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Abstract

Background: Over two decades of pharmacotherapy research has yet to yield a consistently
effective medication for cannabis use disorder (CUD), in part because clinical trials have
frequently prioritized abstinence as a primary or key endpoint. Abstinence, however, is difficult for
many patients to attain, may not align with their treatment goals, and can obscure meaningful
clinical improvements. By contrast, the alcohol and tobacco fields have advanced through
adoption of validated reduction-based frameworks that capture changes in harm, functioning, and
quality of life.

Argument/Analysis: This paper (1) critiques the limitations of abstinence-focused end-points in
CUD trials, (2) outlines key methodological challenges, and (3) proposes a more comprehensive
approach to outcome measurement. Most adult pharmacotherapy trials have been deemed negative
when evaluated on abstinence, despite frequent reductions in cannabis use that are associated with
improvements in psychiatric symptoms and functional outcomes. Studies evaluating non-abstinent
outcomes are often difficult to interpret clinically without clearer links to mental, physical, and
functional outcomes. Emerging CUD data and lessons from other substance use fields point to the
need for standardized, reduction-based metrics that can more accurately detect treatment-related
change.

Conclusion: Reliance on abstinence as the primary endpoint has constrained progress in
CUD treatment development. Incorporating consensus-driven, reduction-based outcomes, while
continuing to measure abstinence as a secondary endpoint, may better align research with
patient goals, enhance interpretability of trial findings, and improve the field’s ability to
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identify promising interventions. Standardizing definitions for meaningful reductions is critical
to advancing CUD care.
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INTRODUCTION

According to the 2024 National Survey on Drug Use and Health (NSDUH) report, among
people aged 12 years or older, the proportion who had a past-year cannabis use disorder
(CUD) increased from 6.0% (or 16.7 million people) in 2021 to 7.1% (or 20.6 million
people) in 2024 [1]. Past-year CUD diagnoses also increased among adults aged 26 years or
older, from 4.7% to 6.1% over the same period. Daily use is rising among adolescents, older
adults and pregnant people [1-3]. There is an increase in daily and near-daily cannabis users,
contributing to a rising prevalence of CUD diagnoses and corresponding with a decreased
perception of harm amid regulatory changes that ease access to cannabis [1, 4, 5]. CUD
contributes to psychiatric, cognitive and functional burden, underscoring the need for more
informative and patient-centered treatment outcomes.

At present, psychosocial interventions remain the cornerstone of evidence-based care for
CUD. Randomized controlled trials and systematic reviews consistently support cognitive
behavioral therapy (CBT), motivational enhancement therapy (MET) and contingency
management (CM) as the most effective approaches for reducing cannabis use and CUD
symptom severity [6—18]. These modalities (CBT, MET and CM) augment outcomes and
show promise in both adult and adolescent samples. Across trials, combined protocols

(e.g9. MET + CBT £ CM) tend to yield larger effect sizes and more durable reductions

in cannabis use than any single modality alone, although gains frequently attenuate over
longer-term follow-up [6, 7, 10, 16, 17]. Even with optimal psychosocial treatment, however,
a substantial proportion of patients do not achieve or sustain abstinence or meaningfully
reduce their cannabis use (e.g. 250% reduction in frequency or quantity of use), highlighting
the limitations of psychosocial strategies as stand-alone treatments for many individuals with
CUD. Furthermore, the implementation of these intensive psychosocial treatments is often
limited by provider availability and financial or time burdens [19, 20]. In addition, some
individuals may disengage from treatment after achieving their personal goal of reducing
use, rather than pursuing or maintaining abstinence, which may contribute to dropout in
clinical trials.

In contrast to alcohol and opioid use disorders, no medication is currently approved by

the US Food and Drug Administration (FDA) specifically for the treatment of CUD.
Randomized trials of diverse pharmacologic agents, including cannabinoid agonists (such
as dronabinol, nabilone or nabiximols), anti-epileptic medications (such as gabapentin,
topiramate or valproic acid), antidepressants and other neuromodulators, have shown mixed
or inconclusive effects on clinical outcomes, offering off-label strategies for symptom

relief but no clear treatment guidelines [7, 21-30]. An additional limitation is that
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several compounds have been evaluated in relatively small or short-duration trials without
replication. For example, a randomized trial of cannabidiol demonstrated dose-dependent
reductions in cannabis use but was not powered to assess abstinence efficacy or durability
[31].

Meta-analyses and recent narrative reviews converge on the finding that, while some
compounds may reduce withdrawal severity or cannabis use in specific subgroups, none
has demonstrated robust, replicable efficacy on abstinence outcomes sufficient to support
regulatory approval [7, 30, 32-35]. Most adult pharmacotherapy trials have been deemed
negative when abstinence is used as the primary end-point, and effect sizes for reductions
in use are typically modest and inconsistent across studies. As a result, contemporary
guidelines and expert consensus documents characterize all medication strategies for CUD
as off-label and recommend that pharmacotherapy be viewed as adjunctive rather than
stand-alone treatment.

In clinical practice, pharmacologic interventions typically target co-occurring symptoms
(e.g. anxiety, depression or insomnia) using standard psychiatric medications, rather than
CUD itself [7, 30]. Antidepressant trials for CUD and co-occurring depression have failed
to reduce cannabis use and, in some cases, have been associated with lower abstinence
rates relative to placebo [28]. The treatment of co-occurring attention deficit hyperactivity
disorder (ADHD) with stimulants or atomoxetine may improve attention and functioning but
has not demonstrated consistent effects on cannabis consumption in controlled trials [36—
38]. Off-label, symptom-targeted strategies can improve the tolerability of early abstinence
attempts, reduce distress and enhance overall functioning, yet they are not evidence-based
treatments for CUD and have minimal impact on cannabis use patterns in the absence of
concurrent psychosocial treatment.

Taken together, the current treatment landscape is characterized by reasonably well-
supported psychosocial interventions but an absence of approved medication options, despite
an extensive pharmacotherapy literature. Given the significant public health burden of CUD,
there is a pressing imperative to improve the measurement and treatment of CUD. These
shifts are consistent with broader movements in addiction science toward dimensional
models of substance use and harm reduction approaches that emphasize gradations of
change rather than binary outcomes.

