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Abstract

Issues: Cessation of methamphetamine use may result in a characteristic withdrawal
syndrome, no medication has been approved for this indication. This systematic
review aims to assess the efficacy of pharmacotherapy for methamphetamine
withdrawal, the first comprehensive meta-analysis since 2008.

Approach: MEDLINE (1966-2020), CINAHL (1982-2020), PsychINFO (1806-
2020) and EMBASE (1947-2020) were systematically searched. Studies were
included if they were randomised controlled trials (RCT) investigating pharmaco-
logical treatments for methamphetamine withdrawal, reviewing outcomes of
treatment discontinuation, mental health outcomes, withdrawal symptoms
(including craving) and patient safety. The relative risk (RR) and weighted mean
difference (MD) were used to meta-analyse dichotomous and continuous data
respectively, with 95% confidence intervals. Risk of bias and Grading of Recom-
mendations, Assessment, Development, and Evaluation (GRADE) assessments
were conducted.

Key Findings: Nine RCTs of six medications (n = 242 participants) met inclu-
sion criteria, however, only six trials of four medications (n = 186) could be
meta-analysed. Mean sample size across studies was 27 participants, and 88%
of participants were male. The quality of evidence in this review varies from
low to very low on GRADE assessments. Amineptine may reduce discontinua-
tion rates (RR 0.22, 95% confidence interval [CI] 0.07, 0.72, p = 0.01), and
improve global state (MD —0.49, 95% CI —0.80, —0.17), compared with pla-
cebo, however, this medication is no longer approved. No other medications
improved any domain when compared with placebo. Due to lack of reporting
safety profiles could not be established.

Conclusions: There is insufficient evidence to indicate any medication is effec-
tive for the treatment of methamphetamine withdrawal. The poor quality of the
evidence indicates a need for better powered, high-quality trials.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Abrupt cessation of long-term or chronic methamphet-
amine use can result in a clinically significant syndrome
that involves dysphoric mood with at least two of the fol-
lowing symptoms: fatigue, vivid or unpleasant dreams,
insomnia or hypersomnia, increased appetite, and psycho-
motor retardation or agitation [1]. The course of metham-
phetamine withdrawal is characterised by an early ‘crash’
phase (12-24 h) of exhaustion and fatigue, followed by a
withdrawal phase (2-4 weeks) [2-4], with symptoms peak-
ing within the first 7 days [2]. A protracted extinction phase
(6-12 months), including cognitive deficits and affective
symptoms has been described [5-9]. Withdrawal symptoms
can be sufficiently severe to cause discomfort and relapse to
use [10-13]. Withdrawal management is therefore an
imperative prerequisite to the effective treatment of meth-
amphetamine dependence.

Methamphetamine use disorder is assosciated with
significantly elevated mortality, increased incidence of
HIV and hepatitis C infection, poor mental health
(suicidality, psychosis, depression) and increased risk of
cardiovascular events [14]. This has a substancial impact
on clinical services and harms have grown over recent
years [15, 16]. The United States has seen a significant
increase in overdose deaths associated with stimulants
(predominantly methamphetamine) over the last decade
[17, 18], and in Australia the number of treatment epi-
sodes for methamphetamine use have increased since
2003 [19], leading to over 4000 presentations for metham-
phetamine withdrawal management annually [20].

Currently, there are no evidence-based pharmacologi-
cal or psychosocial treatments for methamphetamine
withdrawal [4, 21]. The most recent Cochrane systematic
review and meta-analyses of pharmacological treatments
was conducted in 2008, and identified four randomised
controlled trials (RCT) investigating two pharmacological
agents; amineptine and modafinil [4]. That review con-
cluded there was no evidence to support either

drug therapy, methamphetamine, substance-related disorder, systematic review, withdrawal

« We systematically reviewed nine randomised controlled trials of 242 participants,
and meta-analysed the results of six of those trials investigating four medications
for the treatment of methamphetamine withdrawal.

« No medication displayed convincing results for the treatment of methamphet-
amine withdrawal, however, there is insufficient evidence to conclusively rule
out any medication trialled to date due to poor quality evidence.

