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[ Abstract ] Objective To investigate the effectiveness of non-invasive brain stimulation in improving the executive
functions of patients with Parkinson’s disease (PD). Methods The randomized controlled trials (RCTs) about transcranial
magnetic stimulation (TMS), transcranial alternating current stimulation (tACS) or transcranial direct current stimulation
(tDCS) in treating PD patients with outcome indicators including executive functions were retrieved from 5 databases (Web of
Science, PubMed, EMBASE, CNKI, and Wanfang data). The literatures were screened according to the predetermined criteria
and the data were extracted. The effectiveness of 3 non-invasive brain stimulation interventions on executive dysfunction of
PD patients was compared using network meta-analysis (NMA). The results were summarized by standardized mean difference
(SMD) and 95% Bayesian credibility interval (Cr/), and the effectiveness of each intervention was ranked by surface under the
cumulative ranking curve (SUCRA). Results A total of 20 RCTs (809 PD patients) were included. Compared with the control
group, TMS significantly improved the executive functions of PD patients (SMD=0.16, 95% Crl 0.01-0.32). The probability
ranking results of the effectiveness of the interventions on the executive functions of PD patients were TMS>tACS>tDCS>
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control (SUCRA=0.72, 0.61, 0.41, 0.25, respectively). TMS was the most likely intervention with the best performance.

Conclusion TMS has a direct improvement effect on executive functions of PD patients. Limited by the number and quality

of the included studies, the above conclusion need to be further verified by high-quality studies.
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stimulation; network meta-analysis
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Records after excluding duplication and full text not
available (n=125)
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Reports assessed for eligibility (n=35)
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raw data unable to be
extracted (n=15)

RCTs included for analysis (n=20)
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Fig1 Flow diagram of study selection

RCT: Randomized controlled trial.
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Tab 1 Characteristics of included studies
Ob ti Control . .
Study servation group — ontrol group Execution function
n Intervention Stimulation plan muration n Intervention rating scale
parameter
Del Felice, 2019 20 tACS +physical therapy 30 min per day, 5 d per week 4 Hz, 30 Hz; 10 Physical therapy Digit symbol
for 2 weeks 2 mA substitution test
Manenti, 2018 11 tDCS+computerized 25 min per day, 5 d per week 2 mA 11 Computerized  TMT, attentional
cognitive training for 2 weeks cognitive performance test,
training Stroop test, FAB
Wei, 2022 30 rTMS+cognitive training 1200 pulses X2 sessions 5Hz 30 Cognitive WCST
per day, 5 d per week for 2 training
weeks
Srovnalova, 2012 10 rTMS+cognitive training 600 pulses per day, 4 25 Hz 10 Cognitive Tower of London test
sessions with 1-2 d in training
between
Trung, 2019 14 TMS 600 pulses twice a day for 50 Hz 14 Usual care Executive function
3 d with 1-2 d in between
Bueno, 2019'¢ 10 tDCS 20 min X 1 session 2 mA 10 Sham TMT, verbal fluency
stimulation test, Stroop test
Buard, 20187’ 22 rTMS 750 pulses once a day for 20 Hz 24 Sham TMT, Boston naming
10 consecutive weekdays stimulation test
Srovnalova, 2011""* 10 rTMS 600 pulses X 1 session 25 Hz 10 Sham Stroop test, FAB
stimulation
He, 2021 20 rTMS 600 pulses once a day for ~ Resting motor 15 Sham Repeatable battery
10 consecutive weekdays threshold, 50 Hz stimulation for the assessment of
neuropsychological
status
Boggio, 2005 13 TMS 40 trains of 5 s each for 15 Hz, 110% of 12 Sham Stroop test, WCST
10 d over a 2-week period ~ motor threshold stimulation
Guerra, 2022"" 6 tACS 6 min X 2 session 20 Hz, 70 Hz, 6 Sham FAB
1 mA stimulation
Deppermann, 20147 22 rTMS 600 pulses once a day for 80% of resting 22 Sham Verbal fluency task
15 d over a 3-week period ~ motor threshold stimulation
Hill, 2020 7 TMS 600 pulses once a day for 50 Hz 7 Sham Berg’s card sorting
10d stimulation test
Qi, 2019 47 Low-frequency rTMS 20 min, 5 times a week 1 Hz, 80% of 47 Usual care Rapid verbal retrieve,
for 8 weeks motor threshold clock drawing test,
TMT
Zhang, 2023 32 Virtual reality +rTMS 20 min, 5 times a week 10 Hz, 90% of 32 Cognitive Montreal cognitive
for 8 weeks motor threshold training assessment
Huang, 2021 f2¢] 30 rTMS+rehabilitation 800 pulses once a day, 6 1 Hz/5 Hz, 30 Rehabilitation ~ Montreal cognitive
training times a week for 1 month 80% of motor training assessment
threshold
Zhang, 2020 37 rTMS+rehabilitation 800 pulses once a day, 6 10 Hz 37 Rehabilitation ~ Montreal cognitive
training times a week for 3 months training assessment
Liu, 2019 30 Low-frequency rTMS 20 min per day for 20 d 1 Hz, 110% of 30 Usual care Montreal cognitive
resting motor assessment
o threshold
Li, 2018 28 tDCS 20 min X | session 2 mA 28 Sham Montreal cognitive
stimulation assessment
Sedlackova, 2009”13 High-frequency rTMS 1 350 pulses X 1 session 10 Hz,100% of 12 Usual care Letter verbal fluency