This article will review the current limitations of abstinence-based end-points in CUD trials
and synthesize evidence from prior pharmacotherapy and psychosocial studies to highlight
how methodological variability has prevented progress in treatment. It then outlines a
framework for defining and operationalizing reduction-based outcomes, drawing on alcohol,
nicotine and harm-reduction literature, and aligning with dimensional models of substance
use. Finally, the article includes a set of standardized outcome measures to guide future
CUD treatment trials and accelerate the development of effective and patient-centered
interventions.
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TRIALS TO DATE

Abstinence as a variable and inconsistently defined end-point

Over the past three decades, clinical trials for CUD have evaluated a wide range of
psychosocial and pharmacologic interventions, often relying on abstinence as a primary
end-point, despite important limitations (Figure 1). Abstinence is often included as a key
outcome, alongside other measures such as frequency and quantity of use, craving, and
functioning [6, 7, 9, 30, 34]. However, there is no consistent framework for how these
outcomes are defined, prioritized, presented or interpreted across studies. As a result,
reductions in use are often reported but treated as secondary or are difficult to compare
across trials. For example, a randomized controlled trial of nabiximols looked at the primary
outcome of number of days of cannabis use over an entire 12-week study period [22],
while a study of quetiapine looked at changes in the number of days of use per week and
categorized them as heavy, moderate or light [39]. Both medications reduced use days, but
differing time frames hinder cross-study comparisons. A single lapse versus a return to
heavy chronic use are not equivalent clinical outcomes, yet they are often treated similarly
when abstinence is the sole end-point.

Further, the definition of abstinence in these trials is not uniformly or consistently
defined. Some studies have treated abstinence as point prevalence (e.g. a single negative
urine test at a visit), while others have required continuous abstinence over multiple
weeks, often combining self-report with urine testing and classifying dropouts as non-
abstinent [34]. Even at the level of laboratory thresholds and schedules, protocols have
significant variation in defining abstinence: immunoassay cut-offs of 100 ng/ml for 11-
nor-9-carboxy-A9-tetrahydrocannabinol (THC-COOH, the primary inactive metabolite of
A9-tetrahydrocannabinol, or THC) have been used in behavioral trials [15], cut-offs of 50
ng/ml of THC-COOH with confirmatory quantification in pharmacotherapy trials [24] and
dual qualitative/quantitative approaches with different cut-offs (e.g. qualitative 50 ng/ml
and quantitative 15 ng/ml for THC-COOH) collected twice weekly [34, 36]. THC-COOH
remains detectable longer in frequent users as lipophilic THC gradually releases from
adipose tissue. By contrast, the biomarkers used in alcohol and tobacco research often
change more quickly when use is reduced or stopped, making them easier to interpret as
short-term treatment outcomes.

These inconsistencies matter in CUD because both qualitative and quantitative urine
measures have important, distinct limitations. Qualitative ‘positive/negative’ urine tests
can remain positive for THC-COOH for prolonged periods after cessation among chronic
frequent users of cannabis, such that it may take ‘a month or longer’ to obtain a negative
test, even during abstinence [34]. Quantitative assays offer more information than binary
results, but concentrations are not straightforward to interpret, and quantitative trajectories
can reflect residual excretion rather than new use [34]. In practice, even when weekly urine
testing for THC metabolites is paired with timeline follow-back (TLFB) self-report, the
misclassification of abstinence versus non-abstinence remains plausible [14, 34].
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Reduction signals in psychosocial and pharmacologic trials

Early psychosocial trials established that reductions in cannabis use and related problems
are achievable even when sustained abstinence is uncommon [6, 10, 12]. In a foundational
randomized trial, Stephens and colleagues compared relapse prevention with a social support
condition and observed substantial reductions in the number of days of use and cannabis-
related problems over the follow-up in both groups, without clear differences in abstinence
outcomes [12]. Similarly, Copeland et al. demonstrated that brief CBT interventions reduced
cannabis use frequency relative to minimal intervention, while abstinence rates remained
low across treatment arms [10].

Subsequent trials introduced CM approaches designed to make abstinence more achievable
by pairing this approach with tangible reinforcement. Voucher-based CM added to MET

or coping-skills training increased abstinence during the active treatment period (typically
14 weeks) when abstinence was defined as repeated negative urine cannabinoid tests [15,
17]. Carroll and colleagues extended these findings in young adults, showing improved
abstinence during treatment when CM was combined with CBT [14, 16]. Abstinence
effects often diminished after reinforcement contingencies ended and reduced use frequency
persisted longer over follow-up [16, 17]. In adolescent samples, CM has also produced
positive abstinence outcomes during treatment in highly structured contexts [11], though
similar attenuation after treatment is common. The Cochrane review conducted by Gates
et al. found evidence supporting these evidence-based behavioral modalities for reducing
cannabis use but noted substantial heterogeneity in abstinence definitions and limited
evidence for long-term abstinence [6].

Pharmacotherapy trials for CUD have evaluated anticonvulsants, antidepressants,
cannabinoid agonists and medications targeting withdrawal or comorbid symptoms [30].
Across these studies, a common pattern emerges: medications may improve withdrawal,
retention or use patterns without producing clear advantages in binary abstinence outcomes
[30]. Trials of cannabinoid agonists illustrate this clearly. In outpatient studies of dronabinol
combined with psychosocial treatment, dronabinol reduced withdrawal symptoms and
improved retention but did not increase abstinence relative to placebo when abstinence was
defined by urine cannabinoid testing [21, 40]. A pilot outpatient trial of nabilone showed
reductions in self-reported cannabis use over time in both active and placebo groups, without
significant between-group differences in abstinence or urine outcomes [24].

Not all cannabinoid agonist trials were negative when outcomes extended beyond binary
urine-verified abstinence. In a randomized trial conducted during cannabis withdrawal,
nabiximols increased the number of days without cannabis use during treatment, compared
with placebo, when days of non-use across the entire trial over 12 weeks were used as

the primary outcome [22]. This measure reflects intermittent days without use rather than
sustained abstinence, which is typically defined as a continuous period of non-use (e.g.
2-3 weeks or the longest duration of abstinence). In contrast, a larger multi-site outpatient
nabiximols trial used reduction in days of illicit cannabis use as its primary outcome and
found significant benefit on this measure, while abstinence outcomes reported secondarily
did not differ between groups [22].
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In a proof-of-concept randomized trial, gabapentin reduced cannabis use and withdrawal
severity and improved executive function deficits, relative to placebo [25]. A randomized
controlled trial of quetiapine for cannabis dependence was in fact positive when

the primary outcome was defined as a reduction in days of use [39]. In contrast,
antidepressant strategies have generally not improved cannabis outcomes. In a randomized
trial of venlafaxine extended-release in adults with co-occurring cannabis dependence

and depression, depressive symptoms improved, but abstinence rates were lower in the
venlafaxine group than in the placebo group [28]. These findings suggest that improvement
in comorbid psychopathology does not reliably translate into abstinence and highlight the
importance of matching end-points to theoretical mechanisms of action.

Adolescent trials have yielded the most consistent abstinence signals in the pharmacotherapy
literature. In a randomized controlled trial, adolescents receiving NV-acetylcysteine combined
with CM had greater odds of submitting negative urine cannabinoid tests during treatment
compared with placebo [41]. However, a subsequent adult trial of A-acetylcysteine did

not replicate these abstinence effects [29]. Differences between adolescent and adult
findings likely reflect not only developmental factors but also differences in treatment
context. Adolescent trials typically include greater external structure, parental involvement
and reinforcement tied directly to abstinence, which may amplify abstinence outcomes
independent of medication effects [40].

