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a b s t r a c t 

Background: The use of amphetamines is a global public health concern. We summarise global data on 

use of amphetamines and mental health outcomes. 

Methods: A systematic review and meta-analysis (CRD 42017081893). We searched Medline, EMBASE, 

PsycInfo for methamphetamine or amphetamine combined with psychosis, violence, suicidality, depres- 

sion or anxiety. Included studies were human empirical cross-sectional surveys, case-control studies, co- 

hort studies and randomised controlled trials that assessed the association between methamphetamine 

and one of the mental health outcomes. Random effects meta-analysis was used to pool results for any 

use of amphetamines and amphetamine use disorders. 

Findings: 149 studies were eligible and 59 were included in meta-analyses. There was significant het- 

erogeneity in effects. Evidence came mostly from cross-sectional studies. Any use of amphetamines was 

associated with higher odds of psychosis (odds ratio [OR] = 2.0, 95%CI 1.3–3.3), violence (OR = 2.2, 95%CI 

1.2–4.1; adjusted OR [AOR] = 1.4, 95%CI 0.8–2.4), suicidality OR = 4.4, 95%CI 2.4–8.2; AOR = 1.7, 95%CI 1.0–

2.9) and depression (OR = 1.6, 95%CI 1.1–2.2; AOR = 1.3, 95%CI 1.2–1.4). Having an amphetamine use dis- 

order was associated with higher odds of psychosis (OR = 3.0, 95%CI 1.9–4.8; AOR = 2.4, 95%CI 1.6–3.5), 

violence (OR = 6.2, 95%CI 3.1–12.3), and suicidality (OR = 2.3, 95%CI 1.8–2.9; AOR = 1.5, 95%CI 1.3–1.8). 

Interpretation: Methamphetamine use is an important risk factor for poor mental health. High quality 

population-level studies are needed to more accurately quantify this risk. Clinical responses to metham- 

phetamine use need to address mental health harms. 

© 2019 Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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" ∗amphetamine"[All Fields]) AND ("mental health"[MeSH Terms]

OR ("mental"[All Fields] AND "health"[All Fields]) OR "mental

health"[All Fields]) AND Review[ptyp]. This gave 107 results, in-

cluding 14 systematic reviews, one of which examined men-

tal health outcomes. This narrative synthesis of health outcomes

amongst young people who used methamphetamine found an as-

sociation with mental health outcomes, including psychosis, sui-

cide and depression. There were no meta-analyses on this topic. 

Added value of this study 

Our study represents the only systematic review and meta-

analysis of data on mental health outcomes associated with the

use of amphetamines. We pooled unadjusted and adjusted odds

ratios to show that there are elevated levels of psychosis, violence,

suicidality and depression amongst people who use amphetamines.

However, we also show that most of the evidence for these as-

sociations came from cross-sectional studies. We found that many

studies did not adjust for potential confounders. The lack of longi-

tudinal data on the direction of effects meant that it was difficult

to assess causality. 

Implications of the available evidence 

Clinical services and policies need to take into account the poor

mental health of people who use amphetamines. There is lim-

ited data available to understand the association between the use

of amphetamines and mental health outcomes. More evidence is

needed, particularly from high-quality population-level studies and

longitudinal cohort studies, in order to accurately quantify this

risk. 

1. Introduction 

Methamphetamine use is a growing global public health con-

cern. The UNODC estimated that in 2016, 34 million people world-

wide used amphetamines [1] . The Global Burden of Disease 2016

estimated that there were 4.96 million people with dependent

use of these drugs [2] . Most illicit use involves methamphetamine,

and hereafter both amphetamine and methamphetamine are col-

lectively referred to as amphetamines. Increasing interconnected-

ness of the global drug market is spreading both manufacture

and use [3] . The shift to smoking and injecting high purity crys-

talline methamphetamine has been associated with a rise in re-

lated harms [4] . 

Mental health harms are a likely consequence of the use of am-

phetamines. Intoxication with amphetamines can incite transient

symptoms of hallucinations and paranoia [5–7] and can also ex-

acerbate psychosis in people with schizophrenia [ 8 , 9 ]. It is less

clear whether the use of amphetamines can increase the risk of

de novo cases of schizophrenia [ 10 , 11 ]. Chronic exposure to am-

phetamines has been associated with increased aggression (this

is thought to be related to altered serotonin function and mood

and impulse regulation) while acute intoxication can increase ag-

gressive responding to threatening situations [12] . Epidemics of

use have been associated with increases in violence, although it

is difficult to disentangle drug effects from other risk factors (e.g.,

antisocial personality, polysubstance use, violence of the crimi-

nalised drug market) [12] . Amphetamines have been consistently

associated with elevated rates of suicide [13] , and evidence sug-

gests a likely causal link [14] . Withdrawal from heavy use of am-

phetamines can lead to monoaminergic down-regulation [15] , pro-

ducing a depressive-like state [16–18] . It is not known whether

this can lead to ongoing depression, but depression is pervasive

amongst heavy users of the drug [19] . Acute intoxication can in-

duce panic and agitation [5] , and it is plausible that the sympa-
hetic arousal produced by intoxication may exacerbate anxiety.

owever, inconsistencies between individual study outcomes have

revented a clear understanding about the strength or nature of

hese associations. 

We conducted a systematic review and meta-analysis of data

n the association between the use of amphetamines and each of

hese mental health outcomes: psychosis, violence, suicidality, de-

ression and anxiety. We included study designs best suited to es-

imating risk, namely cross-sectional surveys, case-control studies,

ohort studies and randomised controlled trials [20] . We included

ll patterns of use and undertook meta-analyses where there were

ufficient data. Our aim was to (i) estimate the pooled associa-

ion between the use of amphetamines and each of the five mental

ealth outcomes considered, and (ii) assess whether the available

vidence was consistent with a causal association (e.g., whether

he associations could be better explained by potential confound-

ng factors, consistency and magnitude of effects, and evidence of

irectionality). 

. Methods 

.1. Protocol and registration 

Our study was conducted in accordance with the PRISMA

uideline for transparent scientific reporting in systematic reviews

nd meta-analyses (see PRISMA checklist in Supplement A). The re-

iew protocol was registered on PROSPERO (CRD = 42017081893). 

.2. Searches 

We searched three databases (Medline, EMBASE and PsycINFO)

ombining search terms for ‘methamphetamine’ or ‘amphetamine’

ith search terms for each of the following mental health outcome

ategories: psychosis, violence, suicidality, depression and anxiety.

earch terms with synonyms and Medical Subject Headings were

xploded on titles, abstracts, subject heading, concept, and key-

ords. The searches were conducted in May 2017. Results were

imited to English language peer-review journal articles on hu-

ans, with a publication year from 1950. Abstracts, dissertations,

ooks, editorials, review papers and other papers that did not

nclude empirical data were excluded. The full electronic search

trategies are available in Supplement B. 

.3. Eligibility criteria 

We included all human studies on people exposed to the use of

mphetamines (no age or clinical restrictions) that examined the

elationship between any measure of the use of amphetamines and

ental health outcomes of psychosis, violence, suicidality, depres-

ion or anxiety (details in Supplement C). Both methamphetamine

nd amphetamine use were included due to their similarity and

ecause of the difficulty distinguishing between their self-reported

se [21] . Both pharmaceutical and illicit use were included. Ecstasy

3,4-Methyl enedioxymethamphetamine) and other stimulants, or

ombinations thereof, were not included. 

Mental health outcomes needed to be clearly defined, and could

nclude symptoms or events, diagnoses, or proxies thereof (e.g.,

ospital admissions). Psychosis included positive symptoms of psy-

hosis (delusions and hallucinations) and psychotic disorders. Vi-

lence included perpetration only (not victim studies). Suicidality

ncluded ideation, attempts, and completed suicides, but not other

orms of self-harm. 

Included study designs were cross-sectional, case-control, co-

ort studies, and randomised controlled trials, defined according

o the Cochrane study design guide [20] . Cross-over trials were ex-

luded due to potential carry-over effects, although data were in-
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luded from the pre-cross over phase where this met other RCT

tudy design criteria. Reasons for non-eligibility were coded as: (1)

on-English language; (2) animal and non-human studies; (3) no

mpirical data; (4) wrong study design; (5) wrong exposure; (6)

rong outcome; (7) no usable data (including where there was no

ariation in either the use of amphetamines or the mental health

utcome). 

.4. Study selection 

Citations were uploaded to an online systematic review tool

© 2019 Covidence, www.covidence.org ; Veritas Health Innovation

td.). Following the removal of duplicates, titles and abstracts were

creened by one researcher for relevance. Full text reports were

hen reviewed by two independent reviewers against the inclu-

ion criteria. Conflicts were discussed and if consensus was not

chieved a third reviewer decided. 

.5. Data extraction 

Data were extracted from each paper using a structured tem-

late (Supplement D) which covered study details, sample char-

cteristics, the mental health outcome measure, exposure to am-

hetamines, the reported unadjusted and adjusted effects, vari-

bles adjusted for in adjusted analyses (i.e., demographics, other

ubstance use, premorbid risk factors), the nature of the com-

arison group (where applicable) and raw data for the mental

ealth outcome (e.g., counts, means, variance estimates) for both

he amphetamines-exposed and the comparison group. Data ex-

raction was checked by a second reviewer; discrepancies were re-

olved by discussion initially, and if necessary, by a third reviewer.

.6. Quality assessment 

We assessed study quality using the Joanna Briggs Critical Ap-

raisal Checklists for each study design [22] . A summary score

as derived for each study based on the percentage of applicable

tems positively endorsed on the Checklist (i.e., higher percentages

ndicate better quality/lower risk of bias). For the quality of the

eta-analyses, a weighted average quality score was derived using

eights from the meta-analysis. Quality assessments were checked

y a second reviewer; discrepancies were resolved by discussion

nitially, and if necessary, by a third reviewer. 

.7. Data synthesis 

We conducted an initial review of data available (Supplement

) against four exposure categories for amphetamines: (1) any use

s. no use; (2) use disorder vs. no use disorder; (3) frequency of

se; (4) route of administration (e.g., injecting vs. not injecting

se). Based on this initial assessment, the meta-analyses focussed

n (1) and (2) due to lack of studies on route of administration,

nd heterogeneity in the measurement of the frequency of the use

f amphetamines. 

