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Effects of intermittent theta burst stimulation on cognitive function in older adults: a Meta-
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[ Abstract ] Objective To explore the effect of intermittent theta burst stimulation GTBS) on cognitive
function in older adults through meta-analysis. Methods Randomized controlled trials were collected in PubMed,
Embase, Cochrane Library, China National Knowledge Infrastructure, WanFang Data, VIP and Chinese Clinical
Trial Registry website, the search period was from database establishment to July 19, 2024. Meta-analysis was
performed using Review Manager 5.4. Results A total of 12 papers were included, totaling 458 elderly subjects,
including 231 in experimental group and 227 in control group. Meta-analysis showed that iTBS improved overall cognitive
function [ standardized mean difference (SMD)=0.68, 95%CI (035, 1.01), P < 0.001 ], memory [ SMD=0.68, 95%CI
(0.26, 1.10), P=0.001 ], visuospatial function [ SMD=0.56, 95%CI (0.22, 0.90), P=0.001 ], language function
[ SMD=0.41, 95%CI (0.11, 0.70), P=0.008 ], and attention function [ SMD=0.81, 95%CI (0.41, 1.22),
P < 0.001 ]in older adults, and the differences were statistically significant. Analysis for various populations showed
that iTBS improved cognitive function in patients with Alzheimer’s disease [ SMD=0.69, 95%CI (0.32, 1.06),
P < 0.001 ], and cerebrovascular disease [ SMD=1.19, 95%CI(0.78, 1.59), P <0.001) with statistical differences.
Conclusions iTBS can improve overall cognitive function, memory, visuospatial function, language function,
and attention function in older adults. Meanwhile, iTBS can improve cognitive function in patients with Alzheimer's
disease and cerebrovascular disease, with limited improvement in healthy and depressive disorder populations.

[ Key words ] Aged; Cognition; Meta-analysis; Intermittent theta burst stimulation
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T+ {TBS [IRRHEREE T 0 okl
8 UL (TS BGE E A AHLIZ T Meta 0T 2R AKE]

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgrou Mean SD Total Mean SD Total Weight
Po-Yi Tsai 2020 846 198 15 G674 231 15 209%
Stefan Lang 2020 -031 082 20 -039 092 21 267%
Wen Li 2021 11.88 8.31 24 5 4.97 23 26.9%
Xinggi Wu 2022 455 285 20 22 234 22 255%
Total (95% CI) 79 81 100.0%

Heterogeneity: Tau®=0.07; Chi*= 4.99, df= 3 (P=017); F= 40%
Test for overall effect: Z=3.18 (P = 0.001)

0.78[0.03,1.52] ——
0.09 [-0.52, 0.70] ——
0.98[0.37, 1.59] —
0.89 [0.25,1.53] —
0.68 [0.26, 1.10] <>
-4 -2 0 2 i

Favours [experimental] Favours [control]

42 iTBS BRI AR PE 0 iYL

E9

UL IS ITBS 3 B AE AREILIZ 1 19 Meta 73 A7 ZRARIE]
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fE ol 8 {8 B A BE B A D RE (SMD=-0.29, 95%ClI=
-0.97 ~ 0.38, P=0.39), W& 16,

12 AMARARE : 2 RSk 1 Rl T O THIAR
ANFENFI TN RE I TR 45 5, WFFE X G2 2L 39 3], £5-AF
5% Z B ANFETE S B (P=16%, P=0.27), R H13E[E
FE RN AR A3 ATr 4 S R, 5% BT HLER, iTBS A
A6 T AR A RE AN I BE(SMD=-0.64, 95%CI=
-1.35~0.08, P=0.08), W& 17,

13 UM - AEARFT ITBS X Z AR AL A
HITIEE ATIIRE G201 B I TIRESE T A TG
S ORI, AT 2 0] S B MR e, SR

OIMTEE SR, AT Wu | CrBpon 210
Lang 22" (O BF 5T 7T B8 2 5 | S5 B v 10 B AL, 1531
BRIZAFIE I , AR SE 2 (8] J0 5 it

14. GRADEIE#% %5 4% . GRADE ¥4 45 R W w
S [ T REFE S TRE e K s i, 4%k
INHITIBE 1242 1 AN B T I RE 7K Hh 4 R
FFOIRE MR, W2, XF& N ABERIA L)
RESZ MR Y GRADE PEM 45 5% i, ol e T i o,
TG HIRIFSE R A R, XF T AD  IARSE AFERT 5T
ZKE AR i, L33,

