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Table S1 
Equations of effect sizes computation
	
	Parallel controlled trials
	Cross-over controlled trials

	SDA,change
	 (1)

	SDc,change
	 (2)

	SMD
	 (3)
 (4)

	 (5)

 (6)

	Hedges’ g
	 (7)
 (8)

	 (9)
 (10)



Note:  : standard deviation of cognitive change scores for active group;  : standard deviation of cognitive change scores for control group;  : standard deviation of pre-stimulation cognitive outcomes for active group; : standard deviation of post-stimulation cognitive outcomes for active group; : correlation between pre- and post-stimulation;  : standard deviation of pre-stimulation cognitive outcomes for control group;  : standard deviation of post-stimulation cognitive outcomes for control group; SMD:  standardized mean difference;  : mean change score of active group;  : mean change score of control group;  : sample size of active group;  : sample size of control group; : Variance of SMD;  : correlation between active and control condition;  : sample size of cross-over trials.



Table S2 
Cognitive variables selected in the analyses
	Cognitive domain
	Cognitive tasks
	k

	Attention
	0-back
1-back
Free visual exploration task
Exogenous cueing task (ECT)
Stroop task
Oddball paradigm
TAP-alertness
TAP-divided attention
Reaction task
Multiple object tracking (MOT)
Rapid visual information processing task (RVIP) 
Continuous performance task (CPT)
Self-matching task
Trial making test (TMT)-Part A
Reaction time tasks
Digit span task (DSP)-Forward
	3
4
1
1
7
1
1
1
1
1
1
1
1
1
1
1

	Motor
	Fitts’ paradigm
Motor sequency experiment
Sensory discrimination measurement
TULIA
Postural imitation test
Nine-hole peg test (NHPT)
Purdue pegboard test (PPT)
Minnesota dexterity task (MDT)
Two-ball rotation task
Continuous tracking task
	1
1
1
1
1
1
1
1
1
1

	Memory
	Pattern recognition memory task (PRM)
Spatial recognition memory task (SRM)
Serial reaction time task (SRTT)
Memory test
Aiming and memory task
Episodic memory task
Face-cued word recall testing
Associative memory task
	1
1
1
2
1
1
1
1

	Language
	Sentence repetition task
	1

	Perception
	Conscious detection task
Filling-in paradigm
Emotion discrimination task
Identity discrimination task
Vocal identity discrimination task
Order and quantity tasks
Achromatic motion discrimination task
Chromatic motion discrimination task
Chromatic detection task
Achromatic detection task
Conjunction search task
Feature search task
Perceptual task
Line bisection (LB)
Landmark tasks (LM)
Mental rotation task
	1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