Studies eligible for the meta-analysis were reviewed for avail-

bility of data and authors were contacted to obtain missing data.

he principle summary measure used was an odds ratio, as there

ere few studies with mean differences. In studies that did not

eport odds ratios, we extracted data in a 2 × 2 mental health

utcome by exposure–contingency table to calculate the unad-

usted odds ratios. For longitudinal studies, odds ratios were de-

ived based on the number of cases reported in the exposed (am-

hetamines) group relative to the non-exposed group for the re-

orted timeframe. If studies reported more than two outcome

roups, we aggregated the groups by summing data from the con-

ingency table to form the necessary categories (e.g. combining
ild to moderate and severe dependence groups to form an aggre-

ate dependence category). The details of data extracted for each

omparison can be found in Supplement E. 

We conducted meta-analyses to pool the adjusted and unad-

usted odds ratios for (1) any use of amphetamines versus no use

f amphetamines, and (2) amphetamine use disorder versus no

mphetamine use disorder, respectively, against each mental health

utcome. Due to the small number of studies we were unable to

onduct meta-regression to test for the effects of demographics

r other study characteristics (e.g., study population). Instead, we

ooled adjusted effects that were reported in the included stud-

es. The meta-analyses were standard random-effects analyses con-

ucted using the “metan, random” command [23] in Stata Version

4.1 (StataCorp LLC, College Station, Texas, USA). This approach ac-

ommodates heterogeneity in effect sizes [24] . Forest plots were

enerated for visualisation of results. Heterogeneity in effects was

ssessed using the I 2 statistic. Post-hoc sub-group analyses were

onducted where this was of interest (e.g., suicidal ideation vs. sui-

ide attempts). 

.8. Role of the funding source 

The funders had no role in study design; in the collection, anal-

sis, and interpretation of data; in the writing of the report, or in

he decision to submit the paper for publication. 

. Results 

.1. Characteristics of included studies 

The number of papers identified by the search strategy, and the

umber of full-text papers screened for eligibility, are shown in

ig. 1 . Studies that met the inclusion criteria ( N = 14 9; 4 8 for psy-

hosis, 29 for violence, 28 for suicidality, 49 for depression and 15

or anxiety) were mostly cross-sectional ( n = 115), with 27 cohort

tudies, 4 case-controls studies and 3 randomised controlled trials.

From these eligible studies, 59 were included in the meta-

nalysis (19 for psychosis, 12 for violence, 15 for suicidality, 16 for

epression and 3 for anxiety; see Table 1 ). Most originated from

he USA ( n = 31; Australia 10, Southeast Asia 8, Europe 6, Canada

, and 1 each from Saudi Arabia and South Africa) and were cross-

ectional ( n = 47; 11 cohort and 1 case-control study). The average

uality of studies included in the meta-analysis (68%) was simi-

ar to all included studies (64%). The most common quality short-

alls were failing to identify and control for confounders. Studies

n violence suffered from poor measurement of the use of am-

hetamines (i.e., failure to use reliable or valid measures), and

oth suicidality and violence studies had weaker outcome mea-

ures compared to other mental health outcomes. 

There were 31 comparisons for any use of amphetamines and

0 for amphetamine use disorders. There were fewer adjusted

omparisons (17 for any use of amphetamines and 9 for am-

hetamine use disorders). Detailed study characteristics, and ef-

ects extracted from each study, can be found in Supplement

. Most comparisons were made within substance-using samples

e.g., within a sample of people who used drugs, those who used

mphetamines were compared to those who did not (see Table 1 ).

here were too few included studies to examine publication bias

sing funnel plots [25] . 

.2. Relationship between the use of amphetamines and mental 

ealth outcomes 

Summary results for the meta-analyses are shown in Table 2

nd forest plots for any use of amphetamines and amphetamine

http://www.covidence.org
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Table 1 

Characteristics of the studies included in the meta-analyses. 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Psychosis (any use vs no use of amphetamines) 

Colins (2009) [26] Belgium 2005–7 Male youth detained from 

three youth detention centres 

in Flanders 

CS 100 231 (121) 100 16 Any psychotic 

symptom 

Degenhardt (2015) [27] Australia NR Young offenders either serving 

a community-based order or 

custodial sentence in 

Melbourne 

CS 75 514 (168) 83 17 Screen for 

psychosis 

Gilfillan (1998) [34] United States 1993 Individuals entering the 

psychiatric emergency room of 

a Dallas hospital 

CS 63 56 (2) 50 NR Diagnosis of 

psychosis 

Glasner-Edwards (2008) [35] United States NR People dependent on 

methamphetamine entering 

selected outpatient drug 

treatment programs 

CS 100 526 (156) 40 36 Diagnosis of 

psychosis 

McKetin (2010) [28] Australia 2008–9 Dance venue attendees in 

Sydney 

CS 88 157 (75) 62 20 ̂ Any psychotic 

symptom 

(Psychosis Screen) 

McKetin (2013) [29] Australia 2006–7 Prospective cohort of people 

recruited on entry to 

community-based drug 

treatment programs for 

methamphetamine 

use + matched non-treatment 

controls 

CO 82 1064 (612) a 72 32 Psychotic 

symptoms (BPRS) 

Riddell (2006) [36] Australia 2001 NSW prisoners recruited soon 

after being received into 

custody 

CS 25 921 (302) NR NR Diagnosis of 

psychosis 

Psychosis (amphetamine use disorder vs. no amphetamine use disorder) 

Callaghan (2012) [40] United States 1990–2000 Patients dependent on 

amphetamines admitted to 

Californian hospitals as 

identified through the 

California inpatient hospital 

admissions database 

CO 91 10,815,900 (36,162) 35 22 Schizophrenia 

diagnosis 

Dalmau (1999) [39] Sweden 1985–95 Inpatients admitted to the 

Department of Psychiatry at 

Huddinge Hospital 

CO 64 773 (89) NR NR Diagnosis of 

psychotic disorder 

Degenhardt (2015) [27] Australia NR Young offenders either serving 

a community-based order or 

custodial sentence in 

Melbourne 

CS 75 514 (65) 83 17 Screen for 

psychosis 

Farrell (2002) [41] United 

Kingdom 

NR Prisoners within 131 prisons 

across England and Wales 

CS 100 503 (72) 78 NR Functional 

psychosis 

Kalayasiri (2014) [30] Thailand 2007–11 People who use 

methamphetamine and 

hospitalised for rehabilitation 

at the Thanyarak Institute 

CS 100 727 (581) 47 NR 

Methamphetamine- 

induced 

paranoia 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Lechner (2013) [31] United States 2006–9 Patients sequentially admitted 

into inpatient substance use 

treatment facility in 

Washington D.C. 

CS 63 685 (21) 66 43 Psychotic 

symptoms 

Matsumoto (2015) [43] Japan 2010 Psychiatric in-patients as 

identified through the 2010 

Hospital Survey in Japan 

CS 38 480 (350) 71 41 Diagnosis 

functional 

psychosis 

McKetin (2006) [32] Australia NR A community-based sentinel 

survey of people who used 

methamphetamine at least 

monthly 

CS 100 309 (173) 59 28 ̂ Psychotic 

symptoms (BPRS) 

Morasco (2014) [44] United States 2003–5 Psychiatric in-patients 

receiving care at a VA facility 

in the Pacific Northwest 

CO 64 1462 (718) 95 50 Psychotic Spectrum 

Disorder 

Polcin (2012) [37] United States NR Individuals residing in Clean 

and Sober transitional living 

who were dependent on 

methamphetamine 

CS 63 245 (128) 77 38 Screening for 

psychotic disorder 

Rognli (2015) [42] Sweden 2001–6 Individuals identified through 

the Swedish Prison and 

Probation Service 

CO 73 6217 (1676) 88 NR Hospitalisation due 

to primary 

psychosis 

Smith (2009) [33] United States 1990 A community-based sentinel 

sample of people who injected 

drugs, used heroin or cocaine 

CS 63 424 (109) 72 32 Psychotic 

symptoms 

Toles (2006) [38] United States 2002 Individuals admitted to the 

psychiatric emergency 

department in a Hawaiian 

hospital 

CS 75 904 (166) 59 39 Schizophrenia 

diagnosis 

Violence (any use vs no use of amphetamines) 

Barrett (2013) [54] Australia 2008–9 Substance dependent 

individuals admitted to an 

inpatient detoxification clinic 

service in Sydney 

CS 63 58 (11) 78 35 Violent offending 

(OTI) 

Bunting (2007) [48] Australia 2006 Individuals with a 

toxicology-related 

presentation to the emergency 

room at St. Vincent’s Hospital, 

Sydney 

CS 13 449 (100) 64 NR Violent, 

self-destructive 

behaviour in 

emergency 

department 

Cartier (2006) [45] United States NR Parolees from two Californian 

state prisons whereby one 

prison offered a community 

substance abuse program and 

the other did not 

CS 75 641 (127) 100 36 Any violent act 

(self-report) 

Greene (1973) [53] United States 1972 People awaiting pretrial 

hearing and entering District 

of Columbia Superior Court 

Lockup 

CS 13 2133 (320) 86 28 Charges for violent 

offence 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Iritani (2007) [49] United States 2001–2 Adolescents drawn from 

school enrolment rosters and 

followed into young adulthood 

CS 63 7153 ̂ (262) 51 22 Violent behaviour 

(men) 

Iritani (2007) [49] United States 2001–2 Adolescents drawn from 

school enrolment rosters and 

followed into young adulthood 

CS 63 6955 ̂ (125) 51 22 Violent behaviour 

(women) 

McKetin (2014) [47] Australia 2006–7 Prospective cohort of people 

recruited on entry to 

community-based drug 

treatment programs for 

methamphetamine 

use + matched non-treatment 

controls 

CO 100 612 (452) a 72 32 Severe hostility 

(BPRS) 

Miura (2006) [52] Japan 2003–4 Adolescents admitted to the 

Nagoya Juvenile Classification 

Home 

CS 25 1362 (93) 86 17 Confession of 

violent crime (eg., 

assault, robbery, 

rape murder) 

Nyamathi (2014) [51] United States 2010–12 Recently released male 

parolees identifying as 

homeless with a history of 

illicit drug use and recently 

entered residential drug 

treatment 

CS 50 472 (231) 100 40 Hostility (BSI) 

Sigurdsson (2010) [50] Iceland 2004 Students in secondary 

education colleges as 

identified through a 

population-based survey 

CS 38 5150 (499) 49 18 Sexual exploitation 

or abuse (men) 

Sigurdsson (2010) [50] Iceland 2004 Students in secondary 

education colleges as 

identified through a 

population-based survey 

CS 38 5327 (401) 49 18 Sexual exploitation 

or abuse (women) 

