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Meta-analysis of efficacy of transcranial magnetic stimulation for the treatment of cognitive function and
behavioral and psychological symptoms of dementia in patients with Alzheimer’s disease
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[Abstract] Objective:To evaluate the efficacy of transcranial magnetic stimulation (TMS) on cognitive function and behavioral and psychological of
dementia (BPSD) in Alzheimer's disease (AD) patients. Methods-Nine databases including China National Knowledge Infrastructure (CNKI), WanFang,
VIP, Chinese Biomedical Literature Database (CBM), PubMed, Embase, the Cochrane Library and Chinese and American Clinical Trial Center were
searched before November 2, 2019. English was searched with the topics of “Alzheimer’s disease” “transcranial magnetic stimulation” and “randomize
controlled trial”, and free words were retrieved. Chinese was searched with the topics of “BiJ R 2 1 2RG ™ 28 [ o) 34 “ B ALY IR 3036 . According to
the pre-established inclusion and exclusion criteria, the literatures were screened. RevMan 5.3 software was used. The standardized mean difference
(SMD) was used as the effect value, and 95% confidence interval (CI) was used for interval estimation. Gradeprofile 3.2.2 software was used to evaluate
the quality of evidence. Results-A total of 23 articles were included. In improving cognitive function, the evaluation results of AD Assessment Scale-
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Cognitive suggest that SMD of high frequency TMS group was —0.64 (95%CI —-0.89 — -0.40, P=0.000), SMD of low frequency TMS group was —0.58
(95%CI -1.12 — =0.05, P=0.030). The Grade of evidence quality was very lower and lower respectively. When using Mini-Mental State Examination to
evaluate cognitive function, it was divided into three subgroups according to TMS frequency (high or low, value) and treatment times. The results showed
that SMD in high frequency TMS group was 1.30 (95% CI 0.76—1.85, P = 0.000), but no significant difference was found in low frequency group. The
Grade of evidence quality were both very lower. In 5 Hz group, SMD was 3.99 (95%CI 0.81~7.16, P=0.010) and the Grade evidence quality grade was
very low. In the group of treatment times >40 and <60, SMD was 3.28 (95%CI 1.67-4.90, P=0.000) and the Grade evidence quality grade was very low.
In the aspect of improving BPSD, the Neuropsychiatric Inventory was used to evaluate, and the result was no statistically significant. The Grade evidence
quality grade was very low. Behavioral Pathology in Alzheimer’s Disease Scale showed that SMD of high frequency group was —0.83 (95%CI -1.06— -
0.60, P=0.000), and there was no significance in low frequency group. The Grade evidence quality grade were low and very low respectively.
Conclusion* TMS could improve the cognitive function of patients with AD, and high frequency was better than low frequency. The quality of evidence
was lower. Whether the BPSD of AD patients were effective needs further research. In the future, more high-quality clinical multicenter randomized
controlled trails should be included to study the efficacy and safety of TMS in the treatment of AD, so as to provide guidance for clinical practice.

[Key words] Alzheimer's disease (AD); transcranial magnetic stimulation (TMS); cognitive function; behavioral and psychological symptoms of

dementia (BPSD); meta-analysis; randomized controlled trial (RCT)
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(n=4), American Clinical Trial Center (»=29)

Literatures obtained through searching databases (n=313)
CNKI (n=38), WanFang (n=55), CBM (n=26), VIP (n=1), PubMed (n=14),
The Cochrane Library (»=94), Embase (»=52), China Clinical Trial Center

v

After eliminating duplicate (n=174)

. Exclude reviews, systematic reviews,
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After browsing abstracts (#=100)
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After full text browsing (n=25)
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comments, animal experiments (#=31)

inconsistent intervention/control measures (#=43)

Browse the full text, exclude the literatures which are not
RCT, in which the experimental design is not rigorous

and initiated by pharmaceutical company (n= 75)

v

Meta-analysis (n=23)
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Fig1 Flow chart of literature inclusion
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Tab 1 Basic information of the selected literatures

Literature

Cotelli®’, 2008
Ahmed”!, 2012

Yang'*', 2014
Rutherford®’, 2015
Yin'’, 2015
Wu''®l, 2015

Wu'?, 2015

Guo''"’, 2016

Lee ', 2016

Wu B, 2016

Fang '/, 2017
Liu '3, 2017

Liu "¢ ,2017

Liang ['") ;2017

Wu 81,2017

Xu ), 2017
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Intervention method
(Exp/Con)

TMS 20 Hz / sham stimulate

TMS 20 Hz / sham stimulate

TMS 1 Hz / sham stimulate

TMS 20 Hz / sham stimulate

TMS 1 Hz / sham stimulate
(Donepezil+TMS 5 Hz) / Donepezil
TMS 20 Hz / sham stimulate
(Oxiracetam+TMS 20 Hz) / Oxiracetam

(Risperidone+TMS 20 Hz) /
(Risperidone+sham stimulate)

TMS 20 Hz / sham stimulate
TMS 1 Hz / sham stimulate
(Donepezil+TMS 15 Hz) / (Donepezil+

sham stimulate)