« Future research should focus on better powered, high-quality trials to develop a
comprehensive evidence base.

medication as a treatment for methamphetamine with-
drawal. Narrative reviews conducted since then have
reached similar conclusions and identify a serious gap in
the literature to be addressed [22-24]. In the absence of
clear evidence, treatment guidelines typically recommend
supportive care and cautious symptomatic management
with medications, such as diazepam and olanzapine with
limited evidence of efficacy in this context [25-27].

Here, we conduct a systematic review and meta-
analyses to update the evidence for the efficacy of pharma-
cological treatments for methamphetamine withdrawal.
Efficacy of the reviewed pharmacotherapies is compared to
placebo for outcomes of treatment discontinuation, mental
health outcomes, withdrawal symptoms (including craving)
and patient safety.

2 | METHODS

2.1 | Protocol and registration

The protocol for this review was prospectively registered
on the PROSPERO international prospective register of
systematic reviews (CRD42021224850). We followed the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines for reporting [28].

2.2 | Included studies

RCT investigating a pharmacological intervention for
methamphetamine withdrawal in humans were included
in this review. Trial participants must have been diag-
nosed with methamphetamine or amphetamine use dis-
order or withdrawal, by standardised criteria (either the
Diagnostic and Statistical Manual of Mental Disorders or
International Classification of Diseases, any version). Partic-
ipants who used substances other than methamphetamine/
amphetamine were included, provided the primary drug of
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concern was methamphetamine or amphetamine and the
inclusion criteria of the study did not require concurrent
dependence or use of another substance. Any pharmacolog-
ical intervention was included, with or without treatment
as usual and with or without concurrent psychological
treatment. Studies had to include a control arm that did not
receive the intervention. Control groups with placebo, treat-
ment as usual and/or psychosocial therapy were all
included, provided both arms received the same adjuvant
treatments.

2.3 | Search methods

We searched four electronic databases (MEDLINE [1964
to December 2020], PsycINFO [1967-December 2020],
CINAHL [1961-December 2020] and EMBASE [1974 to
December 2020]). See Figure S1 for example search strat-
egy. We also searched clinicaltrials.gov (to December
2020) for ongoing trials and hand-searched the reference
lists of all included papers for further studies. No lan-
guage restrictions were placed on the search.

24 | Study selection

Two reviewers (Liam S. Acheson and Benjamin H. Williams)
independently assessed all titles and abstracts for relevance
in Covidence® [29], and assessed full texts of relevant studies
for inclusion. Discrepancies were resolved by discussion, and
when no agreement could be reached a third reviewer
(Nadine Ezard) made the final decision. The corresponding
author was contacted if information necessary to assess a
studies eligibility was not available in the original report.

2.5 | Data extraction
Data were independently extracted by two authors (Liam
S. Acheson and Benjamin H. Williams) into a structured
data extraction template in Excel (Table S1). The tem-
plate was piloted independently by two reviewers (Liam
S. Acheson and Benjamin H. Williams) with one record
prior to formal data extraction.

Data extracted included study characteristics, popula-
tion descriptors, outcome data that aligned with our review
outcomes, and details on study funding and location.

2.6 | Outcomes

Outcomes were selected based on the commonly used
measures and clinical indicators of treatment success in

studies reporting on withdrawal treatments. The out-
comes analysed were:

1. Discontinuation rate, measured by number of partici-
pants who did not complete the trial intervention.

2. Average score in global state as measured by a global
psychiatric rating scale, for example, Clinical Global
Impression of Change [30].

3. Average score in withdrawal symptoms as measured
by withdrawal symptomology assessments, for exam-
ple, Amphetamine Withdrawal Questionnaire [31].

4. Average score in craving as measured by craving rat-
ing scales, for example, Questionnaire for Evaluating
Cocaine Craving and Related Responses [32], Visual
Analog Scale [33].

5. Patient safety as measured by adverse events, serious
adverse events, treatment-related adverse events,
study withdrawals.

2.7 | Assessment of risk of bias and
certainty of evidence

We assessed the methodological quality of included stud-
ies as per the Cochrane Risk of Bias tool Version 2 (RoB
2), [34, 35]. Outcomes studies were also reviewed using
the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) approach to assess the cer-
tainty of evidence related to: risk of bias, inconsistency,
indirectness and imprecision. Those with two or more
reports of a single medication are reported in the main text
and others reported in supplementary files [35, 36].

