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Main points: 
 
"Background and Aims:  
There is currently no standard of care for pharmacological treatment of amphetamine-type 
stimulant (ATS) use disorder (ATSUD). This systematic 
review with meta-analysis (PROSPERO CRD42022354492) aimed to pool results from 
randomized placebo-controlled trials (RCTs) to evaluate efficacy and safety of Prescription 
Psychostimulants  for Amphetamine-Type-Stimulant Use Disorder. . . .  
"Ten RCTs (n = 561 participants) were included in the meta-analysis.  . . .  
 
"Conclusions: Among individuals with amphetamine-type stimulant use disorder, 
treatment with Prescription Psychostimulants may decrease Amphetamine-Type-Stimulant 
use and craving. While 
effect size is limited, it may increase with a higher dosage of medications." 
 
"Ten RCTs [30–39] were included, enrolling 561 participants. The 
characteristics of the studies are summarized in Table 1. Overall, 
143 participants were included from three studies testing maximum 
total daily doses of 60 mg [30, 37] and 110 mg [39] of dextroamphetamine for 2–12 weeks, and 
418 participants were included 
from seven studies testing maximum total daily doses of 54 mg [33, 
34, 36, 38], 60 mg [35], 72 mg [31] and 180 mg [32] of methylphenidate for 10–24 weeks. In the 
included studies, participants’ mean 
age range was 31.9–41.5 years, and 52.9–81.8% were males 
(Table 1)." 
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All of the following text consists of quotations from the article. 
 
DISCUSSION 
In this meta-analysis, we studied the effect of Prescription Psychostimulants on 
Amphetamine-Type-Stimulant Use Disorder by 
combining the available data in placebo-controlled trials. To the best 
of our knowledge, this is the first study that exclusively focuses upon 
the treatment of this population using Prescription Psychostimulants.  
 
This is important because, 
despite the growing prevalence of Amphetamine-Type-Stimulant Use Disorder, especially in 
North 
America, most of the treatment recommendations are based upon 
pharmacotherapy trials in cocaine use disorder [40, 41].  
 
Moreover, 
previous meta-analyses on the treatment of Amphetamine-Type-Stimulant Use Disorder using 
Prescription Psychostimulants 
included bupropion and modafinil as psychostimulants [10, 42]. While 
these medications share some effects with typical Prescription Psychostimulants, their 
mechanism of action and neurochemical effects are different from those of typical Prescription 
Psychostimulants, resulting in an additional source of heterogeneity in the 
meta-analysis [43].  
 
Notwithstanding some limitations and the relative 
scarcity of studies, our meta-analysis showed that Prescription Psychostimulant treatment, 
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specifically at higher doses, may have some benefits in decreasing the 
number of positive UAs during treatment and warrant further investigation.  
 
The main analysis results also suggest that PP treatment may 
be effective in reducing Amphetamine-Type-Stimulant craving, but no statistically significant 
differences were found between PP treatment and placebo regarding 
other tested outcomes.  
 
In the subsequent subgroup analyses, we 
observed significant effect modification by the type of medication, 
intervention dose, duration of treatment and ADHD status on various 
reported outcomes, which may guide future research efforts. 
 
Our results showed a very high level of heterogeneity in the 
included study results, with pooled effects in favour of Prescription Psychostimulant treatment 
compared to placebo in terms of reduced Amphetamine-Type-Stimulant use as evaluated by 
UA, after excluding studies with a high risk of bias.  
 
Our meta-analysis, therefore, showed a relatively small risk reduction, with an average of 
approximately 11% in the proportions of Amphetamine-Type-Stimulant-positive UA among 
those treated with Prescription Psychostimulants compared to placebo. However, the clinical 
significance of such reduction may need to be assessed while considering other factors such as 
the burden and consequences of Amphetamine-Type-Stimulant use 
and the absence of other approved medications for Amphetamine-Type-Stimulant Use 
Disorder. 
 
 
Interestingly, the subgroup analysis showed that study participants 
had more benefits from high-dose PP, with a moderate risk 
reduction (approximately 29%) of Amphetamine-Type-Stimulant use as evaluated by UA. 
Such differences in the treatment effect were not present when using 
lower PP doses. While these findings should be interpreted with 
caution, as only one study [32] was available for high-dose PP 
(> 162 mg methylphenidate), they may support a dose–response 
relationship where higher stimulant doses may be associated with 
better treatment outcomes. 
 
 
Methylphenidate and dextroamphetamine are used for the management of ADHD at maximum 
daily doses of 108 and 50 mg for adults, respectively [29]. Our results suggest that people with 
longterm high-dose exposure to Amphetamine-Type-Stimulant may require doses higher than 
the 
clinically recommended doses of Prescription Psychostimulants to generate an agonist effect 
that would potentially lead to a reduction in Amphetamine-Type-Stimulant use. This is in line 
with the conclusion of a previous meta-analysis by Tardelli et al. [40], 
which showed a beneficial effect of higher doses of Prescription Psychostimulants (including 
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modafinil) for the treatment of stimulant use disorder (i.e. Amphetamine-Type-Stimulant Use 
Disorder and 
cocaine use disorder).  
 