resting motor
threshold

test, TMT

tACS: Transcranial alternating current stimulation; tDCS: Transcranial direct current stimulation; rTMS: Repetitive transcranial magnetic

stimulation; TMS: Transcranial magnetic stimulation; TMT: Trail making test; FAB: Frontal assessment battery; WCST: Wisconsin card sorting test.

Random sequence generation (selection bias) _:l
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessment (detection bias) -
Incomplete outcome data (attrition bias) —:l
Selective reporting (reporting bias) —:I

Other bias | |
0% 25% 50% 75% 100%
. Low risk of bias D Unclear risk of bias . High risk of bias
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Fig 2 Bias risk assessment of included studies
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Fig3 Network diagram of different interventions in
included studies
Lines represent treatments with direct comparisons. The
thickness of edges represents the number of studies underlying
each comparison. tACS: Transcranial alternating current
stimulation; tDCS: Transcranial direct current stimulation;

TMS: Transcranial magnetic stimulation.
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Mean difference (95% Crl)

tACS vs control

Del Felice, 2019 [11] —_— 0.012 (-0.82, 0.85)
Guerra, 2022[21] — 0.014 (-1.1,1.1)
Pooled (pair-wise) 0.0% —_— -0.007 2 (-0.69, 0.66)
Indirect (back-calculated) NA

Pooled (network) 0.0% —_— 0.022 (-0.66, 0.71)
tDCS vs control

Bueno, 2019[16] —_—fp— 0.095 (-0.78, 0.97)
Li, 2018[29] —o— 0.21 (-0.32, 0.73)
Manenti, 2018[12] —_—— 0.022 (-0.74, 0.78)
Pooled (pair-wise) 0.0% -1 0.14 (-0.26, 0.54)
Indirect (back-calculated) NA

Pooled (network) 0.0% —T— 0.14 (-0.26, 0.54)
TMS vs control

Boggio, 2005[20] —h— 0.058 (-0.73, 0.84)
Buard, 2018[17] —1— 0.11 (-0.47, 0.69)
Deppermann, 2014[22] —— 0.099 (-0.49, 0.69)
He, 2021[19] —— 0.10 (-0.57, 0.77)
Hill, 2020[23] —_— 0.017 (-1.0, 1.1)
Huang, 2021[26] —— 0.12 (-0.39, 0.62)
Liu, 2019[28] —e— 0.26 (-0.25, 0.76)
Qi, 2019[24] —— 0.30 (-0.11, 0.70)
Sedlackova, 2009[30] —_—h— 0.050 (-0.73, 0.83)
Srovnalova, 2011[18] = 0.079 (-0.80, 0.96)
Srovnalova, 2012[14] —_—t— 0.14 (-0.74,1.0)
Trung, 2019[15] ——— 0.43 (-0.32,1.2)
Wei, 2022[13] —to— 0.13 (-0.38, 0.64)
Zhang, 2020[27] —— 0.12 (-0.34, 0.57)
Zhang, 2023[25] —p— 0.086 (-0.40, 0.58)
Pooled (pair-wise) 0.0% - 0.16 (-0.005 5, 0.32)
Indirect (back-calculated) NA