Sutherland (2015) [57] Australia 2013 A community-based sentinel 

drug-using sample recruited 

through drug treatment 

services and peer referrals 

CS 88 887 (584) 64 40 Violent offence 

perpetration (OTI) 

# Wu (2015) [56] United States 2004–5 A community-based sentinel 

MSM drug-using sample 

recruited through local service 

agencies, bars, clubs and 

community events in New 

York City area 

CS 88 74 (57) 100 42 Intimate partner 

violence (CTS2) 

Violence (amphetamine use disorder vs no amphetamine use disorder) 

Watanabe (2005) [46] Japan 1994 Offenders given a reduction in 

or exemption from 

punishment by the court due 

to mental disorder 

CO 43 1108 (52) 88 39 Re -offending for 

violent offences 

over 7 years 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Suicide (any use vs no use of amphetamines) 

Capra (2015) [61] Australia 2011–12 Queensland University of 

Technology students recruited 

by student emails and 

snowballing recruitment 

methods 

CS 75 1610 (162) 24 22 Suicide attempt 

Fass (2009) [63] United States NR Youth detainees at Regional 

Youth Detention Centre in 

northeast Georgia 

CS 38 53 (28) 62 16 Number of suicide 

attempts 

Fernandez (2007) [64] United States 2003–5 Hispanic MSM recruited via 

internet and community 

venues 

CS 100 566 (57) 100 31 Suicide attempt 

Lowry (2014) [62] United States 1991–2011 High school students who 

completed the Youth Risk 

Behavior Surveys 

CS 38 12,654 (442) 49 NR High suicide risk 

Shoval (2006) [65] Israel 1994–2004 Patients admitted to the 

adolescent psychiatric 

inpatient unit at a university 

affiliated Mental Health Centre 

CS 36 178 (8) 66 17 Suicide attempt 

Swanson (2007) [59] United States 2003–5 Patients admitted to Scripps 

Mercy Hospital as identified 

through the Scripps Mercy 

Hospital Trauma Registry 

CS 55 4932 (609) 73 37 Suicide attempt 

Uchida (1995) [66] Japan 1993 Psychiatric offenders CS 38 94 (47) 69 18 Suicide attempt 

Suicide (amphetamine use disorder vs no amphetamine use disorder) 

Kalechstein (2000) [58] United States NR Arrestees from the most 

populous counties in 

California 

CS 50 1580 (170) NR NR Previous suicidal 

ideation 

Matsumoto (2012) [60] Japan 2009 Outpatients diagnosed with 

psychoactive substance use 

disorder who consecutively 

visited seven hospitals 

specialising in substance use 

disorder treatments 

CS 50 1420 (190) 78 51 Severe suicidality 

McCullumsmith (2013) [70] United States 2002–7 Enrolees within 

community-based corrections 

program in Alabama 

CS 75 18,753 (739) 77 32 Suicide attempt 

Toles (2006) [38] United States 2002 Patients admitted to the 

psychiatric emergency 

department of a large medical 

centre in Honolulu 

CS 50 904 (166) 59 39 Suicidal 

Tunving (1988) [69] Sweden 1970–78 Individuals consecutively 

admitted to inpatient drug 

treatment at St. Lars Hospital 

for amphetamine, opiate or 

mixed substance abuse 

CO 36 524 (197) 70 23 Completed suicide 

Yen (2005) [67] Taiwan 1999–2002 Adolescents who use 

methamphetamine recruited 

from two juvenile abstinence 

centres in Taiwan 

CS 50 200 (65) 63 17 Suicidal ideation 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Youssef (2016) [68] Saudi Arabia 2011–12 Male inpatients within 

Al-Baha Psychiatric Hospital 

who were abusing two or 

more substances 

CS 63 122 (107) 100 31 Suicidal 

Depression (any use vs no use of amphetamines) 

Blazer (2009) [77] United States 2005–6 Respondents aged 50 or older 

of National Survey on Drug 

Use and Health in the United 

States 

CS 75 10,953 (12) 46 > = 50 DSM-IV major 

depression 

Briere (2012) [74] Canada 2003–8 Adolescents within secondary 

school as identified through 

the New Approaches New 

Solutions (NANS) dataset 

CO 91 3880 (451) 46 16 ̂ Depression 

symptoms (CESD 

> = 16) 

Daniulaityte (2010) [102] United States 2003–5 People who used 

methamphetamine or cocaine 

in the past 30 days were 

recruited from Ohio, Arkansas 

and Kentucky using 

respondent-driven sampling 

CS 75 710 (107) 61 33 Depression 

symptoms (PHQ-9) 

DiMiceli (2016) [71] Thailand 2011 Adolescents and young adults 

(14–29 years old) residing in 

Chiang Mai province 

CS 100 2055 (394) 51 20 ̂ Depressive 

symptoms 

(CES- D ≥ 22) 
# Embry (2009) [73] United States 2001–3 Adolescents in Oregon within 

8th and 11th grade identified 

through the Oregon Healthy 

Teens survey 

CS 88 5298 (245) 48 (8th and 11th 

graders) 

Depression 

symptoms (CES-D) 

# Glasner-Edwards (2009) [76] United States 2004–7 Prospective cohort of adults 

dependent on 

methamphetamine entering 

selected outpatient drug 

treatment programs in 

California, Montana and 

Hawaii 

CO 73 526 (NR) 40 33 Major depression 

(MINI) 

# Herbeck (2013) [103] United States 2009–11 Adults who use 

methamphetamine recruited 

based on either receiving 

treatment for 

methamphetamine abuse or 

no enrolment in formal 

substance abuse treatment 

CS 88 373 (26) 59 43 Depression 

symptoms (BDI) 

Liles (2012) [75] United States 2005–8 Mothers with prenatal 

amphetamine use recruited 

shortly after their infant’s 

birth 

CO 64 213 (75) 0 23 ̂ Depression 

symptoms(BDI-II 

≥14) 

Marshall (2011) [104] Canada 2005–8 People from Vancouver 

identified through cohorts of 

At Risk Youth Study (ARYS), 

Vancouver Injection Drug 

Users Study (VIDUS) and AIDS 

Care Cohort to Evaluate Access 

to Survival Services (ACCESS) 

CO 73 104 (64) 100 33 ̂ Depression 

symptoms (CES- D 

> = 16) (men) 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Recruitment years Sample and setting Design Quality score (%) Study N (exposed N) % Men Age (mean/ median ̂ ) Outcome 

Marshall (2011) [104] Canada 2005–8 People from Vancouver 

identified through cohorts of 

At Risk Youth Study (ARYS), 

Vancouver Injection Drug 

Users Study (VIDUS) and AIDS 

Care Cohort to Evaluate Access 

to Survival Services (ACCESS) 

CO 73 144 (58) 0 33 ̂ Depression 

symptoms (CES- D 

> = 16) (women) 

Plüddemann (2010) [72] South Africa NR Students attending one of the 

fifteen randomly selected high 

schools in the South 

Educational District in Cape 

Town 

CS 88 1561 (74) 47 15 High depression 

symptoms (BDI) 

Depression (amphetamine use disorder vs no amphetamine use disorder) 

Casaletto (2015) [80] United States 1999–2012 Participants from previous 

National Institute of Drug 

Abuse (NIDA) studies who met 

criteria for methamphetamine 

abuse of dependence 

CS 88 390 (195) 73 38 DSM-IV major 

depression (SCID) 

Lin (1996) [81] United States 1992 Twin males who both served 

in the military as identified 

through the VET Registry 

CS 100 1874 (52) 100 45 DSM-III-R major 

depression (DIS) cf. 

twins 

Moore (2012) [78] United States NR Individuals who are abusing or 

dependent on 

methamphetamine and HIV + 

CC 63 125 (67) 89 43 DSM-IV major 

depression (CIDI) 

Polcin (2012) [37] United States NR Individuals residing in Clean 

and Sober transitional living 

who were dependent on 

methamphetamine 

CS 63 245 (128) 77 38 Screen for major 

depression (PDSQ) 

Toles (2006) [38] United States 2002 Patients admitted to the 

psychiatric emergency 

department of a large medical 

centre in Honolulu 

CS 75 904 (166) 59 39 Major depression 

Vik (2007) [79] United States NR Newly incarcerated females in 

a state prison in Idaho 

CS 75 100 (67) 0 31 DSM-IV major 

depression 

Anxiety b (amphetamine use disorder vs no amphetamine use disorder) 

Polcin (2012) [37] United States NR Individuals residing in Clean 

and Sober transitional living 

who were dependent on 

methamphetamine 

CS 63 245 (128) 77 38 Anxiety symptoms 

(PDSQ) 

Toles (2006) [38] United States 2002 Patients admitted to the 

psychiatric emergency 

department of a large medical 

centre in Honolulu 

CS 75 904 (166) 59 39 DSM-IV anxiety 

disorder 

Vik (2007) [79] United States NR Newly incarcerated females in 

a state prison in Idaho 

CS 75 100 (27) 0 31 DSM-IV 

panic/generalised 

anxiety disorder 

Abbreviations: Beck Depression Inventory (BDI), Brief Psychiatric Rating Scale (BPRS), Brief Symptom Inventory (BSI), case-control (CC), Centre for Epidemiologic Studies Depression Scale (CES-D), Composite International 

Diagnostic Interview (CIDI), cohort (CO), cross sectional (CS), the Revised Conflict Tactic Scale (CTS2), Diagnostic Interview Schedule for Children (DISC), Diagnostic and Statistical Manual for Mental Disorders (DSM), gay, lesbian, 

bisexual and transgender (GLBT), Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS), Mini International Neuropsychiatric Interview (MINI), men who have sex with men (MSM), not applicable (NA), National 

Institute on Drug Abuse (NIDA), not reported (NR), odds ratio (OR), Opiate Treatment Index (OTI), Psychiatry Diagnostic Screening Questionnaire (PDSQ), people who inject drugs (PWID), randomised controlled trial (RCT). 
a Based on months of observation from 278 participants. 
b No estimates available for any use. 
# Adjusted effects only. 
^ Estimated based on reported data. 
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Table 2 

Summary of the pooled unadjusted and adjusted odds ratios for the relationship between the use of amphetamines and mental health outcomes. 