While promising, the clinical significance of such 
effect and the optimal dose titration (i.e. rate and maximum dose) and 
dispensing regimens (i.e. supervised versus take-home dosing) still 
need to be ascertained in future studies [40]. In our subgroup analysis, 
treatment with methylphenidate (but not with dextroamphetamine) 
reduced Amphetamine-Type-Stimulant use. However, there was only one study [30] which 
had 
a high risk of bias that tested dextroamphetamine; therefore this difference in the results of the 
subgroup analysis should be considered 
with caution.  
 
The PP treatment was not significantly different from 
placebo regarding the self-reported number of days of Amphetamine-Type-Stimulant use. This 
absence of association may be explained in part by the recall and 
social desirability biases and missing data that are commonly observed 
for patient-reported outcomes. While our meta-analysis results for 
self-reported Amphetamine-Type-Stimulant use are not in agreement with those by UA, a 
recent 
meta-analysis showed high agreement between self-report and biological testing for 
measurement of substance use [44]. 
 
 
Although there was no statistically significant interaction 
between PP treatment and retention outcome, higher doses and longer duration of treatment were 
significantly associated with higher 
retention rates in our subgroup analyses. Trial participants benefited 
from higher PP doses (> 162 mg methylphenidate and > 75 mg dextroamphetamine) with a 
higher probability (about 131% increase) of 
retention in treatment.  
 
Our subgroup analysis also showed a moderate effect size, with an 83% increase in the 
probability of retention in 
treatment only in those with a treatment duration of 20 weeks and 
more. This result is in line with a previous meta-analysis by Bhatt 
et al. [42], which showed better retention in treatment in those with a 
treatment duration of more than 12 weeks. This may be explained in 
part by the possible beneficial cumulative effect of a longer duration 
of pharmacological intervention using the maximum therapeutic 
tolerated dose. 
 
 
Our results also showed a significant effect favouring treatment 
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with Prescription Psychostimulants for end-point craving. The corresponding significant 
beneficial effect presented a small to moderate effect size of reduction in craving of 
approximately 0.29 SMD. However, early-stage craving did 
not significantly differ between the PP treatment and placebo arms. 
These differential effects between early-stage and end-point craving 
scores may result from the inclusion of a study [37] with craving scores 
reported at a very early time-point (week 2), when it is possible that 
the full effect of treatment may not have been reached. Given the 
short delay of the action of psychostimulants, the interaction of time 
with craving measurements and the precise role of biological and psychosocial determinants of 
the individuals receiving active treatment in 
later stages of intervention warrants further investigations. 
 
 
Our meta-analysis included dropout following AEs, reported by 
most included studies as an important proxy of treatment safety. The 
pooled results showed that PP treatment was not significantly associated with higher dropout 
following AEs, reflecting the relative safety 
of PP treatment. However, the methods for collecting AEs varied 
among studies, and it remains difficult to verify whether some AEs 
were under-reported. This underlies the importance of standardized 
reporting of AEs in future trials. 
 
Our meta-analysis has been strengthened using the GRADE and 
RoB 2 tools for bias and evidence assessment, which may help to 
enhance the applicability of the results. However, the present meta-analysis has its limitations.  
 
First, some of the included trials had relatively small sample sizes, some of which included 
specific samples 
(e.g. with ADHD), adding to the heterogeneity caused by various treatment doses and durations. 
This heterogeneity was also evident in the 
results observed in some subgroup analyses (e.g. by dose and duration 
of treatment).  
 
Secondly, some of the studies excluded individuals with 
complicated and severe mental and physical disorders, as well as other 
concomitant substance use disorders, limiting the generalizability of 
our results to the wider populations.  
 
Thirdly, many important outcomes, such as treatment compliance, addiction severity and anxiety 
symptom severity, were excluded due to a lack of sufficient data 
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Abstract

Background and Aims: There is currently no standard of care for pharmacological treat-

ment of amphetamine-type stimulant (ATS) use disorder (ATSUD). This systematic

review with meta-analysis (PROSPERO CRD42022354492) aimed to pool results from

randomized placebo-controlled trials (RCTs) to evaluate efficacy and safety of prescrip-

tion psychostimulants (PPs) for ATSUD.

Methods: Major indexing sources and trial registries were searched to include records

published before 29 August 2022. Eligible studies were RCTs evaluating efficacy and

safety of PPs for ATSUD. Risk of bias (RoB) was assessed using the Cochrane RoB 2 tool.

Risk ratio (RR) and risk difference were calculated for random-effect meta-analysis of

dichotomous variables. Mean difference and standardized mean difference (SMD) were

calculated for random-effect meta-analysis of continuous variables.

