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A B S T R A C T

Cannabis use disorder (CUD) is prevalent and demand for treatment is increasing, yet few individuals engage in
formal treatment and the efficacy of established interventions for CUD is modest. Existing clinical trials eval-
uating psychosocial and pharmacological treatments for CUD have incorporated a wide variety of measures for
assessing cannabis use outcomes, including abstinence, self-reported frequency and quantity used, withdrawal,
use/dependence severity, and other psychosocial outcomes. The heterogeneity of measures and outcomes has
limited quantitative analyses of the comparative effectiveness of existing interventions. The purpose of this
systematic review is to: 1) identify and characterize approaches for measuring cannabis use in existing CUD
intervention trials, including abstinence, frequency and quantity of use, and 2) summarize measures used to
assess treatment efficacy in other outcome domains (e.g., cannabis use severity, psychosocial functioning,
cannabis withdrawal), and provide a platform for future research to evaluate which outcome measures are most
likely to reflect treatment efficacy and clinically significant improvement in other outcome domains.

1. Introduction

Cannabis is the most widely-used internationally regulated drug
worldwide (Degenhardt and Hall, 2012; United Nations Office on Drugs
and Crime (UNODC, 2017). In the United States (US) in 2016, ap-
proximately 8.9% of individuals aged 12 or older reported past month
use of cannabis (SAMHSA, 2017a, b). A growing body of evidence has
documented a range of adverse consequences of acute and chronic
cannabis use, including emergence of cannabis use disorder (CUD;
Broyd et al., 2016; Crane et al., 2013; Hall, 2015; Macleod et al., 2004;
Volkow et al., 2016). The public health burden of CUD is substantial; an
estimated 1.5% of US citizens 12 or older (four million individuals)
have a current (past year) CUD, and cannabis was the primary sub-
stance reported in 14% of substance use disorder (SUD) treatment ad-
missions in 2015 (third behind opioids and alcohol; SAMHSA, 2017a,
b). Evidence-based psychosocial treatments have been developed for
CUD, but most individuals that formally enter treatment relapse within
a year (Budney et al., 2007; Gates et al., 2016). To date, no pharma-
cotherapies have been approved for CUD (Brezing and Levin, 2018;

Marshall et al., 2014; Sherman and McRae-Clark, 2016). Taken to-
gether, these findings underscore the clear need for a continued focus
on improving treatments for CUD, which includes determining the
criteria of success, optimal study methods, and outcome measures used
to evaluate efficacy in clinical trials.

Consideration of clinically meaningful outcome measures is an in-
tegral step in the development of psychosocial and pharmacological
treatments for CUD. Substantial progress has been made in establishing
consensus for clinical endpoints in other substances of abuse, namely
tobacco and alcohol. Efficacy endpoints for tobacco trials are based on
the extent to which an intervention results in prolonged abstinence
from cigarette smoking, since risks are largely related to the long-term
adverse health effects of smoking and no known level of smoking is
considered safe (Hughes et al., 2003). Abstinence is also considered a
primary clinical endpoint for alcohol. Unlike tobacco, however, heavy
alcohol use is associated with a myriad of adverse short-term con-
sequences, including negative health-related effects, legal problems
(e.g., driving while intoxicated), and deterioration in psychosocial
functioning. Conversely, moderate levels of alcohol consumption are
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not strongly associated with adverse short-term consequences and may
even confer minor beneficial health-related effects. As such, the out-
come of reduced alcohol use, percentage of subjects with no heavy
drinking days (PSNHDD), defined as days in which at least four or five
drinks per day are consumed by women and men, respectively, was
endorsed by the U.S. Food and Drug Administration (FDA) as a mean-
ingful clinical endpoint in medications development trials for alcohol
use disorder (Sobell et al., 2003). This outcome was subsequently va-
lidated in studies demonstrating that elimination of heavy drinking
days resulted in beneficial effects on short- and long-term psychosocial
functioning (e.g., Falk et al., 2010; Kline-Simon et al., 2013, 2017).

Consensus agreement on substance use outcomes has not been es-
tablished for substances other than tobacco and alcohol. Multiple expert
panels have convened in recent years with the aim of determining
clinically meaningful outcomes in clinical trials for SUDs (Donovan
et al., 2012; Kiluk et al., 2016; Tiffany et al., 2012). Across panels,
discussions highlighted numerous challenges encountered when at-
tempting to define and measure an indicator of clinically significant
change in substance use both during and following treatment. A key
challenge to establishing efficacious SUD interventions is the hetero-
geneity with which substance use outcomes are measured and reported,
and inclusion (or lack thereof) of other relevant outcome domains (e.g.,
self-efficacy, craving, psychosocial functioning, quality of life, social
network and social supports; Donovan et al., 2012; Tiffany et al., 2012).
Trials evaluating interventions for SUDs have incorporated a wide
variety of outcomes to measure change in substance use, including use
of multiple dichotomous and continuous measures of abstinence, and
reduction in frequency and quantity of use. Both self-report assessments
and biological matrices have been utilized to evaluate change in use,
either as primary indicators or to confirm self-reported use. Many of
these challenges in measurement of clinically relevant outcomes are
relevant to CUD trials. For example, measuring self-reported cannabis
use presents several challenges, particularly with obtaining accurate
measurements of use across wide variations in potency and route of
administration (Cuttler and Spradlin, 2017; Gray et al., 2009). In ad-
dition, the long half-life of cannabis limits the sensitivity of biochemical
matrices to detect short durations of abstinence, and reduction in use.

Obtaining accurate measures of cannabis use frequency and quan-
tity is important since both are independently associated with cannabis-
related problems (Chen et al., 1997; Coffey et al., 2002; Norberg et al.,
2012; c.f. Buu et al., 2017) and may differentially inform treatment
efficacy (Brezing et al., 2018). While abstinence is the most common
primary outcome for SUD clinical trials, reduction in use may be a
meaningful outcome if the reduction results in a clinically significant
improvement in functioning. Over the past decade, declining percep-
tions of risks and harms of cannabis use (Compton et al., 2016; Pacek
et al., 2015), and increasing acceptance of legalized cannabis for
medical and recreational use in the U.S. and Canada has increased ef-
forts to determine guidelines for “low risk” use to guide prevention and
treatment efforts (Fischer et al., 2017), though evidence to inform a
specific level of low risk use has yet to be determined.

Consideration of other outcome domains that might be sensitive to
an overall reduction in negative physical or psychosocial symptoms of
cannabis use is an integral step in evaluating optimal outcomes of ab-
stinence and reduction in use. Though outcome domains have not been
standardized in CUD treatment research, one previous study identified
several domains integral to determining clinically significant improve-
ment, including severity of cannabis use, and psychosocial functioning
(Peters et al., 2011). In addition, relief of cannabis withdrawal-related
symptoms has been a primary focus of multiple trials evaluating
pharmacotherapies for CUD and might be an important indicator for
development of efficacious medications and psychoeducation on with-
drawal and craving for CUD interventions (Brezing and Levin, 2018).

The purpose of this systematic review is to provide a comprehensive
overview of measures and outcomes for cannabis use and other do-
mains reported in existing psychosocial and pharmacological

treatments for CUD. This review will primarily focus on characterizing
the frequency and methodology with which self-report assessments and
biological matrices are used to assess cannabis abstinence and reduc-
tion in frequency and quantity of use both within and following treat-
ment completion. Key endpoints for other clinically relevant domains
(e.g., cannabis withdrawal and craving, severity of use and dependence,
psychosocial functioning) will also be identified and summarized. The
overall goal of this review is to provide an overview of the current state
of cannabis use outcome measurements used in CUD treatment trials,
discuss the strengths and weaknesses of each approach, and provide a
platform for subsequent discussions directed at establishing a research
agenda to standardize outcomes across CUD intervention trials.

2. Method

2.1. Identification of trials

The following electronic databases were searched in September
2017 for published randomized controlled trials for CUD, inclusive of
all date ranges up to the date of search:

PubMed, Embase, Cochrane Central, Cochrane Reviews, Cochrane
Other Reviews, CINAHL, and PsycINFO. A search strategy was first
developed in PubMed by a medical librarian and subsequently adapted
for the other databases (see Supplementary Table 1 for the PubMed
search strategy). The search strategy included keywords and MeSH
terms to specify the population (e.g., cannabis, marijuana smoking,
marijuana abuse), interventions (e.g., psychotherapy, psychosocial,
pharmacotherapy, substance withdrawal syndrome) and trial design
characteristics (e.g., randomized controlled trial, controlled clinical
trial, placebo, groups) relevant to the current review. Reference lists for
eligible trials were also reviewed in addition to recently published
systematic reviews evaluating psychosocial and pharmacological in-
terventions for CUD (i.e., Brezing and Levin, 2018; Cooper et al., 2015;
Gates et al., 2016; Marshall et al., 2014; Sherman and McRae-Clark,
2016).