Unadjusted effect Adjusted effect 

OR (95% CI) Level N Refs n I 2 Quality (%) OR (95% CI) Level N Refs n I 2 Quality (%) 

Any use vs. no use of amphetamines a 

Psychosis 2.0 (1.3 – 3.3) ∗∗ C 7 [ 26–28 , 34–36 , 105 ] 3436 80 ∗∗∗ 77 5.3 (3.4 - 8.3) ∗∗∗ D, O, P C 1 [105] 1064 b NA 82 

Violence 2.2 (1.2 – 4.1) ∗ C 10 [ 45 , 48-54 , 106 , 107 ] 30,084 95 ∗∗∗ 56 1.4 (0.8 – 2.4) D, O, P C 6 [ 49-52 , 56 , 106 ] 26,289 25 58 

Suicidality 4.4 (2.4 – 8.2) ∗∗∗ D 7 [ 59 , 62–66 , 108 ] 19,703 84 ∗∗∗ 56 1.7 (1.0 – 2.9) ∗ D, O, P E 4 [ 59 , 64 , 108 , 109 ] 7066 77 ∗∗ 74 

Depression 1.6 (1.1 – 2.2) ∗ B 7 [ 71 , 72 , 74 , 75 , 77 , 102 , 104 ] 19,526 80 ∗∗∗ 81 1.3 (1.2 – 1.4) ∗∗∗ D, O, P C 6 [ 71 , 73 , 74 , 76 , 103 , 104 ] 2684 0 87 

Amphetamine use disorder vs. no amphetamine disorder 

Psychosis 3.0 (1.9 – 4.8) ∗∗∗ B 13 [ 27 , 30-33 , 37–44 ] 81,316 90 ∗∗∗ 75 2.4 (1.6 - 3.5) ∗∗∗ D, O, P E 4 [ 27 , 30 , 32 , 42 ] 7648 35 88 

Violence 6.2 (3.1 – 12.3) ∗∗ C 1 [46] 52 NA 43 – – 0 – – – –

Suicidality 2.3 (1.8 – 2.9) A ∗∗∗ E 7 [ 38 , 58 , 60 , 67–70 ] 23,302 57 ∗ 57 1.5 (1.3– 1.8) ∗∗∗ D, O, P E 4 [ 38 , 58 , 60 , 70 ] 21,753 0 62 

Depression 1.2 (0.5 – 2.7) D 6 [ 37 , 38 , 78–81 ] 3584 87 ∗∗∗ 77 2.8 (0.6 – 11.8) D D 1 [81] 1874 c NA 100 

Anxiety 0.6 (0.2 – 1.8) E 3 [ 37 , 38 , 79 ] 1200 66 69 – – 0 – – – –

Level of evidence . 

A, Experimental or controlled evidence supports this finding. 

B, Supported by evidence from cohorts, representative, population-based. 

C, Supported by evidence from cohorts of drug users. 

D, Supported by evidence from cross-sectional studies, representative population-based, or case-control studies. 

E, Evidence supporting this finding based on cross-sectional associations among samples of drug users. 

Evidence effect persisted after adjustment for demographics (D), other substance use (O) and premorbid risk (P). 
∗ p < 0.05. 
∗∗ p < 0.01. 
∗∗∗ p < 0.001. Number of studies (N), number of participants (n), not applicable (NA), no data available (-), I 2 Heterogeneity i -squared. . 
a Data not available to conduct the meta-analysis on anxiety for any use of amphetamines vs. no use of amphetamines. 
b Repeated observations based on 278 participants. 
c 1874 twin pairs. 
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Fig. 1. PRISMA flowchart. 
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se disorders can be found in Figs. 2 and 3 respectively (the for-

st plots for anxiety are not presented due to the small number

f studies). Meta-analysis results were generally consistent with

ndings from the narrative reviews of studies not included in the

eta-analyses (see Supplement G). There was significant hetero-

eneity in all effects, which reflects the variation in outcome mea-

ures, study methods and settings. 

.3. Psychosis 

Any use of amphetamines was associated with double the odds

f psychosis, while an amphetamine use disorder was associated

ith three times the odds ( Table 2 ). Most evidence was derived

rom high quality cross-sectional studies [ 26–28 , 30–38 , 41 , 43 ]. Sig-

ificant associations were observed in a range of settings (criminal

ustice [ 26 , 27 , 36 , 41 ], drug treatment [29–31] , psychiatric [ 39 , 43 ],

opulation-level hospital admissions [40] ). Associations were also

ignificant in studies that adjusted for other substance use, demo-

raphics and pre-existing psychotic disorders ( Table 2 ). 

Pooled ORs tended to be larger for psychotic symptoms than for

 diagnosis of a psychotic disorder (psychotic symptoms: any use

f amphetamines [26–29] OR 2.7, 95% CI 1.5–4.7 p = 0.001, i 2 = 80%

 = 0.002, amphetamine use disorder [ 27 , 30–33 ] OR 4.3 95% CI

.9–6.5 p < 0.001, i 2 = 47% p = 0.112; psychotic disorder: any use

f amphetamines [34–36] OR 1.3 95% CI 1.0–1.9 p = 0.087, i 2 = 0%

 = 0.604, amphetamine use disorder [37–44] OR 2.3 95% CI 1.2–

.7 p = 0.017, i 2 = 93% p < 0.001). 
Longitudinal cohort studies found a dose-related increase in

sychotic symptoms during periods when amphetamines were be-

ng used [29] , and an increased risk of schizophrenia subsequent to

he onset of an amphetamine use disorder relative to the general

opulation [40] . However, Rognli et al. [42] . did not find a signifi-

ant relationship between amphetamine use disorders and subse-

uent primary psychosis among people released from prison (al-

hough subsequent substance-induced psychosis was elevated). 

There was some evidence of elevated levels of psychosis relative

o other substance use. Callaghan et al. [40] . found a larger risk of

chizophrenia for amphetamine use disorders than for most other

ubstance disorders (reported hazard ratios (HR) for amphetamine

se disorder relative to those with other SUDs ranged from) except

or cannabis (HR 1.2, p = 0.07). Two cross-sectional studies found

ore psychotic disorders associated with amphetamine use disor-

ers when compared to other substance use disorders (opioid use

isorders [39] and sedative related disorders [43] ). 

.4. Violence 

Studies that examined violence as an outcome almost exclu-

ively examined the use of amphetamines (rather than examin-

ng amphetamine use disorders) and outcomes were usually be-

avioural measures of violence (e.g., self-reported interpersonal vi-

lence, scales of hostility), rather than convictions for violent of-

ences. Any use of amphetamines was associated with 2.2 times

he odds of violence. However, studies that adjusted for other sub-
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Fig. 2. Forest plots of unadjusted associations between any use of amphetamines and mental health outcomes. 

Fig. 3. Forest plots of unadjusted associations between an amphetamine use disorder and mental health outcomes. 
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tance use, demographics, and premorbid risk factors, yielded a

ooled odds of 1.4 which was non-significant ( Table 2 ). 

Associations were observed in various settings, including crim-

nal justice settings [ 45 , 46 ], health settings [ 47 , 48 ], and in popula-

ion level surveys [ 49 , 50 ]. However, the average study quality was

ow, with poor measurement. 

There were differences the strength of the association depend-

ng on the measure of violence used. Unadjusted odds ratios were

arge and consistent for violent behaviour (OR 3.7, 95% CI 3.1–

.5, p < 0.001; i 2 = 34%, p = 0.163) [47–51] ; in contrast there was

o significant effect for violent offending (OR 1.0, 95% CI 0.4–2.7,

 = 0.961; i 2 = 94%, p < 0.001) [ 45 , 52–55 ]. One large cross-sectional

urvey of tertiary students found more perpetration of sexual ex-

loitation/abuse among people using amphetamines [50] ; another

tudy of substance users found increased likelihood of intimate

artner violence among those using amphetamines [56] . 

Longitudinal studies provided evidence for increased violent be-

aviour during periods of when amphetamines were being used

which persisted after adjustment for contemporaneous changes in

ther substance use) [47] , and higher rates of recidivism for vio-

ent offences amongst forensic inmates with an amphetamine use

isorder post their release [46] . 

.5. Suicidality 

Any amphetamine use was associated with 4.4 times the odds

f suicidality and an amphetamine use disorder was associated

ith 2.3 times the odds ( Table 2 ). In studies that adjusted for

emographics, other substance use, and premorbid factors, these

ssociations were substantially smaller (AORs 1.4 and 1.5 respec-

ively) but still significant ( Table 2 ). 

Evidence came mostly from cross-sectional studies. However,

onsistent effects were observed in a range of populations (ar-

estees [58] , emergency department patients [59] , psychiatric pa-

ients [38] , people in drug treatment [60] ) and in representative

opulation-level samples [ 61 , 62 ]. 

Studies that examined suicide attempts specifically found a

.6 fold odds of making a suicide attempt amongst people who

sed amphetamines (95% CI 2.2–5.9, p < 0.001; i 2 = 46% p = 0.097)

 59 , 61 , 63–66 ]. Most studies that examined suicidal ideation did

o for people with amphetamine use disorders, finding 2.2-

old the odds of suicidal ideation (95%CI 1.8–2.8, p < 0.001;

 

2 = 22%, p = 0.277) [ 38 , 58 , 60 , 67 , 68 ]. Only one included study ex-

mined completed suicide [69] . This prospective follow-up of drug-

reatment entrants found that suicide fatalities were higher than

xpected for the use of amphetamines, but not significantly ele-

ated relative to opioid use, and that most suicide cases involved

remorbid risk [69] . 

.6. Depression 

Any use of amphetamines was associated with 1.6 times the

dds of depression, an association that was smaller (AOR 1.3) but

ore consistent for studies that adjusted for demographics, other

ubstance use and premorbid risk ( Table 2 ). This association was

upported by good quality evidence including large population sur-

eys [71–73] and cohort studies [ 74 , 75 ]. All but one of these stud-

es assessed symptoms of depression (cf. a diagnosis of major de-

ression). 

Two longitudinal studies provided evidence to support direc-

ionality: Briere et al. [74] . found that the use of amphetamines in

dolescent school students significantly increased the odds of sub-

equent depressive symptoms, even after adjustment for individ-

al and contextual factors. Conversely, Glasner-Edwards et al. [76] .

ound a reduction in depression amongst drug treatment entrants
ho had stopped using amphetamines prior to discharge relative

o those who did not. 

Half of the included studies were conducted in general pop-

lation samples (or similar), where the association with depres-

ion was stronger and more consistent [ 71 , 72 , 74 , 75 , 77 ] (OR 2.0

5% CI 1.6–2.4, p < 0.001; i 2 = 11% p = 0.346) than for studies

n substance-using samples; in the latter case there was no evi-

ence of an association (OR 1.1 95% CI 0.7–1.7, p = 0.721, i 2 = 76%

 = 0.014). 

