR W 480 st 46 0 sh 55 A R 3
iTBS Ak FEANER 16%, TR 10%, HEy—idtk B+ EAEERE, Bsiars
10%M13k BEANE 28, i B 75 27 Oy e N 26 181 52 3 mT 72 A — 5 R AR S PR AR, i T B 4 P 1 iy i 2
P EFE A RER T iTBS HUBRIEAA 3 FIF EWAEIRH, HIBNFERER), FIHiTBS A
A RIFHImN 321, A B T3 m KT AR M.

4.7. 5SEHYATHILLR B A R

P 7R (AR PR RO S RS S DRI ), (B AR T AR« 2RHIR . T ARIHGR S I A A3 ] AR
FIGCEIEIT) T 4~6 R, HAEL. BOTEARKM. HEZT, iTBS TTa A RN . TR
Wz, JEHE S (1) IRPTEAN 328 AW L L VR FL 5 97T Sl A4, iTBS b 16 i, H
TORSRMAE TR 250, oRa I iethE): Q) AYRIEHLE: Q) MARIAAECHEIRE], AWt
FERPN) BRIk . SR10, iTBS #5284k H BIBEIRIT, X0 B8 A w] S MERsg, (E#5:0 TMS
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PR AR KR TT H
4.8. RFERMYE

K FAFAELL NIRRT . BEVTR K 12 FBEV BT 2 800 T R <4 ), (BIEEVEAS KT
b ANE R R TR B GT (dEH 1~2 IRRAk). BRZIhAsAR: KA RAE IMRI BLT) RS &1L,
BRI 7 6 ATBS Qe 2 3 BT AR - SCRAAR W 265 (1 AT AL TIE R o BE AR 32 1 - HEBR L9 £ 5 L A8 22 5 (ADHD
RN 2518 50%), FIRERMIZeHE & “HSh R B EH . S RNE: 67% 5, RENE
F N\ ADHD VG ELl[2], {2 2ot ADHD 58 2 R IR W AEEIR , iTBS A 22 M2 15 [FIRE A 285075 B A B0
R BEARSR i LR B, (ES 0 200 & 120 1T Re il i B 22 70 - LR B VR IRAIE
BORTC 2, BT A B E ) - ARSI : R 5540 1 TMS Skt Sk buie, Feif5 i iTBS
B FAL4: rTMS 4518 .

4.9. KFMRSE

HEF AT, ARBETT AT ML F T R . MEIE S S0 T8 8 IMRI A - SoR 14
ThAGERE, iR Bt 24 DLPFC F X M7 RIM(TI R4 — F3 £), AIREE—4R b7 al. Mk
36 R TBS: 452 SZI il LB 2T M6t , ¥4 TBR R M A TRUIIN 14 2V S SR R sl 5 7%, SR
BTMS: FFRBAE. EREEEH TBS %4, IFIIEREERITAESH RN, okt QBB RaS . K
R AW 6~12 A HIBENLA FRRES, VPSR 1~2 R TBS Tl & K ER . JLET D
ADHD: #RZEARIRAT ITBS 75 )L 3 (%2 40V R AT RO CL RIS A D) o
5. &g

2O SR TTBS Y877 AT 8 2 803 R\ ADHD HIRGCREIR . T T REA e B S R F e 2 3 4
FR(BARAIT theta/beta LLAE), J7RUATHFS: 12 B, 24Pk AT, FELRAT TBR 14 al FOI 40 0367 R
Ri. iTBS fFA— R AR . B2 vk A 2 AR, T A2 I L R i 2 B ADHD 42—
RITT, IF 9T A A A0 R VAo 2 T 7 S

B B
BT RAPR R B Rt T2 B R A R, MR/
S5 3k

[1] Song, P., Zha, M., Yang, Q., Zhang, Y., Li, X. and Rudan, I. (2021) The Prevalence of Adult Attention-Deficit Hyper-
activity Disorder: A Global Systematic Review and Meta-Analysis. Journal of Global Health, 11, Article 04009.
https://doi.org/10.7189/jogh.11.04009