2.8 | Data synthesis and analysis

Data from eligible studies for which sufficient data was
available or provided were meta-analysed, both in terms
of any pharmacotherapy and a subgroup analysis of spe-
cific pharmacotherapy, to determine the level of effect of
treatment options. If data were not included in the publi-
cation (i.e., means or SDs of reported results), attempts to
contact the authors to obtain data were made.

Random effects meta-analyses were conducted to
account for within- and between-study variance. For
dichotomous data the relative risk (RR) and the 95% con-
fidence intervals (CI) were reported and weighted by
sample according to the Mantel-Haenszel method; for
continuous data the standardised mean difference (SMD)
and the 95% CI were reported and weighted according to
the inverse variance of effect estimate. Pooled effects
were presented in a forest plot and a p-value of 0.05 was
considered statistically significant. Sensitivity analysis
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FIGURE 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses flow diagram Source: Adapted from Reference [28].

For more information, visit http://www.prisma-statement.org/

was conducted for studies that used multiple measures
for assessing withdrawal symptoms.

A narrative review of studies that met eligibility cri-
teria, but were not included in the meta-analyses was
also conducted.

All meta-analyses were conducted in Review Manager
(RevMan) Version 5.4.1 for Windows [37].

3 | RESULTS

3.1 | Included studies

Our search yielded 20 results, 11 of which did not meet
inclusion criteria for this review [38-48]. Nine studies,
including 242 participants met inclusion criteria (Figure 1).
Table 1 presents the characteristics of the included studies.
In total, 129 (48%) participants received a pharmacological
treatment for methamphetamine/amphetamine withdrawal
(22 mirtazapine, 27 modafinil, 5 ibudilast, 37 amineptine,
17 varenicline, 21 amantadine) and 138 (52%) received pla-
cebo. Studies were conducted in the United States (n = 3),
Thailand (n = 3), Australia (n = 2) and Iran (n = 1). Mean
sample size across studies was 27 participants, and approxi-
mately 88% were identified as male (one study did not
report gender). Six of the nine included studies (67%) were

meta-analysed (186 participants, 89 receiving treatments
[22 mirtazapine, 9 modafinil, 37 amineptine, 21 amanta-
dine] and 97 receiving placebo) [49-54]. Three studies were
not meta-analysed as although they met inclusion criteria,
they did not report on the primary outcomes of this
review [55-57].

3.2 | Comparisons

Of the nine eligible studies, all (100%) were placebo con-
trolled, and six studies reported enough data to be meta-
analysed or provided the data when requested. Two studies
examined amineptine [51, 54], two mirtazapine [49, 52],
one amantadine [53] and one modafinil [50]. The remain-
ing three studies which could not be meta-analysed exam-
ined ibudilast [55], varenicline [56] or modafinil [57].

3.3 | Risk of bias

Of the nine included studies, one study was judged to be
of low risk of bias, two indicated some concerns and six
indicated a high risk of bias (Figure 2). The most com-
mon area of bias identified was selective reporting of
results, which affected six of the nine studies [51, 52, 54—


http://www.prisma-statement.org/

TREATMENT FOR METHAMPHETAMINE WITHDRAWAL

(senunuo))