Many CUD trials collected detailed longitudinal data beyond abstinence, including
frequency and quantity of use, withdrawal, craving, functioning and quality of life. Analyses
of these data indicate that reductions in cannabis use are clinically meaningful. Brezing et
al. showed that both abstinence and reduced frequency of cannabis use were associated with
improvements in quality of life among treatment-seeking individuals with CUD [42]. Levin
et al. demonstrated that non-abstinent outcomes capture meaningful treatment effects and
often align more closely with patients’ stated goals, which frequently include moderation
rather than abstinence [40]. Building on this work, McClure et al. aggregated data from
seven CUD treatment trials to derive empirically grounded reduction metrics associated with
improved functioning, drawing parallels with reduction-based end-points adopted in alcohol
treatment research [43].

Patient goals and motivation shape outcome interpretation

Growing evidence in the CUD literature indicates that patient motivation and treatment
goals strongly influence outcomes and determine whether abstinence-based end-points
are realistic or informative [34, 40]. Reviews of CUD trials show that many treatment-
seeking individuals, particularly in adult outpatient settings, pursue moderation rather than
abstinence, and that outcomes often align more closely with these goals than with uniform
abstinence criteria [40, 42]. Secondary analyses further demonstrate that motivation and
readiness to change moderate treatment response. This is consistent with the stages of
change framework, in which readiness to change shapes both treatment engagement and
achievable outcomes. For example, Gray and colleagues found that baseline motivation
differentiated abstinence outcomes in adolescent A-acetylcysteine trials, with treatment
effects varying across motivational subgroups [44]. Taken together, these findings show
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that abstinence functions differently across heterogeneous samples and that failing to assess
motivation prospectively may hide meaningful treatment effects [8, 34]. Future trials should
therefore assess motivation and treatment goals explicitly and incorporate these constructs
into analytic strategies to better identify which interventions work optimally for which
patients. The importance of motivation also underscores the value of re-analyzing existing
trial data sets, many of which include rich longitudinal data that have not been fully
leveraged. Secondary analyses stratified by motivation, severity and treatment goals may
reveal clinically meaningful changes and inform treatment [34, 42, 43].

Emerging observational data also suggest that non-traditional data sources may identify
treatment signals not yet tested in randomized trials. In a large electronic health record-based
cohort study, Wang et a/. found that treatment with semaglutide was associated with a
reduced likelihood of incident and recurrent CUD among individuals treated for obesity or
Type 2 diabetes [45]. While such findings do not substitute for randomized clinical trials,
they highlight the potential role of real-world data and claims-based analyses in identifying
candidate interventions.

DEFINING REDUCTION IN USE

Why reduction-based outcomes matter

Defining what constitutes a meaningful ‘reduction’ in CUD is central to advancing treatment
research yet remains one of the least resolved challenges in the field. Clinically, changes

in use often occur along a trajectory rather than as a binary shift from use to abstinence
(Figure 2). Frequency can be operationalized across multiple levels, including days of

use, number of use occasions per day and time spent using within a day. For example,
clinically meaningful reduction may include a =50% decrease in the number of days of

use, a shift from daily to intermittent use (e.g. =25 to <10 days/month) or reductions

in within-day use (e.g. from 10+ to 3-5 use episodes), particularly when accompanied

by improvements in functioning. Although many trials collect detailed longitudinal data

on cannabis use, there is no shared framework for how reduction should be measured,
interpreted or compared across studies. As a result, potentially important treatment effects,
particularly in pharmacotherapy trials, are often difficult to detect or contextualize. Reviews
of outcome assessment emphasize wide variability in end-points and analytic approaches,
limiting synthesis and comparisons across studies [34].

A critical but underdeveloped aspect of defining reduction in cannabis use is its relationship
with downstream medical risk, which provides a necessary anchor for determining
whether reductions are clinically meaningful. While reductions in frequency or quantity
are often reported, their clinical significance depends on their relationship with health
outcomes. Emerging evidence suggests that cannabis use may affect multiple physiological
systems, including cardiovascular, respiratory, gastrointestinal and reproductive domains.
For example, cannabis exposure has been associated with acute cardiovascular effects

(e.g. tachycardia, blood pressure changes) and potential longer-term vascular dysfunction,
while chronic inhalation is linked to bronchitic symptoms, and cannabis hyperemesis
syndrome represents a well-characterized complication of heavy use [46]. In the
reproductive domain, cannabinoids may adversely affect both male and female fertility,
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including spermatogenesis, ovulation and implantation [47]. However, most studies do not
systematically quantify dose, frequency or severity of use in relation to these outcomes,
limiting the ability to determine what degree of reduction confers meaningful benefit.
Establishing these dose—response relationships will be essential for defining clinically
meaningful CUD reduction thresholds [48].

Other substance use fields demonstrate how progress can follow from clearer agreement
about outcomes. In alcohol use disorder (AUD), large epidemiologic and clinical trial data
sets have demonstrated that reductions in heavy drinking, clearly and consistently defined
by agreed upon definitions of what quantifies a drink as well as defining a heavy drinking
day, were associated with improvements in blood pressure, liver enzymes, cardiovascular
risk, sleep, mood and overall mortality [49]. Treatment development then accelerated once
trials routinely incorporated agreed-upon non-abstinent end-points that captured meaningful
improvement, even when abstinence was not achieved. The 2015 FDA guidance for AUD
drug development explicitly recognizes outcomes beyond abstinence, including reductions
in heavy drinking [50]. More recently, the FDA qualified reductions in World Health
Organization (WHO) risk drinking levels as an acceptable drug development tool, reflecting
a broader shift toward end-points tied to improvements in health and functioning rather
than cessation alone [51]. In AUD, reduction-based end-points gained traction when heavy
drinking and WHO risk drinking levels were shown to map onto improvements in health
and functioning. This shift did not occur because alcohol reduction is inherently easier to
measure than cannabis reduction, but because the field converged on standardized definitions
for both quantity and frequency, empirically supported thresholds, and outcomes that are
meaningful to clinicians and patients.

Nicotine research—Ileading to the development of FDA-approved treatments including
nicotine-replacement therapy, bupropion and varenicline—offers a similar lesson. Early
smoking cessation trials used inconsistent definitions of abstinence, leading the field to
develop consensus standards for outcome measurement and reporting [52, 53]. Longitudinal
cohort studies demonstrated that reductions in cigarettes per day were associated with
improvements in cardiovascular risk markers, respiratory symptoms and lung function, with
these benefits following a dose—response relationship [54-56]. Later studies further showed
that smokers who reduced consumption substantially had lower risks of cardiovascular
events, chronic obstructive pulmonary disease progression and all-cause mortality, compared
with those who maintained heavy smoking, even when abstinence was not achieved [57-59].
Although nicotine is more amenable to biochemical measurement than cannabis, the broader
lesson still applies: a field progresses when investigators agree on a defined set of outcomes
that are practical to measure, consistently reported and meaningful in clinical settings.