2.2. Inclusion/exclusion criteria

The PICOS (Population, Intervention, Comparison, Outcome,
Setting) process was utilized to identify specific inclusion/exclusion
criteria with the overall aim of maximizing inclusion of all relevant
clinical trials. To be included, study samples in each identified trial
were required to comprise current (i.e., past 30-day) adolescent or adult
cannabis users who (a) were seeking treatment for cannabis use or re-
ported a desire to reduce or quit use, and/or (b) met DSM-IV, 5, or ICD-
10 diagnostic criteria for cannabis abuse, dependence, or CUD. These
criteria were selected to include trials in clinical populations with
substantial cannabis-related problems who would be most likely to
benefit from receiving treatment to reduce or quit use, while excluding
trials evaluating brief prevention/early interventions and laboratory
studies in non-treatment seeking opportunistic samples.

2.2.1. Intervention
All psychosocial and pharmacological interventions for CUD were

considered for inclusion. Examples include: cognitive behavioral
therapy, motivational interviewing/motivational enhancement
therapy, drug counseling and/or education, contingency management,
mindfulness-based meditation, relapse prevention, technology/tele-
phone-assisted interventions, and pharmacological treatments targeting
reduction/cessation of cannabis use and/or reducing symptoms of
cannabis withdrawal.

2.2.2. Comparison
Trials that included any comparison condition(s) were considered

for inclusion (e.g., no/minimal treatment, delayed treatment, placebo
control, any alternative psychosocial or pharmacological intervention).
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Table 1
Characteristics of Included Trials.

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

Adult Trials (PSY)
Barrowclough et al., 2014

(1) Brief or
(2) Long MI-CBT

110 Adults DSM-IV abuse or dependence;
used cannabis at least 1 day per
week in at least half the weeks in
prior 3 months

3 FU: 4.5, 9, 18 months
post-randomization

Cannabis Use
Abstinence (TLFB)
Quantity (TLFB)
Confirmation of SR Use (Hair)
Other
BAI, CDS, GAF, PANSS, RTC,
TLFB (other substances)

Bonsack et al., 2011
(1) Motivational Intervention+TAU
(2) TAU

62 Adults Smoked at least 3 joints of
cannabis/week in month
preceding inclusion

3 FU: 3, 6, 12 months
post-randomization

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB, CASUAS)
Quantity (TLFB)
Other
CASUAS (index of severity),
PANSS, RTC, SOFAS

Budney et al., 2000
(1) Motivational Enhancement (ME)
(2) ME+behavioral coping skills (MBT)
(3) MBT+voucher-based incentives (MBTV)

60 Adults DSM-III-R dependence; used
cannabis in past 30 days

ETX at 14 wks post-
baseline

Cannabis Use
Abstinence (UA, TLFB+UA)
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
ASI, BDI, BSI, MPS, SCQ, URICA

Budney et al., 2006
(1) CBT+ vouchers
(2) CBT alone
(3) Vouchers alone

90 Adults DSM-IV dependence; used
cannabis in past 30 days

4 FU: 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
ASI, BDI, BSI, MPS, Remission

Budney et al., 2011
(1) Computer-delivered MET/CBT/CM
(2) Therapist delivered MET/CBT/CM

38 Adults DSM-IV abuse or dependence;
report cannabis use on at least 50
of past 90 days

ETX at 12 wks post-
baseline

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
CSS, MPS, Self-Efficacy

Budney et al., 2015
(1) Computer-delivered MET/CBT/CM
(2) Therapist delivered MET/CBT/CM
(3) MET only

75 Adults DSM-IV abuse or dependence;
report cannabis use on at least 50
of past 90 days

2 FU: 3 and 9 months
post-treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
CSS, MPS, Self-Efficacy

Carroll et al., 2006
(1) MET/CBT+CM
(2) MET/CBT
(3) Drug Counseling+CM
(4) Drug Counseling

132 Adults DSM-IV dependence; cannabis-
positive urine specimen at
baseline

2 FU: 3 and 12 months
post-treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
ASI, Retention

Carroll et al., 2012
(1) CM for abstinence
(2) CBT+CM for abstinence (3) CBT
(4) CBT+CM for CBT session attendance/
homework completion

127 Adults DSM-IV dependence 4 FU: 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (UA+TLFB)
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
N/A

Copeland et al., 2001
(1) 6-session CBT (6CBT)
(2) 1-session CBT (1CBT)

229 Adults Expressed a desire to cease
cannabis use

1 FU: 24 weeks post-
treatment

Cannabis Use
Abstinence (TLFB)
Quantity (OTI):
Confirmation of SR Use (UA)
Other
CPQ, SCL-90-R, SDS

Copeland et al., 2017
(1) Brief or
(2) extended feedback versions of
“Grassessment” (a brief online intervention for
cannabis users)

287 Adults At least one symptom of DSM-IV
cannabis abuse or dependence

1 FU: 24 weeks post-
treatment

Cannabis Use
Frequency (TLFB)
Quantity (TLFB)
Other
SDS

de Dios et al., 2012
(1) Motivational interviewing (MI) +
Mindfulness meditation (MM)
(2) Assessments only

34 Adults
(all female)

Smoked cannabis at least three
times in the past month; endorsed
a desire to quit or reduce
cannabis use; used cannabis to
relax, relieve anxiety, or calm
down

3 FU: 1, 2, 3 months post-
treatment

Cannabis Use
Abstinence (TLFB+UA)
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
N/A

Gates et al., 2012
(1) MI+CBT via phone
(2) Delayed treatment control (DTC)

160 Adults Use of cannabis in past month;
not receiving other treatment for
cannabis use

2 FU; 4 and 12 weeks
post-treatment

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)
Quantity (TLFB)
Clinically significant
improvement in cannabis use
Other
CPQ, TLFB (other drug use), SDS

103 Adults

(continued on next page)
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Table 1 (continued)

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

Hjorthoj et al., 2013
(1) CapOpus (MI+CBT) + TAU
(2) TAU

CUD; cannabis was “primary
substance of abuse”

1 FU: 4 months post-
treatment

Cannabis Use
Frequency (TLFB)
Quantity (TLFB)
Other
Cognitive Battery, CSQ, EQ-5D,
GAF, MANSA, PANSS, WHODAS

Hoch et al., 2014
(1) CANDIS (MET+CBT+PPS)
(2) DTC

279 Adults Use of any cannabis product at
least twice a week in past month;
motivation to quit or reduce
cannabis consumption

2 FU; 3 and 6 months
post-treatment

Cannabis Use
Abstinence (TLFB)
Quantity (TLFB):
Confirmation of SR Use (UA)
Other
CIDI, CPQ, CUPIT, SDS, TLFB,
Retention

Jungerman et al., 2007
(1) 4 weekly motivational interviewing and
relapse prevention sessions over 1 month
(1MIRP) (2) Same as above but over 3 months
(3MIRP)

160 Adults Smoked cannabis at least 40
times in 90 days prior to
interview

1 FU: 4 months post-
randomization

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)
Quantity(TLFB)
Confirmation of SR Use (UA)
Other
ASI, DSM Checklist, MPS, TLFB
(other drug use)

Kadden et al., 2007
(1) MET/CBT+CM (2) MET/CBT (3) CM

240 Adults DSM-IV dependence 4 FU; 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (TLFB)
Quantity (TLFB)
Other: Time to relapse
Confirmation of SR Use (UA)
Other
ASI, MPS

Litt et al., 2013
(1) MET/CBT+CM for treatment homework
(2) MET/CBT+CM for abstinence

215 Adults DSM-IV dependence or abuse 4 FU; 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (TLFB/Form-90)
Confirmation of SR Use (UA)
Other
CSS, MPS, Marijuana Self-
Efficacy Questionnaire, RCTQ,
Retention

Madigan et al., 2013
(1) Group Psychological Intervention (GPI;
MI+CBT)
(2) TAU

88 Adults Cannabis dependence 2 FU; 3, 12 months post-
treatment

Cannabis Use
Frequency (ASI)
Other
Birchwood Insight Scale, CDSS,
DAI-30, DUP, GAF, SAPS/SANS,
WHOQOL-BREF

MTRPG, 2004
(1) MET (2) Multicomponent Treatment
(CBT+Case Management+MET)

450 Adults DSM-IV dependence; used
cannabis on at least 40 of the past
90 days.

3 FU: 4, 9, and 15 months
post-randomization

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)
Quantity (TLFB):
Confirmation of SR Use
(UA+ collateral reports)
Other
ASI, BDI, MPS, SCID, STAI, TLFB
(alcohol use)

Roffman et al., 1988
(1) Relapse Prevention (RP) (2) Social Support
(SSP)

110 Adults Used cannabis at least 50 times in
past 90 days

5 FU: 1, 3, 6, 9, 12
months post-treatment

Cannabis Use
Frequency (Calendar)
Other

Rooke et al., 2013
(1) Web-based intervention (6-modules)
(2) Control condition

225 Adults Used cannabis at least once in
past month and desired to stop or
reduce use

2 FU: 6 weeks and 3
months post-baseline

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)
Quantity (TLFB)
Other
GAIN-I, SDS