TMS 10 Hz / sham stimulate

(Olanzapine+TMS 15 Hz) / (Olanzapine+

sham stimulate)

(Galanthamine+rTMS) / Galanthamine

TMS 15 Hz / sham stimulate

TMS 5 Hz / sham stimulate
TMS 15 Hz / sham stimulate

TMS 5 Hz / sham stimulate
TMS 10 Hz / sham stimulate

(Conventional therapy+TMS 10 Hz) /
conventional therapy

TMS 10 Hz / sham stimulate

TMS 1 Hz / sham stimulate
TMS 10 Hz / sham stimulate

TMS 1| Hz / sham stimulate
(Olanzapine+TMS 15 Hz) / Olanzapine

Stimulation site

DLPFC
DLPFC

Left prefrontal lobe
Bilateral DLPFC
Bilateral DLPFC
DLPFC

Bilateral DLPFC

Bilateral DLPFC

DLPFC and

parietal lobe

Left DLPFC

Bilateral DLPFC
Bilateral DLPFC

Left DLPFC

Bilateral prefrontal
lobe

Bilateral DLPFC

Bilateral DLPFC

Number of
treatment

20 times

5 times

20 times
8 times
80 times

20 times

20 times

20 times

30 times

20 times

18 times

60 times

10 times

20 times

40 times

20 times

20 times

Assessment scale

MMSE
MMSE

NPI
ADAS-Cog
MMSE

BEHAVE-AD,
ADAS-Cog

ADAS-Cog

MMSE,ADAS-Cog

MMSE,ADAS-Cog

MMSE,BEHAVE-
AD

MMSE
MMSE,NPI

MMSE ,NPI

MMSE

MMSE, BEHAVE-

AD

MMSE, BEHAVE-
AD

n
(Exp/Con)

5/5
10/6
11/5

5/2

4/2
20/18

6/10
30/30
26/26

26/28
28/28
26/26

13/6

5/2
13/6

512
32/32

22/21
60/60

60/60
60/60

60/60
12/10

34/34

24/24

24/24
24/24

24/24
40/40

2021, 41(7)

Outcome/score
(Exp/Con)

(16.40+2.80)/(14.50+3.70)
(22.60+1.50)/(14.40+£3.20)
(16.80+4.00)/(14.40+3.20)
(11.20+1.90)/(8.00+1.00)
(8.80+2.30)/(8.001.00)
(16.69+6.62)/(23.44+5.49)
(22.67+9.46)/(25.70+10.62)
(27.36+5.65)/(17.52+4.31)

BEHAVE-AD:
(9.08+4.27)/(11.96+4.18)

ADAS-Cog:
(24.16+5.21)/(27.65+5.24)
(20.10+5.20)/(27.90+10.20)
(23.10+5.30)/(27.90+10.20)

MMSE:
(22.70+4.20)/(20.30+4.30)

ADAS-Cog:
(21.60+5.40)/(24.70+5.20)

MMSE:
(25.6243.33)/(26.67+2.16)

(19.40+3.98)/(18.00+5.66)
ADAS-Cog:

(16.31+6.40)/(18.17+4.54)
(27.20+7.95)/(30.00+9.90)

MMSE:
(16.30+3.50)/(14.50+3.80)

BEHAVE-AD:
(12.10+4.10)/(14.60+5.30)

(7.80+0.42)/(3.57+0.13)

MMSE:
(21.76£2.21)/(17.55+2.02)
(26.63+1.03)/(17.55+2.02)
NPI:
(17.52+1.98)/(19.86+2.02)
(15.72+1.00)/(19.86+2.02)
MMSE:
(18.91+2.87)/(18.25+4.36)
NPI:
(18.1742.91)/(17.62+3.37)

(21.11+4.28)/(17.73+4.22)

(27.19+4.56)/(23.49+5.01)

MMSE:
(16.89+4.30)/(13.92+3.68)

(14.50+4.13)/(13.92+3.68)

BEHAVE-AD:
(10.12+3.31)/(13.29+4.07)

(12.87+4.16)/(13.29+4.07)

MMSE:
(22.60+1.01)/(19.45+0.77)
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X Intervention method i . .
Literature Stimulation site
(Exp/Con)
Zou %0, 2017 TMS 10 Hz / sham stimulate Right DLPFC
Koch™?!, 2018 HF TMS / sham stimulate PC
Ni 21, 2019 (Oxiracetam+Olanzapine+TMS 20 Hz) /  Left DLPFC

(Oxiracetam+Olanzapine+sham stimulate)

Sheng %, 2019 (Hyperbaric oxygen chamber +TMS 15 Bilateral frontal

Hz) / Hyperbaric oxygen chamber and temporal lob:

Sun 2, 2019 (Donepezil+TMS 15 Hz) / Donepezil Bilateral DLPFC

Wang 2%, 2019 (Quetiapine+TMS 5 Hz) / Quetiapine Bilateral DLPFC

Zhang 2%, 2019 (Conventional therapy+TMS 5 Hz) / Bilateral DLPFC

(conventional therapy+sham stimulate )