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Friedrich 2022 611 307 18 539 333 18 176% 0.22 [-0.44,0.88 B
Po-Yi Tsai 2020 1002 142 15 801 122 15 128% 1.48 [0.66, 2.30]
Stefan Lang 2020 -058 083 20 -083 084 21 191% 0.27 [-0.35,0.88] —r—
Ursula Debamot2015 467 1.1 10 461 22 10 115% 0.33[-0.55,1.21] —
Wen Li 2021 134 686 24 103 53 23 205% 0.50 [-0.08, 1.08] b N
Xinggi Wu 2024 24 127 20 15 101 22 185% 0.77[0.14,1.40] .
Total (95% CI) 107 109 100.0% 0.56 [0.22, 0.90] <>
Heterogeneity: Tau®= 0.06; Chi*= 7.46, df= 5 (P = 0.19); F= 33% _54 2 g 2 4

Test for overall effect: Z=3.24 (P =0.001)

Favours [experimental] Favours [control]

4: iTBS KSR & PE 0 Bl

BE10 iTBSHEEAE ARFILAS [HI D RENY Meta /3 HT ZRAR ]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% Cl
Po-Yi Tsai 2020 761 156 15 B27 175 15 159% 0.79[0.04,1.53] =
Stefan Lang 2020 038 079 20 -029 091 21 236% -0.10[-0.72,0.51] ——
Ursula Debarnot2015 353 52 10 319 52 10 108% 0.63[-0.28,1.53] N
Wwen Li 2021 513 285 24 383 257 23 263% 0.47 [-0.11,1.0§] T
Xinggi Wu 2024 16.75 367 20 1405 673 22 23.4% 0.48[-0.13,1.10] T
Total (95% CI) 89 91 100.0% 0.41[0.11,0.70] &>
Heterogeneity: Tau®= 0.00; Chi*= 3.99, df= 4 (P = 0.41); F= 0% t t t t

Test for overall effect: 2= 2.67 (P = 0.008)

B 11

Experimental

Po-Yi Tsai 2020 801 171 15
Stefan Lang 2020 0.35 056 20
Ursula Debarnot 2015 164 48 10
Wen Li 2021 388 1.23 24
Xingai Wu 2022 58 1.01 20
Total (95% Cl) 89

-2 -1 1] 1 2
Favours [experimental] Favours [control]

12 iTBS [ ERMHERR A 0 K
iTBS e &4 NS 5 DIRENYT Meta 43 M1 ZRAKE]

Control

91

Heterogeneity: Tau®= 0.16; Chi*= 8.37, df= 4 (P = 0.05); F=57%

Test for overall effect: Z= 2.58 (P = 0.010)

Std. Mean Difference

0.27 [-0.45, 0.99]
-0.03 [-0.64, 0.59)
0.88 [-0.05,1.81)
0.82(0.22,1.41)
1.26 (0.58,1.92)

0.62[0.15, 1.10]

Std. Mean Difference
IV, Random, 95% Cl

4 2 0 2 4
Favours [experimental] Favours [control]

2 iTBS [ R A 0 Pl
B 12 BUBEITHIRTITBS Bt B AR AHEE R 1D RERY Meta /3BT ZRAKE
Control

Experimental Std. Mean Difference

Std. Mean Difference
IV, Random, 95% CI

Po-Yi Tsai 2020 801 171 15 745 226 15 24.4% 0.27 [-0.45, 0.99)
UrsulaDebamot 2015 164 48 10 122 43 10 161% 0.88 [-0.05,1.81)

Wen Li 2021 388 123 24 308 23 322% 0.82(0.22,1.41) i

Xingji Wu 2022 58 101 20 436 122 22 273% 1.26(0.59,1.92) =
Total (95% CI) 69 70 100.0% 0.81[0.41, 1.22] *

Heterogeneity: Tau®= 0.04; Chi*= 3.88, df= 3 (P = 0.27); F= 23% %5 3

Test for overall effect: Z= 3.96 (P < 0.0001)
TE: iTBS [ R PEHR A TE 6 Dol
B 13 RS TIE iTBS BUE &4 AT I8 1D BE 1Y Meta S5 BT ZRAKIE]