[2] Faraone, S.V., Banaschewski, T., Coghill, D., Zheng, Y., Biederman, J., Bellgrove, M.A., et al. (2021) The World Fed-
eration of ADHD International Consensus Statement: 208 Evidence-Based Conclusions about the Disorder. Neurosci-
ence & Biobehavioral Reviews, 128, 789-818. https://doi.org/10.1016/j.neubiorev.2021.01.022

[3] Cortese, S., Adamo, N., Del Giovane, C., Mohr-Jensen, C., Hayes, A.J., Carucci, S., et al. (2018) Comparative Efficacy
and Tolerability of Medications for Attention-Deficit Hyperactivity Disorder in Children, Adolescents, and Adults: A Sys-
tematic Review and Network Meta-Analysis. The Lancet Psychiatry, S, 727-738.
https://doi.org/10.1016/s2215-0366(18)30269-4

[4] Chen, Y., Liang, S., Sun, C., Cheng, Y., Tzang, R., Chiu, H., et al. (2023) A Meta-Analysis on the Therapeutic Efficacy
of Repetitive Transcranial Magnetic Stimulation for Cognitive Functions in Attention-Deficit/Hyperactivity Disorders.
BMC Psychiatry, 23, Article No. 756. https://doi.org/10.1186/s12888-023-05261-2

[5] Huang, Y., Edwards, M.J., Rounis, E., Bhatia, K.P. and Rothwell, J.C. (2005) Theta Burst Stimulation of the Human Motor
Cortex. Neuron, 45, 201-206. https://doi.org/10.1016/j.neuron.2004.12.033

DOI: 10.12677/ijpn.2026.153009 80 [l prh 2o i el R e &


https://doi.org/10.12677/ijpn.2026.153009
https://doi.org/10.7189/jogh.11.04009
https://doi.org/10.1016/j.neubiorev.2021.01.022
https://doi.org/10.1016/s2215-0366(18)30269-4
https://doi.org/10.1186/s12888-023-05261-2
https://doi.org/10.1016/j.neuron.2004.12.033

EERE

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Noda, Y., Osawa, R., Takeda, Y., Saijo, Y., Tsukamoto, A., Noda, R., et al. (2026) Effectiveness of Intermittent Theta-
Burst Stimulation for Major Depressive Disorder with and without Neurodevelopmental Comorbidities: A Real-World Ret-
rospective Observational Study. Journal of Psychiatric Research, 198, 286-292.
https://doi.org/10.1016/j.jpsychires.2026.04.008

Loo, S.K. and Makeig, S. (2012) Clinical Utility of EEG in Attention-Deficit/Hyperactivity Disorder: A Research Update.
Neurotherapeutics, 9, 569-587. https://doi.org/10.1007/s13311-012-0131-z

Arns, M., Conners, C.K. and Kraemer, H.C. (2013) A Decade of EEG Theta/Beta Ratio Research in ADHD. Journal of
Attention Disorders, 17, 374-383. https://doi.org/10.1177/1087054712460087

Bang, H., Ni, L. and Davis, C.E. (2004) Assessment of Blinding in Clinical Trials. Controlled Clinical Trials, 25, 143-
156. https://doi.org/10.1016/j.cct.2003.10.016

Kolahi, J., Bang, H. and Park, J. (2009) Towards a Proposal for Assessment of Blinding Success in Clinical Trials: Up-to-
Date Review. Community Dentistry and Oral Epidemiology, 37, 477-484.
https://doi.org/10.1111/§.1600-0528.2009.00494.x

Kessler, R.C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., et al. (2005) The World Health Organization Adult
ADHD Self-Report Scale (ASRS): A Short Screening Scale for Use in the General Population. Psychological Medicine,
35, 245-256. https://doi.org/10.1017/s0033291704002892