Results: Ten RCTs (n = 561 participants) were included in the meta-analysis. Trials stud-

ied methylphenidate (n = 7), with daily doses of 54–180 mg, and dextroamphetamine

(n = 3), with daily doses of 60–110 mg, for 2–24 weeks. PPs significantly decreased end-

point craving [SMD −0.29; 95% confidence interval (CI) = −0.55, −0.03], while such a

decrease did not reach statistical significance for ATS use, as evaluated by urine analysis

(UA) (RR = 0.93; 95% CI = 0.85–1.01). No effect was observed for self-reported ATS

use, retention in treatment, dropout following adverse events, early-stage craving, with-

drawal and depressive symptoms. In a sensitivity analysis, treatment was associated with

a significant reduction in UA positive for ATS (RR = 0.89; 95% CI = 0.79–0.99) after

removing studies with a high risk of bias. In subgroup analyses, methylphenidate and

high doses of PPs were negatively associated with ATS use by UA, while higher doses of
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PPs and treatment duration (≥ 20 weeks) were positively associated with longer

retention.

Conclusions: Among individuals with amphetamine-type stimulant use disorder,

treatment with prescription psychostimulants may decrease ATS use and craving. While

effect size is limited, it may increase with a higher dosage of medications.

K E YWORD S

Amphetamine, amphetamine-related disorders, dependence, methamphetamine, pharmacotherapy,
psychostimulant, stimulant use disorder, treatment

INTRODUCTION

In the last decades, an ever-growing prevalence of people who use

amphetamine-type stimulants (ATS) has been reported in various

regions of the world [1–3]. According to the World Drug Report

2022, 34 million people used amphetamines in the year 2020

alone [2]. Amphetamine-type stimulant use disorder (ATSUD) has

turned into a major health issue globally, with an estimated age-

standardized prevalence of 64.7 cases per 100 000 people in

2016 [1].

Despite the alarming prevalence and severe socio-medical

consequences, there is still no established pharmacotherapy recom-

mendation for the treatment of ATSUD. Clinicians rely mainly upon

psychosocial-based interventions, which are found to offer short-term

efficacy and are accompanied by difficulties in implementation [4–6].

As current modalities have limited efficacy, recent studies indicate

that more than 60% of the population receiving treatment for ATSUD

relapse within the first 12 months with a small percentage in remis-

sion after 5 years [7].

Multiple groups have tried to establish a pharmacological treat-

ment framework to improve the standard of care for ATSUD based on

the available evidence [4, 5, 8]. In most cases, however, the varying

quality of primary studies, the heterogeneity of reported results and

insufficient sample size have prevented authors from conducting a

meta-analysis or issuing any official recommendations [5, 9].

Nonetheless, in most of these studies, agonist therapy using prescrip-

tion psychostimulants (PPs) possessed the strongest evidence of effi-

cacy and has been discussed as the most likely class to have the

potential for the treatment of ATSUD [5, 9, 10]. It has been argued

that agonist therapy using PPs could potentially be a viable strategy in

this population and reduce harms associated with ATSUD, with lim-

ited adverse events [10]. Of note, agonist therapy for opioid use dis-

order is a standard of care that has led to significant harm and

mortality reduction. Such a widespread strategy for the treatment of

ATSUD has not been established due to limited evidence [5, 9, 11, 12]

and should be properly assessed; given many differences between

stimulant and opioid use disorders, for example, there are often

periods of stimulant high-dose binge use followed by cessation and

withdrawal, while opioid users frequently try to maintain a desired

level of opioid effect which is targeted by agonist therapy [13].

In this meta-analysis we conducted a rigorous review of the

literature, focusing upon randomized placebo-controlled trials (RCT)

comparing the therapeutic effect of PPs (i.e. methylphenidate, dextro-

amphetamine and lisdexamphetamine) with placebo in the treatment

of ATSUD. Our objective was to pool the published and unpublished

evidence available on the efficacy and safety of PPs in the treatment

of ATSUD to quantify the probability of the benefits of such treat-

ment. We aimed to address the knowledge gap regarding the efficacy

of PPs in the outcomes of the treatment of ATSUD using meta-

analysis followed by subgroup analyses focusing upon key potential

effect-modifying factors.

METHODS

Study conceptualization and registration

This study concept was conceived in March 2022, followed by a pre-

liminary search to define the target outcomes and to confirm the

availability of studies for each candidate outcome. The study protocol

was submitted to the international Prospective Register Of Systematic

Reviews (PROSPERO) in August 2022 (Supporting information,

Appendix S1). The original PROSPERO submission and updates are

accessible on PROSPERO with identification CRD42022354492. This

study was conducted and reported following the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020

(Supporting information, Appendices S2 and S3) [14].