S

R O T/ R R B AT B B PR 004 R MR TR meta 5307 | 935

Continued Tab
Number of n Outcome/score
Assessment scale
treatment (Exp/Con) (Exp/Con)
BEHAVE-AD:
(6.02+3.72)/(10.53+2.56)
10 times MMSE 6/3 (26.30+2.60)/(27.70+1.50)
10 times MMSE 14/14 (27.30+1.60)/(26.70+2.60)
20 times BEHAVE-AD, 36/36 BEHAVE-AD:
ADAS-Cog (9.08+4.27)/(11.96+4.18)
ADAS-Cog:
(24.16+£5.21)/(27.65+5.24)
25 times MMSE 42/38 (26.17+5.37)/(20.45+3.11)
20 times  MMSE 41/41 (22.90+4.30)/(20.30+4.20)
36 times  NPI 50/50 (13.28+1.65)/(15.67+1.98)
28 times MMSE,NPI 98/98 MMSE:

(27.68+1.91)/(22.97+2.02)

NPI:
(13.69+1.13)/(19.69+1.02)

Note: Exp—experimental group; Con—control group; DLPFC—dorsolateral prefrontal cortex; MMSE—Mini-Mental State Examination, rTMS—repetitive
transcranial magnetic stimulation; NPI—Neuropsychiatric Inventory; ADAS-Cog—Alzheimer's Disease Assessment Scale-Cognitive; BEHAVE-AD—Behavioral

Pathology in Alzheimer's Disease Scale; HF—high frequency; PC—precuneus.
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45

PRl
7
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Selective reporting (reporting bias)| @ | @ | @ | @ | O (O | O ([ © | © | O © O (© O OO © O S S S S S
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Blinding of outcome assessment (detection bias)| @ | @ (@ | @ | @ |~ (@ |~ [« [ (@[ || (@ (@ | ||| |@
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9 ¥ 5 2 28 2 2 8802 228258 2585883825
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2 PNCEREI KU IR far R
Fig 2 Risk bias table of the included literatures
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S PR AGERE , FRATIHEN T AR B TR AN R S 3
HRAEATR AT AR, BT gl (>1 Hz) AR
(<1 Hz) #ATWAIHT, 45HRBR @ ARAIEoE 5 B4
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N BRI HEAT AT . AR (4) Won, A 4 R0
SMD=-0.64 (95%CI —0.89~—0.40, P=0.000); {42 %%
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Random sequence generation (selection bias) _
Allocation concealment (selection bias) - |
Blinding of participants and personnel (performance bias) _ |
Blinding of outcome assessment (detection bias) _ .
setective reporting reporting bias) [
0 25% 50% 75% 100%
. Low risk of bias I:‘ Unclear risk of bias . High risk of bias
3 XEHREREREE
Fig3 Summary chart of bias risk of the included literatures
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
High Frequency Group
Wul 2015 2416 521 27 27.65 524 27 16.6%  -0.66[-1.21,-0.11] —
Rutherford 2015 22.67 9.46 6 257 1062 10 4.8% -0.28 [-1.30, 0.74] S
Wu2 2015 201 52 26 279 102 28 15.7%  -0.94[-1.50,-0.37] -
Lee2 2016 212 793 s 30 99 2 1.8% -0.28 [-1.94, 1.37]
Leel 2016 1631 64 13 18.17 4.54 6 53% -0.30 [-1.27, 0.67] - 1T
Guo 2016 21,6 54 26 247 52 26 162%  -0.58[-1.13,-0.02] =
Ni 2019 2416 521 36 27.65 524 36 222%  -0.66[-1.14,-0.19] "
Zhang 2019 3393 1.57 98 2978 1.59 98 0.0% 2.62[2.23, 3.00]
Subtotal (95% CI) 139 135 82.6%  —0.64 [-0.89, —0.40] <>
Heterogeneity: Chi’=2.27, df=6 (P=0.89); ’=0%
Test for overall effect: Z=5.12 (P<0.00001)
Low Frequency Group
Wu2 2015 231 53 28 279 102 28 174%  —0.58[-1.12,-0.05] =
Subtotal (95% CI) 28 28 17.4%  —0.58 [-1.12,-0.05] -
Heterogeneity: Not applicable
Test for overall effect: Z=2.13 (P=0.03)
Total (95% CI) 167 163 100.0%  —0.63 [-0.86, -0.41] <&
Heterogeneity: Chi’=2.31, df=7 (P= 0.94); ’=0% Y . ! t
Test for overall effect: Z=5.54 (P<0.00001) Favours [experimental] Favours [control]
Test for subgroup differences: Chi’=0.04, df=1 (P= 0.84); ’=0% P
4 {3 ADAS-Cog W4 TMS Xt AD B &I\ ENThEEFT LRI R HR &
Fig 4 Forest plot: the efficacy of TMS on cognitive function of AD patients using ADAS-Cog
R2 GradelEEREERITMHE
Tab 2 Quality of evidence graded by the GRADE system
Outcome Limitation in design Inconsistency Indirectness Imprecision Publication bias Quality
Cognitive function—assessed by ADAS-Cog
Subgroup
HF Serious No No Serious Likely DO Overy low
LF Serious No No No Likely DD O Olow
Cognitive function—assessed by MMSE
Subgroup 1
HF Serious Serious No Serious Likely O OO Overy low
LF Serious No No Serious Likely OO O Overy low
Subgroup 2
1 Hz Serious No No Serious Likely OO O Overy low
5 Hz Serious Serious No Serious Likely O OO Overy low
10 Hz Serious No No Serious Likely ® OO Overy low
15 Hz Serious Serious No Serious Likely OO OO very low
20 Hz Serious No No Serious Likely ® OO Overy low
Subgroup 3
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I R.HF
<5 times No No
>5 times and <10 times Serious No
>10 times and <20 times Serious Serious
>20 times and <30 times Serious Serious
>30 times and <40 times Serious No
>40 times and <60 times Serious Serious
>60 times and <80 times Serious No
BPSD—assessed by NPI Serious Serious
BPSD—assessed by BEHAVE-AD
Subgroup
HF Serious No
LF Serious No