Cannabis poses distinct measurement challenges that make it difficult to apply alcohol

or nicotine outcome frameworks directly. As noted above, the prolonged detection of

THC metabolites among frequent users limits the value of urine testing for assessing

recent behavior and complicates the interpretation of quantitative results [34]. Self-reported
measures, particularly TLFB assessments, are better suited to capture meaningful changes
in use over time, with biological measures used selectively to support interpretation rather
than define treatment success [40]. This strategy is consistent with alcohol research, where
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carefully collected self-report data form the basis of validated, regulator-accepted end-points
[50].

Defining the ‘quantity’ of cannabis use presents a second challenge. Unlike standard drinks
or cigarettes, cannabis consumption varies widely by product type, route of administration,
potency and session structure. Many patients cannot reliably estimate grams or milligrams
of THC, particularly in contemporary markets dominated by high-potency products and
diverse delivery systems in the absence of federal standardization of cannabis products

[34, 60]. Together, these limitations make it difficult to rely on a single quantitative

dose metric across trials. One response to these limitations has been to combine quantity
and frequency rather than privileging either alone. In population-level measurement work,
Asbridge and colleagues integrated typical quantity with recent frequency to create a
quantity—frequency typology modeled on alcohol volume measures, which showed clearer
gradients of cannabis-related problems and Alcohol, Smoking and Substance Involvement
Screening Test (ASSIST) scores than frequency- or quantity-only approaches [61]. Rather
than abandoning quantity altogether, a more workable approach is to prioritize measures that
most participants can report reliably, while supplementing them with additional detail when
feasible. Emphasizing within-subject change in quantity over time allows each participant
to serve as their own control and supports analyses based on mean change scores, even
when between-subject comparisons of absolute dose are unreliable [34, 43]. In addition,
incorporating /n vivo assessments, such as ecological momentary assessment, may further
improve the measurement of use patterns and reduce the reliance on retrospective quantity
estimates [62—64].

Frequency as the core reduction end-point

Within this context, frequency of use stands out as the most practical and scalable reduction
end-point. Frequency can be measured in several ways, including number of days of use,
number of use occasions per day and time spent using within a day. Frequency is easy to
assess, interpretable across clinical settings, and is sensitive to change in both psychosocial
and pharmacotherapy trials. Metaanalytic evidence shows that evidence-based psychosocial
interventions reliably reduce the number of cannabis-use days, even when abstinence
remains uncommon [6]. Frequency-based outcomes have also proven useful in medication
trials. In the 12-week outpatient randomized trial of nabiximols, the primary end-point was
the number of days of illicit cannabis use across the treatment period, and nabiximols
demonstrated benefit on this measure despite limited effects on abstinence outcomes [22]. In
addition to use days, several studies track session or episode counts per day and categorize
frequency and intensity into risk levels (e.g. high/medium/low) that have been linked to
changes in clinical outcomes, providing a template for thinking about within-day intensity
measures or episodes per day of use [65].

To improve interpretability, frequency should be reported in standardized formats. Clinically
meaningful reduction may include a percent decrease in use days, a shift from daily to
intermittent use or fewer use occasions per day. Common options include days of use over

a fixed window (e.g. past 28 or 7 days), percent change from baseline and categorical shifts
that reflect intuitive clinical transitions, such as movement from daily to intermittent use.
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A person who moves from near-continuous use throughout the day to use confined to the
evening may experience a substantial improvement, even if the number of use days does
not change. To capture this kind of change, frequency may also be assessed as the number
of occasions per day or as use within defined time windows, such as morning, afternoon,
evening and night. Success may reasonably be indexed as percent reduction, movement
between predefined risk categories or the attainment of a clinically meaningful threshold,
depending on the study question. Analyses of non-abstinent outcomes suggest that such
category shifts can reveal treatment effects that would otherwise be obscured [40]. These
approaches also align with patient goals, which frequently emphasize cutting down rather
than quitting entirely, particularly among adults seeking outpatient treatment.

Linking reductions to functioning and health

Beyond global functioning, reductions in cannabis use have been associated with
improvement in specific, patient-salient symptom domains. Reductions in use should
ideally be interpreted alongside changes in sleep, mood, anxiety, social functioning and
overall quality of life. A seven-trial analysis showed that reduced cannabis frequency
improved sleep and cannabis-related problems, with global improvement reported [43].
Observational and secondary analyses similarly indicate that reductions in cannabis use,
particularly reductions in frequency of use, are associated with improvements in anxiety
and depressive symptoms as well as sleep quality, independent of complete cessation [42,
66, 67]. Together, these findings indicate that reductions in cannabis use are linked to
patient-salient improvements in functioning and symptoms.

Reduction is best understood as part of a broader trajectory of change rather than as

an end-point that competes with abstinence. Harm-reduction approaches across substance
use disorders emphasize engagement, retention and incremental improvement as pathways
toward longer-term goals, including abstinence for individuals who ultimately pursue it. In
CUD, where motivation and treatment goals vary widely, reduction-based outcomes allow
trials to capture meaningful progress among individuals who are not ready for complete
cessation, while still allowing an examination of movement toward abstinence over time
[40]. Newer assessment approaches, including more frequent /n vivo measures, such as
with ecological momentary assessment, may help capture clinically meaningful changes
in patterns of use that are not reflected in days-of-use metrics alone [64]. For example,

a shift from near-continuous use throughout the day to use limited to the evening hours
may represent a substantial functional improvement, even if the number of days of use
does not change [40, 43]. This type of within-day pattern change is conceptually similar to
nicotine research, where time to first cigarette is used as a marker of dependence severity,
independent of total consumption [68]. Clear, standardized reduction outcomes, especially
frequency- and pattern-based measures tied to functional improvement, help align CUD
trials with patient-centered change and reveal promising interventions.
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CONCLUSION: A MATRIX OF OUTCOMES FOR CANNABIS USE DISORDER

TRIALS

A standardized outcome matrix

We propose that the next phase of CUD trial design shifts toward a practical, consensus-
driven matrix of outcomes that can be implemented across intervention types and trial
settings (Figure 3; Table 1). The purpose of this matrix is not to declare one end-point as
‘best” in all circumstances, but to ensure that every CUD trial measures change using a
shared set of outcomes that are defined and reported in a consistent way, allowing results

to be compared and synthesized. In this framework, frequency of use should be treated as

a core outcome, while quantity, route, context and functional measures serve as supporting
variables that help interpret change. Abstinence remains an important element of the matrix,
but abstinence does not need to occupy the highest position in the outcome hierarchy for
every study (Table 1).

We propose a tiered outcome framework in which frequency of use serves as the core
domain, interpreted alongside supporting modifiers (e.g. context, quantity, route) and
changes in functioning and health.