Search methods

The search strategies were designed by an experienced librarian

(D.Z.). The complete search strategy for this systematic review is

reported in Supporting information, Appendix S4. The literature

search was run on 29 August 2022. The strategies were reviewed by

another senior information specialist before execution using the

PRESS checklist [15]. The following electronic databases were

searched: MEDLINE (Ovid), CINAHL (EBSCOhost), PsycINFO (Ovid),

EBM Reviews (Ovid), EMBASE (Ovid), PubMed, Web of Science and

Scopus, with keywords covering three domains of ‘amphetamine-type

stimulant use disorder’, ‘psychostimulant’ and ‘clinical trial’. We

searched several clinical trial registries (ClinicalTrials.gov, International

Clinical Trials Registry Platform and International Standard Random-

ized Controlled Trial Number Registry, Health Canada Clinical Trials
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Database and UK Clinical Trials Gateway). In addition, we completed

the search with Google Scholar. Reference lists of the included articles

and relevant systematic reviews were manually screened to identify

additional studies.

Study screening and selection

Any published/unpublished RCTs of PPs for the treatment of

ATSUD were included. The inclusion criteria were (a) clinical trials

with a randomized and placebo-controlled design; (b) interventional

studies with PPs including methylphenidate, dextroamphetamine, lis-

dexamphetamine and other amphetamine salts; and (c) studies that

included individuals with ATSUD diagnosed using the Diagnostic and

Statistical Manual of Mental Disorders-IV (DSM-IV) or DSM-5 criteria

for stimulant use disorder [16, 17]. The exclusion criteria were

(a) other clinical trial designs, such as open-label trials, human labora-

tory studies and animal studies; and (b) trials with fewer than 10 par-

ticipants in each of the placebo/PP arms, which may also help to

reduce any potential biases in estimates associated with very small

studies [18].

The search results were imported to Covidence® after the

removal of duplicates in EndNote by the librarian (D.Z.) using

the method described by Bramer et al. [19]. Two reviewers (H.S. and

H.B.) screened the titles/abstracts of search entries independently.

Any conflicts in the title/abstract screening were resolved through

mutual consensus. The same reviewers contributed independently to

the eligibility assessment of studies after retrieval of the study full-

text/report. Any conflicts in the study eligibility assessment were

resolved through mutual discussions and, in the cases of disagree-

ment, a consensus was achieved through consultation with the study

supervisor (D.J.A.).

Outcomes

Following the initial search and selection of candidate studies a set of

11 target outcomes were considered for inclusion in the meta-

analysis, including ATS abstinence, self-reported ATS use, retention in

treatment, treatment compliance, ATS craving, withdrawal symptom

severity, addiction severity, psychiatric symptom severity, overall

functioning, executive functioning (cognition) and treatment safety.

Some of these outcomes were adopted from a previous meta-

analysis [10]. In-depth assessment of the studies after the final search

resulted in the transformation of the included outcomes in the meta-

analysis with the following definitions:

• Amphetamine-type stimulant use assessed by urine analysis

(UA) was defined as qualitative or quantitative testing of urine for

amphetamine and/or methamphetamine through the randomized

treatment phase of the study. The collective results of UA

were pooled as the total proportion of positive UA in intervention

arms.

• Self-reported ATS use was defined as a declaration of ATS use by

trial participants during part or all of the randomized treatment

phase, and evaluated using tools such as time-line follow-back

(TLFB) [20] and Addiction Severity Index (ASI, drug subscale) [21].

The mean ± standard deviation (SD) of self-reported days of use

was collected and pooled in the meta-analysis.

• Retention in treatment was defined as the proportion of individuals

retained in the trial who received treatment or placebo until the

end of the randomized treatment phase.

• Dropout following adverse events (AEs) was defined as the propor-

tion of individuals for whom treatment was discontinued following

observation of AEs.

• Amphetamine-type stimulant craving was measured using scales

such as the Visual Analog Scale (VAS). For ATS craving, two differ-

ent time-point measurements were included for data pooling:

(a) early-stage ATS craving was defined as the mean ± SD of mea-

surement, taking the latest time-point available between weeks

2 to 4; (b) end-point ATS craving was defined as the mean ± SD of

craving measured at the last treatment visit in the trials of longer

than 4 weeks.

• Withdrawal symptom severity was evaluated using scales such as

Amphetamine Withdrawal Questionnaire (AWQ) [22] and Meth-

amphetamine Selective Severity Assessment (MSSA) [23] for the

end-point (last treatment visit) measurement (mean ± SD).

• Depressive symptom severity was evaluated using scales such as

the Beck Depression Inventory (BDI and BDI-II) [24] for the end-

point (last treatment visit) measurement (mean ± SD).

