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Abstract

This systematic review and meta-analysis to investigate and report digital interventions’ effects on improving
relapse prevention of adults with amphetamine dependence. A comprehensive search was conducted from August
to October 2024 using PubMed, CINAHL, and Cochrane to identify eligible intervention studies published in English from
2014 to 2024. The PRISMA guidelines were used to guide the study’s method and report. Two reviewers independently
evaluated the included studies’ methodological quality and extracted data. A third reviewer resolved discrepancies.

Seven randomized controlled trials were included for systematic review, of which three studies qualified for

meta-analysis involving 271 participants. Due to high heterogeneity, subgroup analysis with a fixed effects model was
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conducted. The digital interventions using virtual reality technology stimulate drug cravings more effectively than in the

control group (low-quality evidence). Although the effectiveness of digital interventions remains inconclusive due to

high heterogeneity, a limited number of studies in the meta-analysis, and low-quality evidence, this review suggested

that nursing practices and activities that promote relapse prevention should integrate digital technology or accessible

virtual reality technology to modemize relapse prevention efforts and align with the technological challenges of the

current era. However, the program format should be adjusted based on available resources and contextual factors.

Further research with larger sample sizes and higher methodological quality is warranted to strengthen the evidence

base in this area.
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Gal- vanic Skin Response) ANuBeNeLan@e A

162021 &

deostonsnduldldenan@ngn nsdnaulaly
anunsalides ngRnssuntssensumLdns uay
weFnssudaaule 4l 4 maFnuiidimsTenadng
ANURNY (craving) lWuwadwsvian wagdiiies 3
ns@nwiuRis s unanisaneurias
(Mean) LLazﬁ']dauLﬁwuummgm (SD) fiamnsa
Yrullumsdinszsiefiuny (Meta-analysis) tilo
ssungUszdvdNavedusnsunsUUAn R ety
msdaasunstesiumsnduliensn Tnefiansan
wadnsilunueng (craving) Lﬁ'aqmﬂmﬂﬁam
AanAnALUIANTUENLITOIANITAUDINTEN
£ (craving) vasmuadls Avzvilianudsslunsld
waswinuganteras fiTeTaiwia 3 nisfing
Wesviefnulagsitayanguiieg 1 (pooled
data) 313U 271 AU HANFIAT WU Tayaly
WRaENSANYIEANULANASAY (Heterogeneity) lal
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anunsmansAnwinsiuiules 39wselaels
Random-effects model LilaiU3suiisuuunnvos
HAGNS (effect size) sminsapingulagnisuias
ANNUANANSTEWI A LRAsvesng Nl Tumae
1171951U (Standardized mean differences : SMD)
HANTIATIRVRRNUN WU AxuwuLeNBENltaNS
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(Heterogeneity) #3783 9lAAUNIAMAVBIAIY
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uazaz” \umsdnulundusneg wilAnansian
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A1983 (pooled data) 3113w 171 Au laeldy Fixed-
effect model il evwasiawesAwads (weighted
mean difference: WMD) NaN1534A31£%8 AU
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Funduaruauiduyanafidaunaind ogqed
Hod1Agynieand (WMD = 4.07; 95%C = 3.50 -
4.65, p < 0.001; F = 0%) (MWl 5)
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H398A539d8U0ARIINNITANUN
(publication bias) Inen1514 funnel plot Fawanns
Ay Avikansdwundvsvaluimadedn
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fiwiiu (equally distributed) SeuAIRAEvBI LN

a
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theory) wqwﬁmmmmmmmaa (Self-Efficacy
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(Relapse Prevention) N15UsEL i UAULDILAZNNT
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Regulation) LuaAAn15U1UAlAeN15IR 197
(Contingency management® wsAniReatunsiin
NIEUIUNMIINIANAR (Cognitive function training)
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reality) waRANSUNTARensnTEAuALI Ty
ANNINA DULAN BUDZY (Virtual Reality Exposure
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mMsfeesEummedsnuiiierdesiunenmimiiui
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nsdulAnnsiEmEdaliausineuazaninsn
nsghuliiAnANLeENIATSY WaeyiVERAasLEN
AnweuindulSeusislumdansivanesn
Feaues venantudiinisinufialasnisld
walilaf A nmsiauludnuaradeinudloons
wasiafifvuedennshamaniasdunisi
AansauliaevitlugUuuunsaeu nsussenesnasg
Hunsialfedlugtuuurosnaluladided ol
Aedestumstlasiumsndullansiiieneulang
HaprresditelfunnBetulaedheansaiold
nnfinnnat waglddrdasuaundslunadaan
Boufiilorndusues Tuduvessuuuuianssudl
Aeutraannvas dsurseiddedasitluguuuy
7199 ern gULLUUﬂﬁUﬁﬁIaﬁﬁé’ﬂwmzLaﬁauﬁa
LazgULUUAIMEUNAS 30 dA1mSUfUaefidngs
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Random sequence generation (selection bias) [N

