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What is the problem?

Traditional treatments (e.g., methadone,
buprenorphine) show limited effectiveness
for long-term relapse prevention.

Why Neuromodulation?

Repetitive Transcranial Magnetic Stimulation
(rTMS) and Transcranial Direct Current
Stimulation (tDCS) are non-invasive
techniques targeting craving-related brain
regions.

Study Objective

Assesses the efficiency of rTMS and tDCS for
reducing opioid cravings and relapse in OUD.

Methods

o Databases Searched: PubMed, PsycINFO,
Embase, Cochrane.

e Inclusion Criteria: RCTs evaluating rTMS
or tDCS for opioid use disorder (OUD).

e Primary Outcome: Craving reduction

e Secondary Outcomes: BDI-Il, HDRS,
DASS-21, PSQI, Relapse Function and
Cognitive Function.

e Analysis: Random-effects model.

e Risk of Bias Assessment: Cochrane Risk
of Bias Tool.

Repetitive Transcranial Magnetic Stimulation (rTMS)

Sample Size

Country Gender

Al;t:l;:’czzi';:)f 3:;3’: Sham Control Total Male Gf;nlg
Shen et al., 2016 10 10 - 20 China 100% 414 +7.5
Lin et al., 2019 40 40 25 105 China 100% 33.95+7.13
Liu et al., 2020 39 38 39 116  China 100% 39+1.55
Tsai et al., 2021 11 9 - 20  Taiwan 80% 476 £8.7
Jin et al., 2022 17 18 22 57 China 84.2% 461+ 7.0
Ankit et al., 2022 20 20 - 40 India 100% 24.35+4.18
Elrassas et al., 2022 26 26 - 52 Egypt 100% 33
Biernacki et al., 2024 16 18 46 80 USA 58.7% 42.0£10.0

Mean age/ Standard Deviation

Sham Control
345 +8.54 38.56 + 8.81
38.48+1.44 38.71+1.2

47.7+8.0 -
46+54 482+ 6.1
255 + 544 -
33 -
46.0 £10.0 37.0 £ 12.0

Forest Plot: Impact of Neuromodulation on Mood Symptoms in OUD

Neuromodulation Sham

Std. mean difference

Std. mean difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B C D E
1.1.1 TMS

Ankit 2022 -18.84 4.66 20 -17.84 4.97 20 11.4% -0.20[-0.83, 0.42] —— ®H ® ® 2 ®
Borzooee 2024 -12.8 6.7 35 0 1.18 35 11.3% -2.63[-3.28,-1.98] —— ®H ® 2 ®®
Elrassas 2022 -9 2.966 26 -6.25 4.349 26 11.6% -0.73[-1.29, -0.16] —— ®H ® ® ®®
Liau 2020 -29.04 139.26 35 -15.32 277.2 35 11.8% -0.06 [-0.53 , 0.41] —— 2 ® 2 ®®
Shen 2016 -4.08 10.34 10 -7 9.35 10  10.4% 0.28 [-0.60, 1.17] —— ®H ® ® 2 ®
Subtotal (HKSJ) 126 126  56.5% -0.68 [-2.10, 0.75] -

Test for overall effect: T = 1.31, df=4 (P = 0.26)

Heterogeneity: Tau? (REML, 95% Cl) = 1.21 [0.36 , 10.92]; Chi? = 48.25, df = 4 (P < 0.00001); I> = 93%

1.1.2TDCS

Eskandari 2021 -54.6 20.3 21 -12.4 3.6 10  10.0% -2.42[-3.41,-1.43] —_— ®® 2 2 ®
kumar 2022 -26.93 16.39 14 -17.43 12.16 14 10.9% -0.64[-1.40,0.12] —— 2 ®HFF®®
Mirhosseini 2022 -12.3 18.52 20 -18.25 13.3 20 11.4% 0.36 [-0.26 , 0.99] _T— 2 ®HF®®
Teremian 2019 -18.95 12.51 20 -5.05 13.94 20 11.2% -1.03 [-1.69 , -0.36] — 2@ ®®®
Subtotal (HKSJ) 75 64 43.5% -0.89 [-2.70, 0.92] -l

Test for overall effect: T = 1.57, df=3 (P = 0.22)

Heterogeneity: Tau? (REML, 95% CI) = 1.11 [0.24 , 18.28]; Chi* = 23.56, df = 3 (P < 0.0001); I> = 89%

Total (HKSJ) 201 190 100.0% -0.77 [-1.60 , 0.06] <o

Test for overall effect: T = 2.14, df=8 (P = 0.06)

Test for subgroup differences: Chi? = 0.08, df = 1 (P = 0.78), 2= 0% h ) 3 5 )

Heterogeneity: Tau? (REML, 95% CI) = 1.01 [0.39 , 4.20]; Chi? = 71.81, df = 8 (P < 0.00001); I? = 90%
Footnotes