Core and supporting domains

At the center of this matrix, we propose that frequency of use serves as a core outcome

that all trials collect and report in a standardized fashion. Frequency is feasible to assess,
sensitive to change and interpretable across treatment modalities, and it has a growing
empirical base linking reductions in use to functional improvement, including pooled trial
analyses and outcome-development work by Budney, McRae-Clark and colleagues [43, 65].

Future trials can build on this foundation by extending frequency beyond a single ‘days

of use” metric to capture more granular dimensions of use. Days of use reflects overall
exposure, but can miss clinically meaningful change when patterns of use shift within a day.
For example, an individual who moves from near-continuous use throughout the day to use
limited to evening hours may experience substantial functional improvement even if the total
number of use days does not change. This type of change is readily recognized by clinicians
and is analogous to nicotine research in which time to first cigarette serves as a marker of
dependence severity, independent of total consumption. Incorporating granular measures of
use allows trials to capture reductions in severity without requiring the precise quantification
of dose.

Measuring meaningful change across patterns of use

To operationalize granular measures of use, we offer one example of a simple, scalable
approach that could be layered into a broader outcome matrix. In this illustrative framework,
each day is divided into quadrants, such as 12:00 AM-5:59 AM, 6:00 AM-11:59 AM, 12:00
PM-5:59 PM and 6:00 PM-11:59 PM, and cannabis use is assessed within each quadrant.
This information could be collected using ecological momentary assessment (EMA) or,
when EMA is not feasible, structured daily diaries. The emphasis is not on a specific
technology, but on the use of a standardized unit of measurement. Quadrants provide a
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common language for describing within-day patterns of use and may be more sensitive
to clinically meaningful change than days of use alone. Over time, similar pattern-based
approaches could be evaluated for their associations with functional improvement and
dependence severity and, if supported, incorporated into consensus outcome frameworks.

Quantity of use should also remain part of the matrix but should be treated explicitly as

a secondary or supportive measure that is interpreted primarily within individuals over

time. Asbridge and colleagues combined typical quantity and recent frequency to create

a quantity—frequency typology modeled on alcohol volume measures [61]. This combined
approach better characterized cannabis-related problems and ASSIST scores than frequency-
or quantity-only measures. We invoke this work not to endorse a specific typology but to
illustrate how combining multiple dimensions of use can improve measurement and capture
meaningful gradients of harm.

Ongoing variability in cannabis products and inconsistent labeling mean that dose metrics
are often noisy and difficult to compare across participants. Trials should still collect feasible
quantity-related data, including basic product characteristics, when possible, but the analytic
emphasis should be placed on within-person change and on linking quantity changes to other
outcomes in the matrix, particularly functioning and health measures.

Health outcomes as validation anchors

Future work should validate the proposed matrix against downstream health outcomes,
particularly cardiovascular outcomes, while extending to pulmonary, gastrointestinal and
reproductive domains. There is emerging evidence linking cannabis use to cardiovascular
outcomes, including associations with adverse cardiovascular events and arrhythmias in
observational data sets [69—71]. These findings highlight a need for partnership between
CUD researchers and cardiovascular researchers to clarify dose-response relationships and
identify which reductions in use translate into measurable health benefit. The alcohol field
offers a concrete precedent. The FDA acceptance of reductions in WHO risk drinking
levels as a primary end-point created a shared framework that connected changes in use

to downstream health and functioning [72]. CUD needs an analogous path by building
consensus around a small set of standardized reduction measures that can be validated
against outcomes that matter. Once such a matrix is in place, central questions become
empirically tractable. How much cannabis constitutes harmful use? What magnitude of
reduction is clinically meaningful? Several challenges remain, including the reliance on
self-report, variation in what constitutes a meaningful reduction, and heterogeneity in patient
goals and treatment contexts.

In summary, we propose a matrix of outcomes that includes frequency of use, granular
measures of use captured through quadrants of the day and time to first cannabis use after
waking, quantity interpreted as a within-person measure, abstinence as an important but
harmonized outcome, and a focused set of functional and health outcomes. Progress in the
field will depend on an agreement to measure and report these outcomes consistently across
trials.

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atkin et al. Page 13

ACKNOWLEDGEMENTS

This work was supported by the National Institutes of Health under award number T32DA007294-33.

DECLARATION OF INTERESTS

T.B.A. has no conflicts of interest or relevant disclosures. F.R.L. receives grant support from the National Institute
on Drug Abuse (NIDA), Substance Abuse and Mental Health Services Administration (SAMHSA) and US
WorldMeds, and research support from Aelis Pharmaceuticals. She also receives medication from Indivior for
research and royalties from American Psychological Association (APA) Publishing and Oxford University Press.
She serves on the National Advisory Council on Alcohol Abuse and Alcoholism. In addition, F.R.L. served as a
non-paid member of scientific advisory boards for Atai Life Science, Indivior and US WorldMeds, is currently
serving as a non-paid member of the advisory boards for Boehringer Ingelheim and Pleo Pharmaceutical, and is a
consultant to Major League Baseball. J.M. and C.A.B. have no conflicts of interest or relevant financial disclosures.

Funding information

National Institutes of Health (NIH) (T32DA007294-33).

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets were generated or analysed during
the current study.

REFERENCES

1. Substance Abuse and Mental Health Services Administration. Results from the 2024 National
Survey on Drug Use and Health: Key substance use and mental health indicators in the United
States Center for Behavioral Health Statistics and Quality; 2025 (NSDUH Series H-60). Report
nos.: PEP25-07-007.

2. Young-Wolff KC, Tucker LY, Alexeeff S, Armstrong MA, Conway A, Weisner C, et al. Trends
in Self-reported and Biochemically Tested Marijuana Use Among Pregnant Females in California
From 2009-2016. JAMA. 2017;318(24):2490-1. 10.1001/jama.2017.17225 [PubMed: 29279917]
3. Han BH, Palamar JJ. Trends in Cannabis Use Among Older Adults in the United States, 2015-2018.
JAMA Intern Med. 2020;180(4):609-11. 10.1001/jamainternmed.2019.7517 [PubMed: 32091531]

4. Baldwin GT, Vivolo-Kantor A, Hoots B, Roehler DR, Ko JY. Current Cannabis Use in the United
States: Implications for Public Health Research. Am J Public Health. 2024 Nov;114(S8):5624-7.
10.2105/AJPH.2024.307823 [PubMed: 39442034]

5. National Academies of Sciences E, Division H and M, Practice B on PH and PH, Landscape
C on the PHC of C in the CP, Boyle EB, Hurd YL, et al. Cannabis Consumption and Markets
in the United States. In: Cannabis Policy Impacts Public Health and Health Equity US: National
Academies Press; 2024. Available from: https://www.ncbi.nlm.nih.gov/books/NBK609482/

6. Gates PJ, Sabioni P, Copeland J, Le Foll B, Gowing L. Psychosocial interventions
for cannabis use disorder. Cochrane Database Syst Rev. 2016;2016(5):CD005336.
10.1002/14651858.CD005336.pub4 [PubMed: 27149547]