Note: LF—low frequency.

(2) f# J§ MMSE #F i 1y 45
ik (6701212300260 r b aH 650 A KRR 617 AL

RO A 17 R X
2L

TR, WS R R ESR (P=93%, P=0.000),
SR 3 B AR BRI 2] 3 R S R A RN, R AT IR =

Yo it — PR o RS TMS BR A i K

BOVR BGHAT W2 5347 o

= B TMS FILR 45 T™MS 19 37 41 43 4
/}:-Té.ﬂ‘ [6-7.9,11-13,15-21,23-24,26 , 1&5}‘1@2% [7,18] , %ﬁ—%ifﬁk l14

Experimental
Study or Subgroup Mean _SD Total Mean SD Total Weight

Control

A 16

No

92%, P=0.000) .

P=0.310),

Std. Mean Difference
1V, Random, 95% CI

Serious
Serious
Serious
Serious
No
Serious
No

Serious

No

Serious

AR O W R B 8 A TS A B PR (07 R MR meta 5907 | 937

Continued Tab

Likely DD O Olow
Likely DO OOvery low
Likely DO O Overy low
Likely D OO Overy low
Likely DS O Olow
Likely DOOOvery low
Likely DS O Olow
Likely SO O Overy low
Likely DO O Olow
Likely DO O Overy low

KAEAE TMS AT, BEAE FEidl, WAE T
WA, 7. SR TES R (P=
ZBENLBON BTG IF 0 (1&15) &
i 20 %% N SMD=1.30 (95%CI 0.76~1.85,
BAH KR yT 0.000) , K45 2 %L B & SMD=0.25 (95%CI -0.23~0.73,
Ut PH = 45 TMS REA2 035 AD S35 A EI DI fg
TS TMS JE2% . Grade JiF- 48 T 45 9% 5l 7 o A0 4 AR
AR B R AR T (K2),

P=

Std. Mean Difference
1V, Random, 95% CI

High Frequency Group

Cotelli 2010 164 2.8
Ahmedl1 2012 226 1.5
Ahmed2 2012 112 19
Yin 2015 27.36 5.65
Wu 2016 163 3.5
Leel 2016 25.62 3.33
Guo 2016 227 42
Lee2 2016 19.4 3.98
Liang2 2017 27.19 4.56
Liang1 2017 21.11 4.28
Liul 2017 26.63 1.03
Liu2 2017 21.76 2.21
Xu 2017 22.6 1.01
Wu2 2017 16.89 43
Liu 2017 1891 2.87
Zou 2017 263 2.6
Giacomo 2018 273 1.6
Sun 2019 229 43
Zhang 2019 27.68 1.91
Sheng 2019 26.17 5.37

Subtotal (95% CI)

5

4

145 3.7 5 3.9%
144 32 6 32%
8 1 2 2.8%
17.25 431 30 4.7%
145 38 32 49%
26.67 2.16 6  43%
203 43 26 4.8%
18 5.66 2 33%
2349 501 34  49%
17.73 422 34 49%
17.55 2.02 60 4.5%
1755 202 60 4.9%
1945 077 40  4.6%
13.92 3.68 24 48%
18.25 4.36 10 4.5%
277 15 3 3.6%
26.7 2.6 14 4.6%
203 42 41 4.9%
2297 2,02 98 5.0%
2045 3.11 38 4.9%
565 87.9%

591
Heterogeneity: Tau’=1.36; Chi’=272.72, df=19 (P<0.00001); ”=93%

Test for overall effect: Z=4.66 (P<0.

Low Frequency Group

00001)

Ahmed3 2012 16.8 4 11
Ahmed4 2012 88 23 4
Wul 2017 145 413 24

Subtotal (95% CI)

39

144 32 5 41%
8 1 2 32%
13.92 3.68 24 48%
31 12.1%

Heterogeneity: Tau’=0.00; Chi*=0.53, df=2 (P=0.77); P=0%

Test for overall effect: Z=1.01 (P=0.