There was no significant association between amphetamine

se disorders and depression (where major depression was the

utcome in all studies). This null effect was driven by studies

hat were conducted on samples with high levels of substance

se and/or other clinical conditions (HIV patients [78] , psychi-

tric inpatients [38] , women prisoners [79] , people in “sober living

ouses” [37] ). 

.7. [ 80 , 81 ] Anxiety 

There were no data available for a meta-analysis on anxiety for

ny use of amphetamines and only three studies had data on am-

hetamine use disorders. These showed no significant association

etween having a use disorder and anxiety ( Table 2 ). 

. Discussion 

We have conducted a global review of existing evidence on the

ssociation between the use of amphetamines and major men-

al health outcomes. We found elevated levels of psychosis, de-

ression, suicidality and violence amongst people who use am-

hetamines. There was significant heterogeneity in the magnitude

f associations between studies showing that this is likely to vary

epending on the study setting and methods. The evidence in sup-

ort of a likely causal association varies by outcome (discussed be-

ow). 

The most compelling evidence for a causal association was be-

ween the use of amphetamines and increased risk of psychosis,

ith consistent moderate to large effects across various popu-

ations, including in well-controlled population-level studies and

ongitudinal studies. Importantly, this effect was seen not only

or psychotic symptoms, which are a well-established correlate of

cute stimulant use [29] , but there was also some evidence of an

ssociation with schizophrenia. The evidence for causality in the

atter case is more tenuous, and this elevation in risk is likely to

eflect the precipitation of the condition in individuals who have

 high familial risk [82] . There also appeared to be some level

f specificity in this effect, with elevated risk relative to other

ubstance use [ 39 , 40 , 43 ]. Importantly, effects were not better ac-

ounted for by concurrent cannabis use, even though this may con-

er an additional risk [29] . However, not all premorbid risk factors

or psychosis have been controlled for in these studies (e.g., famil-

al risk [83] , trauma [84] , perinatal factors, immigration and urban-

city [85] ) and future studies should control for these factors. 

Elevated levels of interpersonal violence were found amongst

eople who use amphetamines, but the poor quality of studies

imits confidence in drawing causal inferences based upon these

ndings. Moreover, the variety of violence measures used (e.g.,

ggression vs. violent behaviour that may be economically moti-

ated, such as robbery) made it difficult to interpret pooled ef-

ects. The fact that significant large effects were found in two

ell-controlled population-level studies [ 49 , 50 ] and two longitudi-

al studies [ 46 , 47 ], suggests that there may be an association be-

ween violence and the use of amphetamines, but further research

s needed to confirm this relationship and to capture its complexi-

ies (e.g., the extent to which it is modified by antisocial personal-

ty, polysubstance use or other contextual factors). 
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Although there was a substantially elevated risk of suicide

amongst people who used amphetamines, the quality of evidence

was poor, and there was no evidence available from longitudinal

studies to understand whether the use of amphetamines either co-

incided with or preceded suicidality. Moreover, the size of the as-

sociation was small after adjustment for other substance use, de-

mographics and premorbid risk. 

The evidence in favour of a link between the use of am-

phetamines and depression was much stronger, with evidence

from well-controlled population-level studies and longitudinal co-

hort studies. However, as with suicidality, the size of this associ-

ation was small after adjustment for other substance use, demo-

graphics and premorbid risk. It may be that although both depres-

sion and suicide risk are significantly elevated amongst people who

use amphetamines, this risk is largely generic to substance use and

related demographic and premorbid risk factors. 

4.1. Limitations of the evidence 

Most evidence was derived from cross-sectional studies; the

lack of evidence from cohort studies made it difficult to infer

the direction of effects or to demonstrate causality. Samples were

often idiosyncratic (e.g., convenience samples) and drawn from

substance-using or clinical populations. The scarcity of high-quality

population-level studies limits confidence in the generalisability of

the findings to the broader population. The quality of measure-

ment was also poor in suicidality and violence studies. Variation

in the measurement of mental health outcomes made it difficult to

interpret pooled effects (particularly for violence). The small num-

ber of included studies also meant that we could not assess publi-

cation bias. 

There was significant heterogeneity in the size of associations

documented by different studies. Such heterogeneity is inevitable

and expected when synthesising data across different outcome

measures and study methods, and is likely to reflect variation in

the true effect size depending on such factors [86] . We used ran-

dom effects meta-analysis to allow for this heterogeneity; these

show overall associations despite variation in individual study out-

comes [24] . Unfortunately, the small number of studies that were

eligible for inclusion in the meta-analysis meant that we could not

robustly examine what factors were driving heterogeneity. 

A major weakness in this literature was the failure to iden-

tify and adjust for potential confounding variables. Therefore, the

unadjusted estimates we have presented are likely to be inflated

due to the multitude of risk factors for poor mental health that

co-occur with the use of amphetamines. Possible aetiological fac-

tors contributing to high rates of mental disorders amongst peo-

ple who use amphetamines include common risk factors for sub-

stance use problems and mental disorders (e.g., familial risk [82] ,

early childhood trauma [84] ), the pharmacological effects of am-

phetamines (e.g., mood enhancement, withdrawal symptoms), the

lasting neurophysiological and potential neurocognitive sequelae of

chronic heavy use [88] , as well as the secondary consequences of

substance dependence (e.g., social isolation related to unemploy-

ment, stigma) and co-occurring risk factors (e.g., high rates of poly-

substance use and low socio-economic background [87] ). 

In most cases, associations between the use of amphetamines

and mental health outcomes were tested in the context of other

substance use. These effects are likely to be under-estimates of the

odds of mental health outcomes associated with the use of am-

phetamines in the general population. Effect sizes should also not

be directly compared for each mental health outcome because of

differences in the study methods (particularly the setting) in each

case. Finally, most of the available evidence came from high in-

come countries, whereas use problems from amphetamines are in-

creasingly affecting low to middle income countries [3] . 
.2. Limitations of this review 

At the outset of conducting this review, we had hoped to ex-

lore how different patterns of the use of amphetamines related

o mental health outcomes. Despite our best attempts at extracting

ata on all use patterns, we found that the measures of use were

o heterogeneous that they precluded all but the bluntest compar-

sons. This situation presents a significant challenge for the inter-

retation of the results, and also for the field, because it remains

nclear what level of use of amphetamines conveys a risk. This is

mportant to understand because the majority of people who use

mphetamines do so infrequently [89] . Although we also derived

ffects for amphetamine use disorders, these effects were usually

xamined in the context of other substance use, so they cannot be

ompared directly with effects for any use of amphetamines versus

o use of amphetamines. We also recognise the potential signifi-

ant impact of cardiovascular and neuropsychiatric sequelae, such

s hypertension, stroke, neurocognitive impairment and Parkin-

on’s disease, on mental health. These were beyond the scope of

he current review but have been reviewed elsewhere [88] . 

.3. Clinical and policy implications 

People who use amphetamines are a high-risk group for poor

ental health outcomes. Current treatment responses, and the

iloed arrangement of mental health and substance use services

n many countries, hinder the provision of care for co-occurring

isorders. Examples of where this is problematic include the lack

f evidence to guide the prescribing of antidepressants to people

ho use amphetamines (i.e., where this may be contraindicated

r ineffective) [90] , and the absence of an evidence base to guide

hether or not antipsychotic prophylaxis should be used to man-

ge psychosis related to the use of amphetamines [91] . Limitations

re also systemic, with the delivery of drug-related services being

keletal in comparison with the types of support offered to pri-

ary mental health care patients [92] . Evidence-based interven-

ions exist for many of the mental health harms associated with

he use of amphetamines [93–95] but these need to be applied

o, and evaluated for, situations where there is co-occurring use

f amphetamines. 

The provision of treatment for co-occurring mental health and

ubstance use disorders is hindered by diagnostic issues, par-

icularly whether psychosis or depression is considered to be

mphetamine-related or whether it represents a ‘primary’ or ‘in-

ependent’ disorder [ 96 , 97 ]. Although this is often argued to be

ecause substance-related disorders have a different aetiology that

arrants different treatment, there is very little difference between

he symptom profile of substance-related mental disorders and

heir primary counterparts [ 19 , 82 , 98 ], and often there are no al-

ernative treatments available for the substance-related entity. This

an lead to suboptimal management of mental health conditions

n cases where symptoms are thought to be amphetamine-related. 

Elevated rates of violent behaviour amongst people who use

mphetamines indicate that health services need to be equipped to

anage this risk. Generic guidelines exist for reducing the risk of

iolence in health services [95] and managing this risk in psychi-

tric settings [99] , and these need to be adapted and implemented

o address violence risk related to the use of amphetamines. Of

articular concern is the management of violence risk in acute

mergency psychiatry presentations [48] , where risks can be com-

ounded by delusional thought processes [100] . Treatment for agi-

ation in acute emergency situations often involves emergency se-

ation [99] , but the safety and feasibility of this approach to people

ntoxicated with amphetamines needs consideration [ 48 , 101 ]. Sup-

ort and protection of frontline police and ambulance staff and ap-
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roaches to debriefing after acute incidents also need to be given

roader consideration. 

.4. Recommendations for future research 

Well-controlled population-level surveys and longitudinal co- 

ort studies are needed to understand whether worse mental

ealth outcomes are due to risk factors for mental health prob-

ems that co-occur with the use of amphetamines (e.g., low

ocio-economic status, polysubstance use, exposure to trauma), to

emonstrate the direction of effects (i.e., whether the use of am-

hetamines precedes mental health outcomes), and to eliminate

he possibility that poor mental health outcomes and the use of

mphetamines are mediated by common antecedents (e.g., famil-

al risk [82] ). In doing this, consideration needs to be given to

he causal mechanism at play (e.g., effects of intoxication or with-

rawal on acute mental health outcomes versus a lasting vulner-

bility to mental disorders). Comparison of effects between drug

lasses would help to understand which mental health outcomes

re elevated specifically for the use of amphetamines. Such evi-

ence will provide a clearer picture of the likely public health im-

lications of the use of amphetamines globally, and ways in which

esponses should be implemented (e.g., whether to target premor-

id risk factors to reduce harm, whether generic interventions can

e applied to all substance use or interventions need to tailored to

he use of amphetamines). 

. Conclusion 

People who use amphetamines have poorer mental health than

eople who do not use the drug. There is an urgent need to de-

elop epidemiological research on the use of amphetamines and

ental health outcomes in order to better quantify and mitigate

his risk. In the meantime, clinical responses to the use of am-

hetamines need to become better integrated and resourced to en-

ble the management of these co-occurring conditions. 

