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[ Abstract] Objective To evaluate the efficacy and safety of non-invasive neuroregulatory techniques
in the treatment of anxiety disorders. Methods Randomized controlled trials(RCT) on the efficacy of
non-invasive neuroregulatory techniques such as transcranial direct current stimulation (tDCS), repetitive
transcranial magnetic stimulation (TMS), and transcranial alternating current stimulation (tACS) in patients
with anxiety disorders was searched in PubMed, Embase, Cochrane Library, China National Knowledge
Infrastructure, VIP Chinese Science and Technology Journal Database, and Wanfang Database. The searching
time limitation is from database establishment to September 2022. Two researchers independently screen
literature,, extract data, and conduct quality evaluation. RevMan 5.4 and Stata 14 software were applied in the
Meta-analysis. Results A total of 22 RCTs were included, 5 of which applied tDCS, 17 of which applied
'TMS, and none of which applied tACS. A total of 1 216 patients were enrolled, including 611 in the control
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group and 605 in the experimental group. The results of Meta-analysis showed that the improvement of anxiety
symptoms in experimental group treated with non-invasive neuroregulatory techniques (tDCS and rTMS) was
better than that in the control group (SMD=0.87, 95%CI=0.54-1.21, P < 0.05). Subgroup analysis of different
neuromodulation modes showed that rTMS was better in the experimental group than in the control group
(SMD=0.90, 95%CI: 0.52-1.28, P < 0.05). However, there was no significant difference in the effect of tDCS
on anxiety symptoms between the experimental group and the control group (SMD=0.76, 95%CI: -0.00-1.53,
P=0.05). Conclusions Non-invasive neuromodulation techniques can effectively improve anxiety symptoms in
patients with anxiety disorders. It is worthy of further clinical verification and promotion.

[ Key words ] Anxiety disorders; Non-invasive neuromodulation techniques; Transcranial electrical
stimulation;  Transcranial direct current stimulation;  Meta analysis
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SD Total Weight IV, Random, 95% CI

Experimental Control
Study or Subgrou Mean SD Total Mean
1.1.1tDCS
Aksu et al. 1.67 5.282301 15 3.2 7154362 15 45%
de Lima etal. 11.87 13.16511 15 6.8 1374509 15 45%
Jafari etal. 215 7.570317 13 484 7.472429 14 3.8%
Movahed et al. 8.33 4.833208 6 -05 1299627 6 33%
Nasiri et al. 2461 6.837302 13 16.67 9.521906 15 4.3%
Subtotal (95% Cl) 62 65 20.3%
Heterogeneity: Tau®= 0.56; Chi*=16.01, df= 4 (P = 0.003); F=75%
Test for overall effect: Z=1.95 (P = 0.05)
1.1.2rTMS
Deppermann et al. 4.04 9555883 20 5.1 8.091669 2 47%
Diefenbach et al. 13.21 5519846 13 B6.37 4.348011 12 4.0%
Dilkov et al. 225 5.408327 15 4 4582576 25 36%
Huang et al. 911 5276713 18  1.61 3.979359 18 4.4%
Lietal 9.7 3.950948 40 0.3 4.257934 39 48%
Mantovani et al. 8.1 8960469 11 45 9354678 10 41%
Prasko etal. 557 4.853669 7 10.38 4610266 8  35%
HERE 19.89 5.389351 84 16.36 5971491 81 54%
FEAE 17.99 6927821 30 17.67 6.42 30 5.0%
NBEE 12.8 9.930201 40 698 11.46562 40  51%
REE 152 272989 20 1225 473865 20 4.7%
R 13.3 3.386739 45 8.5 3.740321 45  51%
WE% 19.67 5343398 52 10.89 5165182 48  51%
FREZE, 2011 13.63 3199015 35 9.05 3.484882 35 50%
KRRE E, 2014 875 3152729 31 7.83 2822286 33 5.0%
HiEis & 17.4 4179713 45 137 3.897435 45  51%
BmE 14 3.459769 37 141 4444097 3/ 51%
Subtotal (95% CI) 543 546 79.7%
Heterogeneity: Tau®= 0.53; Chi*= 129.09, df= 16 (P < 0.00001); F= 88%
Testfor overall effect: Z= 4.68 (P < 0.00001)
Total (95% Cl) 605 611 100.0%