asuodsai [earur
1ad payenn

o Sw 09 (pajaodax anuad uoneqoid 5007 'Te 19
papraoid suoN -61 ‘aurdezel N pajiodar JoN jou (S) £4¢ (%00T1) 0T (%08) 91 0z  pasierdads :puefrey], uoyes3uoy
pa[[onu0d
0qaoe[d "uLIe
1930 0) JOAOSSOID saseyd
uayj ‘skep L JUSWIBI} J0]
10y qIg Sw ¢ K118 YoI183sal 10T T8 19
pa11odal 10N 10 T ‘0 ‘QUI[DIUdIBA SDret (12 L'sg (%1L) ST N 9z [BIIUSPISAY VSN urd)syorey]
pa[[onuod
uonmnu 0qade[d
‘ordurexs 'skep G 1811 oY)
J10J ‘yuauIIean) Ian0 dn pajenn
aanioddns ‘skep T 10] qI9 [enuapIsaI L661 T8 10
‘wredazeI0] 9SOp MOT Sw 051 ‘eundaurury pa11odai 0N (€) sstT (%L6) 6T (%EL) 7T o€ quanedu] :puefrey], ueInMMmIL
pa[[onuod
0qaoe[d "sAep § JIUN YoIeasal
10 019 Sw 67 10 (par1odax [enuapIsax 1102
pa11odai 10N aig Sw o1 “Iserpnqr paniodar joN jou gs) 87y paiodar JoN e 11 “quanedu] :ySnN ‘Te 19 yreag
pajonuod
0qaoe[d "sAep ¢ S)UN [eMBIPYIIM
10j Sw QT Uy} [enIuapIsaI
sAep S 10] O (pa110daz Jou uejjodonow
pajiodar 10N Sw 00z ‘TrugepoN (6'8) €81 as) €ve (%59) T1 (%89) 11 61  WId) MIOUS :BI[eNSNY  €T10T ‘T8 10 997
(porrad jusuriean Pparjonuod
JOAO SUOISSIS 0qade[d
0T WNUIIXeur) 'S)y3u g1 10§
urur G Jo “yaam O 9100u Sw og sgumjes juaned
13d suorssas uay} siydu -JNo [oYyodTe pue
G “3ur[esunod T 10] O 20U gnip A-1ouur 8007 'Te 19
Ade1ay) aaneireN 3w g1 ‘ourdezeiann (Chdkaed (1) 1€ (%£9) 0¢ (%€£9) 91 1€ o1[qnq :eIfensny Jueysymiy
SuLre yjoq uosLredwod yyuour x3d sAep sxeak (ds) orew (%) (%) u yurodpus (u) Sumyas  xeaf ‘oyny
03 papmaoad pue uonjeanp (as) ueosw ‘asn ueaw 98y U ‘I9PUIH Arewinid payoeaa  sjuedonaed
UOJUIAIIIUL ‘UOIUIAINUL VIA durasegq oym syuedronreq
aandunfpy

SONISLI9JOBIRYD APNIS Papn[ou]

THTdV.L



ACHESON ET AL.

‘pariodar jou uonuajer juedonred ‘sarpnis A101eI0qR] UBWING,
*A[rep aouo ‘qQ ‘eurweloydureyowt ‘YA ‘A[Tep 901m) ‘gId :SUOTIRIAIQQY

pa[[onuod

0qaoed
‘gouny pue

uonLynu
‘ordurexs

J0J quaunean
aanioddns

JSEJYBaIq J€ UdAIS
sornsdeos Sw 00T
9911} UT PIIAI[P
‘sfep g 10] I

AU
jusunean 3nip

6661 'Te 10

‘wredozero] asop mo]  Swr ogT ‘oundourury pajiodar 0N (s'9) 961 (%£6) T (%08) s€ ¥ juoneduy :pueqrey],  juouedeinsus

Aoey

JUSWIIEdI) 0}

SIISIA A[ooMm 3Im
quaniedinQ :ueiy

pa[[onuod
0QqaoR[q
‘skep 8z 10} 4O
Sw 001 ‘eurpriuEwY

(yuaunsqe

syeam €<
sjuedroned)

paniodar joN

8T0T 'Te 19
ISSOIEPOIA

Aderoy) onewoldwAS (Lv) 6'0¢ (%001) T (%€£8) s¢ W
pajonuod
0qaoe[d
*Kep 1xou 9y}
UOT)IPUO0D IUNOD
U9} “UOT)USAIIUT
9Y)J0 L 109
Kep U0 paIdAILdP
Qo 3w 00z jJo
9SOp QU0 ‘[IUBPOIN