Pooled (network) 0.0% - 0.16 (-0.002 7, 0.31)

[
-1.609 4379124341 0

1
1.609 437 912 434 1

B4 ANR PTG EEMEZ LR R R RARE

Fig4 Forest plots of heterogeneity of interventions compared directly and indirectly in included studies

tACS: Transcranial alternating current stimulation; tDCS: Transcranial direct current stimulation; TMS: Transcranial magnetic stimulation; Cr/:

Bayesian credibility interval; NA: Not available.
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Tab 2 Network meta-analysis of effects of different interventions on executive functions in patients with Parkinson’s disease

SMD (95% Crl)

Intervention

tACS

tDCS TMS

tDCS
™S
Control

—0.12 (—0.91, 0.65)
—0.14 (—0.85, 0.54)
0.01 (—0.68, 0.66)

—0.03 (—0.47, 0.41)
0.13 (—0.53, 0.28)

0.16 (0.01, 0.32)

tACS: Transcranial alternating current stimulation; tDCS: Transcranial direct current stimulation; TMS: Transcranial magnetic

stimulation; SMD: Standardized mean difference; Crl: Bayesian credibility interval.
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Tab 3 Probability ranking results of effectiveness of different interventions on executive functions

in patients with Parkinson’s disease

Intervention B anProbablhty ranking 3 o SUCRA
tACS 0.26 0.14 0.14 0.31 0.41
tDCS 0.35 0.26 0.21 0.17 0.61
TMS 0.37 0.30 0.17 0.01 0.72
Control 0.00 0.15 0.48 0.37 0.25

tACS: Transcranial alternating current stimulation; tDCS: Transcranial direct current stimulation; TMS: Transcranial magnetic

stimulation; SUCRA: Surface under the cumulative ranking curve.
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Fig5 Funnel plot of publication bias of included studies
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Tab 4 Sensitivity analysis of included studies

Study SMD (95% CI) P value
Omitting Del Felice, 2019 0.11 (—0.03,0.25)  0.14
Omitting Manenti, 2018' ">/ 0.10 (—0.03,0.24)  0.14
Omitting Wei, 2022'"*’ ©0.10(—0.04,024) 0.17
Omitting Srovnalova, 2012 0.10 (—0.02,0.26)  0.16
Omitting Trung, 2019""*' 0.12 (—0.03,0.24)  0.09
Omitting Bueno, 20191 0.10 (—0.04,0.24) 0.15
Omitting Buard, 2018’ 0.11 (—0.03,0.24)  0.11
Omitting Srovnalova, 2011 0.10 (—0.03,0.24)  0.14
Omitting He, 2021""’ 0.10 (—0.04,0.24) 016
Omitting Boggio, 2005'" 0.10 (—0.03,0.24)  0.15
Omitting Guerra, 2020"" 0.10 (—0.03,0.24)  0.15
Omitting Deppermann, 2014 0.10 (—0.04,0.24) 0.16
Omitting Hill, 2020 0.10 (—0.03,0.24)  0.14
Omitting Qi, 2019 0.07 (—0.07,0.22)  0.31
Omitting Zhang, 2023 > 0.10 (—0.04,0.25)  0.16
Omitting Huang, 2021 ,2671 0.10 (—0.04,0.24) 0.17
Omitting Zhang, 2020’ 0.10 (—0.04,0.25)  0.17
Omitting Liu, 2019 0.09 (—0.05,0.25)  0.22
Omitting Li, 2018'% 0.09 (—0.05,0.23)  0.20
Omitting Sedlackova, 2009°°  0.10 (—0.05,0.23)  0.14
Pooled estimate 0.10 (—0.04,0.25)  0.15

SMD: Standardized mean difference; CI: Confidence interval.
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