Data extraction

Two reviewers (C.M. and S.C.M.) independently extracted the data

from the included studies using a structured Excel sheet (Supporting

information, Appendix S5) and conflicts were resolved through mutual

discussion [the authors confirm that the data supporting the findings

of this meta-analysis are available within Appendix S5 (structured data

extraction Excel sheet)]. The remaining conflicts were resolved

through discussion with the primary author of the study (H.S.). The

on-line WebPlotDigitizer version 4.6 tool was used for the extraction

of values from study graphs [25]. Authors of the included studies

were contacted for the required results when measurement values

were not available or retrievable (Supporting information,

Appendix S6).

Risk of bias, publication bias and evidence certainty
assessment

For the assessment of risk of bias, we used criteria from the Risk of

Bias assessment tool (RoB 2) of the Cochrane Collaboration [26]. The

RoB 2 Excel tool was used independently by two researchers

(H.S. and S.D.). Conflicts were resolved through mutual discussion.

Publication bias was assessed for outcomes found in eight or more
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studies using visual evaluation of funnel plots for the asymmetrical

distribution of study results. Two reviewers (H.S. and H.B.) indepen-

dently assessed the certainty of the evidence by employing the Grad-

ing of Recommendations, Assessment, Development, and Evaluation

(GRADE) [27]. Disagreements in the evidence certainty assessment

were resolved through mutual discussion.

Data analysis

Outcomes with two or more poolable results were kept for meta-

analysis. The risk ratio (RR) and the 95% confidence interval

(CI) were calculated for the meta-analysis of outcomes with dichoto-

mous variables. The risk difference (RD) and the 95% CI were calcu-

lated when the event was rare in dichotomous outcomes. The mean

difference (MD) and the 95% CI were calculated for outcomes with

continuous data measured by a single measurement tool and scale.

The standardized mean difference (SMD) and 95% CI were calculated

for outcomes with continuous data measured by different measure-

ment tools and/or scales. For weighting and calculation of between-

study variations, random-effect meta-analysis was employed using

the inverse variance method. The main analysis included all available

and poolable studies. All statistical analyses and corresponding

graphs (forest and funnel plots) were executed using Review Man-

ager version 5.4 [28]. A P-value ≤ 0.05 was considered statistically

significant.

Subgroup analyses were selected based on potential effect-

modifying factors and were applied to all study outcomes using the

following variables: trial medication (methylphenidate versus dextro-

amphetamine), maximum daily dose of medication (low versus high

dose), active treatment duration (< 20 versus ≥ 20 weeks) and

attention-deficit/hyperactivity disorder (ADHD) in the study popula-

tion (all-ADHD population versus mixed population/not described).

For subgroup analysis by the maximum daily dose of medication, a

low-level cut-off of 72 mg/day for methylphenidate and 40 mg/day

for dextroamphetamine was used following the maximum total daily

doses recommended for the management of ADHD according to

medication monographs. As an additional exploratory subgroup

analysis by PP dose, a high-level cut-off of 162 mg/day for methyl-

phenidate and 75 mg/day for dextroamphetamine was included. This

high-level cut-off covers substantially (> 50%) higher than the maxi-

mum total daily dose recommended by the Canadian ADHD Resource

Alliance (CADDRA) [29]. For sensitivity analyses, studies with a high

risk of bias were removed from the meta-analysis.

RESULTS

Search and study selection results

The PRISMA flow diagram is presented in Figure 1. Briefly, we identi-

fied 15 962 records via the indexed electronic search method. Among

F I GU R E 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram for results of search,
screening and eligibility assessment of studies.
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the 33 records selected for full-text screening, 28 full-text articles

were available and retrieved for the full-text-based assessment of eli-

gibility. Finally, 18 full-text articles and two additional records from

other search methods (grey literature and governmental resources)

were excluded in this stage, leaving 10 studies for inclusion in the sys-

tematic review and meta-analysis. The detailed reasons for the exclu-

sion of these 20 records are described in Supporting information,

Appendix S7.

Characteristics of included studies

Ten RCTs [30–39] were included, enrolling 561 participants. The

characteristics of the studies are summarized in Table 1. Overall,

143 participants were included from three studies testing maximum

total daily doses of 60 mg [30, 37] and 110 mg [39] of dextroam-

phetamine for 2–12 weeks, and 418 participants were included

from seven studies testing maximum total daily doses of 54 mg [33,

34, 36, 38], 60 mg [35], 72 mg [31] and 180 mg [32] of methylphe-

nidate for 10–24 weeks. In the included studies, participants’ mean

age range was 31.9–41.5 years, and 52.9–81.8% were males

(Table 1).

Selected outcomes

The included outcomes and their analysis approaches are summarized

in Table 2. The following outcomes had two or more available and

poolable results: ATS use by UA, self-reported ATS use, retention in

treatment, dropout following AEs, early-stage craving, end-point crav-

ing, withdrawal symptom severity and depressive symptom severity.

Treatment compliance, addiction severity, anxiety symptom severity

and executive function were removed from the meta-analysis, as

fewer than two poolable results were available for these outcomes

(Table 2).