Matthies, S., Sadohara-Bannwarth, C., Lehnhart, S., Schulte-Maeter, J. and Philipsen, A. (2018) The Impact of Depres-
sive Symptoms and Traumatic Experiences on Quality of Life in Adults with ADHD. Journal of Attention Disorders, 22,
486-496. https://doi.org/10.1177/1087054716654568

Cortese, S., Ferrin, M., Brandeis, D., Buitelaar, J., Daley, D., Dittmann, R.-W., et al. (2015) Cognitive Training for Attention-
Deficit/Hyperactivity Disorder: Meta-Analysis of Clinical and Neuropsychological Outcomes from Randomized Controlled
Trials. Journal of the American Academy of Child & Adolescent Psychiatry, 54, 164-174.
https://doi.org/10.1016/j.jaac.2014.12.010

Rosson, S., de Filippis, R., Croatto, G., Collantoni, E., Pallottino, S., Guinart, D., et al. (2022) Brain Stimulation and Other
Biological Non-Pharmacological Interventions in Mental Disorders: An Umbrella Review. Neuroscience & Biobehavioral
Reviews, 139, Article 104743. https://doi.org/10.1016/j.neubiorev.2022.104743

Castellanos, F.X. and Proal, E. (2012) Large-Scale Brain Systems in ADHD: Beyond the Prefrontal-Striatal Model. Trends
in Cognitive Sciences, 16, 17-26. https://doi.org/10.1016/j.tics.2011.11.007

Wilens, T.E. and Spencer, T.J. (2010) Understanding Attention-Deficit/Hyperactivity Disorder from Childhood to Adult-
hood. Postgraduate Medicine, 122, 97-109. https://doi.org/10.3810/pgm.2010.09.2206

Poil, S.-S., Bollmann, S., Ghisleni, C., O’Gorman, R.L., Klaver, P., Ball, J., et al. (2014) Age Dependent Electroenceph-
alographic Changes in Attention-Deficit/Hyperactivity Disorder (ADHD). Clinical Neurophysiology, 125, 1626-1638.
https://doi.org/10.1016/j.clinph.2013.12.118

Helfrich, C., Pierau, S.S., Freitag, C.M., Roeper, J., Ziemann, U. and Bender, S. (2012) Monitoring Cortical Excitability
during Repetitive Transcranial Magnetic Stimulation in Children with ADHD: A Single-Blind, Sham-Controlled TMS-
EEG Study. PLOS ONE, 7, €50073. https://doi.org/10.1371/journal.pone.0050073

Halawa, LF., El Sayed, B.B., Amin, O.R., Meguid, N.A. and Kader, A.A.A. (2017) Frontal Theta/Beta Ratio Changes
during TOVA in Egyptian ADHD Children. Neurosciences, 22, 287-291. https://doi.org/10.17712/nsj.2017.4.20170067

Shaw, M., Hodgkins, P., Caci, H., Young, S., Kahle, J., Woods, A.G., et al. (2012) A Systematic Review and Analysis
of Long-Term Outcomes in Attention Deficit Hyperactivity Disorder: Effects of Treatment and Non-Treatment. BMC Med-
icine, 10, Article No. 99. https://doi.org/10.1186/1741-7015-10-99

Li, Y., Ding, Q., Chen, J., Huang, Y., Yao, S., Chen, Z., et al. (2025) Exploring the Influence of Left Dorsolateral Prefrontal
Cortex Intermittent Theta-Burst Stimulation on Working Memory Load: An EEG Study in Healthy Participants. CNS Neu-
roscience & Therapeutics, 31, €70486. https://doi.org/10.1111/cns.70486