RediT authorship contribution statement 

Rebecca McKetin: Conceptualization, Project administration, 

upervision, Methodology, Data curation, Validation, Formal anal-

sis, Writing - original draft, Writing - review & editing. Janni

eung: Supervision, Methodology, Data curation, Validation, For-

al analysis, Writing - original draft, Writing - review & editing.

mily Stockings: Methodology, Formal analysis, Writing - review

 editing. Yan Huo: Writing - review & editing. James Foulds:

ata curation, Validation, Writing - review & editing. Julia M. Lap-

in: Data curation, Validation, Writing - review & editing. Craig

umming: Data curation, Validation, Writing - review & editing.

halini Arunogiri: Data curation, Validation, Writing - review &

diting. Jesse T. Young: Data curation, Validation, Writing - review

 editing. Grant Sara: Data curation, Validation, Writing - review &

diting. Michael Farrell: Writing - review & editing. Louisa Degen-

ardt: Conceptualization, Supervision, Methodology, Data curation,

alidation, Writing - original draft, Writing - review & editing. 

cknowledgements 

The authors acknowledge the contributions of Natalie Casta-

anelli, Nicolas Hoy and Lucy Tran to assisting with the search, data

xtraction and editing. Rebecca McKetin is supported by a Curtin

enior Research Fellowship. NDARC is supported by funding from

he Australian Government Department of Health under the Drug

nd Alcohol Program. LD is supported by an NHMRC Senior Princi-

al Research Fellowship and the National Institute of Health (NIH)

ational Institute on Drug Abuse (NIDA) grant ( R01DA1104470 ). CC
s funded by an Australia Government Research Training Program

cholarship (PhD) at the University of Western Australia . We thank

ichard Lowry and Carina Capra who provided data needed for the

eta-analyses. Funding was provided by the National Drug and Al-

ohol Research Centre (University of New South Wales). 

isclosures 

LD and MF have received investigator-initiated untied educa-

ional grants for studies of opioid medications in Australia from

ndivior, Mundipharma and Seqirus. JF was a paid expert witness

n a New Zealand Court of Appeal matter addressing sentencing

rameworks for people convicted of methamphetamine-related of-

ending. He is an unpaid trustee of Odyssey House Christchurch,

 non-governmental non-profit organisation which provides treat-

ent for offenders with addiction problems. Other authors have

othing to disclose. 

unding 

National Drug and Alcohol Research Centre , University of New

outh Wales , Curtin University , NHMRC and NIH. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi:10.1016/j.eclinm.2019.09.014 . 

eferences 

[1] UNODC. World drug report 2018. Vienna.:: United Nations; 2018 . 
[2] Degenhardt L , et al. The global burden of disease attributable to alco-

hol and drug use in 195 countries and territories, 1990–2016: a system-
atic analysis for the Global Burden of Disease Study 2016. Lancet Psychiatry

2018;5(12):987–1012 . 

[3] United Nations Office on Drugs and Crime. Global synthetic drugs assessment.
United Nations; 2017. Vienna: . 

[4] Degenhardt L , Sara G , McKetin R , et al. Crystalline methamphetamine
use and methamphetamine-related harms in Australia. Drug Alcohol Rev

2017;36(2):160–70 . 
[5] Angrist B , Sathananthan G , Wilk S , Gershon S . Amphetamine psychosis: be-

havioral and biochemical aspects. J Psychiatr Res 1974;11:13–23 . 

[6] Bell DS . The experimental reproduction of amphetamine psychosis. Arch Gen
Psychiatry 1973;29(1):35–40 . 

[7] Griffith JD . Experimental psychosis induced by the administration of d-am-
phetamine. Amphetamine and related compounds. Costa E, Garattini S, edi-

tors. New York: Raven Press; 1970 . 
[8] Curran C , Byrappa N , McBride A . Stimulant psychosis: systematic review. Br J

Psychiatry 2004;185:196–204 . 

[9] Sara GE , Burgess PM , Malhi GS , Whiteford HA , Hall WC . Stimulant and other
substance use disorders in schizophrenia: prevalence, correlates and impacts

in a population sample. Aust N Z J Psychiatry 2014;48(11):1036–47 . 
[10] Niemi-Pynttari JA , Sund R , Putkonen H , Vorma H , Wahlbeck K , Pirkola SP .

Substance-induced psychoses converting into schizophrenia: a register-based
study of 18,478 Finnish inpatient cases. J Clin Psychiatry 2013;74(1):e94–9 . 

[11] Sato M , Numachi Y , Hamamura T . Relapse of paranoid psychotic

state in methamphetamine model of schizophrenia. Schizophr Bull
1992;18(1):115–22 . 

[12] Dawe S , Davis P , Lapworth K , McKetin R . Mechanisms underlying aggres-
sive and hostile behavior in amphetamine users. Curr Opin Psychiatry

2009;22(3):269–73 . 
[13] Marshall BD , Werb D . Health outcomes associated with metham-

phetamine use among young people: a systematic review. Addiction

2010;105(6):991–1002 . 
[14] Degenhardt L , Whiteford H , Hall WD . The Global Burden of Disease projects:

what have we learned about illicit drug use and dependence and their con-
tribution to the global burden of disease. Drug Alcohol Rev 2014;33(1):4–12 . 

[15] Bamford NS , Zhang H , Joyce JA , et al. Repeated exposure to metham-
phetamine causes long-lasting presynaptic corticostriatal depression

that is renormalized with drug readministration. [ see comment ]. Neuron
2008;58(1):89–103 . 

[16] McGregor C , Srisurapanont M , Jittiwutikarn J , Laobhripatr S , Wongtan T ,

White JM . The nature, time course and severity of methamphetamine with-
drawal. Addiction 20 05;10 0(9):1320–9 . 

[17] Fonseca R , Carvalho RA , Lemos C , et al. Methamphetamine induces anhedo-
nic-like behavior and impairs frontal cortical energetics in mice. CNS Neurosci

Ther 2017;23(2):119–26 . 

https://doi.org/10.13039/501100003921
https://doi.org/10.13039/501100001801
https://doi.org/10.13039/501100007281
https://doi.org/10.13039/501100007281
https://doi.org/10.13039/501100001773
https://doi.org/10.13039/501100001797
https://doi.org/10.13039/501100000925
https://doi.org/10.1016/j.eclinm.2019.09.014
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0001
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0002
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0002
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0002
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0003
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0004
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0004
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0004
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0004
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0004
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0005
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0005
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0005
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0005
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0005
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0006
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0006
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0007
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0007
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0008
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0008
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0008
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0008
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0009
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0010
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0011
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0011
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0011
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0011
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0012
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0012
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0012
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0012
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0012
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0013
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0013
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0013
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0014
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0014
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0014
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0014
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0015
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0015
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0015
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0015
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0015
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0016
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0017
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0017
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0017
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0017
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0017


96 R. McKetin, J. Leung and E. Stockings et al. / EClinicalMedicine 16 (2019) 81–97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[18] Silva CD , Neves AF , Dias AI , et al. A single neurotoxic dose of metham-
phetamine induces a long-lasting depressive-like behaviour in mice. Neurotox

Res 2014;25(3):295–304 . 
[19] McKetin R , Lubman DI , Lee NM , Ross JE , Slade TN . Major depression among

methamphetamine users entering drug treatment programs. Med J Aust
2011;195(3 SUPPL.):S51–SS5 . 

[20] Ryan R, Hill S, Broclain D, Horey D, Oliver S, Prictor M. Cochrane consumers
and communication review group. Study design guide; June 2013 http://cccrg.

cochrane.org/author-resources (Accessed August 2017). 2013 . 

[21] Topp L , Degenhardt L , Kaye S , Darke S . The emergence of potent forms of
methamphetamine in Sydney, Australia: a case study of the IDRS as a strate-

gic early warning system. Drug Alcohol Rev 2002;21(4):341–8 . 
[22] Joanna Briggs Institute. Critical appraisal tools. 2017. 

[23] Harris RJ , Bradburn MJ , Deeks JJ , Harbord RM , Altman DG , Sterne JAC . Metan:
fixed- and random-effects meta-analysis. Stata J 2008;8(1):3–28 . 

[24] Fletcher J . What is heterogeneity and is it important? BMJ

2007;334(7584):94–6 . 
[25] Sterne JAC , Sutton AJ , Ioannidis JPA , et al. Recommendations for examining

and interpreting funnel plot asymmetry in meta-analyses of randomised con-
trolled trials. BMJ 2011;343:d4002 . 

[26] Colins O , Vermeiren R , Vreugdenhil C , Schuyten G , Broekaert E , Krabben-
dam A . Are psychotic experiences among detained juvenile offend-

ers explained by trauma and substance use? Drug Alcohol Depend

20 09;10 0(1–2):39–46 . 
[27] Degenhardt L , Coffey C , Hearps S , et al. Associations between psy-

chotic symptoms and substance use in young offenders. Drug Alcohol Rev
2015;34(6):673–82 . 

[28] McKetin R , Hickey K , Devlin K , Lawrence K . The risk of psychotic symp-
toms associated with recreational methamphetamine use. Drug Alcohol Rev

2010;29(4):358–63 . 

[29] McKetin R , Lubman DI , Baker AL , Dawe S , Ali RL . Dose-related psychotic
symptoms in chronic methamphetamine users: evidence from a prospective

longitudinal study. JAMA Psychiatry 2013;70(3):319–24 . 
[30] Kalayasiri R , Verachai V , Gelernter J , Mutirangura A , Malison RT . Clini-

cal features of methamphetamine-induced paranoia and preliminary ge-
netic association with DBH-1021C->T in a Thai treatment cohort. Addiction

2014;109(6):965–76 . 

[31] Lechner WV , Dahne J , Chen KW , et al. The prevalence of substance use dis-
orders and psychiatric disorders as a function of psychotic symptoms. Drug

Alcohol Depend 2013;131(1–2):78–84 . 
[32] McKetin R , McLaren J , Lubman DI , Hides L . The prevalence of psychotic

symptoms among methamphetamine users. Addiction 2006;101(10):1473–
1478 . 

[33] Smith MJ , Thirthalli J , Abdallah AB , Murray RM , Cottler LB . Prevalence of psy-

chotic symptoms in substance users: a comparison across substances. Compr
Psychiatry 2009;50(3):245–50 . 