Heterogeneity: Tau?= 0.51; Chi*= 146.04, df= 21 (P < 0.00001); F= 86%
Test for overall effect: Z=5.12 (P < 0.00001)
Test for subaroun differences: Chi*=0.10.df=1 (P =0.75). F=0%

25 P EL I FL I " TMS TR 2
tDCS FIrTMS Xof £8 I it 2B 2 A5 AT R 5% Ml ) AR bR ]

SD Total Weight IV, Random, 95% CI

T tDCSZ
E 4
Experimental Control

Study or Subgrou Mean SD Total Mean
1.21 LENVF
Jafari etal. 21.5 7.570317 13 484 7.472429 14 3.8%
Nasiri etal. 2461 6.837302 13 16.67 9521906 15 4.3%
s 19.67 5.343398 52 1089 5.165182 48 51%
Subtotal (95% CI) 78 77 13.2%
Heterogeneity. Tau*=0.14; Chi*=4.12,df=2(P=0.13), F=51%
Testfor overall effect: Z=5.13 (P < 0.00001)
1.2.2 SR b
Aksu etal. 1.67 5.282301 15 3.2 7154362 15 45%
de Limaetal. 11.87 1316511 15 6.8 13.74509 15 45%
Deppermann et al. 4.04 9555883 20 5.1 8.091669 2 47%
Diefenbach et al. 13.21 5519846 13 B6.37 4.348011 12 4.0%
Dilkov et al. 225 5.408327 15 4 4582576 25 36%
Huang et al. 911 5276713 18  1.61 3.979359 18 4.4%
Lietal 9.7 3.950949 40 0.3 4.257934 39 48%
Mantovani et al. 8.1 8960469 11 45 9354678 10 41%
Movahed et al. 8.33 4.833208 6 -05 1299627 6 33%
Prasko etal. 557 4.853669 7 10.38 4.610266 g  35%
FERE 19.89 5.389351 84 16.36 5971491 81  54%
Ble 17.99 6927821 30 17.67 642 30 50%
MBEE 128 9930201 40 6.98 1146562 40 51%
ES:ES 162 2.72989 20 1225 4.73865 20 47%
TR 13.3 3.386739 45 8.5 3.740321 45  51%
FREZE, 2011 13.63 3199015 35 9.05 3.484882 35 50%
KRRE E, 2014 875 3152729 31 7.83 2822286 33 5.0%
HiEis & 17.4 4179713 45 137 3.897435 45  51%
BnE 14 3.459769 37 141 4444097 3/ 51%
Subtotal (95% CI) 527 534 86.8%
Heterogeneity: Tau*= 0.49; Chi*= 123.35, df = 18 (P < 0.00001); F= 85%
Testfor overall effect: Z= 4.28 (P < 0.0001)
Total (95% Cl) 605 611 100.0%

Heterogeneity: Tau?= 0.51; Chi*= 146.04, df= 21 (P < 0.00001); F= 86%
Test for overall effect: Z=5.12 (P < 0.00001)
Testfor subaroun differences: Chi*= 4.95. df=1 (P =0.03). F=79.8%

B5 AEAIT. TR AR R A2

HEBR AT AR SRR IR, (D239URF5 > v, 1DCS
FERR A 0 = A AL, BRSO & A 4 0 DLPFC,
FLJG & 0 s 6] 4 30 min, 55 H Al B 5% 1% R
7], (LI B3 i 9F 5 1) B S S P AT A7 A, EL 45 2RATS
SRR 2 R R R IR T IR, 2R

Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-0.24 [-0.96, 0.48]
0.37 [-0.36,1.09)
215[1.17,313]
0.83[0.37, 2.03]
0.92(0.13,1.71]
0.76 [-0.00, 1.53]

-012[-0.73,0.50]
1.32[0.44,2.21)
3.70(2.63,4.77)
1.57[0.81,2.33]
2.27[1.70, 2.84]

0.38[0.49,1.24]

-0.96 [-2.05,0.13]
0.62(0.31,0.93]

0.05 [-0.46, 0.55]
0.54 [0.09, 0.98]
0.75(0.10,1.39)
1.33(0.88,1.79)
1.66 [1.20, 2.11]
1.35[0.83,1.88]