Sinha et al., 2003
(1) MET (2) MET+CM

65 Adults All met criteria for CUD (25%
abuse, 75% dependence) and
provided THC-positive urine at
baseline

1 FU: 1 month post-
treatment

Cannabis Use
Frequency (Calendar)
Confirmation of SR Use (UA)
Other
ASI, SOCRATES, Treatment
Engagement

Stephens et al., 1994
(1) Relapse Prevention (RP) (2) Social Support
(SSP)

212 Adults Use of cannabis at least 50/past
90 days

5 FU: 1, 3, 6, 9, 12
months post-treatment

Cannabis Use
Abstinence (Calendar)
Frequency (Calendar)
Confirmation of SR Use
(UA+ collateral reports)
Other
Calendar (other substance use),
DAST

Stephens et al., 2000
(1) Relapse Prevention Support Group (RPSG)

291 Adults Use of cannabis at least 50 times/
past 90 days

5 FU: 1, 4, 7, 13, 16
months post-treatment

Cannabis Use
Abstinence (Calendar)

(continued on next page)
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Table 1 (continued)

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

(2) Individualized assessment and Intervention
(IAI)

Frequency (Calendar)
Verification of SR Use (Collateral
Reports)
Other
Calendar (other substance use),
Drug-Related Problems, MDS

Tossmann et al., 2011
Web-based intervention (counseling program,
QTS)

1292 Adults Looking to quit or reduce
cannabis use within the next
weeks

1 FU: 3 months post-
randomization

Cannabis Use
Frequency (SR)
Quantity (SR)
Other
DTCQ, GDS, STAI

Walker et al., 2015
9MET/CBT+Maintenance Check-Ups (MCU)

74 Adults Cannabis dependence; use of
cannabis on 50 or more/past 90
days

2 FU: 3 and 9 months
post-treatment

Cannabis Use
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
MPS, SCID-I, Self-Efficacy for
Avoiding Cannabis, SWLS

Adolescent Trials (PSY)
Dennis et al., 2004

Trial 1: MET/CBT 5 sessions vs. MET/CBT 12
sessions vs. Family Support Network Trial 2:
MET/CBT 5 sessions vs. ACRA vs. MDFT

600 Adolescents Self-report one or more DSM-IV
criteria for abuse or dependence

4 FU; 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (GAIN)
Confirmation of SR Use
(UA+Collateral Reports)
Other
% of adolescents in recovery

Hendriks et al., 2011
(1) MDFT
(2) CBT (TAU)

109 Adolescents DSM-IV CUD, use for at least 26
of past 90 days

4 FU; 3, 6, 9, 12 months
post-baseline

Cannabis Use
Frequency (TLFB)
Quantity (TLFB)
Confirmation of SR Use (UA)
Other
Treatment Responders (% of
participants), In Recovery (%
of participants), Self-Report
Delinquency Scale, Treatment
Retention

Hoch et al., 2012
CANDIS (MET+CBT+PPS)

122 Adolescents &
Adults (Age
16+)

Use of any cannabis product at
least twice a week in past month;
DSM-IV criteria for lifetime abuse
or dependence

2 FU; 3, 6 months post-
treatment

Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)
Confirmation of SR Use (UA)
Other
ASI, BSI, CIDI-I

Kaminer et al., 2014
Voucher-based reinforcement therapy (VBRT)
for abstinence+CBT

59 Adolescents DSM-IV abuse or dependence,
positive drug test for THC

1 FU: 3 months post-
treatment

Cannabis Use
Abstinence (TLFB)
Confirmation of SR Use (UA)
Other
CRI-Y, SCQ-39

Kaminer et al., 2017
Phase 1: MET/CBT-7 Phase 2: (1)
Individualized enhanced CBT (2) ACRA

161 Adolescents DSM-IV CUD 5 FU: over 1 year post-
phase 2

Cannabis Use
Abstinence (TLFB)
Confirmation of SR Use (UA)
Other
Attendance at Week 17 (%)

Killeen et al., 2012
Abstinence-based CM+TAU

31 Adolescents Primary CUD, past 45 day
cannabis use

1 FU: 3 months Cannabis Use
Abstinence (UA)
Other
BIS, MCQ, Retention

Lascaux et al., 2016
(1) TAU (formalized)
(2) TAU

73 Adolescents DSM-IV CUD 4 FU; 3, 6, 9, 12 months
post-randomization

Cannabis Use
Frequency (TLFB)
Other
ADI-Light, CBCL+YSR, FES, SS

Rigter et al., 2013
MDFT

450 Adolescents DSM-IV CUD 4 FU: 3, 6, 9, 12 months
post-randomization

Cannabis Use
Frequency (TLFB)
Other
ADI-Light, Therapy Completion,
Treatment Completion

Stanger et al., 2009
(1) MET/CBT+CM for abstinence or
abstinence-based parent training

69 Adolescents Reported use of cannabis/past 30
days or THC-positive urine test

3 FU: 3, 6, 9 months post-
treatment

Cannabis Use
Abstinence (TLFB/Parent
Report)
Confirmation of SR Use (UA)
Other
APQ, CBCL+YSR, VSDI

Stanger et al., 2015
(1) MET/CBT+CM (2)
MET/CBT+CM+Parent Training

153 Adolescents DSM-IV CUD 4 FU: 3, 6, 9, 12 months
post-treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
APQ, CBCL

(continued on next page)
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Table 1 (continued)

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

Adult Trials (PHA)
Allsop et al., 2014

Nabiximols (maximum daily dose: 86.4 mg
THC, 80mg CBD)

51 Adults Met DSM-IV criteria for
dependence;
experienced withdrawal during
previous quit attempts;
desired to reduce or quit cannabis
use

9-day inpatient period
and 1 FU 28 days after
discharge

Cannabis Use
Abstinence (TLFB)
Quantity (TLFB)
Confirmation of SR Use (UA)
Other
CPQ, CWS, SDS, Adverse Events,
Retention

Brunette et al., 2011
Clozapine (400mg/day)

31 Adults Diagnosis of current CUD;
cannabis use on at least 5 days
over 3 wks prior to screening

none Cannabis Use
Quantity (TLFB)
Confirmation of SR Use (UA)
Other
BPRS, CGI, SANS, TLFB (other
substance use)

Carpenter et al., 2009
(1) Bupropion (150mg bid)
(2) Nefazodone (300mg bid)

106 Adults Met DSM-IV criteria for current
dependence;
smoked >5 joints per week

none Cannabis Use
Abstinence (SR+UA)
Frequency (SR): # of days used
Quantity (SR)
Other
Adherence, CGI, HAM-A, Side
Effects, SMHSQ, Snaith

Gray et al., 2017
N-Acetylcysteine (1200mg bid)

302 Adults Met DSM-IV criteria for
dependence; positive UCT at
screen

1 FU: 4 wks post-
treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
Safety/Tolerability

Hill et al., 2017
Nabilone (0.5 mg/day for first 7 days; increased
to 1mg/day for 7 days; increased to 2mg/day
for 4 weeks; reverse titration for final 3 weeks)

18 Adults Met DSM-IV criteria for
dependence

FU at weeks 11-14 after
completion of 10 wk
treatment phase

Cannabis Use
Abstinence (UA)
Frequency (TLFB/Daily Diaries)
Quantity (TLFB/Daily Diaries)
Change in urine cannabinoid
levels (UA)
Other
BAI, MCQ, QIDS, Adverse
Events

Johnston et al., 2014
Lithium Carbonate (500mg bid)

38 Adults Met DSM-IV criteria for
dependence; self-reported
withdrawal symptoms as a
barrier to achieving abstinence
from cannabis in previous quit
attempts

3 FU: 14, 30, and 90 days
post-discharge

Cannabis Use
Abstinence (SR)
Frequency (SR)
Quantity (SR)
Confirmation of SR Use (UA)
Cannabinoid Levels: Plasma
cannabinoid levels measured at
baseline and days 2, 4, and 7
Other
CPQ, CWS, DASS-21, SDS, SF-
12, WHOQOL-BREF

Levin et al., 2004
Divalproex sodium (250mg bid for 8 days;
raised to 500mg bid for 6 days; raised to single
daily dose of 1500mg for 4 wks); max dose
2000mg for pts with blood levels below 50 ng/
ml

25 Adults Met DSM-IV criteria for
dependence;
use of at least 5 joints per week in
the month prior to enrollment

6 wk cross-over phase to
assess effectiveness
(following 6 wks of
medical/ placebo
intervention)

Cannabis Use
Abstinence (SR+UA)
Frequency (SR)
Quantity (SR)
Confirmation of SR Use (UA)
Other: Weekly clinician-rated
global impression assessment for
marijuana use
Other
ASI, HSC, Snaith, VAS

Levin et al., 2011
Dronabinol (10mg/day, increased to 20mg
bid; gradual dose tapering at wks 9-10, placebo
at wks 11-12)

156 Adults Met DSM-IV criteria for
dependence; report using
cannabis at least 5 days/week
during past 28 days; THC-positive
urine screen at study entry

None Cannabis Use
Abstinence (SR)
Frequency (SR)
Quantity (SR)
Confirmation of SR Use (UA)
Other
MWC, Medication Adherence,
SAFTEE, Retention