Intervention effects

Amphetamine-type stimulant use by assessment of
urine analysis

Eight studies reported the number of positive UA for a total of

12 208 reported UA. Prescription psychostimulants’ association with

ATS use by UA (RR = 0.93; 95% CI = 0.85–1.01) did not reach statisti-

cal significance (P = 0.07). The heterogeneity was very high (I 2 = 94%)

in between-study results (Table 3 and Supporting information,

Figure S1a). In the risk of bias assessment, four of the eight studies

had a high risk of bias (Table 3 and Supporting information,

Figure S1b). In the evaluation of publication bias using a funnel plot,

there was no visible sign of publication bias (Supporting information,

Figure S1c). The evidence obtained through the main analysis was

rated as low quality in the GRADE assessment (Supporting

information, Table S1). In the sensitivity analysis, after removing the

studies with a high risk of bias, the ATS use by UA effect estimate

became statistically significant (RR = 0.89; 95% CI = 0.79–0.99)

(Supporting information, Table S2). In the subgroup analysis, the effect

estimate was significantly different by the type of medication favour-

ing methylphenidate (Table 4). Furthermore, ATS use by UA was sig-

nificantly lower using high-dose PPs (methylphenidate > 162 mg)

compared to low-dose (methylphenidate ≤ 162 mg and dextroam-

phetamine ≤ 75 mg) (Table 4).

Self-reported amphetamine-type stimulant use

The results of self-reported ATS use were available for five studies

that included a total of 227 participants. The pooled effect estimate

(SMD = −0.11; 95% CI: = −0.37, 0.15) was statistically non-significant

with a low heterogeneity (I2 = 0%) in inter-study results (Table 3 and

Supporting information, Figure S2a). For this outcome, three of the

five studies had a high risk of bias (Table 3 and Supporting informa-

tion, Figure S2b). The evidence for this outcome was rated as low

quality in the GRADE assessment (Supporting information, Table S1).

After removing the three studies with a high risk of bias in the sensi-

tivity analysis, the results did not change significantly (Supporting

information, Table S2). Furthermore, the subgroup analyses did not

show any statistically significant results (Table 4).

Retention in treatment

All included studies had available results for retention in treatment for

561 participants. The pooled effect estimate (RR = 1.11; 95%

CI = 0.93, 1.33) was statistically non-significant, with a low heteroge-

neity (I2 = 25%) in inter-study results (Table 3 and Supporting infor-

mation, Figure S3a). For this outcome, no study was rated with a high

risk of bias assessment (Table 3 and Supporting information,

Figure S3b). The funnel plot showed a moderate asymmetry (inter-

preted as a sign of publication bias) in the distribution of studies’
results (Supporting information, Figure S3c). The evidence of the main

analysis was rated as medium quality in the GRADE assessment

(Supporting information, Table S1). In the subgroup analysis, retention

in treatment was significantly higher using high-dose PPs (methylphe-

nidate > 162 mg and dextroamphetamine > 75 mg) compared to low-

dose PPs (methylphenidate ≤ 162 mg and dextroamphetamine

≤ 75 mg) (Table 4). There was also a statistically significant difference

in retention by the duration of treatment favouring ≥ 20 weeks

(Table 4).

Dropout following adverse events

All studies reported the number of participants who dropped out fol-

lowing an AE during treatment, and included a total of 556 partici-

pants. The pooled effect estimate (RD = −0.01; 95% CI = −0.03, 0.01)
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was statistically non-significant, with a low heterogeneity (I2 = 0%) in

inter-study results (Table 3 and Supporting information, Figure S4a).

For this outcome, no study had a high risk of bias (Table 3 and Sup-

porting information, Figure S4b). In the evaluation of publication bias,

the funnel plot showed a minor asymmetry (interpreted as a sign of

publication bias) in the distribution of studies’ results (Supporting

information, Figure S4c). The evidence from the main analysis was

rated as medium quality in the GRADE assessment (Supporting infor-

mation, Table S1). In the subgroup analysis, there was no significant

difference between subgroups for all evaluated parameters (Table 4).

Investigating serious AEs (SAEs), eight studies [30–33, 35–38]

contained the information necessary to extract the number of SAEs

episodes. In these studies, no episode of SAEs was observed in the PP

arm while one case of suicidal ideation was observed in the placebo

arm. Due to the rare numbers of events, the SAEs were not subjected

to data pooling in a meta-analysis.

Amphetamine-type stimulant craving

Five studies, which included 231 participants, had available results for

early-stage craving. The pooled effect estimate (SMD = −0.78; 95%

CI = −1.70, 0.15) was statistically non-significant with a very high het-

erogeneity (I2 = 90%) in between-study results (Table 3 and Supporting

information, Figure S5a). Three of the five included studies had a high

risk of bias (Table 3 and Supporting information, Figure S5c). The evi-

dence from the main analysis was rated as very low quality in

the GRADE assessment (Supporting information, Table S1). The sensi-

tivity analysis showed no significant change in the meta-analysis results

(Supporting information, Table S2). In the subgroup analysis, no param-

eter significantly changed the results of early-stage craving (Table 4).