[34] Gilfillan S , Claassen CA , Orsulak P , et al. A comparison of psychotic and
nonpsychotic substance users in the psychiatric emergency room. Psychiatr

Serv 1998;49(6):825–8 . 
[35] Glasner-Edwards S , Mooney LJ , Marinelli-Casey P , et al. Clinical course and

outcomes of methamphetamine-dependent adults with psychosis. J Subst
Abuse Treat 2008;35(4):445–50 . 

[36] Riddell S , Nielssen O , Butler T , Christie M , Starmer G . The relationship be-

tween amphetamine use, crime and psychiatric disorder among prisoners in
New South Wales. Psychiatry Psychol Law 2006;13(2):160–5 . 

[37] Polcin DL , Buscemi R , Nayak M , Korcha R , Galloway GP . Sex differences
in psychiatric symptoms among methamphetamine-dependent residents in

sober living houses. Addict Disord Their Treat 2012;11(2):53–63 . 
[38] Toles M , Jiang CS , Goebert D , Lettich L . Methamphetamine in emergency psy-

chiatry. Addict Disord Their Treat 2006;5(4):191–9 . 

[39] Dalmau A , Bergman B , Brismar B . Psychotic disorders among inpatients with
abuse of cannabis, amphetamine and opiates. Do dopaminergic stimulants fa-

cilitate psychiatric illness? Eur Psychiatry 1999;14(7):366–71 . 
[40] Callaghan RC , Cunningham JK , Allebeck P , et al. Methamphetamine use and

schizophrenia: a population-based cohort study in California. Am J Psychiatry
2012;169(4):389–96 . 

[41] Farrell M , Boys A , Bebbington P , et al. Psychosis and drug dependence: re-

sults from a national survey of prisoners. Br J Psychiatry 2002;181(0342367,
b1k):393–8 . 

[42] Rognli EB , Berge J , Hakansson A , Bramness JG . Long-term risk factors for sub-
stance-induced and primary psychosis after release from prison. A longitudi-

nal study of substance users. Schizophr Res 2015;168(1–2):185–90 . 
[43] Matsumoto T , Ozaki S , Kobayashi O , Wada K . Current situation and clini-

cal characteristics of sedative-related disorder patients in Japan: compari-

son with methamphetamine-related disorder patients. Act Nerv Super (Praha)
2015;57(1):12–28 . 

[44] Morasco BJ , O’Neil ME , Duckart JP , Ganzini L . Comparison of health service
use among veterans with methamphetamine versus alcohol use disorders. J

Addict Med 2014;8(1):47–52 . 
[45] Cartier J , Farabee D , Prendergast ML . Methamphetamine use, self-reported vi-

olent crime, and recidivism among offenders in California who abuse sub-

stances. J Interpers Violence 2006;21(4):435–45 . 
[46] Watanabe H . Seven-year follow-up survey on 1,108 mentally disordered of-

fenders in 1994 - Analysis of recidivism using the classification tree approach
and multilateral criminological analysis of 67 serious reoffenders. Acta Crim-

inologiae et Medicinae Legalis Japonica 2005;71(5):133–63 . 
[47] McKetin R , Lubman DI , Najman JM , Dawe S , Butterworth P , Baker AL . Does
methamphetamine use increase violent behaviour? Evidence from a prospec-

tive longitudinal study. Addiction 2014;109(5):798–806 . 
[48] Bunting PJ , Fulde GWO , Forster SL . Comparison of crystalline metham-

phetamine ("ice") users and other patients with toxicology-related prob-
lems presenting to a hospital emergency department. Med J Aust

2007;187(10):564–6 . 
[49] Iritani BJ , Hallfors DD , Bauer DJ . Crystal methamphetamine use among young

adults in the USA. Addiction 2007;102(7):1102–13 . 

[50] Sigurdsson JF , Gudjonsson G , Asgeirsdottir BB , Sigfusdottir ID . Sexually abu-
sive youth: what are the background factors that distinguish them from other

youth? Psychol Crime Law 2010;16(4):289–303 . 
[51] Nyamathi A , Salem B , Farabee D , et al. Predictors of high level of hos-

tility among homeless men on parole. J Offender Rehabil 2014;53(2):95–
115 . 

[52] Miura H , Fujiki M , Shibata A , Ishikawa K . Prevalence and profile of metham-

phetamine users in adolescents at a juvenile classification home. Psychiatry
Clin Neurosci 2006;60(3):352–7 . 

[53] Greene MH , DuPont RL , Rubenstein RM . Amphetamines in the District of
Columbia. II. Patterns of abuse in an arrestee population. Arch Gen Psychi-

atry 1973;29(6):773–6 . 
[54] Barrett EL , Mills KL , Teesson M , Ewer P . Mental health correlates of anger and

violence among individuals entering substance use treatment. Mental Health

Subst Use 2013;6(4):287–302 . 
[55] Sutherland R , Peacock A , Roxburgh A , Barratt MJ , Burns L , Bruno R . Typology

of new psychoactive substance use among the general Australian population.
Drug Alcohol Depend 2018;188:126–34 . 

[56] Wu E , El-Bassel N , McVinney LD , et al. The association between substance
use and intimate partner violence within Black male same-sex relationships.

J Interpers Violence 2015;30(5):762–81 . 

[57] Sutherland R , Sindicich N , Barrett E , et al. Motivations, substance use and
other correlates amongst property and violent offenders who regularly inject

drugs. Addict Behav 2015;45:207–13 . 
[58] Kalechstein AD , Newton TF , Longshore D , Anglin MD , van Gorp WG ,

Gawin FH . Psychiatric comorbidity of methamphetamine dependence in a
forensic sample. J Neuropsychiatry Clin Neurosci 20 0 0;12(4):480–4 . 

[59] Swanson SM , Sise CB , Sise MJ , Sack DI , Holbrook TL , Paci GM . The

scourge of methamphetamine: impact on a level I trauma center. J Trauma
2007;63(3):531–7 . 

[60] Matsumoto T , Matsushita S , Okudaira K , et al. Sex differences in risk factors
for suicidality among Japanese substance use disorder patients: association

with age, types of abused substances, and depression. Psychiatry Clin Neu-
rosci 2012;66(5):390–6 . 

[61] Capra C , Kavanagh DJ , Hides L , Scott JG . Subtypes of psychotic-like experi-

ences are differentially associated with suicidal ideation, plans and attempts
in young adults. Psychiatry Res 2015;228(3):894–8 . 

[62] Lowry R , Crosby AE , Brener ND , Kann L . Suicidal thoughts and attempts
among U.S. High school students: trends and associated health-risk behav-

iors, 1991–2011. J Adolesc Health 2014;54(1):100–8 . 
[63] Fass D , Calhoun GB , Glaser BA , Yanosky DJ II . Differentiating character-

istics of juvenile methamphetamine users. J Child Adolesc Subst Abuse
2009;18(2):144–56 . 

[64] Fernandez MI , Bowen GS , Warren JC , et al. Crystal methamphetamine: a

source of added sexual risk for Hispanic men who have sex with men? Drug
Alcohol Depend 2007;86(2–3):245–52 . 

[65] Shoval G , Sever J , Sher L , et al. Substance use, suicidality, and adolescent-on-
set schizophrenia: an Israeli 10-year retrospective study. J Child Adolesc Psy-

chopharmacol 2006;16(6):767–75 . 
[66] Uchida C . Drug abuse and psychosocial background among juvenile delin-

quents: correlation between self-destructive behaviors and traumatic expe-

riences. Int Med J 1995;2(1):34–7 . 
[67] Yen C-F , Shieh B-L . Suicidal ideation and correlates in Taiwanese adolescent

methamphetamine users. J Nerv Ment Dis 2005;193(7):4 4 4–9 . 
[68] Youssef IM , Fahmy MT , Haggag WL , Mohamed KA , Baalash AA . Dual di-

agnosis and suicide probability in poly-drug users. J Coll Physicians Surg
2016;26(2):130–3 . 

[69] Tunving K . Fatal outcome in drug addiction. Acta Psychiatr Scand

1988;77(5):551–66 . 
[70] McCullumsmith CB , Clark CB , Perkins A , Fife J , Cropsey KL . Gender and racial

differences for suicide attempters and ideators in a high-risk community cor-
rections population. Crisis 2013;34(1):50–62 . 

[71] DiMiceli LE , Sherman SG , Aramrattana A , Sirirojn B , Celentano DD . Metham-
phetamine use is associated with high levels of depressive symptoms in ado-

lescents and young adults in Rural Chiang Mai Province, Thailand. BMC Public

Health 2016;16:168 . 
[72] Plüddemann A , Flisher AJ , McKetin R , Parry C , Lombard C . Metham-

phetamine use, aggressive behavior and other mental health issues among
high-school students in Cape Town, South Africa. Drug Alcohol Depend

2010;109(1–3):14–19 . 
[73] Embry D , Hankins M , Biglan A , Boles S . Behavioral and social correlates of

methamphetamine use in a population-based sample of early and later ado-

lescents. Addict Behav 2009;34(4):343–51 . 
[74] Briere FN , Fallu J-S , Janosz M , Pagani LS . Prospective associations be-

tween meth/amphetamine (speed) and MDMA (ecstasy) use and depres-
sive symptoms in secondary school students. J Epidemiol Community Health

2012;66(11):990–4 . 

http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0018
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0019
http://cccrg.cochrane.org/author-resources
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0021
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0021
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0021
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0021
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0021
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0022
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0023
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0023
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0024
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0025
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0026
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0026
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0026
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0026
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0026
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0027
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0027
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0027
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0027
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0027
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0028
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0029
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0030
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0030
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0030
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0030
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0030
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0031
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0031
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0031
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0031
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0031
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0032
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0033
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0033
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0033
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0033
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0033
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0034
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0034
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0034
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0034
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0034
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0035
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0036
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0037
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0037
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0037
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0037
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0037
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0038
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0038
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0038
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0038
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0039
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0039
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0039
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0039
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0039
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0040
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0040
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0040
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0040
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0040
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0041
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0041
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0041
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0041
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0041
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0042
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0042
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0042
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0042
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0042
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0043
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0043
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0043
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0043
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0043
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0044
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0044
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0044
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0044
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0045
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0045
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0046
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0047
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0047
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0047
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0047
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0048
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0048
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0048
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0048
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0049
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0049
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0049
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0049
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0049
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0050
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0050
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0050
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0050
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0050
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0051
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0051
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0051
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0051
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0051
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0052
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0052
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0052
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0052
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0053
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0053
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0053
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0053
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0053
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0054
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0055
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0055
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0055
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0055
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0055
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0056
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0056
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0056
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0056
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0056
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0057
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0058
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0059
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0059
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0059
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0059
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0059
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0060
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0060
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0060
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0060
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0060
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0061
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0061
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0061
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0061
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0061
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0062
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0062
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0062
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0062
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0062
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0063
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0063
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0063
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0063
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0063
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0064
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0064
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0064
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0064
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0064
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0065
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0065
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0066
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0066
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0066
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0067
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0068
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0068
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0069
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0070
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0071
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0072
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0072
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0072
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0072
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0072
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0073
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0073
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0073
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0073
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0073


R. McKetin, J. Leung and E. Stockings et al. / EClinicalMedicine 16 (2019) 81–97 97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

 

 

[  

 

 

 

 

[  

 

 

 

 

 

 

[75] Liles BD , Newman E , Lagasse LL , et al. Perceived child behavior prob-
lems, parenting stress, and maternal depressive symptoms among prena-

tal methamphetamine users. Child Psychiatry Hum Dev 2012;43(6):943–
957 . 