Allocation concealment (selection bias) [N |

Blinding of participants and personnel (performance bias): All outcomes [N 1
Blinding of outcome assessment (detection bias): All outcomes [N |
Incomplete outcome data (attrition bias): All outcomes [NY TS

Selective reporting (reporting bias) [

Otherbias (NN |

0%  25% 50% 75% 100%

[ B Low risk of bias

[] Unclear risk of bias

[l High risk of bias |

A 2 ATminnsUsEEIU Risk of bias TnellUsunsa Revivian 5.4.1
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Linetal.

Takano et al.

Tsai et al.

Wang et al.

Wang et al. (a)

Zhang et al.
Zhu et al.

-~ . . . . . ‘ Incomplete outcome data (attrition bias): All outcomes
. . . . ' . . Selective reporting (reporting bias)
. -~ . ~ [~ .. Other bias

==~ . -~ . . . Blinding of participants and personnel (performance bias): All outcomes
. -~ ‘ -~ . . . Blinding of outcome assessment (detection bias): All outcomes

~ . . . ‘ . ‘ Random sequence generation (selection bias)
-~ . . . ~ . . Allocation concealment (selection bias)

Al 3 a3U Risk of bias taeltlUsunss Revvian 5.4.1

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lin et al. 4457  2.254 35 0.267 0.828 30 32.7% 2.37[1.72,3.01] I
Wang et al. 6.31 2.05 61 2.36 2.19 45 33.5% 1.86[1.40, 2.32] n
Zhang et al. 2.89 5.16 52 6.31 20.48 48 33.8% -0.23 [-0.63 , 0.16] |
Total 148 123 100.0% 1.32 [-0.32 , 2.96] |

Test for overall effect: Z = 1.57 (P = 0.12)
Test for subgroup differences: Not applicable
Heterogeneity: Tau® = 2.04; Chi* = 68.09, df = 2 (P < 0.00001); I = 97%

-100

Favours [experimental]

50 0 50 100
Favours [control]

A a a o w v = A a ! L
A0 4 Uﬁ%ﬂ‘i’]ﬁwa‘U@\‘]IUSLLﬂﬁJﬂ'ﬁU']Uﬂﬂ'JEJLVIﬂIuIaEJLﬁll@u%iﬂm@ﬂﬁiﬂi%@!u@ﬁﬁﬂ@ﬂﬁﬂ

Experimental Control Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Craving
Lin et al. 4457  2.254 35 0.267 0.828 30 51.1% 4.19[3.39, 4.99]
Wang et al. 6.31 2.05 61 2.36 2.19 45 48.9% 3.95[3.13,4.77]
Subtotal 96 75 100.0% 4.07 [3.50, 4.65] |

Test for overall effect: Z = 13.90 (P < 0.00001)
Heterogeneity: Chi2 = 0.17, df = 1 (P = 0.68); I* = 0%

Test for subgroup differences: Not applicable

Favours [experimental]

-100

50 0 50 100
Favours [control]