030 (-0.19, 0.80] o
0.91[0.47,1.34]

-0.02 [-0.48, 0.43]
0.90 [0.52, 1.28]

-
0.87[0.54, 1.21] >
} } }

2 A 1 2
Favours [control) Favours [experimental]

% PR

Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

215[1.17,3.13]
0.92[0.13,1.71)
1.66 [1.20, 2.11]
1.55[0.96, 2.14]

J

-0.24 [-0.96, 0.48]
0.37 [-0.36,1.09)
-0.12[-0.73,0.50]
1.32[0.44,2.21)
3.70(2.63,4.77)
1.57[0.81,2.33]
2.27[1.70, 2.84]
0.38[0.49,1.24]
0.83[-0.37,2.03]
-0.96 [-2.05,0.13]
0.62(0.31,0.93]
0.05 [-0.46, 0.55]
0.54 [0.09, 0.98]
0.75(0.10,1.39)
1.33(0.88,1.79)
1.35[0.83,1.88]
030 (-0.19, 0.80] .
0.91[0.47,1.34]
-0.02 [-0.48, 0.43)
0.77[0.42, 1.12]

>
0.87[0.54, 1.21] >

1 s s
+ + T

2 A 1 2
Favours [control) Favours [experimental]
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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
1.3.1 [HSARE
Aksu et al. 1.67 5.282301 15 3.2 7154362 15 45% -0.24 [-0.96, 0.48] _
de Lima etal. 11.87 13.16511 15 6.8 1374509 15 45% 0.37 [0.36, 1.09] -
Deppermann et al. 4.04 9.555883 20 5.1 8.091669 21 4.7% -0.12[-0.73,0.50] T T
Diefenbach et al. 13.21 5519846 13 6.37 4.348011 12 4.0% 1.32[0.44,2.21]
Dilkov et al. 225 5.408327 15 4 4582576 25 36% 3.70(2.63,4.77] —
Jafari etal. 215 7570317 13 484 7.472429 14 3.8% 215[1.17,313] -
Mantovani et al. 8.1 8.960469 " 4.5 9354678 10 41% 0.38[-0.49,1.24] i
Movahed et al. 8.33 4.833208 6 -05 1299627 6 33% 0.83[-0.37,2.03] ]
Nasiri et al. 2461 6.837302 13 16.67 9.521906 15 43% 0.982(013,1.71]
Prasko etal. 557 4.853669 7 10.38 4.610266 8 35% -0.96 [-2.05,0.13] A I
Subtotal (95% Cl) 128 141 40.2% 0.81[0.09, 1.53] i

Heterogeneity: Tau®=1.15; Chi*= 64.36, df= 9 (P < 0.00001); F= 86%
Test for overall effect: Z=2.20 (P = 0.03)

1.3.2 ‘PEHARE

Huang et al. 911 5276713 18 1.61 3.979359 18  4.4% 1.57[0.81,2.33]

Lietal 9.7 3.950949 40 0.3 4257934 39 48% 2.27[1.70,2.84]

HERE 19.89 5.389351 84 16.36 5971491 81 54% 0.62[0.31,0.93] =S
{518 17.99 6.927821 30 17.67 642 30 5.0% 0.05 [-0.46, 0.55] e E—

B 128 9930201 40 698 11.46562 40 51% 0.54 [0.08, 0.98) e
5 152 272989 20 1225 473865 20 4.7% 0.75[0.10,1.39)

R 13.3 3.386739 45 8.5 3.740321 45  51% 1.33[0.88,1.79] —
WEZ 19.67 5343398 52 10.89 5165182 48 51% 1.66[1.20,2.11) ——
FREZE, 2011 13.63 3199015 35 9.05 3.484882 35 50% 1.35[0.83,1.88] —_—
KRRE E, 2014 875 3152729 31 7.83 2822286 33 50% 0.30 [-0.19, 0.80] T

HiEis & 17.4 4179713 45 137 3.897435 45  51% 0.91[0.47,1.34] I
BnE 14 3.459769 37 141 4444097 3/ 51% -0.02 [-0.48,0.43) I