Levin et al., 2013
Venlafaxine-XR (titrated to target dose of
225mg daily; max dose of 375mg daily if well
tolerated)

103 Adults Met DSM-IV criteria for
dependence; report that cannabis
was primary drug of abuse

None Cannabis Use
Abstinence (UA+TLFB)
Change in urine cannabinoid
levels (UA)
Confirmation of SR Use (UA)
Other
HAMD, SAFTEE, Treatment
Compliance

Levin et al., 2016
Lofexidine-dronabinol combination (Lofex was
titrated in 0.2mg increments, Dron was given

122 Adults Met DSM-IV criteria for
dependence;

None Cannabis Use
Abstinence (TLFB)
Frequency (TLFB)

(continued on next page)
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Table 1 (continued)

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

in 10mg increments until reaching max
tolerated dose): Dron, 20mg 3 times/day,
Lofex, 0.6mg 3 times/day

cannabis use at least 5 days/wk;
THC-positive urine at study entry

Other
MWC, Time-to-Dropout

Mason et al., 2012
Gabapentin (1200mg/day; titrated by
increasing by 300mg/day until max dose
reached; dosing schedule: 300mg morning and
midday, 600mg evening)

50 Adults Met DSM-IV criteria for
dependence;
seeking research-based
outpatient treatment for cannabis
dependence involving daily
medication;
smoked cannabis at least once in
week prior to randomization

1 FU: 1 wk after
treatment completion

Cannabis Use
Quantity (TLFB/Smoking
Diaries):
Other: Change in urine
cannabinoid levels (UA)
Frequency (TLFB/Smoking
Diaries):
Other: Point prevalence of new
cannabis use (UA)
Other
BDI-II, MPS, MWC, PSQI,
SAFTEE-GI

McRae-Clark et al., 2009
Buspirone (60mg/day; achieved by gradually
increasing 5mg bid starting dose by 5-10mg
every 3-4 days)

93 Adults Met DSM-IV criteria for
dependence

None Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Quantity (TLFB)
Other
HAM-A, MCQ, MWC

McRae-Clark et al., 2010
Atomoxetine (starting dosage of 25mg daily,
increasing to 40mg in wk 2, 80mg in wk 3 as
tolerated, up to 100mg)

78 Adults Met DSM-IV criteria for
dependence

None Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Frequency/Quantity (TLFB)
Other
CAARS-Self, CGI, WRAADS

McRae-Clark et al., 2015
Buspirone (initiated at 5 mg bid, increased by
5-10mg every 3-4 days as tolerated; max dose
60mg daily)

175 Adults Met DSM-IV criteria for
dependence

None Cannabis Use
Abstinence (UA)
Other
5-HT1A Receptor Genotype,
HAM-A, MCQ

McRae-Clark et al., 2016
Vilazodone (initiated at 10mg/day for 7 days,
20mg/day for 7 days, 40mg/day as tolerated)

76 Adults Met DSM-IV criteria for
dependence

None Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Quantity (TLFB)
Other
MCQ

Penetar et al., 2012
Bupropion (150mg/day on days 1-3, 150mg
bid on days 4-21)

22 Adults Minimum of 3 years of heavy use
(smoke 5/7 days per wk/ greater
than 25 days per month);
experienced 2 or more negative
symptoms in previous quit
attempts

None Cannabis Use
Other: Point prevalence of new
cannabis use (UA)
Other
BAI, BDI, Cognitive Performance
Battery, MWC, Sleep Diary/
Actigraphy, URICA

Sherman et al., 2017
MET+Oxytocin (40 IUs administered
intranasally 30min prior to first 2 of 3 MET
sessions)

16 Adults Cannabis dependence None Cannabis Use
Frequency (TLFB)
Quantity (TLFB)
Other: Urine and saliva samples
used to confirm recent
abstinence (data not reported in
manuscript)
Other
N/A

Trigo et al., 2018
Nabiximols (as-needed, up to 113.4mg THC/
105mg CBD)

40 Adults Met DSM-IV criteria for
dependence;
report cannabis as primary drug
of abuse;
report cannabis use at least 5
days/week for at least 1 month;
cannabis positive urine screen;
smoked less than or equal to the
equivalent of 4 joints/day (or 4 g/
day)

None Cannabis Use
Abstinence (TLFB/Smoking
Diary)
Frequency (TLFB/Smoking
Diary)
Quantity (TLFB/Smoking Diary)
Other: Results of TLFB and
smoking diaries compared for
consistency
Cannabinoid Concentrations
(Blood Plasma and UA).
Other
MCQ, Medication Use, MWC,
SMHSQ, Tolerability, Vitals

Weinstein et al., 2014
Escitalopram (10mg/day)

52 Adults Met DSM-IV criteria for
dependence

1 FU: 6-month post-
treatment

Cannabis Use
Abstinence (UA)
Other
ASI, BDI, CIWA (Modified), STAI

Adolescent Trials (PHA)
Cornelius et al., 2010 & 2012

Fluoxetine (20mg/day)
70 Adolescents &

Adults (14-25)
Met DSM-IV criteria for
dependence or abuse;

None Cannabis Use
Frequency (TLFB)

(continued on next page)
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2.2.3. Outcomes
Outcome measures of cannabis use were the primary focus of the

review, and trials were required to have at least one primary or sec-
ondary outcome assessment of cannabis abstinence or reduction to be
included. Acceptable cannabis use outcomes included biologically-
verified cannabis abstinence (e.g., negative urinalyses) and/or self-re-
port measures of cannabis abstinence, frequency or quantity. Other
outcome domains, including assessments of cannabis use severity,
cannabis withdrawal, psychosocial functioning, self-efficacy, and use of
other substances (self-report and observer-rated) were extracted for
synthesis and compilation; however, no inclusion/exclusion criteria
were specified for these outcomes.

2.2.4. Other inclusion/exclusion criteria
All trials were required to be published in English in a peer-re-

viewed journal. Articles published as editorials, letters, case studies/
series, commentaries, or conference abstracts/proceedings were ex-
cluded. Trials were also excluded if: (a) they examined cannabis/can-
nabinoids as therapeutic agents for any physical, mental, or substance
use disorder other than cannabis, or (b) evaluated an intervention de-
signed to treat a mental and/or substance use disorder with no specific
intervention tailored for cannabis use.

2.3. Data extraction

Titles and abstracts of citations identified by the search strategy
were screened and critically appraised by two independent assessors
(DL and NS). Full texts for potentially eligible trials were independently
assessed by both reviewers. Each reviewer completed data extraction

for eligible trials included in the review, and a second reviewer checked
all data extracted for accuracy. Points of disagreement were discussed
until consensus was reached at each step of the identification/data
extraction process. Data extracted for each trial included trial design
and sample characteristics (i.e., intervention type and length, sample
size and targeted age, number and duration of follow-up assessments,
and use of cannabis and other substance use at baseline). For each
outcome, data extracted by reviewers included details on declaration as
a primary/secondary outcome, outcome domain, type and details of
outcome measure (including unit of measurement and method of ag-
gregation), time-point for assessing the reported outcome (i.e., within/
post-treatment), and methods of analysis. For biological outcomes, each
measure was reviewed and classified as either a primary/secondary
outcome, or confirmation of self-reported use. Additional information
was extracted to provide data on the level of concordance between self-
reported outcomes and biological confirmation outcomes. All selection
of trials and data extraction occurred in Covidence Systematic Review
Software and Microsoft Excel.

2.4. Data synthesis

The primary purpose of the review was to compile and provide a
narrative synthesis of a comprehensive list of instruments and outcome
measures used to assess cannabis use and other outcome domains in
psychosocial and pharmacological interventions for CUD, including
self-report and biological matrices. Measures of cannabis use were
classified by domain (i.e., abstinence or reduction in frequency/quan-
tity) and variable type (e.g., dichotomous or continuous), then com-
piled based upon classification as a primary or secondary outcome and

Table 1 (continued)

Trial and Intervention N Age Cannabis use Inclusion Criteria Follow-Up Outcome

current cannabis use (i.e. past 30
days)

Other
BDI, SCID (Cannabis Abuse/
Dependence Symptoms, Alcohol,
MDD), HAM-D-27, Side Effects,
TLFB (alcohol use)

Gray et al., 2012
N-acetylcysteine (1200mg bid)

116 Adolescents &
Adults (15-21)

Used cannabis regularly; met
criteria for cannabis dependence
expressed interest in CUD TX

1 FU: 4 wks post-
treatment

Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Other
Safety/Tolerability

Miranda et al., 2017
Topiramate (titrated over 4 wks, stabilized at
200mg/day for 2 wks)

66 Adolescents &
Adults (15-24)

Heavy cannabis use; some
clinically significant problems
associated with cannabis use

None Cannabis Use
Abstinence (UA)
Frequency (TLFB)
Quantity (TLFB)
Other
BDI, Neurocognitve Test Battery,
SAFTEE