QIJUD [IoIe3saI
‘quanedu] :vsN

Cr10z e ¥

(%68) 91 N ST Kauoyey

pap1aoid suoN (6'8) €81 (L) 8¥e
Pa[[01 U0

0qaoe[d “Sw og

Pa30Xa 10U PIp

TerLy, .m%NU 1 10J

(%) u yurodpus (u) Sumag JeaA ‘royny
Arewinid payoeaa  sjuedonaed

oym syuedronreq

orew (%)
U ‘I3puUdn

sxeak (gs)
ueow 98y

yyuour x3d sAep
(@s) ueaw ‘asn
VIA durjaseq

uosLredwod
pue uonjeanp
‘UOTIUDAINUL

(SULIE 30q
03 papmaoad
UOTUIAIII UL
aandunfpy

(penunuo)) T HATAV.L




TREATMENT FOR METHAMPHETAMINE WITHDRAWAL

WILEYLl 7

‘MMIAMMHEVIEW A_%TAD

Jittiwutikan 1997
Srisurapanont 1999
Kongsakon 2005
Cruickshank 2008
Mahoney 2012

Lee 2013
Kalechstein 2014

Birath 2017

0D - 0OO®®® wreomen

‘ ' ‘ ) . ‘ U . Randomization process
. . ' . . ' -~ . v Deviationsfrom intended interventions

Modarresi 2018

FIGURE 2 Methodological quality graph

57], four of which were of high risk of bias [52, 55-57].
This was followed by issues in the randomisation process
due to unclear randomisation processes or significant dif-
ferences at baseline indicating issues with randomisation
(five affected studies [50-52, 54, 55]) and deviations from
intended intervention (three affected studies [51-53]).
Two studies were judged to have risks surrounding miss-
ing outcome data [53, 56], and one for issues with mea-
surement of the intervention as blinding of outcome
assessors was unclear [52].

3.4 | Effects of intervention

A summary of meta-analysis results and GRADE assess-
ment for all outcomes are presented in Table 2. Forrest
plots of all analyses are available in Figure S2.

3.5 | Discontinuation rates

In the six studies of 188 people included in meta-analysis,
the discontinuation rate was defined as the number of

. . . . . . ‘ . . Measurement of the outcome

. Low risk

?  Some concerns

’ High risk

. . ‘ . . . ’ v v Selection of the reported result
‘ ‘ ‘ " ‘ > ’ o . Overall

participants who did not remain enrolled in the trial at
the primary end point. Overall, no difference in discon-
tinuation rates was observed between treatment and pla-
cebo groups (RR 0.70, 95% CI 0.40, 1.23, p = 0.21).

In a subgroup analysis, amineptine was the only phar-
macotherapy to show significant effect (RR 0.22, 95% CI
0.07, 0.72, p = 0.01). Heterogeneity was low and was not
statistically significant across studies (I> = 18%, p = 0.30).

3.6 | Global state
Three studies measured mental health by assessing global
state: one study [49] used the Brief Symptom Inventory
Global Severity Index [58], while the remaining two [51, 54]
reported the Clinical Global Impression scale [30]. For both
scales a higher score indicates greater symptom severity.
There was no difference in measures of global state
between treatment and placebo (SMD —0.34, 95% CI
—1.06, 0.25, p = 0.39), and the results were significantly
and substantially heterogeneous (I = 69%, p = 0.04).
In the subgroup analysis, participants receiving aminep-
tine were significantly more likely to improve in Global
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TABLE 2 Summary of meta-analysis and GRADE assessment results
Outcome Intervention Nstudies N participants I° Differential statistic (95% CI) GRADE rating
Discontinuation Relative risk

Amineptine 2 74 58  0.22(0.07, 0.72)* DOOQ Very low

Mirtazapine 2 51 0  0.96(0.48,1.92) DOOO Very low

Modafinil 1 19 a 0.67 (0.22, 2.03) a

Amantadine 1 42 a 1.33(0.34, 5.24) a

Total 6 186 18  0.70 (0.40, 1.23) DOOO Very low
Global state Mean difference

Amineptine 2 72 0  —0.49(—0.80, —0.17)* DDOQO Low

Mirtazapine 1 31 a 0.30 (—0.22, 0.25) a

Total 3 103 69 —0.24(—0.73,0.25) BAOOQ Very low
Withdrawal symptoms Standardised mean difference

Amineptine 1 43 @ —0.26 (—0.86, 0.34) @

Mirtazapine 1 31 a 0.17 (—0.54, 0.89) a

Modafinil 1 19 4 0.86(—0.09, 1.82) a

Total 3 93 49 0.17(-0.43,0.77) @@OO Low
Craving Standardised mean difference

Amineptine 1 29 a —0.19 (—0.92, 0.54) a

Modafinil 1 19 4 0.95(—0.01,1.92) a

Total 2 48 71 0.34(-0.77,1.45) DOOQ Very low
Safety Relative risk

Amantadine 1 35 a 2.47 (0.76, 8.03) a

Total 1 35 i 247(0.76, 8.03) BOOQ Very low

Abbreviations: CI, confidence interval; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.