7. Sherman BJ, McRae-Clark AL. Treatment of Cannabis Use Disorder: Current science and future
outlook. Pharmacotherapy. 2016;36(5):511-35. 10.1002/phar.1747 [PubMed: 27027272]

8. Sabioni P, Le Foll B. Psychosocial and pharmacological interventions for the treatment of cannabis
use disorder. F1000Res. 2018;7:173. 10.12688/f1000research.11191.1 [PubMed: 29497498]

9. Nordstrom BR, Levin FR. Treatment of Cannabis Use Disorders: A Review of the Literature. AmJ
Addict. 2007;16(5):331-42. 10.1080/10550490701525665 [PubMed: 17882603]

10. Copeland J, Swift W, Roffman R, Stephens R. A randomized controlled trial of brief cognitive—

behavioral interventions for cannabis use disorder. J Subst Abuse Treat. 2001;21(2):55-64.
10.1016/S0740-5472(01)00179-9 [PubMed: 11551733]

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atkin et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 14

Stanger C, Budney AJ, Kamon JL, Thostensen J. A randomized trial of contingency management
for adolescent marijuana abuse and dependence. Drug Alcohol Depend. 2009;105(3):240-7.
10.1016/j.drugalcdep.2009.07.009 [PubMed: 19717250]

Stephens RS, Roffman RA, Simpson EE. Treating adult marijuana dependence: A test of the
relapse prevention model. J Consult Clin Psychol. 1994;62(1):92-9. 10.1037/0022-006X.62.1.92
[PubMed: 8034835]

Litt MD, Kadden RM, Tennen H, Kabela-Cormier E. Network Support Il: Randomized controlled
trial of Network Support treatment and cognitive behavioral therapy for alcohol use disorder. Drug
Alcohol Depend. 2016;165:203-12. 10.1016/j.drugalcdep.2016.06.010 [PubMed: 27354234]
Carroll KM, Easton CJ, Nich C, Hunkele KA, Neavins TM, Sinha R, et al. The use of
contingency management and motivational/skills-building therapy to treat young adults with
marijuana dependence. J Consult Clin Psychol. 2006;74(5):955-66. 10.1037/0022-006X.74.5.955
[PubMed: 17032099]

Budney AJ, Higgins ST, Radonovich KJ, Novy PL. Adding voucherbased incentives to

coping skills and motivational enhancement improves outcomes during treatment for marijuana
dependence. J Consult Clin Psychol. 2000;68(6):1051-61. 10.1037/0022-006X.68.6.1051
[PubMed: 11142539]

Carroll KM, Nich C, LaPaglia DM, Peters EN, Easton CJ, Petry NM. Combining cognitive
behavioral therapy and contingency management to enhance their effects in treating cannabis
dependence: Less can be more, more or less. Addiction. 2012;107(9):1650-9. 10.1111/
J.1360-0443.2012.03877.x [PubMed: 22404223]

Budney AJ, Moore BA, Rocha HL, Higgins ST. Clinical trial of abstinence-based vouchers and
cognitive-behavioral therapy for cannabis dependence. J Consult Clin Psychol. 2006;74(2):307—
16. 10.1037/0022-006X.74.2.307 [PubMed: 16649875]

Halicka M, Parkhouse TL, Webster K, Spiga F, Hines LA, Freeman TP, et al. Effectiveness and
safety of psychosocial interventions for the treatment of cannabis use disorder: A systematic
review and meta-analysis. Addiction. 2025;120(11):2181-201. 10.1111/add.70084 [PubMed:
40318070]

Gao YN, Olfson M. High out-of-pocket cost burden of mental health care for adult outpatients
in the United States. Psychiatr Serv. 2025; 76(2):200-3. 10.1176/appi.ps.20240136 [PubMed:
39257310]

Zhu JM, Huntington A, Haeder S, Wolk C, McConnell KJ. Insurance acceptance and cash pay
rates for psychotherapy in the US. Health Aff Sch. 2024;2(9):gqxae110. 10.1093/haschl/gxae110
[PubMed: 39301411]

Levin FR, Mariani JJ, Brooks DJ, Pavlicova M, Cheng W, Nunes EV. Dronabinol for the treatment
of cannabis dependence: A randomized, double-blind, placebo-controlled trial. Drug Alcohol
Depend. 2011;116(1):142-50. 10.1016/j.drugalcdep.2010.12.010 [PubMed: 21310551]
Lintzeris N, Bhardwaj A, Mills L, Dunlop A, Copeland J, McGregor I, et al. Nabiximols

for the treatment of cannabis dependence: A randomized clinical trial. JAMA Intern Med.
2019;179(9):1242-53. 10.1001/jamainternmed.2019.1993 [PubMed: 31305874]

Allsop DJ, Copeland J, Lintzeris N, Dunlop AJ, Montebello M, Sadler C, et al. Nabiximols as
an agonist replacement therapy during cannabis withdrawal: a randomized clinical trial. JAMA
Psychiatry. 2014 Mar;71(3):281-91. 10.1001/jamapsychiatry.2013.3947 [PubMed: 24430917]
Hill KP, Palastro MD, Gruber SA, Fitzmaurice GM, Greenfield SF, Lukas SE, et al. Nabilone
pharmacotherapy for cannabis dependence: A randomized, controlled pilot study. Am J Addict.
2017;26(8):795-801. 10.1111/ajad.12622 [PubMed: 28921814]

Mason BJ, Crean R, Goodell V, Light JM, Quello S, Shadan F, et al. A proof-of-concept
randomized controlled study of gabapentin: Effects on cannabis use, withdrawal and executive
function deficits in cannabis-dependent adults. Neuropsychopharmacology. 2012;37(7):1689-98.
10.1038/npp.2012.14 [PubMed: 22373942]

Miranda R, Treloar H, Blanchard A, Justus A, Monti PM, Chun T, et al. Topiramate and
Motivational Enhancement Therapy for Cannabis use among youth: A randomized placebo-
controlled pilot study. Addict Biol. 2017;22(3):779-90. 10.1111/adb.12350 [PubMed: 26752416]

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atkin et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 15

Farrow JE, DelBello MP, Patino LR, Blom TJ, Welge JA. A double-blind, placebo-controlled study
of adjunctive topiramate in adolescents with co-occurring bipolar and cannabis use disorders.
JAACAP Open. 2024;2(4):290-300. 10.1016/j.jaacop.2024.08.002 [PubMed: 39697396]

Levin FR, Mariani J, Brooks DJ, Pavlicova M, Nunes EV, Agosti V, et al. A randomized
double-blind, placebo-controlled trial of venlafaxine-extended release for co-occurring cannabis
dependence and depressive disorders. Addiction. 2013;108(6):1084-94. 10.1111/add.12108
[PubMed: 23297841]