	Executive function
	Digit span task (DSP)-Backward
Spatial 2‐back task (S2B)
Delayed match‐to‐sample task (DMS)
Spatial span task (SSP)
Stockings of Cambridge task (SOC)
2-back
3-back
Stroop task
Negative affective priming task (NAP)
Colour task
Orientation task
Dual task
TAP-go/no-go
TAP-working memory
TAP-flexibility
Verbal fluency tasks
Ruff figural fluency test
Adjusting amount task (AAT)
Information sampling task (IST)
Stop signal task (SST)
Change detection task
Self-matching task
Raven’s progressive matrices
Stop-switching task
Trial making test (TMT)-Part B
Game of dice task (GDT)
Risky gains task (RGT)
Agency task
Spatial working memory task
	2
1
1
1
1
5
5
8
1
1
1
1
2
1
1
1
1
1
2
2
1
1
1
1
1
1
1
1
1
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Fig. S1 Hedge’s g values with six correlation coefficient values. 
Note: C1: rpre-post= 0, ractive-control=0; C1: rpre-post= 0, ractive-control=0.5; C1: rpre-post= 0, ractive-control=0.8; C1: rpre-post= 0.5, ractive-control=0; C1: rpre-post= 0.5, ractive-control=0.5; C1: rpre-post= 0.5, ractive-control=0.8; Acc_Ex: overall effect size of excitatory studies for accuracy; RT_Ex: overall effect size of excitatory studies for reaction time; This sensitive analysis calculated the overall effect sizes from 45 studies. 
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Fig. S2 Forest plots of effects of excitatory HF-rTMS across cognitive domains for accuracy
Note: l: Left; r: Right; b: Bilateral; DLPFC: Dorsolateral prefrontal cortex; IPL: Inferior parietal lobule; PPC: Posterior parietal cortex; PL: Parietal lobe; IFG: Inferior Frontal Gyrus; PC: Parietal cortex; PMd: dorsal premotor cortex; M1: Primary motor cortex; V5: Visual cortex
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Fig. S3 Forest plots of effects of inhibitory HF-rTMS for accuracy 
Note: Dosing represents the total pulses per session; l: Left; r: Right; b: Bilateral; PPC: Posterior parietal cortex; MT+: middle temporal area and medial superior temporal area; DLPFC: Dorsolateral prefrontal cortex; SMA: Supplementary motor area; PoG: Postcentral gyrus; OC: Occipital cortex; V1: Primary visual cortex; PM: Lateral premotor cortex; hMT+: The point that elicited the strongest moving phosphene; IFG: Inferior frontal gyrus; pSTS: Posterior superior temporal sulcus; pIPC: Posterior inferior parietal cortex; Dual: targeted at dual sites (Left IFG and right IPL: Inferior parietal lobule)
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Fig. S4 Forest plots of effects of inhibitory HF-rTMS across cognitive domains for accuracy
Note: l: Left; r: Right; b: Bilateral; MT+: middle temporal area and medial superior temporal area; DLPFC: Dorsolateral prefrontal cortex; pSTS: Posterior superior temporal sulcus; PPC: Posterior parietal cortex; IFG: Inferior frontal gyrus; SMA: Supplementary motor area; pIPC: Posterior inferior parietal cortex; Dual: targeted at dual sites (Left IFG and right IPL: Inferior parietal lobule); hMT+: The point that elicited the strongest moving phosphene; PoG: Postcentral gyrus; OC: Occipital cortex; V1: Primary visual cortex; PM: Lateral premotor cortex
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Fig. S5 Forest plots for effects of excitatory HF-rTMS on control methods for accuracy
Note: l: Left; r: Right; b: Bilateral; DLPFC: Dorsolateral prefrontal cortex; PPC: Posterior parietal cortex; IPL: Inferior parietal lobule; V5: Visual cortex; PL: Parietal lobe; PMd: dorsal premotor cortex; IFG: Inferior Frontal Gyrus; M1: Primary motor cortex; PC: Parietal cortex
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Fig. S6 Forest plots of effects of excitatory HF-rTMS across cognitive domains for reaction time
Note: l: Left; r: Right; b: Bilateral; DLPFC: Dorsolateral prefrontal cortex; IPL: Inferior parietal lobule; SMA: Supplementary motor area; PPC: Posterior parietal cortex; IFG: Inferior frontal gyrus; PMd: dorsal premotor cortex
[image: ]
Fig. S7 Forest plots of effects of inhibitory HF-rTMS for reaction time 
Note: Dosing represents the total pulses per session; l: Left; r: Right; b: Bilateral; DLPFC: Dorsolateral prefrontal cortex; PM: Lateral premotor cortex; PoG: Postcentral gyrus; pSTS: Posterior superior temporal sulcus; IPS: Intraparietal sulcus; AG: Angular gyrus; IFG: Inferior frontal gyrus; PC: Parietal cortex
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Fig. S8 Forest plots of effects of inhibitory HF-rTMS across cognitive domains for reaction time
Note: l: Left; r: Right; DLPFC: Dorsolateral prefrontal cortex; pSTS: Posterior superior temporal sulcus; IPS: Intraparietal sulcus; IFG: Inferior frontal gyrus; PC: Parietal cortex; PM: Lateral premotor cortex; PoG: Postcentral gyrus; AG: Angular gyrus.
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Fig. S9 Forest plots for effects of excitatory HF-rTMS on frequency for reaction time
Note: l: Left; r: Right; b: Bilateral; PMd: dorsal premotor cortex; PPC: Posterior parietal cortex; DLPFC: Dorsolateral prefrontal cortex; SMA: Supplementary motor area; IPL: Inferior parietal lobule; IFG: Inferior frontal gyrus
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Fig. S10 Forest plots for effects of excitatory HF-rTMS on targeting methods for reaction time
Note: l: Left; r: Right; b: Bilateral; DLPFC: Dorsolateral prefrontal cortex; PPC: Posterior parietal cortex; IPL: Inferior parietal lobule; PMd: dorsal premotor cortex; SMA: Supplementary motor area; IFG: Inferior frontal gyrus
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Fig. S11 Forest plots for effects of excitatory HF-rTMS on control methods for reaction time
Note: l: Left; r: Right; b: Bilateral; PPC: Posterior parietal cortex; IPL: Inferior parietal lobule; DLPFC: Dorsolateral prefrontal cortex; PMd: dorsal premotor cortex; SMA: Supplementary motor area; IFG: Inferior frontal gyrus
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Vanderhasseltetal. 2010 IDLPFG  10Hz 20 20 —|
Backen etal., 2012 DLPFC  10Hz 18 18 -~
Jietal, 201 pre-SMA  iTBS 20 20 1
Wuetal, 2021 IDLPFC  iTBS 20 20 —+