*Not calculated as only one study of the investigational product available.
*p < 0.05.

State when compared with placebo (SMD —0.70, 95% CI
—1.18, —0.22, p = 0.004). No difference was apparent for
mirtazapine compared with placebo from a single study
(SMD 0.42, 95% CI —0.30, 1.15, p = 0.36). All other trials
were not included as they did not report on Global State.

3.7 | Withdrawal symptoms

Four studies reported withdrawal outcomes, of which
three (with 93 participants) were included in the meta-
analysis [49, 50, 54].

Studies assessed withdrawal symptoms using the
Amphetamine Withdrawal Questionnaire (AWQ) [31], a
10-item instrument based on the Diagnostic and Statisti-
cal Manual of Mental Disorders-IV withdrawal criteria
[54], and the Amphetamine Cessation Symptoms Assess-
ment (ACSA) [49], a 16-item questionnaire with items
derived from the AWQ and the Cocaine Selective Severity
Assessment [59]. One trial [50] reported withdrawal
using three different measures, the AWQ, the ACSA as

well as the Amphetamine Selective Severity Assessment,
a modification of the Cocaine Selective Severity Assess-
ment where the word ‘cocaine’ was replaced with the
word ‘amphetamine’ [59, 60]. The AWQ data was
reported for the purposes of this review, as the AWQ is
the most common measure used for withdrawal severity
in similar studies not included in the scope of this
review [61].

There was no difference between treatment and pla-
cebo for withdrawal symptoms (SEM 0.17, 95% CI —0.43,
0.77, p = 0.58).

Sensitivity analysis was conducted where AWQ
results were replaced with ACSA and Amphetamine
Selective Severity Assessment values, and results
remained insignificant overall and for modafinil alone
(data not shown).

One trial which reported withdrawal outcomes was
excluded from the meta-analysis [52] as the data were
reported as median, and the mean and SD required for
comparison were not available or provided by request to
authors. That study did, however, report significant
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improvement in withdrawal symptoms of participants
receiving mirtazapine compared with placebo as mea-
sured by the AWQ (p = 0.03).

3.8 | Cravings
Two studies (n = 48) reported cravings for metham-
phetamine in this review [50, 51]. A further trial
included a craving measure, but this was conducted
prior to pharmacological intervention with no follow-
up after the intervention commenced, so it was not
included in this analysis [57]. Craving was assessed
with the Questionnaire for Evaluating Cocaine Craving
and Related Responses (QECCRR) [51], and a 100 mm
Visual Analogue Scale (VAS) to evaluate craving for
methamphetamine [50]. A VAS is a visual tool used to
rate severity of symptoms [33]. In Lee et al. participants
were asked to rate their ‘desire to use’ by putting a
mark on a 100 mm long line indicating intensity of
desire [50]. The QECCRR is a tool designed to measure
four aspects of cocaine withdrawal through four 20 cm
VASs: depressed mood, no energy, sick feeling and
craving [32]. Only the craving score of the QECCRR
was used in this analysis. As higher scores on the
QECCRR indicate lower craving, and higher scores on
the VAS indicate greater craving, the means of the
QECCRR were multiplied by —1 to ensure consistency
in direction of both scales.

There was no difference in treatment or placebo arms
for craving scores (SMD 0.34, 95% CI —0.77, 145,
p = 0.55) and data were substantially, but not signifi-
cantly heterogenous (I> = 71%, p = 0.06). No individual
medication alone showed effect.