Notes: Outcomes in bold text were identified as primary outcomes. Abbreviations: ADI-Light, Adolescent Diagnostic Interview-Light; APQ, Alabama Parenting
Questionnaire; ASI, Addiction Severity Index; BAI, Beck Anxiety Inventory; BDI/BDI-II, Beck Depression Inventory; BSI, Brief Symptom Inventory; BIS, Barratt
Impulsivity Scale; BPRS, Brief Psychiatric Rating Scale; CAARS-Self, Conners Adult ADHD Rating Scale-Self; CBCL, Child Behavior Checklist; CDSS, Calgary
Depression Scale for Schizophrenia; CGI, Clinical Global Impression; CIDI, Munich Composite International Diagnostic Interview; CIWA, Clinical Institute Withdrawal
Assessment Scale; CPQ, Cannabis Problems Questionnaire; CRI-Y, Coping Response Inventory-Youth; CSS, Coping Strategies Scale; CSQ, Client Satisfaction
Questionnaire; CUPIT, Cannabis Use Problems Identification Test; CWS, Cannabis Withdrawal Scale; DAI-30, Drug Attitude Inventory-30; DASS-21, Depression,
Anxiety, and Stress Scale; DAST, Drug Abuse Screening Test; DTCQ-8, Drug-Taking Confidence Questionnaire; DUP, Duration of Untreated Psychosis; ETX, End-of-
Treatment; EQ-5D, EuroQol’s Quality of Life Interview; FES, Family Environment Scale; GAF, Global Assessment of Functioning; GAIN-I, Global Appraisal of
Individual Needs-Initial; GDS, General Depression Scale; HAM-A, Hamilton Anxiety Scale; HAM-D, Hamilton Rating Scale for Depression; HSC, Hopkins Symptom
Checklist; MANSA, Manchester Short Assessment of Quality of Life; MCQ, Marijuana Craving Questionnaire; MDS, Marijuana Dependence Scale; MPS, Marijuana
Problem Scale; MWC, Marijuana Withdrawal Checklist; PANSS, Positive and Negative Syndrome Scale; PSQI, Pittsburgh Sleep Quality Index; QIDS, Quick Inventory
for Depressive Symptoms; RTC, Readiness to Change Questionnaire; SAFTEE, Modified Systematic Assessment for Treatment and Emergent Events; SANS, Scale for
the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms; SCID, Structured Clinical Interview for DSM-IV; SCL-90, The Symptom
Checklist-90; SCQ, Situational Confidence Questionnaire; SDS, Severity of Dependence Scale; SF-12, Short Form-12; SMHSQ, St. Mary’s Hospital Sleep Questionnaire;
Snaith, Snaith Irritability Scale; SOCRATES, Stages of Change Readiness and Treatment Eagerness Scale; SOFAS, Social and Occupational Functioning Scale; SS,
Satisfaction Scale; STAI, State-Trait Anxiety Inventory; SWLS, Satisfaction with Life Scale; TLFB, Timeline Followback; TX, Treatment; UA, Urinalysis; URICA,
University of Rhode Island Change Assessment; VAS, Visual Analog Scale; VSDI, Vermont Structured Diagnostic Interview; WHODAS, World Health Organization
Disability Assessment Schedule; WHOQOL-BREF-World Health Organization Quality of Life Assessment; WRAADS, Wender-Reimherr Adult Attention Deficit
Disorder Scale; YSR, Youth Self-Report.
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intervention type (psychosocial and pharmacological) to provide an
assessment of the frequency of each outcome measure. Outcome mea-
sures in other domains were compiled in a similar manner to provide an
assessment of the prevalence of trials that included measures in each
domain. Each section also included a summary of instruments, and
where possible, comparisons were made between psychosocial and
pharmacological interventions for common outcomes to highlight dif-
ferences between each trial type.

3. Results

3.1. Search results

Fig. 1 displays the results of the search strategy used to identify
relevant articles as recommended by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. The
search strategy yielded 5877 unique records from which 59 reports,
relating to 58 different randomized controlled trials, were included in
the final narrative synthesis. Out of 187 full-text studies assessed for
eligibility, 128 were excluded from the final review. The primary rea-
sons for exclusion included: wrong population (i.e., not treatment
seeking, no CUD; n= 68), wrong study type (i.e., pilot, single arm trial;
n= 39), and wrong intervention (i.e., not focused on cannabis;
n= 16).

3.2. Description of trials

Characteristics of included trials are presented in Table 1. The 58
trials included in the review comprise 36 psychosocial interventions
(PSY) and 22 pharmacological interventions (PHA). Participants were
adults in 72% of PSY trials (n= 26), and 86% of PHA trials (n= 19).
Participants were adolescents in 25% of PSY trials (n= 9), and both
adults and adolescents were included in four trials (1 PSY, 3 PHA).

3.3. Primary outcome reporting

Primary outcome measure(s) for cannabis use were explicitly de-
clared in 67% of trials (n= 39; 25 PSY, 14 PHA). In trials with no
clearly stated declaration of primary cannabis use outcomes, primary
outcomes were inferred from the aims/hypotheses or statistical ana-
lysis/results sections when possible (n= 16; 10 PSY, 6 PHA). Primary
outcomes were not identifiable in three trials, each of which had broad
exploratory aims (Levin et al., 2004; Penetar et al., 2012; Roffman
et al., 1988). Of the 39 trials that declared primary outcome measures, a
single primary outcome was declared in 20 trials (9 PSY, 11 PHA), two
primary outcomes were declared in 13 trials (10 PSY, 3 PHA), with the
remaining six trials (all PSY interventions) declaring three or more
primary outcomes. For this review, all primary outcomes were listed
and described in Tables and text as declared or inferred from each trial.

Fig. 1. PRISMA Flow Diagram.
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3.4. Cannabis use measures

3.4.1. Self-report instruments
Overall, 91% of trials (53 total) included one or more self-report

measures as primary or secondary outcome measures to assess cannabis
use within or post-treatment. Of the 53 trials, 43 (81%) used a Timeline
Follow-back calendar (TLFB; Sobell and Sobell, 1992). Four trials re-
ported use of a retrospective use diary or calendar (Roffman et al.,
1989; Sinha et al., 2003; Stephens et al., 1994, 2000), and four trials
reported use of a self-report instrument but did not provide additional
details (Carpenter et al., 2009; Johnston et al., 2014; Levin et al., 2004;
Tossmann et al., 2011). Two trials (Dennis et al., 2004; Madigan et al.,
2013) used single-item measures from other scales, the Global Ap-
praisal of Individual Needs (GAIN; Dennis et al., 2004), and the can-
nabis abuse subscale of the Addiction Severity Index (ASI; McLellan
et al., 1992).

3.4.2. Toxicology
Objective testing for THC or its metabolites in urine, blood, saliva,

or hair was conducted in 79% of trials (46 total; 26 PSY, 20 PHA). The
outcome of toxicological analysis was a standalone primary or sec-
ondary outcome measure in 22 trials (9 PSY, 13 PHA), was used only to
confirm self-reported abstinence in 19 trials (14 PSY, 5 PHA), and in
five trials toxicological testing was used as both a standalone outcome
and to confirm self-reported cannabis use measures (3, PSY, 2 PHA).
Testing urine for THC−COOH, a metabolite of THC, was the most
predominant method used for toxicological testing (45 trials). Federal
drug testing guidelines currently recommend “screening” with rapid
immunoassay tests at a cut-off of 50 ng/ml THC−COOH, followed by
confirmation of screening “positive” samples via gas chromatography
mass spectrometry (GC/MS) or liquid chromatography coupled with
tandem mass spectrometry (LC/MS/MS) at a cut-off of 15 ng/mL.
Among published CUD treatment trials, urine testing was limited to
qualitative “screening” tests (use of “rapid” onsite immunoassay tests to
determine whether a sample was “positive” or “negative”) or semi-
quantitative immunoassay tests in 23 trials. Quantitative testing using
GC/MS or LC/MS/MS was used in 11 trials; to confirm “positive” rapid
immunoassay screening tests in six trials, or as the only source of tox-
icology testing in five trials. Details for urine toxicology test methods
were not specified in 11 trials. Among the trials that used immunoassay
screening tests, there was inconsistency in the cut-off level used to
determine a positive versus negative result. The federally recommended
cutoff of 50 ng/ml THC−COOH was used in 18 of the completed trials.
Three trials used a higher cutoff (100 ng/mL; Budney et al., 2000;
Carpenter et al., 2009; Levin et al., 2013), one trial used a lower cutoff
(20 ng/ml; Penetar et al., 2012), and one trial evaluated multiple cut-
offs (20, 50, 100 ng/mL; Levin et al., 2004). Cutoffs were not specified
in five trials (Babor et al., 2004; Levin et al., 2011; Hoch et al., 2014,
2012; Stephens et al., 1994). Only five trials used biological matrices
other than urinalysis; three pharmacological trials (two inpatient) used
blood plasma to quantify THC and cannabinoid metabolite concentra-
tions (Allsop et al., 2014; Johnston et al., 2014; Trigo et al., 2018), and
two used hair (Barrowclough et al., 2014) or saliva (Sherman et al.,
2017) to confirm self-reported cannabis use during and after treatment.