Gray KM, Sonne SC, McClure EA, Ghitza UE, Matthews AG, McRae-Clark AL, et al. A
randomized placebo-controlled trial of N-acetylcysteine for cannabis use disorder in adults. Drug
Alcohol Depend. 2017;177:249-57. 10.1016/j.drugalcdep.2017.04.020 [PubMed: 28623823]

Brezing CA, Levin FR. The Current State of Pharmacological Treatments for Cannabis

Use Disorder and Withdrawal. Neuropsychopharmacology. 2018 Jan;43(1):173-94. 10.1038/
npp.2017.212 [PubMed: 28875989]

Freeman TP, Hindocha C, Baio G, Shaban NDC, Thomas EM, Astbury D, et al. Cannabidiol for
the treatment of cannabis use disorder: a phase 2a, double-blind, placebo-controlled, randomised,
adaptive Bayesian trial. Lancet Psychiatry. 2020;7(10):865—-74. 10.1016/S2215-0366(20)30290-X
[PubMed: 32735782]

Bahji A, Meyyappan AC, Hawken ER, Tibbo PG. Pharmacotherapies for cannabis use disorder:
A systematic review and network meta-analysis. Int J Drug Policy. 2021;97:103295. 10.1016/
j.drugpo.2021.103295 [PubMed: 34062288]

Kondo K, Morasco B, Nugent S, Ayers C, O’Neil M, Freeman M, et al. Pharmacotherapy for the
treatment of cannabis use disorder: A systematic review. Ann Intern Med. 2020;172: 398-412.
10.7326/M19-1105 [PubMed: 32120384]

Loflin MJE, Kiluk BD, Huestis MA, Aklin WM, Budney AJ, Carroll KM, et al. The

state of clinical outcome assessments for cannabis use disorder clinical trials: A review and
research agenda. Drug Alcohol Depend. 2020 Jul;212:107993. 10.1016/j.drugalcdep.2020.107993
[PubMed: 32360455]

Connor JP, Stjepanovi¢ D, Budney AJ, Le Foll B, Hall WD. Clinical management of cannabis
withdrawal. Addiction. 2022;117(7):2075-95. 10.1111/add.15743 [PubMed: 34791767]

Levin FR, Mariani JJ, Pavlicova M, Choi CJ, Basaraba C, Mahony AL, et al. Extended-

release mixed amphetamine salts for comorbid adult Attention-Deficit/Hyperactivity Disorder and
Cannabis Use Disorder: A pilot, randomized double-blind, placebo-controlled trial. J Atten Disord.
2024;28(11):1467-81. 10.1177/10870547241264675 [PubMed: 39051597]

Riggs PD, Winhusen T, Davies RD, Leimberger JD, Mikulich-Gilbertson S, Klein C, et al.
Randomized Controlled Trial of Osmotic-Release Methylphenidate With Cognitive-Behavioral
Therapy in Adolescents With Attention-Deficit/Hyperactivity Disorder and Substance Use
Disorders. J Am Acad Child Adolesc Psychiatry. 2011;50(9):903-14. 10.1016/j.jaac.2011.06.010
[PubMed: 21871372]

Levin FR, Mariani JJ. Co-occurring Substance Use Disorder and Attention Deficit Hyperactivity
Disorder. In: Miller SC, editor ASAM Principles of Addiction Medicine, The 6th_Edition ed.
Wolters Kluwer; 2019. p. 1418-35.

Mariani JJ, Pavlicova M, C JC, Basaraba C, Carpenter KM, Mahony AL, et al. Quetiapine
treatment for cannabis use disorder. Drug Alcohol Depend. 2021;218:108366. 10.1016/
j.drugalcdep.2020.108366 [PubMed: 33153828]

Levin FR, Mariani JJ, Choi CJ, Basaraba C, Brooks DJ, Brezing CA, et al. Non-abstinent
treatment outcomes for cannabis use disorder. Drug Alcohol Depend. 2021 Aug;225:108765.
10.1016/j.drugalcdep.2021.108765 [PubMed: 34087745]

Gray KM, Carpenter MJ, Baker NL, DeSantis SM, Kryway E, Hartwell KJ, et al. A Double-Blind
Randomized Controlled Trial of N-Acetylcysteine in Cannabis-Dependent Adolescents. Am J
Psychiatry. 2012;169(8):805-12. 10.1176/appi.ajp.2012.12010055 [PubMed: 22706327]

Brezing CA, Choi CJ, Pavlicova M, Brooks D, Mahony AL, Mariani JJ, et al. Abstinence

and reduced frequency of use are associated with improvements in quality of life among
treatment-seekers with cannabis use disorder. Am J Addict. 2018;27(2):101-7. 10.1111/ajad.12660
[PubMed: 29457671]

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atkin et al.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 16

McClure EA, Neelon B, Tomko RL, Gray KM, McRae-Clark AL, Baker NL. Association of
cannabis use reduction with improved functional outcomes: An exploratory aggregated analysis
from seven cannabis use disorder treatment trials to extract data-driven cannabis reduction metrics.
Am J Psychiatry. 2024;181(11):988-96. 10.1176/appi.ajp.20230508 [PubMed: 39380374]

Gray KM, Tomko RL, Baker NL, McClure EA, McRae-Clark AL, Squeglia LM.

N-acetylcysteine for youth cannabis use disorder: Randomized controlled trial main

findings. Neuropsychopharmacology. 2025;50(5):731-8. 10.1038/s41386-025-02061-y [PubMed:
39910268]

Wang W, Volkow ND, Berger NA, Davis PB, Kaelber DC, Xu R. Association of semaglutide with
reduced incidence and relapse of cannabis use disorder in real-world populations: a retrospective
cohort study. Mol Psychiatry. 2024 Aug;29(8):2587-98. 10.1038/s41380-024-02498-5 [PubMed:
38486046]

Senderovich H, Patel P, Jimenez Lopez B, Waicus S. A systematic review on cannabis hyperemesis
syndrome and its management options. Med Princ Pract. 2022;31(1):29-38. 10.1159/000520417
[PubMed: 34724666]

Fonseca BM, Rebelo I. Cannabis and Cannabinoids in Reproduction and Fertility: Where We
Stand. Reprod Sci. 2022;29(9):2429-39. 10.1007/s43032-021-00588-1 [PubMed: 33970442]
Richards JR, Bing ML, Moulin AK, Elder JW, Rominski RT, Summers PJ, et al. Cannabis use and
acute coronary syndrome. Clin Toxicol. 2019;57(10):831-41. 10.1080/15563650.2019.1601735

Witkiewitz K, Litten RZ, Leggio L. Advances in the science and treatment of alcohol use disorder.
Sci Adv. 2019;5(9):eaax4043. 10.1126/sciadv.aax4043 [PubMed: 31579824]

U.S. Food and Drug Administration. Alcoholism: Developing Drugs for Treatment Guidance for
Industry 2015.