Chen, Q., Pan, N., Long, Y., Qin, K., Sangchooli, A., Cao, Y., et al. (2026) Noninvasive Brain Stimulation in Attention-
Deficit/Hyperactivity Disorder: A Systematic Review and Meta-Analysis of Treatment Efficacy and Targeting Strate-
gies. Journal of the American Academy of Child & Adolescent Psychiatry, 65, 369-391.
https://doi.org/10.1016/j.jaac.2025.07.009

Liu, P, Song, D., Deng, X., Shang, Y., Ge, Q., Wang, Z., et al. (2025) The Effects of Intermittent Theta Burst Stimulation
(iTBS) on Resting-State Brain Entropy (BEN). Neurotherapeutics, 22, ¢00556.
https://doi.org/10.1016/j.neurot.2025.¢00556

Elmaghraby, R., Sun, Q., Ozger, C., Shekunov, J., Romanowicz, M. and Croarkin, P.E. (2022) A Systematic Review of
the Safety and Tolerability of Theta Burst Stimulation in Children and Adolescents. Neuromodulation: Technology at the
Neural Interface, 25, 494-503. https://doi.org/10.1111/ner.13455

DOI: 10.12677/ijpn.2026.153009 81 ] s i 22 4 p R 2 i


https://doi.org/10.12677/ijpn.2026.153009
https://doi.org/10.1016/j.jpsychires.2026.04.008
https://doi.org/10.1007/s13311-012-0131-z
https://doi.org/10.1177/1087054712460087
https://doi.org/10.1016/j.cct.2003.10.016
https://doi.org/10.1111/j.1600-0528.2009.00494.x
https://doi.org/10.1017/s0033291704002892
https://doi.org/10.1177/1087054716654568
https://doi.org/10.1016/j.jaac.2014.12.010
https://doi.org/10.1016/j.neubiorev.2022.104743
https://doi.org/10.1016/j.tics.2011.11.007
https://doi.org/10.3810/pgm.2010.09.2206
https://doi.org/10.1016/j.clinph.2013.12.118
https://doi.org/10.1371/journal.pone.0050073
https://doi.org/10.17712/nsj.2017.4.20170067
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1111/cns.70486
https://doi.org/10.1016/j.jaac.2025.07.009
https://doi.org/10.1016/j.neurot.2025.e00556
https://doi.org/10.1111/ner.13455

	间歇性Theta爆发刺激联合脑电生物标志物监测治疗成人注意缺陷多动障碍：一项随机双盲假对照试验
	摘  要
	关键词
	Intermittent Theta-Burst Stimulation Combined with EEG Biomarker Monitoring for the Treatment of Adult Attention-Deficit/Hyperactivity Disorder: A Randomized Double-Blind Sham-Controlled Trial
	Abstract
	Keywords
	1. 引言
	2. 研究方法
	2.1. 研究设计
	2.2. 研究对象
	2.3. 随机化与盲法
	2.4. 干预方案
	2.5. 结局指标
	2.6. 样本量计算
	2.7. 统计分析

	3. 研究结果
	3.1. 参与者流程及基线特征(详见表1)
	3.2. 主要结局：ASRS总分变化(详见表2)
	3.3. 次要结局
	3.4. 脑电图结果
	3.5. 亚组分析(基于基线TBR)
	3.6. 安全性
	3.7. 盲法验证(详见表3)
	3.7.1. 描述性分析
	3.7.2. Bang’s Blinding Index (BBI)计算
	3.7.3. 正确识别率与Kappa系数
	3.7.4. 盲法验证结论


	4. 讨论
	4.1. 疗效大小与临床意义
	4.2. 执行功能改善的认知神经心理机制
	4.3. 额叶Theta/Beta比值降低：皮质觉醒正常化的电生理证据
	4.4. 高TBR亚组的优势：迈向精准神经调控
	4.5. 与既往研究比较及参数优化讨论
	4.6. 安全性及耐受性评估
	4.7. 与药物治疗的比较及联合策略
	4.8. 研究局限性
	4.9. 未来研究方向

	5. 结论
	声  明
	参考文献