3.4.3. Use of toxicology to confirm self-reported abstinence
Concordance between self-reported use and toxicology was reported

in 18 out of 24 trials that used toxicological testing to confirm self-
reported abstinence. Concordance rates were high overall, consistent
with findings from a previous systematic review that evaluated the
validity of TLFB for cannabis and other substances (Hjorthoj et al.,
2012). Percent agreement between self-report and urine tests (reported
in 10 trials) ranged between 80 and 100% (MTPRG, 2004; Budney
et al., 2000; Carroll et al., 2006, 2012; de Dios et al., 2012 Johnston
et al., 2014; Jungerman et al., 2007; Sinha et al., 2003; Stephens et al.,
1994; Walker et al., 2015). Kappa values (reported in five trials)

generally ranged between 0.6 to 0.9 (Barrowclough et al., 2014;
Copeland et al., 2001; Dennis et al., 2004; Hoch et al., 2012), except for
one trial that reported a lower kappa of 0.26 at post-treatment, which
increased to 0.8 at a later follow-up (Kadden et al., 2007). Carpenter
et al. (2009) reported good concordance with high sensitivity (0.73)
and specificity (0.86) between urine specimens and self-reported use.
Two trials did not report quantitative statistics, but reported a strong
association between self-report and urine toxicology tests (Hendriks
et al., 2011; Levin et al., 2011).

3.5. Cannabis use outcome domains

Table 2 presents cannabis use outcome domains separated by pre-
specified domain (i.e., abstinence, reduction in frequency, quantity) for
psychosocial and pharmacological intervention trials. All trials included
at least one cannabis use outcome measure.

3.5.1. Abstinence
Cannabis abstinence was reported as an outcome measure in 74% of

trials (n= 43; 27 PSY, 16 PHA), and was identified as a primary out-
come in 32 trials (20 PSY, 12 PHA). However, there was variability in
how abstinence was measured and reported. Abstinence was assessed
using both dichotomous and continuous outcome measures, which were
collected using biological (i.e., urinalysis), self-report (i.e., TLFB), or a
combination of self-reports confirmed by a biological assay.
Dichotomous outcomes included: (a) proportion of participants with
specific durations of continuous abstinence (reported in 19 trials
−13 as a primary outcome), and (b) point-prevalence abstinence at end
of treatment (ETX) and post-treatment follow-up visits (reported in 17
trials – seven as a primary outcome). Continuous outcomes included:
(a) longest duration of continuous abstinence (reported in 11 trials –
nine as a primary outcome), (b) proportion of cannabis negative/posi-
tive urine specimens (reported in 12 trials −10 as a primary outcome),
(c) proportion of days abstinent (reported in five trials – four as a pri-
mary outcome), (d) mean number of negative urine specimens (re-
ported as a primary outcome in one PSY trial), (e) mean number of days
or weeks of abstinence (reported in three trials – two as a primary
outcome), (f) time to first negative urinalysis (UA; reported as sec-
ondary outcome in 2 PHA trials, and (g) time to relapse (reported as
secondary outcome in two trials).

3.5.2. Frequency
Reduction in frequency of cannabis use was included as an outcome

measure in 71% of trials (n= 41; 25 PSY and 16 PHA), and was
identified as a primary outcome in 21 trials (17 PSY and 4 PHA).
Frequency was assessed using continuous and categorical outcome
measures collected via self-report assessments. The most commonly
used frequency outcome measure was number of days/weeks that the
participant used cannabis; 26 trials assessed this outcome (16 as a
primary outcome) either during treatment or at post-treatment follow-
ups. However, while this measure was commonly reported across trials,
it is important to note that the reference point for assessing the measure
varied widely between trials (e.g., mean total weeks, mean number of
days within each treatment week, total days during final week of
treatment, past 7, 30, 90 days post-treatment), which limited ability to
compare frequency outcomes across trials. Other frequency outcomes
included mean proportion of days used (reported in 15 trials – six as a
primary outcome), number of periods or times per use day (reported in
seven trials – two as primary outcome), and frequency of cannabis use
using a categorical variable to assess whether cannabis use occurred
daily, weekly, or monthly on average (reported as a secondary outcome
in two trials).

3.5.3. Quantity
Reduction in quantity of cannabis use was included as an outcome

measure in 47% of trials (n= 27; 14 PSY and 13 PHA), and was
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identified as a primary outcome in 13 trials (9 PSY and 4 PHA).
Reduction in quantity was assessed using eight different units of mea-
surement. The two most prevalent units of measurement were grams
(11 trials – 3 PSY, eight PHA) and joints or cones (eight trials – six PSY,
two PHA). Other units of measurement included standard cannabis
units (defined as three “cones” or a joint containing 0.5 g of cannabis;
three trials – all PSY), waterpipes (one trial – PSY), total cannabis
consumed by route of administration (e.g., joints, bongs, pipes; two PSY
trials), inhalations per day (one PHA trial), “amount” per use day (no
unit of measurement specified; one PHA trial), and total money spent
on cannabis (two trials – both PHA).

Changes in quantitative cannabinoid levels were assessed in eight
trials (all PHA), while two PHA trials included an assessment of new use
(defined as any urine specimen with> 50% increase in THC−COOH
levels since the previous specimen collection).

3.6. Measures for other outcome domains

3.6.1. Cannabis withdrawal and craving
Cessation of cannabis following a prolonged period of heavy use is

linked to the onset of a clinically significant withdrawal syndrome that
is associated with a range of negative consequences, including im-
pairment in functioning and increased risk for relapse (Allsop et al.,
2012; Budney et al., 2004; Haney, 2005). Cannabis withdrawal is for-
mally recognized in the most recent Diagnostic and Statistical Manual
of Mental Disorders (DSM-5; APA, 2013). Diagnostic symptoms of
cannabis withdrawal include irritability, anxiety, sleep disturbance,
decreased appetite/weight loss, restlessness, depressed mood, and other
physical symptoms that elicit significant discomfort (i.e., abdominal
pain, shakiness/tremors, sweating, fever, chills, headache). Recognition
of the clinical significance of the cannabis withdrawal syndrome has
increased efforts to identify pharmacotherapies that specifically target
suppression of withdrawal-related symptoms as a primary outcome
(Brezing and Levin, 2018).

Cannabis withdrawal was assessed as a primary or secondary out-
come in nine trials included in the current review, all of which were
pharmacological interventions (Table 3). Measures of withdrawal were
identified as the primary outcome in two inpatient trials (Allsop et al.,
2014; Johnston et al., 2014) and was the primary focus of the out-
patient trial by Penetar et al. (2012). The Marijuana Withdrawal
Checklist (MWC; Budney et al., 1999) was the measure used most fre-
quently to assess withdrawal (included in six trials). Two trials used the
Cannabis Withdrawal Scale (CWS; Allsop et al., 2011), both of which
identified the CWS as the primary outcome measure (Allsop et al.,
2014; Johnston et al., 2014). The Clinical Institute Withdrawal As-
sessment Scale (originally created for alcohol and adapted for cannabis;
Sullivan et al., 1989) was used in one trial. Individual symptoms of
withdrawal (e.g., sleep disturbance and irritability) were assessed in
seven PHA trials. Withdrawal-related sleep disturbance was assessed in
four trials (Carpenter et al., 2009; Mason et al., 2012; Penetar et al.,
2012; Trigo et al., 2018) using the Pittsburgh Sleep Quality Index
(PSQI; Buysse et al., 1989), St. Mary’s Hospital Sleep Questionnaire
(SMHSQ; Ellis et al., 1981), and a combination of sleep diaries and
actigraphy (Penetar et al., 2012). Withdrawal-related irritability was
assessed in two trials (Carpenter et al., 2009; Levin et al., 2004) using
the Snaith Irritability Scale (Snaith et al., 1978) and the irritability
items from the Hopkins Symptom Checklist (Derogatis et al., 1974).

Craving was identified as an outcome domain of interest in eight
trials (one PSY, seven PHA). The Marijuana Craving Questionnaire
(Heishman et al., 2009) was the measure most frequently used to assess
craving (included in six trials, one PSY, five PHA); other measures of
craving included a visual analog scale that assessed intensity and desire
to use cannabis (included in one PHA trial; Levin et al., 2004), and a
single-item measure of craving included in the MWC (included in one
PHA trial; Penetar et al., 2012).Ta
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3.6.2. Other relevant outcome domains
Measures used to assess clinically significant improvement in other

outcome domains as a function of cannabis abstinence or reduction in
use were highly heterogeneous depending on the population (i.e., co-
occurring mental disorders, adolescent versus adult population), and
aims of each trial (see Table 1 for full list of outcome measures used in
each trial). The domains with the highest prevalence of reported out-
come measures included the following: (1) Presence or Severity of
Dependence, which was assessed in 21 trials (14 PSY, seven PHA) using
11 different instruments, (2) Mood (i.e., depression and anxiety), which
was assessed in 20 trials (five PSY, 15 PHA) using eight different in-
struments, (3) Psychosocial Functioning, which included assessments of
global functioning (assessed in 17 trials – 14 PSY, three PHA), and
population-specific measures in youth (four trials, all PSY), and psy-
chopathology (five trials, all PSY) using 17 different instruments, (4)
Cannabis-related Problems, which were assessed in 15 trials (12 PSY,
three PHA) using three different instruments, (5) Readiness to Change/
Self-Efficacy, which was assessed in 11 trials (10 PSY, one PHA) using
seven different instruments, (6) Alcohol and Other Drug Use, which was
assessed in eight trials (six PSY, two PHA) using two different instru-
ments, and (7) Quality of Life, which was assessed in four trials (three
PSY, one PHA) using five different instruments.