Total (95% CI)

31)

630

596 100.0%

Heterogeneity: Tau?=1.32; Chi’=291.94, df=22 (P<0.00001); ’=92%

Test for overall effect: Z=4.58 (P<0.00001)

Test for subgroup differences: Chi*=8.03, df=1 (P= 0.005); ’=87.6%
5 {EFA MMSE T4 S{K5H TMS 3F AD B A K D 8ET A 7R R B
Fig 5 Forest plot: the efficacy of high and low frequency TMS subgroups on cognitive function of AD patients using MMSE

http://xuebao.shsmu.edu.cn

0.52 [-0.75, 1.80]
3.43[1.73,5.13]
1.53 [~0.51,3.57]
1.99[1.36,2.61]
0.49 [~0.01, 0.98]

-0.33 [-1.31, 0.64]
0.56 [0.00, 1.11]
0.27 [-1.38, 1.92]
0.76 [0.27, 1.26]

0.79 [0.29, 1.28]

]

1.54,2.41]
3.47[2.77, 4.18]
0.73 [0.14, 1.32]

0.18 [-0.67, 1.02]

~0.53 [~0.96, 0.89]
0.27 [-0.47, 1.01]
0.61[0.16, 1.05]
2.39[2.02,2.75]
1.271[0.79, 1.76]
1.30 [0.76, 1.85]

[

[
5.63[4.82,6.43

[

[

[

0.60 [-0.48, 1.68]
0.31 [-1.41,2.04]
0.15 [-0.42, 0.71]
0.25 [-0.23, 0.73]

1.19 [0.68, 1.70]

—

_.;

-4 -2 0 2 4
Favours [control] Favours [experimental]
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ANFAE TMS Z [ A 53 Hr: 1 Hz 25 705
Hz 20 2 &% 5% 10 Hz 44 5 j ™10 15 Hz 4 6
T LS040 {00 Hz 41 3 5 17000 2% D42 SOk RN
A TR PR O X HAR IO e . 28 7 PR A 50 A
G R M (P=93%, P=0.000), & F Bl ML
RUAAT 0. 4559 (K6) Wor, 1 Hz 44N & SMD=

2021, 41(7)

0.25 (95%CI-0.23~0.73, P=0.310), 5 HzZ1% & SMD=
3.99 (95%CI0.81~7.16, P=0.010), 10 HzZA%0% H# SMD=
0.51 (95%CI0.18~0.84, P=0.003), 15 HzZH& M SMD=
1.38 (95%CI0.59~2.16, P=0.000), 20 HzZH &) & SMD=
1.82 (95%CI 0.77~2.86, P=0.000). Grade JF 4 /it ft 45 4%
WoRBIRARE R (K2),

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1 Hz

Ahmed4 2012 88 23 4 g8 1 2 34% 0.31 [-1.41,2.04] -1
Ahmed3 2012 16.8 4 11 144 32 5 43% 0.60 [-0.48, 1.68] T

Wul 2017 145 413 24 1392 368 24 5.0% 0.15[-0.42, 0.71] e
Subtotal (95% CI) 39 31 12.7% 0.25 [-0.23, 0.73]

Heterogeneity: Tau’=0.00; Chi*=0.53, df=2 (P=0.77); ’=0%

Test for overall effect: Z=1.01 (P=0.31)

SHz

Liul 2017 26.63 1.03 60 17.55 2.02 60 4.7% 5.63 [4.82, 6.43] —_—
Zhang 2019 27.68 191 98 2297 2.02 98 5.2% 2.39[2.02,2.75] E
Subtotal (95% CI) 158 158 9.9% 3.99 [0.81, 7.16] ———
Heterogeneity: Tau’=5.15; Chi’=51.22, df=1 (P<0.00001); ’=98%

Test for overall effect: Z=2.46 (P=0.01)

10 Hz

Lee2 2016 194 3.98 5 18 5.66 2 3.5% 0.27 [-1.38,1.92] T

Leel 2016 25.62 333 13 26.67 2.16 6 45%  —033[-1.31,0.64] -

Wu2 2017 16.89 43 24 13.92 3.68 24 5.0% 0.73 [0.14, 1.32] =

Liangl 2017 2111 428 34 17.73 422 34 5.1% 0.79 [0.29, 1.28] -

Zou 2017 263 26 6 277 15 3 3.8% —0.53 [-1.96, 0.89] T

Liu 2017 18.91 2.87 12 18.25 4.36 10 4.7% 0.18 [-0.67, 1.02] B

Liang2 2017 27.19 456 34 2349 5.01 34 5.1% 0.76 [0.27, 1.26] s
Subtotal (95% CI) 128 113 31.7% 0.51 [0.18, 0.84] ¢
Heterogeneity: Tau?=0.05; Chi*=8.16, df=6 (P=0.23); ’=27%
Test for overall effect: Z=3.02 (P=0.003)