W etal 2021 IDLPFC  iTBS 20 20 —+
Leymanétal, 2009 Expt  IDLPFC  10Hz 17 17 +

W etal. 2031 DLPFC  20Hz 20 20 I
Palaus ef al., 2020 DLPFC  1TBS 13 o
Jietal, 2019 PreSMA  SHe 20 20 -
Watal, 2021 FC 20Hz 20 20 =
Jietal, pre-SMA  iTBS 8 18 -
Baisaral. 2020 DLPFC  iTBS 413 —
Palaus et al., 2020 DLPFC  iTBS 413 e
De Raed et al,, 2010 OLPFC  10Hz 19 17 —
De Raedt et al, 2010 DLPFC  10Hz 16 16 -
Random effecis mode| 397 392 *
Heterogeneily: I = 90%,* = 0.0410, p < 0.01

Targetingmethod: Scalp

Lietal, 2017 DLPFG  10Hz 25 25 -

Lietal, 2017 DLPFC  10Hz 25 25 —

Pinto et al,, 2021 DLPFC  iTBS 9 9 E——
Lietal, 2021 DLPFC  10Hz 33 33 -
Huang et al,, 2004 IDLPFC  5Hz 24 2 b

Pinto et al,, 2018 IDLPFC  iTBS o 10 —
Schaller efal., 2013 DLPFC  2sHz 21 17 .

Pinto et al., 2021 DLPFC  1TBS 9 9 o
Yang et al, 2018b 1IFG 10Hz 20 20 -
Schaller ef al., 2013 DLPFC  28Hz 21 17 f—
Random effects mode| 197 189 < -0.14 [-0.28; 0.00
Heterogeneily: I = 85%,* = 0.0387, p < 0.01
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image11.png
Authors Site  Frequency Active Control SMD  95%-Cl
Type.of.sham: Active control |

Pearce et al., 2014 PPC 5Hz. 10 10 M -0.08 [-0.48; 0.31]
Gao etal., 2021 IPL. 20Hz 16 16 -0.06 [-0.19; 0.06]
Gao et al., 2021 IPL. 20Hz 16 16 -0.00 [-0.12; 0.12]
Random effects model 42 42 < -0.04 .12; 0.05]
Heterogeneity: I°= 0%, =0, p =0.76

Type.of.sham: Angle rotation

Kim et al., 2012 IDLPFC 10Hz 8 8 -1.16
Kazemi et al., 2020 DLPFC 10Hz 6 6 —_— -1.05
Bagherzadeh et al., 2016 DLPFC 10Hz 15 15 —_— -1.04
Bagherzadeh et al., 2016 DLPFC 10Hz 15 15 — -0.79
Kim et al., 2012 IDLPFC 10Hz 8 8 —— -0.74
Lietal, 2017 IDLPFC  10Hz 25 25 —-— 063
Kim et al., 2020 IDLPFC ~ 10Hz 1413 — -0.49
Choi et al., 2016 Motor area 10Hz 12 8 — -0.40
Lietal, 2017 IDLPFC 10Hz 25 25 —- -0.36
Vanderhasselt et al., 2006  IDLPFC 10Hz 28 28 - -0.27
Pinto et al., 2021 rDLPFC iTBS 9 9 —_—T -0.27
Vanderhasselt et al., 2007 rDLPFC 10Hz 20 20 - -0.25
Vanderhasselt etal., 2007 DLPFC  10Hz 20 20 - 025
Vanderhasselt etal. 2006 IDLPFC ~ 10Hz 28 28 - 017
Vanderhasselt etal, 2010 IDLPFC ~ 10Hz 20 20 - 013
Baeken et al., 2012 IDLPFC 10Hz 18 18 | -0.12
Lietal, 2021 IDLPFC 10Hz 33 33 - -0.10
Huang et al., 2004 IDLPFC 5Hz 24 24 - -0.08
Pinto etal., 2018 IDLPFC  iTBS 1010 e 003
Pinto et al., 2021 DLPFC  iTBS 9 9 _ 002
Leyman etal, 2009 Exp!  IDLPFC  10Hz 1717 - 0.03
Barr et al., 2009 DLPFC  20Hz 1o —— 007
Palaus et al., 2020 DLPFC  iTBS 413 —— 0.10
Kazemi et al., 2020 rDLPFC 6Hz. 10 10 o 0.13
Barr et al., 2009 DLPFC 20Hz 1 1 t— 0.17
Palaus etal., 2020 DLPFC  TBS 413 —— 0.25
Palaus et al., 2020 DLPFC  iTBS 413 — 027
De Raedt et al., 2010 DLPFC  10Hz 190 17 — 035
De Raedt et al., 2010 IDLPFC  10Hz 6 16 - 039
Random effects model 4713 463 R -0.20
Heterogeneity: I° = 90%, * = 0.1404, p < 0.01