Instruments used to assess other relevant outcome domains included
a heterogeneous mix of self-report questionnaires and clinician-ad-
ministered interviews (59 unique instruments in total). No self-report
instrument emerged as highly prevalent across trials (see Table 1 for
details on instruments in all trials). Examples of self-report instruments
included the Severity of Dependence Scale (SDS; Gossop et al., 1995),
Beck Depression Inventory (BDI; Beck et al., 1988), Marijuana Problem
Scale (MPS; Stephens et al., 2000), Readiness to Change Questionnaire
(RTCQ; Rollnick et al., 1992), Marijuana Self-Efficacy Scale (Litt et al.,
2005), and World Health Organization Quality of Life Assessment
(WHOQOL-BREF; Skevington et al., 2004). The most common clinician-
administered interviews were the Addiction Severity Index (ASI;
McLellan et al., 1992), which was included in 12 trials (nine PSY, three
PHA) to assess psychosocial functioning, and the TLFB, which was in-
cluded in eight trials (six PSY, two PHA) to assess alcohol and other
drug use.

3.7. Significant outcome measures

There was substantial heterogeneity of treatment type, the time-
frame with which an end point provided assessment (e.g., cannabis use
in the last 7, 30, or 90 days), and the outcome measures reported across
trials. Moreover, in many studies, a primary outcome measure was not
explicitly designated. As a result, a comparative analysis of outcome
measures with respect to sensitivity of detecting treatment effects was
not possible. In an attempt to provide some guidance for selecting
outcomes in future studies, an overview of statistically significant

outcome measures from both psychosocial and pharmacological trials is
provided below.

Twenty-four of 35 psychosocial trials reported statistically-sig-
nificant outcomes on at least one measure. Significant differences were
reported on measures of cannabis abstinence in 12 trials, six of which
reported significant effects on more than one cannabis abstinence
outcome measure. The cannabis abstinence outcome measures that
were sensitive to treatment effects were: longest duration of continuous
abstinence (six trials), proportion of participants with specific durations
of continuous abstinence (five trials), point-prevalence abstinence (four
trials), proportion of days abstinent (three trials), and number of ab-
stinent days/negative urine specimens (two trials). Twelve trials re-
ported significant differences on measures of cannabis use frequency,
two of which reported two or more frequency measures. Specific can-
nabis frequency outcome measures sensitive to treatment effects were:
number of days/weeks in which cannabis was used (nine trials), pro-
portion of days cannabis was used (four trials), and number of periods
or times used per day (one trial). Eight trials reported significant dif-
ferences on measures of cannabis quantity used, with joints/cones
(three trials) and standard cannabis units (three trials) the most fre-
quently reported (grams and waterpipes were measured in two trials).
Measures in other outcome domains (i.e., severity of cannabis depen-
dence, cannabis-related problems, improvement in functioning, treat-
ment engagement) were reported as sensitive to treatment effects in six
trials.

Five of the 20 pharmacological trials reported one or more statis-
tically-significant outcome measures. In two trials, significant differ-
ences were reported for the proportion of participants that
achieved>1 cannabis-negative urine specimen (measure of cannabis
abstinence). In two trials, self-reported number of times cannabis was
used per day (measure of cannabis frequency) was significantly re-
duced. Two trials reported a significant reduction in the concentration
of THC-COOH (a metabolite of THC) in urine as well as reduced self-
reported grams of cannabis used per day or week. In addition, one trial
reported a significant reduction in cannabis withdrawal as assessed by
the Marijuana Withdrawal Checklist in the experimental drug condition
versus placebo.

4. Discussion

4.1. Summary

This review provides a comprehensive summary of the outcome
measures used in clinical trials evaluating psychosocial and pharma-
cological interventions for CUD, and upon review of the findings, sev-
eral conclusions and discussion points emerge. First, techniques used to
measure cannabis consumption were fairly consistent across trials; most
included self-report assessments, primarily the TLFB, and urine tox-
icology testing as a standalone outcome or to validate self-report data.

Table 3
Cannabis Withdrawal and Craving Outcome Measures.

# Domain/Instrument # Trials
(# primary)

Citations

PSY PHA PSY PHA

1 Marijuana Withdrawal Checklist 0 6 (0) N/A Levin et al., 2011, 2016; Mason et al., 2012; McRae-Clark et al., 2009; Penetar
et al., 2012; Trigo et al., 2018

2 Cannabis Withdrawal Scale 0 2 (2) Allsop et al., 2014; Johnston et al., 2014
3 Clinical Institute Withdrawal Assessment Scale

(adapted for cannabis)
0 1 (0) Weinstein et al., 2014

4 Marijuana Craving Questionnaire 1 (0) 5 (0) Kileen et al.,
2012

Hill et al., 2017; McRae-Clark et al., 2009, 2015, 2016; Trigo et al., 2018

5 Visual Analog Scale (Intensity and Desire for Cannabis) 0 1 (0) Levin et al., 2004
Totals: 1 (0) 15 (2)

Note: Citations in bold text reported measure as primary outcome.

D.C. Lee et al. Drug and Alcohol Dependence 194 (2019) 500–517

512



Second, cannabis use outcome measures derived from self-report and
toxicology tests were highly heterogeneous between trials. Third, and
converging with the alcohol treatment literature, reductions in can-
nabis use were commonly reported outcomes. However, current as-
sessments of cannabis use lack a standardized approach for measuring
quantity of cannabis use and utilize a wide range of temporal reference
points (e.g., day, week, month). Frequently, a primary outcome mea-
sure was not explicitly defined, particularly in trials testing psychoso-
cial treatments. Finally, assessment of outcome domains beyond that of
cannabis use vary widely with minimal standardization; trials em-
ployed a range of self-report and clinician-administered instruments
with varying frequency to assess other outcome domains.

4.2. Consideration of self-report versus toxicology testing to measure
cannabis abstinence and reduction

Self-report and biological verification of abstinence both present
unique strengths and limitations for measuring cannabis use. Strengths
of self-report measures of cannabis use include: (a) efficiency and ease
of data acquisition; that is, information can be collected in-person or
over phone/online with minimal burden to participants, (b) sensitivity
to subtle changes in patterns of consumption, especially when use
patterns are collected with high temporal resolution, such as daily use
(i.e., reduction in days of use, or occasions per day), (c) ability to
measure consumption across multiple routes of administration, and (d)
changes in patterns of cannabis use can be collected retrospectively
over extended time intervals. Limitations of self-report measures of
cannabis use include: (a) validity – retrospective recall of past cannabis
use may yield reduced precision due to recall bias, (b) deliberate in-
accuracies resulting from demand characteristics or socially-desirable
response patterns, especially when contingencies are provided depen-
dent upon abstinence, and (c) lack of an established standardized unit
for cannabis administration, which decreases the ability to compare
self-reported use across trials.

Across trials, self-reports of cannabis abstinence and reductions in
use were primarily assessed via the TLFB. The TLFB is a popular method
used by researchers and clinicians to obtain frequency and quantity
estimates of alcohol, tobacco, and other drug use. The TLFB is tradi-
tionally administered in person by an interviewer, but concurrent va-
lidity has been established for administration on the Internet, by tele-
phone, or unassisted completion using a computer (Pedersen et al.,
2012; Sobell et al., 1996). The psychometric properties for collecting
self-reported cannabis use via the TLFB have demonstrated high test-
retest reliability across intervals ranging from 30 to 360 days (ICCs
between 0.78 to 0.96; Robinson et al., 2014), and appropriate validity,
interpreted via high concordance between TLFB data and urine can-
nabinoid toxicology tests (lowest and highest agreement rates ranged
between 87.3% and 90.9%; Hjorthoj et al., 2012).