15 Hz
Guo 2016 227 42 26 203 43 26 5.0% 0.56 [0.00, 1.11] I

Wu 2016 163 35 32 145 38 32 51% 0.49 [-0.01, 0.98] I
Xu 2017 226 1.01 40 1945 0.77 40 4.9% 3.47[2.77,4.18] -
Liu2 2017 21.76 2.21 60 17.55 2.02 60 5.1% 1.98 [1.54,2.41] -

Sun 2019 229 43 41 203 42 41 51% 0.61[0.16, 1.05] il

Sheng 2019 26.17 537 42 2045 311 38  5.1% 1.27[0.79, 1.76] =
Subtotal (95% CI) 241 237 30.3% 1.38[0.59, 2.16] <>
Heterogeneity: Tau’=0.89; Chi*=71.90, df=5 (P<0.00001); ’=93%
Test for overall effect: Z=3.44 (P=0.0006)
20 Hz
Cotelli 2010 164 28 5 145 37 5 41% 0.52 [-0.75, 1.80] -
Ahmedl1 2012 226 1.5 10 144 32 6 3.4% 3.4311.73,5.13] — T
Ahmed2 2012 11.2 19 5 8 1 2 29% 1.53[-0.51, 3.57] a
Yin 2015 27.36 5.65 30 17.25 431 30 5.0% 1.99 [1.36, 2.61] -
Subtotal (95% CI) 50 43 15.4% 1.82 [0.77, 2.86] >
Heterogeneity: Tau?=0.66; Chi’>=7.75, df=3 (P=0.05); ’=61%
Test for overall effect: Z=3.41 (P=0.0007)
Total (95% CI) 616 582 100.0% 1.23 [0.71, 1.76] L 4
Heterogeneity: Tau’=1.34; Chi*=284.77, df=21 (P<0.00001); ’=93% _1=0 _=5 o 5 1=0

Test for overall effect: Z=4.61 (P<0.00001)
Test for subgroup differences: Chi’=15.66, df=4 (P= 0.004); ’=74.5%

6 {EF MMSE £ A [E 351 % TMS Xf AD 2 A1 T BE 7 B R R

Favours [control] Favours [experimental]

Fig 6 Forest plot: the efficacy of different frequency TMS subgroups on cognitive function of AD patients using MMSE

ANFERAIT WA [ B 2R 50 B« AR AS [R)I6 7 I8
G RTAWH, &RBYERAF TR 48 2E = s b
(P=92%, P=0.000), >R LS AR BEAT 04, 45
(E7) B7R, WBIFRE<S AL 15 7, 2 SMD=1.41
(95%CI 0.04~2.78, P=0.040); J5J7 IKE>5 K H<10 k4

3 g Le202t] aﬁﬂj%SMD=0.13 (95%CT —0.39~0.65, P=
0.630); JAYTUE>10 YR HL.<20 Y4 8 f Lo 13141719.24) 1 5
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B SMD=0.95 (95%CI 0.39~1.52, P=0.000); JAJT7IKEL
>20 K H<30 k4l 25 ">, AN &k SMD=0.48 (95%CI
-0.69~1.66, P=0.420) ; A7 W H>30 K H <40 &K 4
1B, & B SMD=0.76 (95%CI 0.27~1.26, P=
0.002) 5 A7 W E>40 Y H <60 YA 2 f 119200 R v
SMD=3.28 (95%CI 1.67~4.90, P=0.000); 477 I £ >60
W H <80 AL 15 ', &N it SMD=1.99 (95%CI 1.36~
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2.61, P=0.000). Grade jiF#i i bS5 B . JRIT7 KBS WML R, KRB E (£2),
WA . TR URB>30 YR H <40 YR 2 FIE YT IR E>-60 YR H.<80

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean _SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Number of treatment<5 times
Ahmed4 2012 88 23 4 8 1 2 3.0% 0.31 [-1.41,2.04] —
Ahmed1 2012 226 1.5 10 144 32 6 3.1% 3.43[1.73,5.13]
Ahmed3 2012 16.8 4 11 144 32 5 3.9% 0.60 [0.48, 1.68] N
Ahmed2 2012 112 1.9 5 8 1 2 2.6% 1.53:[-0:51,3:57] & =
Subtotal (95% CI) 30 15 12.7% 1.41 [0.04, 2.78] g
Heterogeneity: Tau’=1.28; Chi’=8.90, df=3 (P=0.03); ’=66%
Test for overall effect: Z=2.01 (P=0.04)
5 times<Number of treatment< 10 times
Zou 2017 263 2.6 6 277 15 3 35% -0.53 [-1.96, 0.89] —

Liu 2017 1891 2.87 12 1825 436 10 43% 0.18 [-0.67, 1.02] i
Giacomo 2018 273 1.6 14 267 26 14 44% 0.27 [-0.47, 1.01] o,
Subtotal (95% CI) 32 27 12.1% 0.13 [-0.39, 0.65] >
Heterogeneity: Tau’=0.00; Chi’=0.98, df=2 (P=0.61); ’=0%
Test for overall effect: Z=0.48 (P=0.63)
10 times<Number of treatment <20 times
Cotelli 2010 164 238 5 145 3.7 5 37% 0.52 [-0.75, 1.80] |