Type.of.sham: Sham coil

Meehan et al., 2013 1PMd SHz 1noon ——|

Jietal, 2019 rpre-SMA  25Hz 20 20 =

Jietal, 2019 rpre-SMA  TBS 20 20 -

Wu et al, 2021 IDLPFC  iTBS 20 20 —

Schaller et al., 2013 IDLPFC 25Hz 21 17 b

Wu etal,, 2021 IDLPFC iTBS 20 20 i

Yang et al., 2018b rIFG 10Hz 20 20 *

Wu etal., 2021 IDLPFC  20Hz 20 20 -+

Schaller et al., 2013 IDLPFC ~ 25Hz 21 17

Jietal, 2019 pre-SMA  5Hz 20 20

Wu etal., 2021 IDLPFC 20Hz 20 20

Jietal, 2019 rpre-SMA iTBS 18 18 -

Random effects model 231 223

Heterogeneity: /° = 81%, v/ = 0.0191, p < 0.01
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‘Standardised Mean

Authors Site  Frequency Active Control Difference SMD  9s%Cl
Cognitive domain: Attention
Kimetal 2012 DLPEC  foHz 8 8 065 117014
Kazemietal, 2020 OPFC 102 & & 037 [072 002
Bairetal, 2009 DIPEC 2002 11 0 _— 019 [055 017
Binloetal. 2021 IPEC BS99 —— 010 (054 033
Palaus et 2020 WPFE MBS 14 13 —_ 003 [035 079
Gaoetal 7021 TN 7 I = 003 [005' 078
Vil et al, 2021 DLPEC 204z 20 20 _— 006 [0.13 029
Gaute-Bosmaetal, 2013 DLPEC 104z 9 10 —F— 970 [031: 052
Letal. 2017 DIPEG 10z 25 25 — 018 002 034
Senaler etal, 2013 DLPEC 2t 21 17 —— 026 005 048
Vo etal, 2021 DIPEG  T8S  20 20 e 034 [071a 053
Kazemi étal, 2020 PFC ez 10 10 —=— 063 044’ 053]
Random effécts mode| 69 165 - 006 (012 025)
Helorogensiy: | 9%, * = 00851, p <0.01
Cognitive domain: Executive function
Pinloetal, 2021 OIPFC BS99 ——— 28
Barretal, 009 DIPEC 202 11 11 — 02
Vekony efal, 2018 DLpFC MBS 18 16 — 01
Peatce etal. 2014 wRC s 10 10 — 19
Chungetal. 3018 pLPFC MBS 18 18 Ee 08
Chung et al 2018 OPFC MBS 18 18 + 10
Dengetal 5022 [ R 1 - 19
Lietal, 2071 DLPFC  do 3 % = 19
Gaoetal, 2021 WL H 16 16 = 19
Palaus et 2020 miPFc MBS 14 13 —+— 37
Palaus etal 2020 WPFC MBS 14 13 —F— 008 37
Schaleretal, 2013 DLPEC 252 21 A7 e 0z
Yang etal, 2018 DLPEC MBS 23 23 -~ 014
Yang etal; 201ab aEGT 10K 20 20 = 015
Kimetal 2012 DiPEC  10Hz 8 8 — 015
Viang et a1 2020 DIPFC 20 28 29 - 023
Viang et al- 2020 DLPEC 20 23 2 - 077
Vv et al, 2021 DIPFG 2047 20 20 = 031
Wang et’al. 2020 DLPEC MBS 23 29 - 031
Gaude-Bosmaetal, 2013 DLPFC 102§ 10 —_ 031
Lietal. 2017 DLPEC  fo 25 2 — 039
Bagherzagehetal, 2016 DLPFC  foiz 15 13 R 041
wuetal, 2021 DIPEC  mBS 2 — 052
Wiang e1al, 2020 OLPFC MBS 28 29 — 0%
Random effects mode| 460 456 g 014
Helorogonaly: | < 7%, ¢ = 00883, p <0.01
Cognitive.domain: Memory
Vidiieneioetal, 2014 0 IEG  mBS 12 12 _ 005
Gaoetal. 2021 WL H 5 16 028
Wang el &, 2015 2 8 8 — = o7
Random effects mode| 36 ——— 029
Helorogenaty: | = 1%, ¢ =0.1071,p 20,03
Cognitive domain: Motor
Meehan et 3 2013 M sz 11 1 —= 02
Choreta, 2016 Molorarea i0Hz 12 8 E———— 03
ZngaFondetal 20t i meS 6§ — 012
Random effects model % % .12
Hotorogenaiy: I = 0%, ¢ = 0. p =051
Cognitive.domain: Perception
Kallaetal 2009 Dierc  mBS 12 12 = 043 5
Amiazetal 2011 DIPEC 10 10 10 — 0.0 B
Palats et 2020 OPFC MBS 14 13 — 025 54
Kallaetal. 3009 Vs mes 12 12 —=— b7 a7]
Random éffects mode] a7 —_— ot 58]
Helorogensiy: /= 96%, * = 02065, p <0.01
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Authors