Subtotal (95% Cl) 477 470 59.8% 0.93[0.55, 1.30] -
Heterogeneity: Tau*= 0.37; Chi*= 79.44, df = 11 (P < 0.00001); = 86%

Test for overall effect: Z= 4.87 (P < 0.00001)

Total (95% Cl) 605 611 100.0% 0.87[0.54, 1.21] >

+ + t

2 1 1 2

Heterogeneity: Tau?= 0.51; Chi*= 146.04, df= 21 (P < 0.00001); F= 86% + .
Favours [control) Favours [experimental]

Test for overall effect: Z=5.12 (P < 0.00001)
Testfor subaroun differences: Chi*=0.08.df=1 {(P=0.78). F=0%

BE6 ARRAMEMZIR RN [ N SME T AT Y AR

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
1.4.1tDCS
Aksu et al. 1.67 5282301 18 3.2 7154362 15 4.6% -0.24 [-0.96, 0.48] i
de Limaetal. 11.87 1316511 18 6.8 13.74509 15 4.6% 0.37 [-0.36,1.09] i
Movahed et al. 8.33 4833208 6 -0.5 1299627 B 3.4% 0.83 [-0.37,2.03] ]
Nasiri et al. 2461 6837302 13 16.67 9.521906 18 4.5% 0.921[0.13,1.71]
Subtotal (95% Cl) 49 51 17.1% 0.41[-0.13, 0.95] “
Heterogeneity: Tau*=0.13; Chi*= 517, df=3 (P=0.16); F= 42%
Testfor overall effect Z=1.47 (P=0.14)
1.4.2rTMS
Deppermann et al. 4.04 9555883 20 51 8.091669 21 4.9% -0.12 [-0.73, 0.50] —
Diefenbach et al. 13.21 5519846 13 6.37 4.348011 12 42% 1.32[0.44,2.21]
Dilkov et al. 225 5408327 15 4 4582576 25 37% 3.70[2.63,4.77] =¥
Huang et al. 911 5276713 18  1.61 3.979359 18 45% 1.7 [0.81, 2.33] [ a—
Lietal 9.7 3.950949 40 0.3 4.257934 39 5.0% 227[1.70,2.84]
Mantavani et al. 8.1 B8.960469 11 4.5 9354678 10 4.2% 0.38[-0.49,1.24] =i
Prasko etal. 5.57 4.853669 7 10.38 4610266 g 3.6% -0.96 [-2.05,0.13] -
=2 % 19.89 5.389351 84 16.36 5.971491 a1 5.6% 0.62[0.31,0.93] I
&S 17.99 6.927821 30 17.67 642 30 52% 0.05 [-0.46, 0.55] —t
MBEE 128 9930201 40 6.98 11.46562 40 5.3% 0.54 [0.09, 0.98] —
2@E 152 2.72989 20 12.25 4.73865 20 4.8% 0.75[0.10,1.39]
FEREE 13.3 3.386739 45 8.5 3.740321 45 53% 1.33[0.88,1.79] =
NE = 19.67 5343398 52 10.89 5.165182 48 5.3% 1.66[1.20, 2.11] -
FEREZE, 2011 13.63 3199015 35 9.05 3.484882 35 5.2% 1.35[0.83,1.88] E—
FEFE, 2014 8.75 3152729 31 7.83 2822286 33 5.2% 0.30 019, 0.807 N
Ak 3 174 4179713 45 137 3.897435 45 5.4% 0.91[0.47,1.34] —
amE 14 3.459769 37 141 4.444097 36 5.3% -0.02 [-0.48, 0.43] i
Subtotal (95% CI) 543 546 82.9% 0.90 [0.52, 1.28] -
Heterogeneity: Tau®= 0.53; Chi*=129.09, df= 16 (P < 0.00001); F= 88%
Testfor overall effect: Z= 4.68 (P < 0.00001)
Total (95% Cl) 592 597 100.0% 0.82[0.49, 1.16] -
Heterogeneity: Tau?= 0.50; Chi*= 138.67, df= 20 (P =< 0.00001); F= 86% t t t

-2 -1 1) 2

- - 1
Test for overall effect: Z= 4.80 (P < 0.00001) Favours [control] Favours [experimental]

Testfor subaroun differences: Chi*=2.15.df=1 (P=0.14). F=53.5%
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