Wu 2016 163 35 32 145 38 32 47% 0.49 [-0.01, 0.98] e
Guo 2016 227 42 26 203 43 26 4.6% 0.56 [0.00, 1.11] —

Liangl 2017 21.11 428 34 17.73 422 34 47% 0.79 [0.29, 1.28] -
Wul 2017 145 4.13 24 1392 3.68 24  4.6% 0.15[-0.42, 0.71] T

Fang 2017 2375 259 22 2052 215 21 45% 1.33 [0.66, 2.00] =
Xu 2017 226 1.01 40 19.45 077 40  4.4% 3.47[2.77,4.18] —
Wu2 2017 1689 43 24 1392 3.68 24 4.6% 0.73 [0.14, 1.32] ™

Sun 2019 229 43 41 203 42 41 47% 0.61[0.16, 1.05] e
Subtotal (95% CI) 248 247 40.4% 0.95[0.39, 1.52] <
Heterogeneity: Tau’=0.63; Chi>=65.90, df=8 (P<0.00001); ’=88%
Test for overall effect: Z=3.32 (P=0.0009)
20 times<Number of treatment< 30 times

Leel 2016 25.62 3.33 13 26.67 2.16 6 41% -0.33 [-1.31, 0.64] I

Lee2 2016 19.4 3.98 5 18 5.66 2 3.1% 0.27 [-1.38,1.92] i
Sheng 2019 26.17 537 42 2045 3.11 38 47% 1.27[0.79, 1.76] -
Subtotal (95% CI) 60 46 11.9% 0.48 [-0.69, 1.66] -
Heterogeneity: Tau’=0.80; Chi*=8.99, df=2 (P=0.01); ’=78%
Test for overall effect: Z=0.80 (P=0.42)
30 times<Number of treatment<40 times

Liang2 2017 27.19 456 34 2349 501 34 47% 0.76 [0.27, 1.26] =
Subtotal (95% CI) 34 34 4.7% 0.76 [0.27, 1.26] L 2
Heterogeneity: Not applicable
Test for overall effect: Z=3.03 (P=0.002)
40 times<Number of treatment< 60 times

Liul 2017 26.63 1.03 60 17.55 2.02 60 43% 5.63 [4.82, 6.43] -
Liu2 2017 21.76 221 60 17.55 2.02 60 4.7% 1.98[1.54,2.41] -
Zhang 2019 27.68 191 98 2297 202 98 4.8% 2.39[2.02,2.75] -
Subtotal (95% CI) 218 218 13.8% 3.28 [1.67, 4.90] ~ =
Heterogeneity: Tau’=1.95; Chi>=63.03, df=2 (P<0.00001); ’=97%
Test for overall effect: Z=3.99 (P<0.0001)
60 times<Number of treatment< 80 times
Yin 2015 27.36 5.65 30 17.25 4.31 30 4.5% 1.99[1.36,2.61] -
Subtotal (95% CI) 30 30 4.5% 1.99 [1.36, 2.61] <>
Heterogeneity: Not applicable
Test for overall effect: Z=6.22 (P<0.00001)
Total (95% CI) 652 617 100.0% 1.20 [0.71, 1.68] . 4

Heterogeneity: Tau’=1.26; Chi’=291.97, df=23 (P<0.00001); ’=92% T TR ! 4
Test for overall effect: Z=4.81 (P<0.00001) ) Favours [control] Favours [experimental]
Test for subgroup differences: Chi*=29.78, df=6 (P< 0.0001); /"=79.9%

E7 {EF MMSE T4 TMS KRR HTT AD S5 A KD ST B Rt E

Fig7 Forest plot: the efficacy of different treatment times of TMS on cognitive function of AD using MMSE

2.4.2 TMSXIAD % BPSD I 3% P=0.100), UiFA{HH NPIITAY TMS X} AD &4 BPSD 77
(1) HEHINPLIEM ISR 45 SCER 41022 g, B, SRS ERE L. Grade JEHRE R %5 2% R AL

IR 180 A, XTHAZH 176 A S WFFEIRIAFAAE I .40 12 i (R2).

SFME (P=98%, P=0.000), >R HIFEALZLCN AL, 255 (2) ffi H BEHAVE-AD # £ M 945 3% 6 5 X

(E8) W, R SMD=-1.95 (95%CI —4.27~0.37, ik 03181922260 o A B A FG IR 41 280 AL 4
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Yang 2014 16.69 6.62 20 2344 549 18 25.0% -1.08[-1.77,-0.39] G
Liu 2017 18.17 291 12 17.62 3.37 10 24.7% 0.17 [-0.67, 1.01] -
Zhang 2019 13.69 1.13 98 19.69 1.02 98 25.1% -5.55[-6.17,-4.93] e
Wang 2019 1328 1.65 50 15.67 198 50 253% -1.30[-1.73,-0.87] -
Total (95% CI) 180 176 100.0% -1.95 [-4.27, 0.37] —-