3.9 | Safety

Only one study included the number and type of adverse
events (AE) experienced by participants receiving either
amantadine or placebo, and found no significant differ-
ences between either arm (RR 2.47, 95% CI 0.76, 8.03,
p = 0.13) [53]. Three studies described AEs in text. Lee
et al. described no AEs in either the modafinil or placebo
groups, but reported lethargy and disturbed sleep in both
arms [50]. Kongsakon reported no serious adverse events
during the trial of mirtazapine, but side effects were
reported, including mild headache, nausea and vomiting
[52]. Kalechstein stated that varenicline was not associ-
ated with neuropsychiatric or dose-dependent adverse
events, but gave no further information [56]. The four
remaining studies did not include any information about
safety or AEs [49, 54, 55, 57].

3.10 | GRADE quality of evidence

The quality of evidence in this review varies from low to
very low on GRADE assessments. Outcomes with multiple
studies reporting on the same medications are presented in
Table 2. For amineptine’s effect on discontinuation rates we
downgraded the evidence to very low, due to serious con-
cerns with risk of bias and very serious concerns regarding
imprecision. Mirtazapine’s effect on discontinuation rates
was similarly downgraded to very low due to very serious
concerns regarding risk of bias and imprecision. For
amineptine’s effect on global state, we downgraded the
evidence to low, due to serious concerns with risk of bias
and imprecision. A full GRADE summary of findings table
is available in Table S2.

3.11 | Findings from studies not
included in the meta-analysis

Amantadine was found to reduce fatigue relative to pla-
cebo (p < 0.001, effect size not reported) [53]. A cross-over
study found modafinil significantly reduced sleep latency
compared to baseline (p < 0.001, n* = 0.9), however, there
was no difference between treatment and placebo after
crossover (p > 0.05, effect size not reported) [57]. Two stud-
ies failed to produce improvements in sleep with mirtaza-
pine (p > 0.05, effect sizes not reported), with one report
finding increased awakenings throughout the night when
compared to placebo (p < 0.05, effect size not reported)
[49, 52].

Compared to placebo, varenicline was associated with
significantly faster visual reaction time (p = 0.025,
n? = 0.103), but did not demonstrate improvements on
other neuropsychological tests, including working mem-
ory and sustained attention (p > 0.082, 5> < 0.063) [56].
Ibudilast produced improvements in 2 of 12 domains on
the Continuous Performance Test—II (variability
[p<0.01, r = 0.83] and perseverance [p = 0.01,
r = 0.75]) which assesses sustained attention [55].

4 | DISCUSSION

This review identified nine RCT assessing six medications
for the treatment of amphetamine or methamphetamine
withdrawal which met inclusion criteria. The results of
this review indicate that there is insufficient evidence to
support any pharmacotherapy as being effective for the
treatment of methamphetamine withdrawal. However,
the low to very low quality of available evidence means
that neither is there sufficient evidence to confirm that
any of the studied pharmacotherapies are not effective.
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Further high-quality trials may result in different
findings.

Withdrawal is commonly the first phase in reducing
or ceasing regular methamphetamine use, and given that
96 people per 100,000 people globally are dependent on
amphetamines, there is a clear need for high quality clin-
ical trials in this space [62], the lack of which has been
noted previously [22]. The last Cochrane review of this
topic [4], which employed a similar search strategy to
ours, was conducted in 2008. In the 13 years following
that report, our search found only five additional RCT,
and only two of those were able to be meta-analysed.
This is in stark contrast to other withdrawal syndromes
where, for example, a recent Cochrane review of a single
pharmacotherapy (buprenorphine) for opioid withdrawal
yielded 27 RCT of 3048 participants [63].

4.1 | Efficacy

No medication was found to be significantly different from
placebo in terms of measures of discontinuation rates,
global state, craving for amphetamine/methamphetamine
or intensity of withdrawal symptoms. The lack of ameliora-
tion of any withdrawal symptoms in the studies reviewed
here is of particular importance: withdrawal is often the
first step in a treatment journey, and successful treatment
of withdrawal symptoms can predict longer-term treatment
outcomes [12, 21]. The exception to these results was ami-
neptine, which improved measures of global state and dis-
continuation when compared with placebo. However, this
is of limited clinical utility, as amineptine was never
approved for use in a variety of jurisdictions, including the
United States, and was voluntarily withdrawn from the
market by the manufacturer in 1999 due to reports of hepa-
totoxicity and amineptine abuse [64, 65]. Of any of the
reviewed pharmacotherapies, amineptine’s pharmacological
and subjective effects may most closely mimic methamphet-
amine, in that it does have some immediate dopamine
releasing effect, which may explain why positive effects
were seen for this medication [66]. This suggests that like
other withdrawal management strategies (e.g., tobacco, opi-
oids) the strategy of pursuing a drug that has a similar (but
longer acting) pharmacological profile to methamphet-
amine may be a more promising path for research going
forward.