A 5 MsleTeinguges: Havedusunsunsurdamemalulagiaiiouaswioninuesn
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windufisesumams@nuiduaieds (Mean)
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11U (Meta-analysis) Ing5iutoyanguf9e1e
(pooled data) 4117w 271 A Fadeyaluusiaz
N3ANYINANLANA19AY (Heterogeneity) 34
Ag1eilagly Random-effects model Nan13
AATIVRANUNUTT AELULALREN TN TLEn
AALDILNANAIY (craving) YBINAUNARDILALNGY
muRunaslasulusunsunisintasienisly
wialulagiadiowas (VR) wane1siuag el
HodAgnsada (SMD = 1.32; 95%Cl = -0.32 -
296, p = 0.12; 2 = 97%) useg1alsAnuNanis
Awnnegilianunsoasulied edaauiinsiuy
AINUBYIN (Craving) YBINGUNARDILAYNGY
muRlsiusnssiu Wesandeyatirauansing
fugann (Heterogeneity) Fadlefiasanluwsias
UITULROA UM ANUNAYBIAITUUAN A
(Heterogeneity) 4WU11n15ANE1V09UT9 wae
Az Wunsfinulungusegsiifnansianin
wasimiuiangunaaowuaznguamua o
fign 2 msnwdumsdnunlunduined iy
ARnansianfnwomnandiudunquvaaes uay
nquiegniduyanaidgunmdidungy
muAs dlefunuaivnuesruulsUsugide
J9ladiasneingudes (subgroup analysis)
lngsndeyangueieee (pooled data) 9143
171 Ay Aiasrevdeyalagly Fixed-effect model
WianInan19veIALade (weishted mean
difference: WMD) Nams3wnsieiafiunu (Meta-
analysis) Wu1 ngunaaesilleFulusununng
Uiamemaluladiaiiowsss (VR) innueen
grlunsldansianfalounaidu (craving) 4.07
wih ileifufungumuauitduypeadislgunin
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A agsidedAgmMeeEnsa (WMD = 4.07; 95%Cl =
3.50 — 4.65, p < 0.001; I* = 0%) nsAnwandli
Wi s ivanunsaliadouais@nnge
nsesuligUseenldonanindudagldsuns
$rndnuduszeznamiudafany Jsaany
981 (craving) Wuensvedlseaueafne1fions
Fossnsingg MAgtesiunsldonandn ulegn
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T meRnssuitlilldsumsmevausadlewdoiu
ANsEAUmEMsHnAILanIuNIalalonase vin
Tidwaslomamsndulawsidiofiesmming
nduluguuvunazdeandyiuimmnisalaie 39
denAdoatunsfnwvausaLarame® Anuin
nsFneduivaniunsaliasiousiseswiailes
ausnanmNenlunsidenaninlaegadl
HedrAgyneaia

VDLEUDUL
1. msufuinsnenuavisemsuntnin
T enmstesiunmsnauluangiadsasasdl
ImsUssyndldinalulagfivia vsewealulad
= a A ) P | a A
WAl aURs I a1u50LND9le a1y WU ARUIALe
- & a wa A %
wsanmeunsulglunsufuRnisneuaiveli
nAuanasslunsiseus warsuiuuiangsy
sanamseninsanseuladieinamenly
gnaninlnog19lusEansam uasvngUaeld
WFAUanUNIAlEL DU W R BLD AL

225



246

MFEnsaunstdanIndnn wazseNNeen
U9 10 eafudd 1 ainsman - naunneiug 2568

anN1IReVAUBIRaANRYINlR gl TEdAgy naRnssudszne
MNIFDH VBUANIANUVDUAL FA.AT.ARING SAUAT

2. msigukuumsUdaniginalulal AlFnsanlianufuasuuimaunsfnuide
Advtan1Uszgndldlunisindasnunagiiug Ag1uensisaneruasy1sndlnmil so9
aussanERnasEAnueLinTuiefiaL {enomssunsneta Mdudueaivayuli
auvsuagiualiglumsinininm mitanuideluedsildisagaluged

1BNE1381984

1. United Nations Office on Drugs and Crime. Global overview: drug demand drug supply. USA; 2023.

2. dnhmtesfuassulriamRnuiend. aoumsailgmeneadsluiiui 7 Sminnelinouans Yeudssana 25612564
[Buwosiiis]. 2564. Available from: https//www.oncb.goth/ONCB_ OR9/picture/.pdf

3. antutonsnyuas R R e R awienuss . ARG SUMITTasTv, UnasT: aues; 2567.

0. lnvydl A ums, Sl s, Sudld 253y, Fngeus yadui dadeiidwarensnduluiandlulRneemdnndaneman
ﬂ’]’iVl‘UW]u’]'ﬁmﬂi'ﬁJE]EJI’NLﬂ‘LﬁgUU. ’]’ﬁﬁ’ﬁlmﬁMHWﬁSUi’E’J’]ﬂiTIJuﬂ%LW]%. 2567;16(3):149-172.

5. dun fausev, ygySes Ay, gw ames. mrdiitus Bsenmmestiafoiifnaenginsmunsanens resamamuonmniiy
Joumal of Graduate Studies Valaya Alongkom Rajabhat University. 2559;10(1):195-209.