Urine toxicology provides an objective verification of abstinence
with a high level of accuracy that is widely accepted in treatment trials
and allows for cross-comparisons to be made between trials. Urine
specimens can be assessed using qualitative, semi-quantitative, and/or
quantitative analyses. Strengths of qualitative urinalyses include: (a)
generally low cost (relative to quantitative testing and testing in other
biological matrices), (b) results obtained quickly (usually within a few
minutes depending on test type), and (c) no specialized equipment or
shipments needed to a specialized laboratory for analysis. However, the
lengthy delay (often several weeks) between initiation of abstinence
and a “negative” urine toxicology test is a substantial disadvantage of
this approach, as is the invasiveness of collecting observed urine spe-
cimens from study participants. Quantitative urinalysis, though costlier
and more prone to a longer delay between specimen collection and
analysis, has the potential to confirm self-reported abstinence prior to a
“negative” sample with the use of algorithms designed to differentiate
new use from residual cannabinoids (i.e., Schwilke et al., 2011). The
limitation of this approach is that existing algorithms cannot fully

account for the considerable variability across individuals in the rate of
cannabinoid elimination, and thus are prone to false positive and false
negative determinations. The best solution may be to utilize a combi-
nation of self-reported cannabis use, along with both qualitative and
quantitative urine toxicology testing until a more sensitive approach is
developed. Accurate and immediate detection of recent cannabis use is
especially relevant to interventions that use incentives to reinforce
abstinence contingent upon biological verification of cannabis ab-
stinence (i.e., contingency management), or programs with other con-
sequences (i.e., legal implications) for positive urine screens.

4.3. Heterogeneity in cannabis use outcome measures

Results from the narrative synthesis of cannabis use outcome mea-
sures provided in the current review highlighted the heterogeneity in
type and unit of measurement across cannabis use outcome domains.
Abstinence was reported as an outcome in 67% of trials, while 76%
included a self-report outcome measuring reduction in frequency, and
45% reported an outcome measuring reduction in quantity of use.
Outcome measures for abstinence included nine distinct categories as-
sessed both during and post-treatment, including dichotomous (i.e.,
proportion of participants achieving specific durations of abstinence,
point prevalence abstinence) and continuous measurements (i.e.,
longest duration of continuous abstinence). Reduction in frequency of
use was measured primarily using proportion or mean number of days
or weeks of cannabis use or abstinence, whereas a greater number of
approaches were used to assess reduction in quantity (eight total, de-
pending on unit of measurement). In addition to the variety in type of
outcome measurements, it is important to note that the timeframe for
assessing change in use varied widely across trials. For example, data
for frequency and quantity of use were aggregated across multiple
timeframes (e.g., past 7, 30, 90 days), with similar heterogeneity in
timeframes for measuring specific durations of cannabis abstinence,
(e.g.,> 2, 3, 4, 6, 8, 10 weeks of consecutive abstinence, continuous
abstinence throughout treatment or between follow-ups). Taken to-
gether, over 60 unique cannabis use outcome measures were reported
across trials when accounting for outcome domain, measurement type,
and timeframe for aggregating data. Limiting heterogeneity by stan-
dardizing outcomes reported across trials has important implications
for current and future development of CUD interventions, including
increasing the sensitivity of meta-analyses evaluating the comparative
efficacy of interventions.

4.4. Challenges in assessing reduction in cannabis use

While abstinence is the most common primary outcome for CUD
intervention trials, reduction in use is frequently reported as a primary
or secondary outcome in CUD interventions, and reduction attempts are
more common among cannabis users attempting to change cannabis use
patterns (Hughes et al., 2016). The majority of trials included in the
current review reported an outcome measuring reduction in frequency
and quantity of use, and nearly 50% of trials included reduction as a
primary outcome. Outcomes measuring use frequency primarily as-
sessed reduction in proportion or mean number of days or weeks of use.
However, outcomes assessing reduction in quantity varied widely de-
pending on unit of measurement. Quantity of use was most frequently
assessed in grams or joints/cones per use day; however, other units
were also used (i.e., standard cannabis units, waterpipes, inhalations,
and total money spent per day). Determining an optimal measure of
quantity presents several unique challenges for cannabis, unlike to-
bacco and alcohol where units of measurement are more clearly defined
(e.g., cigarettes per day, number of standard drinks per day). Ac-
counting for potency, route of administration, and other potential fac-
tors (e.g., number of individuals administering cannabis from a shared
joint/blunt/pipe etc., inhalation intensity) is necessary to obtain an
accurate measurement of cannabis quantity, which can be prohibitive
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for clinical research using self-report measures such as the TLFB to
assess cannabis use each day during and post-treatment. One potential
approach to supplement collection of daily use via the TLFB might be to
assess quantity via a detailed screening measure, such as the recently
developed and psychometrically sound Daily Sessions, Frequency, Age
of Onset, and Quantity of Cannabis Use Inventory (DFAQ-CU; Cuttler
and Spradlin, 2017) which accounts for multiple aspects of use and can
be extrapolated to calculate an average frequency. However, this ap-
proach might not be sensitive to subtle changes in quantity across a
short period of time. Other daily self-report modalities, such as Ecolo-
gical Momentary Assessment, and/or Interactive Voice Response might
also be considered as approaches to maximize accuracy of data col-
lection while balancing participant burden.

4.5. Considerations for standardizing outcome measures in other domains

As indicated in the synthesis of extant trials, the secondary outcome
domains of interest in individual trials seem to be driven by unique
features of a given population under study (e.g., externalizing behavior
in an adolescent population) and by additional objectives of the clinical
trial. With that said, there appear to be common domains of interest
across trials (e.g., severity of use and dependence, mood, psychosocial
functioning), but no clear consensus on the optimal instrument for as-
sessing outcomes in each domain. One approach to reconcile this issue
would be to convene an expert workgroup of researchers to decide
which ancillary domains are of broad interest for assessment in CUD
treatment trials, and to select “core” assessments to be used across trials
for each domain. Emphasis should be placed on use of validated “gold
standard” assessments for each domain, but also to select assessments
that are freely available, are relevant across cultures and have been
translated into multiple languages, and that are short, to minimize
participant burden. Standard measures in online collaborative data-
bases such as the PhenX Toolkit (https://www.phenxtoolkit.org/) could
be emphasized, where relevant, to increase access to measures and
further enhance standardization efforts. Depending on unique features
of a given population (e.g., adults with schizophrenia and CUD), ad-
ditional measures specific to the population could be added to supple-
ment the “gold standard” assessments. This would streamline the de-
cision-making process during protocol preparation and would greatly
enhance the ability to conduct meta-analyses across trials.

4.6. Limitations and final conclusions

There are several potential limitations of this review that warrant
discussion. First, the overall aim of this review was to maximize in-
clusion of all relevant clinical trials for CUD, but this may have resulted
in inclusion of trials with potential methodological weaknesses. Second,
we excluded randomized controlled trials of brief interventions in non-
dependent, and/or non-treatment seeking cannabis users. While brief
intervention trials are integral to provide psychoeducation and/or
motivational enhancement in cannabis users that are ambivalent/not
interested in reducing or quitting cannabis use, population character-
istics and outcomes related to goals of treatment may differ sub-
stantially for these trials (e.g., reduction might be a more acceptable
and/or preferred outcome, whereas other outcome domains would not
be relevant to assess improvement in functioning). Finally, this review
did not include detailed quantitative comparisons of outcomes between
interventions. We attempted to do so, but after considerable effort we
concluded that the wide variability in methods of included trials ren-
dered a meta-analysis impossible. Although significant outcome mea-
sures were most frequently reported on measures of cannabis ab-
stinence (14 trials) and reduction in frequency (14 trials), outcome
measures are dependent on multiple factors such as trial design and
data analysis methodology. As such, statistically significant results do
not necessarily equate with sensitivity to clinically relevant changes.
Evaluating the comparative effectiveness of CUD interventions is

important, but was beyond the scope of the paper. Rather, this review
was focused primarily on providing a summary of outcome measures to
inform standardization of outcomes, which is necessary for improving
the power of future quantitative comparisons.

Taken together, this review provided an in-depth assessment of the
vast heterogeneity in outcome measures used to assess change in can-
nabis use and other outcome domains in CUD interventions. There is a
clear need for a research agenda to focus on providing systematic data
in order to standardize outcome measures for cannabis use and other
domains. One key recommendation to assist in this need is for future
studies to clearly identify a single primary outcome measure as well as
explicitly differentiating a-priori secondary outcome measures versus
exploratory outcomes. Another recommendation is the conduct of sec-
ondary analyses of data across existing CUD trials to determine can-
nabis use outcome measures that are most closely associated with
clinically significant improvement in functioning. Such analyses have
recently been conducted in stimulant trials, which has improved evi-
dence of cocaine use outcome measures most associated with sustained
improvement in functioning (i.e., Carroll et al., 2014; Kiluk et al., 2014,
2017). Similar trials and analyses across CUD interventions are needed
to determine if reduction in use could be a reasonable alternative to
complete abstinence, especially if individuals with CUD are refractory
to complete abstinence. Future research efforts will need to provide a
systematic assessment across frequency and quantity of use outcomes to
determine a specific rate of reduction that is associated with clinically
significant improvement in functioning that can be sustained over time.
For abstinence, determining a specific duration within and/or post-
treatment that best predicts prolonged abstinence and significant im-
provement in functioning is needed to further inform standardization of
other outcome domains. Overall, given the substantial risks associated
with CUD and continued demand for treatment, efforts aimed at im-
proving standardization and rigor of CUD trials are warranted in order
to streamline development of efficacious psychosocial interventions and
identification of FDA-approved medications to treat CUD.
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