Zito etal., 2021
Chakraborty etal., 2021
Vekony etal. 2018
Dietrich et al., 2018
Tomlinson et al., 2014 Exp1
Kaderalis etal., 2015 Exp2
Pinto etal., 2021

Banissy etal, 2010 Exp3
Rahnev et al, 2013 Exp2
Liang etal., 2021

Banissy etal, 2010 Exp1
Kaderalis et al,, 2015 Exp2
Banissy etal, 2010 Exp1
Kaderalis etal., 2015 Exp3
Morgan et al., 2013

Liang et al., 2021

Liang et al., 2021

Liang etal., 2021

Clerget etal., 2011
Kaderalis et al., 2015 Exp3
Banissy etal, 2010 Exp2
Banissy etal, 2010 Exp3
Pinto etal., 2021

Banissy etal, 2010 Exp2
Vanbellingen et al., 2020
Galea etal., 2009

Allen et al., 2014 Exp1
Tambini et al., 2018
Vanbellingen et al., 2020
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1167,p <001

Frequency Dosing Active Control

€TBS 600 20 20
€8S 600 15 15
c!BS 600 17 16
cTBS 600 18 18
€8S 600 10 10
cTBS 600 8 8
cTBS 600 9 9
cBS 300 6 6
cBS 600 9 9
cTBS 600 35 36
€8S 300 10 10
cTBS 600 8 8
€8S 300 10 10
cTBS 600 8 8
€TBS 600 17 17
cTBS 600 35 36
cTBS 600 38 36
cTBS 600 38 36
€8BS 600 12 12
cTBS 600 8 8
€8S 300 10 10
cBS 300 6 6
cBS 600 9 9
€8S 300 10 10
ctBS 801 31 31
cTBS 600 10 10
€8BS 600 16 16
cTBS 600 22 22
ctBS 801 31 31

476 473

Standardised Mean

05 0
Favors Control

05
Favors Active

1

SMD.

093
062
049
046
041
038
030
024
019
017
015
013
0.08
0.08
004
0.00
003
004

012
0.15
015
019
0.19
026
040
044

074

0.05

95% CI

0.08]
067]

Weight

37%
36%
34%
35%
35%
33%
27%
31%
35%
38%
36%
34%
36%
33%
37%
38%
38%
38%
30%
34%
36%
31%
27%
35%
37%
28%
37%
38%
37%

100.0%