Five studies, including 234 participants, had available results for

end-point craving. The pooled effect estimate (SMD = −0.29; 95%

CI = −0.55, −0.03) favoured the PP arm, showing lower end-point

craving scores than the placebo arm, with a low heterogeneity

(I2 = 0%) in inter-study results (Table 3 and Supporting information,

Figure S5b). Four of five studies had a high risk of bias (Table 3 and

Supporting information, Figure S5c). In the GRADE assessment, the

evidence from the main analysis was rated as medium quality

(Supporting information, Table S1). The subgroup analysis showed no

significant difference between the subgroups in terms of end-point

craving (Table 4).

Withdrawal symptom severity

Four studies, including 138 participants, had results for withdrawal

symptom severity. The pooled effect estimate (SMD = −0.57; 95%

CI = −1.32, 0.18) was statistically non-significant, with a high hetero-

geneity (I2 = 76%) in between-study results (Table 3 and Supporting

information, Figure S6a). For this outcome, three of four included

studies had a high risk of bias (Table 3 and Supporting information,

Figure S6b). The evidence obtained from the main analysis was rated

as very low quality in the GRADE assessment (Supporting information,

Table S1). In the subgroup analysis, none of the evaluated parameters

was associated with a statistically significant change in the results of

withdrawal symptom severity (Table 4).

Depressive symptom severity

Results for depressive symptom severity were available from three

studies in this meta-analysis, including 112 participants. The pooled

effect estimate (MD = −1.31; 95% CI = −3.40, 0.77) was statistically

non-significant, with a high heterogeneity (I2 = 62%) across the results

of the included studies (Table 3 and Supporting information,

Figure S7a). For this outcome, all three studies had a high risk of bias

(Table 3 and Supporting information, Figure S7b). The evidence from

the main analysis of depressive symptom severity was rated as very

low quality in the GRADE assessment (Supporting information,

Table S1). In the subgroup analysis, the effect estimate for depressive

symptom severity was significantly different by ADHD status in the

study population. While using PP was associated with reduced depres-

sive symptom severity in a study with an all-ADHD sample, the same

was not observed for studies without an all-ADHD sample (Table 4).

DISCUSSION

In this meta-analysis, we studied the effect of PPs on ATSUD by

combining the available data in placebo-controlled trials. To the best

of our knowledge, this is the first study that exclusively focuses upon

the treatment of this population using PPs. This is important because,

despite the growing prevalence of ATSUD, especially in North

America, most of the treatment recommendations are based upon

pharmacotherapy trials in cocaine use disorder [40, 41]. Moreover,

previous meta-analyses on the treatment of ATSUD using PPs

included bupropion and modafinil as psychostimulants [10, 42]. While

these medications share some effects with typical PPs, their mecha-

nism of action and neurochemical effects are different from those of

typical PPs, resulting in an additional source of heterogeneity in the

meta-analysis [43]. Notwithstanding some limitations and the relative

scarcity of studies, our meta-analysis showed that PP treatment,

specifically at higher doses, may have some benefits in decreasing the

number of positive UAs during treatment and warrant further investi-

gation. The main analysis results also suggest that PP treatment may

be effective in reducing ATS craving, but no statistically significant dif-

ferences were found between PP treatment and placebo regarding

other tested outcomes. In the subsequent subgroup analyses, we

observed significant effect modification by the type of medication,

intervention dose, duration of treatment and ADHD status on various

reported outcomes, which may guide future research efforts.

Our results showed a very high level of heterogeneity in the

included study results, with pooled effects in favour of PP treatment

compared to placebo in terms of reduced ATS use as evaluated by

UA, after excluding studies with a high risk of bias. Our meta-analysis,
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therefore, showed a relatively small risk reduction, with an average of

approximately 11% in the proportions of ATS-positive UA among

those treated with PPs compared to placebo. However, the clinical

significance of such reduction may need to be assessed while consid-

ering other factors such as the burden and consequences of ATS use

and the absence of other approved medications for ATSUD.

Interestingly, the subgroup analysis showed that study participants

had more benefits from high-dose PP, with a moderate risk

reduction (approximately 29%) of ATS use as evaluated by UA. Such

differences in the treatment effect were not present when using

lower PP doses. While these findings should be interpreted with

caution, as only one study [32] was available for high-dose PP

(> 162 mg methylphenidate), they may support a dose–response

relationship where higher stimulant doses may be associated with

better treatment outcomes.