[76] Glasner-Edwards S , Marinelli-Casey P , Hillhouse M , et al. Depression among
methamphetamine users: association with outcomes from the Metham-

phetamine Treatment Project at 3-year follow-up. J Nerv Ment Dis
2009;197(4):225–31 . 

[77] Blazer DG , Wu L-T . The epidemiology of substance use and disorders among

middle aged and elderly community adults: national survey on drug use and
health. Am J Geriatr Psychiatry 2009;17(3):237–45 . 

[78] Moore DJ , Blackstone K , Woods SP , et al. Methamphetamine use and neu-
ropsychiatric factors are associated with antiretroviral non-adherence. AIDS

Care 2012;24(12):1504–13 . 
[79] Vik PW . Methamphetamine use by incarcerated women: comorbid mood and

anxiety problems. Womens Health Issues 2007;17(4):256–63 . 

[80] Casaletto KB , Obermeit L , Morgan EE , et al. Depression and executive dysfunc-
tion contribute to a metamemory deficit among individuals with metham-

phetamine use disorders. Addict Behav 2015;40:45–50 . 
[81] Lin N , Eisen SA , Scherrer JF , et al. The influence of familial and non-fa-

milial factors on the association between major depression and substance
abuse/dependence in 1874 monozygotic male twin pairs. Drug Alcohol De-

pend 1996;43(1–2):49–55 . 

[82] K.S. Kendler, H. Ohlsson, J. Sundquist, K. Sundquist. Prediction of onset of
substance-induced psychotic disorder and its progression to schizophrenia in

a Swedish national sample. Am J Psychiatry;0(0): appi.ajp.2019.18101217. 
[83] Chen CK , Lin SK , Sham PC , Ball D , Loh el W , Murray RM . Morbid risk

for psychiatric disorder among the relatives of methamphetamine users
with and without psychosis. Am J Med Genet B Neuropsychiatr Genet

2005;136(1):87–91 . 

[84] Bell CJ , Foulds JA , Horwood LJ , Mulder RT , Boden JM . Childhood abuse and
psychotic experiences in adulthood: findings from a 35-year longitudinal

study. Br J Psychiatry 2019;214(3):153–8 . 
[85] McGrath JJ . The surprisingly rich contours of schizophrenia epidemiology.

Arch Gen Psychiatry 2007;64(1):14–16 . 
[86] Higgins JPT . Commentary: heterogeneity in meta-analysis should be expected

and appropriately quantified. Int J Epidemiol 2008;37(5):1158–60 . 

[87] Patrick ME , Wightman P , Schoeni RF , Schulenberg JE . Socioeconomic status
and substance use among young adults: a comparison across constructs and

drugs. J Stud Alcohol Drugs 2012;73(5):772–82 . 
[88] Lappin JM, Sara G. Psychostimulant use and the brain. Addiction 2019 Early

online.. doi: 10.1111/add.14708 . 
[89] Courtney KE , Ray LA . Methamphetamine: an update on epidemiology, phar-

macology, clinical phenomenology, and treatment literature. Drug Alcohol De-

pend 2014;143:11–21 . 
[90] Shoptaw S , Huber A , Peck J , et al. Randomized, placebo-controlled trial of ser-

traline and contingency management for the treatment of methamphetamine
dependence. Drug Alcohol Depend 2006;85(1):12–18 . 

[91] Shoptaw SJ , Kao U , Ling W . Treatment for amphetamine psychosis. Cochrane
Database Syst Rev 2009:1 . 

[92] Lappin JM , Sara GE , Farrell M . Methamphetamine-related psychosis:
an opportunity for assertive intervention and prevention. Addiction

2017;112(6):927–8 . 
[93] Churchill R , Moore TH , Furukawa TA , et al. ’Third wave’ cognitive and
behavioural therapies versus treatment as usual for depression. Cochrane

Database Syst Rev 2013(10):CD008705 . 
[94] Calear AL , Christensen H , Freeman A , et al. A systematic review of psychoso-

cial suicide prevention interventions for youth. Eur Child Adolesc Psychiatry
2016;25(5):467–82 . 

[95] Anonymous. Managing violence and aggression in adults. 2019. http://
pathways.nice.org.uk/pathways/violence- and- aggression . 

[96] Mathias S , Lubman DI , Hides L . Substance-induced psychosis: a diagnostic co-

nundrum. J Clin Psychiatry 2008;69(3):358–67 . 
[97] Schuckit MA . Comorbidity between substance use disorders and psychiatric

conditions. Addiction 2006;101(Suppl 1):76–88 . 
[98] Srisurapanont M , Arunpongpaisal S , Wada K , Marsden J , Ali R , Kongsakon R .

Comparisons of methamphetamine psychotic and schizophrenic symptoms: a
differential item functioning analysis. Prog Neuropsychopharmacol Biol Psy-

chiatry 2011;35(4):959–64 . 

[99] Castle D , Daniel J , Knott J , Fielding J , Goh J , Singh B . Development of clin-
ical guidelines for the pharmacological management of behavioural distur-

bance and aggression in people with psychosis. Australas 2005;13(3):247–
252 . 

100] Leucht S , Tardy M , Komossa K , Heres S , Kissling W , Davis JM . Maintenance
treatment with antipsychotic drugs for schizophrenia. Cochrane Database Syst

Rev 2012(5) . 

[101] Yap CYL , Taylor DM , Knott JC , et al. Intravenous midazolam–droperidol combi-
nation, droperidol or olanzapine monotherapy for methamphetamine-related

acute agitation: subgroup analysis of a randomized controlled trial. Addiction
2017;112(7):1262–9 . 

[102] Daniulaityte R , Falck R , Wang J , Carlson RG , Leukefeld CG , Booth BM . Predic-
tors of depressive symptomatology among rural stimulant users. J Psychoac-

tive Drugs 2010;42(4):435–45 . 

[103] Herbeck DM , Brecht M-L , Lovinger K , Raihan A , Christou D , Sheaff P .
Poly-drug and marijuana use among adults who primarily used metham-

phetamine. J Psychoactive Drugs 2013;45(2):132–40 . 
104] Marshall BDL , Wood E , Shoveller JA , Patterson TL , Montaner JSG , Kerr T . Path-

ways to HIV risk and vulnerability among lesbian, gay, bisexual, and transgen-
dered methamphetamine users: a multi-cohort gender-based analysis. BMC

Public Health 2011;11:20 . 

[105] McKetin R , Lubman DI , Baker AL , Dawe S , Ali RL . Dose-related psychotic
symptoms in chronic methamphetamine users: evidence from a prospective

longitudinal study. JAMA Psychiatry 2013;70(3):319–24 . 
106] McKetin R , Lubman DI , Najman JM , Dawe S , Butterworth P , Baker AL . Does

methamphetamine use increase violent behaviour? Evidence from a prospec-
tive longitudinal study. Addiction 2014;109(5):798–806 . 

[107] Sutherland R , Sindicich N , Barrett E , et al. Motivations, substance use and

other correlates amongst property and violent offenders who regularly inject
drugs. Addict Behav 2015;45:207–13 . 

[108] Capra C , Kavanagh DJ , Hides L , Scott JG . Subtypes of psychotic-like experi-
ences are differentially associated with suicidal ideation, plans and attempts

in young adults. Psychiatry Res 2015;228(3):894–8 . 
[109] Walls NE , Freedenthal S , Wisneski H . Suicidal ideation and attempts among

sexual minority youths receiving social services. Soc Work 2008;53(1):21–9 . 

http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0074
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0074
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0074
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0074
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0074
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0075
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0075
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0075
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0075
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0075
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0076
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0076
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0076
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0077
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0077
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0077
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0077
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0077
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0078
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0078
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0079
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0079
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0079
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0079
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0079
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0080
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0080
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0080
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0080
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0080
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0081
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0082
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0083
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0083
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0084
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0084
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0085
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0085
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0085
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0085
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0085
https://doi.org/10.1111/add.14708
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0087
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0087
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0087
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0088
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0088
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0088
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0088
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0088
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0089
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0089
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0089
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0089
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0090
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0090
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0090
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0090
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0091
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0091
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0091
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0091
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0091
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0092
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0092
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0092
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0092
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0092
http://pathways.nice.org.uk/pathways/violence-and-aggression
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0093
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0093
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0093
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0093
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0094
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0094
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0095
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0096
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0097
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0098
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0098
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0098
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0098
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0098
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0099
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0100
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0101
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0102
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0103
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0104
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0104
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0104
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0104
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0104
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0105
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0105
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0105
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0105
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0105
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0106
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0106
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0106
http://refhub.elsevier.com/S2589-5370(19)30177-4/sbref0106

	Mental health outcomes associated with of the use of amphetamines: A systematic review and meta-analysis
	Research in context
	Evidence before this study
	Added value of this study
	Implications of the available evidence

	1 Introduction
	2 Methods
	2.1 Protocol and registration
	2.2 Searches
	2.3 Eligibility criteria
	2.4 Study selection
	2.5 Data extraction
	2.6 Quality assessment
	2.7 Data synthesis
	2.8 Role of the funding source

	3 Results
	3.1 Characteristics of included studies
	3.2 Relationship between the use of amphetamines and mental health outcomes
	3.3 Psychosis
	3.4 Violence
	3.5 Suicidality
	3.6 Depression
	3.7 [80,81] Anxiety

	4 Discussion
	4.1 Limitations of the evidence
	4.2 Limitations of this review
	4.3 Clinical and policy implications
	4.4 Recommendations for future research

	5 Conclusion
	CRediT authorship contribution statement
	Acknowledgements
	Disclosures
	Funding
	Supplementary materials
	References