6. drinuaduieni nesvsaAdraiiewrsugiauasdsen. MenueiATeTussvdlve 2560 Bumediinl. 2564 Available from:
http://service.nso.go.th/nso/nsopublish/pubs/e-book/SYB-2021/indexhtml

7. dinauusranaszan. semunieTeisulssnasedeUssd Weuusvana we. 2565 wanuysanmstesiu Usuln uae
UniesnuAneniemiin. ngavmamuas: drdnausulsesnassganm; 2565,

8. Sran fiadends, Syvs $elifuns, ussausms. Auugihmsguasnydapvmanmsideansiemio. nganme: Tssumiuwviagynansel
LIAMNYNEE; 2558.

9. Smith J, Brown A, Taylor R. The role of Al in addiction treatment. J Behav Health. 2023;12(3).215-223.

10. Rockefeller Neuroscience Institute. Can zapping the brain help treat addiction? [Interet]. 2023. Available from:
https./Awvwwwsj.com

11. Egger M, Smith GD, Altman DG. Systematic reviews in health care: meta-analysis in context. 2nd ed. London: BMJ; 2001.

12. The Cochrane Collaboration. Data extraction forms. Available from: https://dplp.cochrane.org/data/extraction-forms. Accessed
2024 Jan 20.

13. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ, McQuay HJ. Assessing the quality of reports of
randomized clinical trials: Is blinding necessary? Controlled Clin Trials. 1996;17(1):1-12. doi:10.1016/0197-2456(95)00134-4.

14. Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions. West Sussex: John Wiley & Sons; 2008.

15. Lin Q, Li D, Hu C, Shen Z, Wang VY. Altered EEG microstates dynamics during cue-induced methamphetamine craving in virtual
reality environments. Front Psychiatry. 2022;13:891719. doi:10.3389/fpsyt.2022.891719.

16. Takano A, Miyamoto Y, Shinozaki T, Matsumoto T, Kawakami N. Effects of a web-based relapse prevention program on
abstinence: Secondary subgroup analysis of a pilot randomized controlled trial. Neuropsychopharmacol Rep.
2022,42(3):362-367. doi:10.1002/npr2.12272.

17. Tsai MC, Chung CR, Chen CC, Chen JY, Yeh SC, Lin CH, Chen YJ, Tsai MC, Wang YL, Lin CJ, Wu EHK. An intelligent virtual-reality
system with multi-model sensing for cue-elicited craving in patients with methamphetamine use disorder. IEEE Trans
Biomed Eng. 2021;68(7).2270-2280. doi:10.1109/TBME.2021.3058805.

18. Wang YG, Shen ZH, Wu XC. Detection of patients with methamphetamine dependence with cue-elicited heart rate variability in
a virtual social environment. Psychiatry Res. 2018;270:382-388. doi:10.1016/j.psychres.2018.10.009.

19. Wang YG, Liu MH, Shen ZH. A virtual reality counterconditioning procedure to reduce methamphetamine cue-induced craving. J
Psychiatr Res. 2019;116:88-94. doi:10.1016/j,jpsychires.2019.06.007.



JOURNAL OF ENVIRONMENTAL AND COMMUNITY HEALTH

VOL. 10 NO. 1 January - February 2025 2]

20. Zhang L, LiN, LiY, Zhang T, Li D, Liu Y, Liu X, Hao W. Preliminary efficacy of a digital therapeutics smartphone application for
methamphetamine use disorder: An experimental study. Front Psychiatry. 2022;13:1027695.
doi:10.3389/fpsyt.2022.1027695.

21.Zhu Y, Jiang H, SuH, Zhong N, Li R, Li X, Chen T, Tan H, Du J, Xu D, Yan H, Xu D, Zhao M. A newly designed mobile-based
computerized cognitive addiction therapy app for the improvement of cognition impairments and risk decision making in
methamphetamine use disorder: Randomized controlled trial. JMIR mHealth uHealth. 2018;6(6):210292. doi:10.2196/10292.

22. Marlatt GA, Donovan DM. Relapse prevention: Maintenance strategies in the treatment of addictive behaviors. New York:
Guilford Press; 2005.

23. Hendianti GN, Uthis P. Factors related to methamphetamine relapse risk among clients in the substance rehabilitation center of
National Narcotics Board in West Java, Indonesia. J Health Res. 2018;32(4):279-287. doi:10.1108/JHR-05-2018-035.