Favours [experimental] Favours [control]
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Experimental Control

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Study or Subgrou Mean SD Total Mean SD Total Weight
Friedrich 2022 1.94 1.76 18 0.89 1.08 18 30.0%
Kinooi Wu 2022 455 285 20 22 234 22 337%
Xingoi Wwu 2024 16.75 3.67 20 1405 6.73 22 36.2%
Total (95% CI) 58 62 100.0%

Heterogeneity: Tau®*= 0.00; Chi*=0.81, df= 2 (P = 067), F=0%
Test for averall effect: Z= 3.63 (P = 0.0003)

TE -« {TBS [ EHAR %1 6

Std. Mean Difference

0.70[0.03,1.28] —=—
0.89[0.25,1.53] —=—
0.48 [0.13,1.10] =
0.69 [0.32, 1.06] S

-2 1]
Favours [experimental] Favours [control]

WA AD BRSO BRI

iTBS B3 AD AFEHITIRER) Meta 73H7 BRI

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

& 14
Experimental Control
Study or Subgrou Mean SD Total Mean SD Total Weight
Hong Yu 2024 21.52 397 25 1664 452 25 26.0%
Po-Yi Tsai 2020 846 198 15 674 231 15 19.8%
Wen Li 2021 11.88 8.31 24 5 4.97 23 256%
ShRRE 2022 2789 531 35 199 378 35 28.5%
Total (95% CI) 99 98 100.0%

Heterogeneity: Tau*=0.07, Chi*=510,df=3{P=016), F=41%
Test for averall effect: Z=5.76 (P =< 0.00001)

2 iTBS [kt
& 15

Experimental Control

Std. Mean Difference

1.13[0.53,1.73]
0.78[0.03,1.52]
0.98[0.37,1.59]
1.71[1.16, 2.27]

1.19[0.78, 1.59]

Favours [experimental] Favours [control]

PERNE 0 PR

iTBS UG I ML AT ARSI RERY Meta 20 BT ZRAKIE]

Std. Mean Difference
IV, Random, 95% CI

Aron 2018 75.42 3.61 7 7715 236 7 401%
Ursula Debarnot 2015 28 07 10 29 07 10 58.9%
Total (95% Cl) 17 17 100.0%

Heterogeneity: Tau®= 0.00; Chi*=0.31, df=1 (P = 0.58); = 0%
Test for overall effect: Z= 0.85 (P = 0.39)

1L iTBS [tk

-0.53[-1.60, 0.54)
-0.14[1.01,0.74)

-0.29[-0.97, 0.38]

Favours [experimental] Favours [control]

HRENE 0 POkl

iTBS MC i FE TR ITIBE R Meta 2047 AR AR IA]

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

E 16
Experimental Control

Study or Subgrou Mean SD_Total Mean SD Total Weight
Pilar Cristancho 2020 2 118 14 3.09 094 11 52.8%
Pilar Cristancho 2022  101.75 15.62 8 10589 15.51 9 47.2%
Total (95% Cl) 19 20 100.0%
Heterogeneity: Tau?= 0.04; Chi#=1.19, df= 1 (P = 0.27); F= 16%
Test for overall effect: Z=1.75 (P = 0.08)

T iTBS Ak

& 17

Y

i it

NI BERREAT 2 AR AR ILAAEIR , 1 1
AR NNTIIIRE T BB BN 22 B, E5 AD | ISV
R HVARAE LA AR BEEIOR 55 . A EEH A TTERR
A B Flau SEALH B 2589 LI TT NN D) RE R A% 7 T
i 7RSS, (ARCRIFA MBI, M T,
AR5 nia T e A DI RE R B T 3 35 10
HOR . A AT XA A RE g 177 U5 4
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7l T B T R I SRR, X T
BN ULAETEMELL R, S EOLAE R %52
FERMEMPERAR . AR T HARAR 2583077, iTBS Y
RPN ), Ry e, B0 B

-0.98 [-1.88, -0.09]
-0.25[-1.21,0.70)

-0.64 [-1.35, 0.08]

N N
-4 -2 0 2 4
Favours [experimental] Favours [control]

PERNE 0 PR

iTBS G AT A BEIAHI DI RE Y Meta 7387 ARAKIZ]
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REPE T 7 MW 1. 43 iTBSTRYT ) , f 7 BDNF
ek N, 2 TI TS N- I -D- KA
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