Methylphenidate and dextroamphetamine are used for the man-

agement of ADHD at maximum daily doses of 108 and 50 mg for

adults, respectively [29]. Our results suggest that people with long-

term high-dose exposure to ATS may require doses higher than the

clinically recommended doses of PPs to generate an agonist effect

that would potentially lead to a reduction in ATS use. This is in line

with the conclusion of a previous meta-analysis by Tardelli et al. [40],

which showed a beneficial effect of higher doses of PPs (including

modafinil) for the treatment of stimulant use disorder (i.e. ATSUD and

cocaine use disorder). While promising, the clinical significance of such

effect and the optimal dose titration (i.e. rate and maximum dose) and

dispensing regimens (i.e. supervised versus take-home dosing) still

need to be ascertained in future studies [40]. In our subgroup analysis,

treatment with methylphenidate (but not with dextroamphetamine)

reduced ATS use. However, there was only one study [30] which had

a high risk of bias that tested dextroamphetamine; therefore this dif-

ference in the results of the subgroup analysis should be considered

with caution. The PP treatment was not significantly different from

placebo regarding the self-reported number of days of ATS use. This

absence of association may be explained in part by the recall and

social desirability biases and missing data that are commonly observed

for patient-reported outcomes. While our meta-analysis results for

self-reported ATS use are not in agreement with those by UA, a recent

meta-analysis showed high agreement between self-report and bio-

logical testing for measurement of substance use [44].

Although there was no statistically significant interaction

between PP treatment and retention outcome, higher doses and lon-

ger duration of treatment were significantly associated with higher

retention rates in our subgroup analyses. Trial participants benefited

from higher PP doses (> 162 mg methylphenidate and > 75 mg dex-

troamphetamine) with a higher probability (about 131% increase) of

retention in treatment. Our subgroup analysis also showed a moder-

ate effect size, with an 83% increase in the probability of retention in

treatment only in those with a treatment duration of 20 weeks and

more. This result is in line with a previous meta-analysis by Bhatt

et al. [42], which showed better retention in treatment in those with a

treatment duration of more than 12 weeks. This may be explained in

part by the possible beneficial cumulative effect of a longer duration

of pharmacological intervention using the maximum therapeutic

tolerated dose.

Our results also showed a significant effect favouring treatment

with PPs for end-point craving. The corresponding significant benefi-

cial effect presented a small to moderate effect size of reduction in

craving of approximately 0.29 SMD. However, early-stage craving did

not significantly differ between the PP treatment and placebo arms.

These differential effects between early-stage and end-point craving

scores may result from the inclusion of a study [37] with craving scores

reported at a very early time-point (week 2), when it is possible that

the full effect of treatment may not have been reached. Given the

short delay of the action of psychostimulants, the interaction of time

with craving measurements and the precise role of biological and psy-

chosocial determinants of the individuals receiving active treatment in

later stages of intervention warrants further investigations.

Our meta-analysis included dropout following AEs, reported by

most included studies as an important proxy of treatment safety. The

pooled results showed that PP treatment was not significantly associ-

ated with higher dropout following AEs, reflecting the relative safety

of PP treatment. However, the methods for collecting AEs varied

among studies, and it remains difficult to verify whether some AEs

were under-reported. This underlies the importance of standardized

reporting of AEs in future trials.

Our meta-analysis has been strengthened using the GRADE and

RoB 2 tools for bias and evidence assessment, which may help to

enhance the applicability of the results. However, the present meta-

analysis has its limitations. First, some of the included trials had rela-

tively small sample sizes, some of which included specific samples

(e.g. with ADHD), adding to the heterogeneity caused by various treat-

ment doses and durations. This heterogeneity was also evident in the

results observed in some subgroup analyses (e.g. by dose and duration

of treatment). Secondly, some of the studies excluded individuals with

complicated and severe mental and physical disorders, as well as other

concomitant substance use disorders, limiting the generalizability of

our results to the wider populations. Thirdly, many important out-

comes, such as treatment compliance, addiction severity and anxiety

symptom severity, were excluded due to a lack of sufficient data.

CONCLUSION

While not proven efficacious for a number of outcomes, our results

suggest that relatively potent PP agonists, especially when used in

high doses, may be more effective than placebo in diminishing ATS

use, increasing retention in treatment and decreasing craving among

individuals with ATSUD. Such use of PPs would be coherent with an

agonist therapy approach, where doses that compensate for the use

of ATS are required to have an impact upon outcomes. Given the

presence of varying levels of bias in the included studies and the

varying quality of evidence reported for different outcomes, our

meta-analysis supports the need for further robust studies of psy-

chostimulant/agonist therapy for ATSUD, looking into higher-dose

slow-release formulations than have been used to treat ADHD,
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exploring other forms of PPs and testing combinations with psycho-

therapeutic interventions for more sustained effects. Our results may

support future well-powered RCTs that test potent psychostimulant

agonists for the treatment of ATSUD while using both ATS use and

patient-centred outcomes.
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