Heterogeneity: Tau’=5.48; Chi*=167.73, df=3 (P<0.00001); ’=98%
Test for overall effect: Z=1.65 (P=0.10)

B8 A NPHTM TMS 3f AD #:3& BPSD T B 7R # E
Fig 8 Forest plot: the efficacy of TMS on the BPSD of AD using NPI

I R, A WFoEI s B o, Bk G IF. &
AT, SRIEAE o (RS AR R, FRATTHEI AT g 2
H TN R S 80, ARG S R AT W 2H o3 A, et
kAR AR 2 IR A i UM T, T RSB,
2, ARGl SR el IR 1R Y, A
WORFEG 2R RE (P=46%, P=0.120), W45

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

R (E9) % i SMD=-0.83 (95%CI —1.06~
-0.60, P=0.000) ; fI45 241 %4 ) & SMD=-0.10 (95%CI
-0.67~0.47, P=0.730), uiH]fii H] BEHAVE-AD ¥4/ = 4
TMS %I AD 7% BPSD A7 &L, 14 TMS Jo 4t it i
M, Grade F# i S B, SIS ILF R, %
BN 25 AR (F2).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
High Frequency Group
Wu2 2015 9.08 427 26 1196 418 26 14.7% -0.67[-1.23,-0.11]
Wu 2016 121 41 32 146 53 32 185% —0.52[-1.02,-0.02] ]
Xu2 2017 6.02 3.72 40 10.53 2,56 40 19.0% -0.40[-1.89,-0.91] -
Wu2 2017 10.12 331 24 1329 407 24 13.1% ~0.84[1.43,-0.25] e
Ni 2019 9.08 427 36 1196 418 36 20.3% —0.67[-1.15,-0.20] .
Zhang 2019 10.03 1.09 98 1526 135 98 0.0% —4.25[-4.75,-3.74]
Subtotal (95% CI) 158 158 85.7% —0.83 [-1.06,~0.60] L
Heterogeneity: Chi’=7.34, df=4 (P=0.12); P=46%
Test for overall effect: Z=7.00 (P<0.00001)
Low Frequency Group
Wul 2017 12.87 416 24 1329 407 24 143% -0.10[-0.67,0.47 - 1
Subtotal (95% CI) 24 24 143%  —0.10 %—0.67, 0.47} ——
Heterogeneity: Not applicable
Test for overall effect: Z=0.35 (P=0.73)
Total (95% CI) 182 182 100.0% —0.72 [-0.94, -0.51] >
Heterogeneity: Chi’=12.76, df=5 (P= 0.03); ’=61% _’2 _‘1 5 ] 2

Test for overall effect: Z=6.61 (P<0.00001)
Test for subgroup differences: Chi’=5.42, df=1 (P=0.02); ’=81.6%

&9 {&H BEHAVE-AD I S5 TMS Xt AD 22 BPSD 7 3 HI 7R vk B

Favours [experimental] Favours [control]

Fig 9 Forest plot: the efficacy of high and low frequency TMS on the BPSD of AD using BEHAVE-AD

3 idie

ARHFFE R GEVEAN T TMS X AD & & N HI DI E A1 BPSD
MTTR, AT 23530k, dE1 477 BSR4, 455
N, TMS REf k3 AD B # A A IR s JCie 2l A
ADAS-Cog if f= MMSE PEAY, 34 7 i @ 45 TMSS fE FAI
BTMS, 55545 meta 34T 27 4540240, 7E BPSD
D5, A8 NPLIEA I, TMS 20 5 % BR A7 350 2% 7 e 4%
222 X {8 BEHAVE-AD iF4 I & B, 2595 TMS
AEfZ LSS AD B 19 BPSD, X SRS 2% 1) —I meta
ST ARG AN, ABATARF TR 45 R s, ] NPLIT
ik, TMS A 5% AT E RA Gt 2# 2 . X T fg
SR A B IA S NPLITEAG AR R A B, HELL
ATH T i AD S8 19 BPSD; Ifii BEHAVE-AD 1Al [ #2 4>
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. 535, WATRE 599 AR SCERE L . it S G,
FoATTRY A AT 45 RS BT R R B, B AT UE A T
HBARAK, X R W T AT A RO A7 AE AT T, 455 K]
. HEIET TMSIAYF AD 9 BARHLEIAT K 58 4 M B
SCHR 20 Al TMS 58 i 0738 KM Bz J2 0 B i g 3, 345 4
G 2 2R 1 T R AR LA R B0 5 fi A% 328 S AL & #5035 AD
BHE WA R D) g s TMS 3@ o 98 5 ik 9 5-F% 68 B (5-
hydroxytryptamine, 5-HT). y-Z % T B2 (y-aminobutyric
acid, GABA) Ml N-H 3 -D- K& &R (N-methyl-D-
aspartate, NMDA) #1236 it J 32 A SE P, 238 AD i
HHYBPSD ¢,

AT R AD NFERRIE 5 RO, o B3 &
B2, Y RZENRE R B, R AN,
I 12 7% B 17 ™ o R Bl R (W 5 R AN T R . AR
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