4.2 | Safety

The safety profile of any of the reviewed medications is
not well established in this population or context, as no
safety data were reported in four of the trials, and in

another four only a narrative description of adverse
events was provided—making assessment of relative
safety impossible. Only one trial systematically reported
the number and type of adverse events experienced by
each arm, and due to this no strong inference can be
made about safety or side effects of the medications
trialled in the included studies.

4.3 | Sleep and cognition
The use of sleep as an outcome measure in clinical trials
involving treatment for stimulant use is increasing. Reli-
able methods to objectively measure sleep outcomes
should in future be harmonised across studies to allow
for better synthesis of results. Further, the reliability of
common sleep questionnaires has not been established in
the context of people who consume drugs, and particu-
larly in the case of stimulants, may have problematic
wording. For example, the Insomnia Severity Index asks
‘How satisfied/dissatisfied are you with your current
sleep pattern?’. A person who takes stimulants to inten-
tionally stay awake might be very satisfied with not sleep-
ing for days at a time, and this scale could therefore
incorrectly assign healthy sleep patterns [67]. Studies in
this review used a combination of objective measures and
questionnaires assessing different aspects of sleep and
due to these disparate outcomes and measures future
pooled analysis of these data would be impossible.
Neither study assessing neurocognitive outcomes
demonstrated robust evidence of efficacy. While vareni-
cline suggested a non-significant trend towards improved
accuracy in the placebo group, and ibudilast found signif-
icant effect on two subscales of the 12-part CPT-II, both
studies were judged to be of high risk of bias and so
claims of efficacy based on these results are dubious. In
addition, data are lacking on the neurocognitive impacts
of methamphetamine withdrawal including the affected
domains and severity, thus the clinical relevance of
improvements in neurocognition by these measures in
the acute methamphetamine withdrawal phase is yet to
be established.

4.4 | Limitations

This review has several limitations. By choosing to focus
on only the highest level of evidence, RCT, this review
did not include different study designs. However, due to
the low quality of evidence in the trials reviewed here it
is unlikely that the inclusion of uncontrolled studies or
case reports would have changed the conclusions of the
review. There is a need for updated, validated scales for



TREATMENT FOR METHAMPHETAMINE WITHDRAWAL

‘Dﬁ!@@iﬁ]/}}i@iﬁﬂnswsw

assessing treatment outcomes in these populations, for
example, the Clinical Global Impression was validated in
1977 [30].

Any implications for policy and practise from this
review are limited by the quality and quantity of avail-
able data. Six of nine included papers were judged to be
of high risk of bias in this review, limiting the reliability
of results generated. The most likely reason for a high
risk of bias assessment was apparent selective reporting
of the outcome data and issues with randomisation. How-
ever, this review has highlighted the opportunity for
future research as no large, well-conducted clinical trial
has yet been conducted, and there are potential avenues
of investigation available. Future trials should be suffi-
ciently powered and of high quality in both design and
reporting, as further studies with methodological or
reporting issues will not improve the level of evidence for
pharmacological intervention for methamphetamine
withdrawal in any meaningful way.

5 | CONCLUSION

The results of this review did not find any of the reviewed
medications to be efficacious in the treatment of amphet-
amine/methamphetamine withdrawal. Neither did it,
however, find sufficient evidence to reject outright any of
the previously trialled medications due to small sample
sizes and methodological issues. There is a need and
opportunity going forwards to conduct high impact research
in pharmacological interventions for methamphetamine
withdrawal. Future studies should provide consistent or
harmonised outcome measures, accurate and detailed safety
reporting and clear randomisation procedures. Study Regis-
tration: Prospero ID CRD42021224850.
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