Cl calculated by Hartung-Knapp-Sidik-Jonkman method.
Tau? calculated by Restricted Maximum-Likelihood method.
Risk of bias legend

(A\) bias arising from the randomization process

(B) bias due to deviations from intended interventions

(C) bias due to missing outcome data
(D) bias in measurement of the outcome

Favours Neuromodulation

Favours Sham

(E) bias in selection of the reported result

Transcranial direct current stimulation (tDCS)

Sample Size Mean age/ Standard Deviation

Author, year of Active
publication group
Wang et al., 2016 10 10
Sharifi-fardhad et al., 2018 20 -
Taremian et al., 2019 20 20
Bimorgh et al., 2020 14 13
Eskandari et al., 2021 21 10
Mostafavi et al., 2021 21 10
Kumar et al., 2022 14 14
Mirhosseini et al., 2022 20 -
Aksu et al., 2024 19 19
Borzooee et al., 2024 35 35
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Sham Control Total

Country Gender

China
Iran
Iran
Iran
Iran
Iran

India
Iran

Turkey

Iran

Male

100%
100%
100%
100%
100%
100%
100%
100%
94,70%
100%

Active
group

39.8+1.38
37.95+ 8.035
33.45+ 10.17
37.36 £ 7.63
344+ 7.66
34.4+7.66
23.93 £ 6.11
25 (+2.11)
34.00 + 13.00
39.5+2.0

30.00 + 13.00

Sham

39.8+1.38

34.1 £9.31
36.00 + 5.69
32.7£9.34
32.7+9.34

39.8+9.6

Control

38.4+7.014
32.24 +9.57

26 (+ 1.71)

Impact of rTMS and tDCS on Craving Scores: Forest Plot Analysis

Neuromodulation Sham Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B C D E
1.1.1 TMS
Ankit 2022 -18.84 4.66 20 -17.84 4.97 20 11.4% -0.20 [-0.83, 0.42] —— H®® 2 ®
Borzooee 2024 -12.8 6.7 35 0 1.18 35 11.3% -2.63[-3.28 , -1.98] — @ ® 2 @®®
Elrassas 2022 -9 2.966 26 -6.25  4.349 26 11.6% -0.73[-1.29, -0.16] — H®®®®
Liau 2020 -29.04 139.26 35 -16.32 2772 35 11.8% -0.06 [-0.53 , 0.41] —— 2 ® 2 ®®
Shen 2016 -4.08 10.34 10 -7 9.35 10 10.4% 0.28 [-0.60 , 1.17] —
Subtotal (HKSJ) 126 126 56.5% -0.68 [-2.10, 0.75] ‘
Test for overall effect: T = 1.31, df=4 (P = 0.26)
Heterogeneity: Tau? (REML, 95% Cl) = 1.21 [0.36 , 10.92]; Chi? = 48.25, df = 4 (P < 0.00001); 1> = 93%
1.1.2TDCS
Eskandari 2021 -54.6 20.3 21 -12.4 3.6 10 10.0% -2.42[-3.41,-1.43] —_— ® ® 2 2 ®
kumar 2022 -26.93 16.39 14 1743 12.16 14 10.9% -0.64 [-1.40, 0.12] —t 2 ® ® @
Mirhosseini 2022 -12.3 18.52 20 -18.25 13.3 20 11.4% 0.36 [-0.26 , 0.99] —— 2 FH ®®®
Teremian 2019 -18.95 12.51 20 -5.05 13.94 20 11.2% -1.03 [-1.69 , -0.36] — 2 ® ® @ ®
Subtotal (HKSJ) 75 64 43.5% -0.89 [-2.70, 0.92] ’
Test for overall effect: T = 1.57, df=3 (P = 0.22)
Heterogeneity: Tau? (REML, 95% CI) = 1.11 [0.24 , 18.28]; Chi? = 23.56, df = 3 (P < 0.0001); I> = 89%
Total (HKSJ) 201 190 100.0% -0.77 [-1.60 , 0.06] ’
Test for overall effect: T = 2.14, df=8 (P = 0.06)

Test for subgroup differences: Chi? = 0.08, df =1 (P = 0.78), I?= 0%

Heterogeneity: Tau? (REML, 95% Cl) = 1.01 [0.39 , 4.20]; Chi? = 71.81, df = 8 (P < 0.00001); I = 90%
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Neuromodulation (rTMS & tDCS) shows
potential as an adjunctive therapy for
OoubD, with rTMS demonstrating
consistent craving reduction and tDCS
showing potential cognitive benefits.

Limitations

o Diverse craving and mood disorder
scales (e.g., OCDUS, DDQ, SDS) impact
data consistency.

» Heterogeneity across protocols (e.g.,
frequency, duration, electrode
placement).

e Short follow-up durations prevent long-
term effect evaluation.

Conclusion

Further trials needed to refine protocols
& assess long-term outcomes.
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