U.S. Food and Drug Administration. FDA qualifies a drug development tool for

alcohol use disorder clinical trials: two-level reduction in World Health Organization risk
drinking levels as an acceptable primary endpoint Silver Spring, MD; 2025. Available

from: https://www.fda.gov/drugs/drug-safety-and-availability/fda-qualifies-drugdevelopment-tool-
facilitate-clinical-trial-research-alcohol-use-disorder

Piper ME, Bullen C, Krishnan-Sarin S, Rigotti NA, Steinberg ML, Streck JM, et al. Defining and
Measuring Abstinence in Clinical Trials of Smoking Cessation Interventions: An Updated Review.
Nicotine Tob Res. 2019;22(7):1098-106. 10.1093/ntr/ntz110

Hughes JR, Keely JP, Niaura RS, Ossip-Klein DJ, Richmond RL, Swan GE. Measures of
abstinence in clinical trials: I1ssues and recommendations. Nicotine Tob Res. 2003;5(1):13-25.
[PubMed: 12745503]

Godtfredsen NS. Risk of hospital admission for COPD following smoking cessation and reduction:
A Danish population study. Thorax Lond. 2002;57(11):967-72. 10.1136/thorax.57.11.967
Godtfredsen NS, Osler M, Vestbo J, Andersen I, Prescott E. Smoking reduction, smoking
cessation, and incidence of fatal and non-fatal myocardial infarction in Denmark 1976-1998: a
pooled cohort study. J Epidemiol Community Health. 2003;57(6):412-6. 10.1136/jech.57.6.412
[PubMed: 12775785]

Godtfredsen NS, Prescott E, Osler M. Effect of smoking reduction on lung cancer risk. JAMA.
2005;294(12):1505-10. 10.1001/jama.294.12.1505 [PubMed: 16189363]

Tverdal A, Bjartveit K. Health consequences of reduced daily cigarette consumption. Tob Control.
2006;15(6):472-80. 10.1136/tc.2006.016246 [PubMed: 17130377]

Pisinger C, Godtfredsen NS. Is there a health benefit of reduced tobacco consumption? A
systematic review. Nicotine Tob Res. 2007;9(6):631-46. 10.1080/14622200701365327 [PubMed:
17558820]

Inoue-Choi M, Liao LM, Reyes-Guzman C, Hartge P, Caporaso N, Freedman ND. Association

of Long-term, Low-Intensity Smoking With All-Cause and Cause-Specific Mortality in the
National Institutes of Health—AARP Diet and Health Study. JAMA Intern Med. 2017;177(1):87—
95. 10.1001/jamainternmed.2016.7511 [PubMed: 27918784]

Prince MA, Conner BT, Pearson MR. Quantifying cannabis: A field study of marijuana quantity
estimation. Psychol Addict Behav. 2018;32(4):426-33. 10.1037/adb0000370 [PubMed: 29771542]

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atkin et al.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Page 17

Asbridge M, Duff C, Marsh DC, Erickson PG. Problems with the Identification of ‘Problematic’
Cannabis Use: Examining the Issues of Frequency, Quantity, and Drug Use Environment. Eur
Addict Res. 2014;20(5):254-67. 10.1159/000360697 [PubMed: 25196945]

Buckner JD, Crosby RD, Wonderlich SA, Schmidt NB. Social anxiety and cannabis use: An
analysis from ecological momentary assessment. J Anxiety Disord. 2012;26(2):297-304. 10.1016/
j.janxdis.2011.12.006 [PubMed: 22246109]

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol.
2008;4:1-32. 10.1146/annurev.clinpsy.3.022806.091415 [PubMed: 18509902]

Trull TJ, Freeman LK, Fleming MN, Vebares TJ, Wycoff AM. Using ecological momentary
assessment and a portable device to quantify standard tetrahydrocannabinol units for cannabis
flower smoking. Addiction. 2022;117(8):2351-8. 10.1111/add.15872 [PubMed: 35293047]

Sherman BJ, Sofis MJ, Borodovsky JT, Gray KM, McRae-Clark AL, Budney AJ. Evaluating
cannabis use risk reduction as an alternative clinical outcome for cannabis use disorder. Psychol
Addict Behav. 2022;36(5):505-14. 10.1037/adb0000760 [PubMed: 34197135]

Hser Y1, Mooney LJ, Huang D, Zhu Y, Tomko RL, McClure E, et al. Reductions in cannabis use
are associated with improvements in anxiety, depression, and sleep quality, but not quality of life. J
Subst Abuse Treat. 2017;81:53-8. 10.1016/j.jsat.2017.07.012 [PubMed: 28847455]

Mooney LJ, Zhu Y, Yoo C, Valdez J, Moino K, Liao JY, et al. Reduction in Cannabis Use and
Functional Status in Physical Health, Mental Health, and Cognition. J Neuroimmune Pharmacol.
2018;13(4):479-87. 10.1007/s11481-018-9813-6 [PubMed: 30284156]

Baker TB, Piper ME, McCarthy DE, Bolt DM, Smith SS, Kim SY, et al. Time to first cigarette in
the morning as an index of ability to quit smoking: Implications for nicotine dependence. Nicotine
Tob Res. 2007;9(Suppl_4):S555-70. 10.1080/14622200701673480 [PubMed: 18067032]

Storck W, Elbaz M, Vindis C, Déguilnem A, Lapeyre-Mestre M, Jouanjus E. Cardiovascular risk
associated with the use of cannabis and cannabinoids: a systematic review and meta-analysis.
Heart. 2025;111(22):1047-56. 10.1136/heartjnl-2024-325429 [PubMed: 40527600]

Vargas J, Pillai KJ, Tocquica-Gahona C, Mahajan P, Chandna S, Vyas V, et al. Cannabis Use and
the Risk of Arrhythmias: Insights From a Large Retrospective Multicenter Analysis. J Cardiovasc
Electrophysiol. 2025;36(12):3261-7. 10.1111/jce.70135 [PubMed: 41078108]

Jeffers AM, Glantz S, Byers AL, Keyhani S. Association of Cannabis Use With

Cardiovascular Outcomes Among US Adults. J Am Heart Assoc. 2024;13(5):e030178. 10.1161/
JAHA.123.030178 [PubMed: 38415581]

Witkiewitz K, Anton RF, O’Malley SS, Hasin DS, Silverman BL, Aldridge A, et al. Reductions in
World Health Organization risk drinking levels as a primary efficacy end point for alcohol clinical
trials: A review. JAMA Psychiatry. 2025;82(12):1246-54. 10.1001/jamapsychiatry.2025.2508
[PubMed: 40960803]

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Atkin et al.

Cannabis use disorder trial

'

Binary abstinence endpoint

/

Page 18

Prolonged THC-COOH

. Lapse and relapse treated
detection

L . equivalently
limits interpretation

Meaningful reduction may be

obscured

FIGURE 1.
Abstinence-only end-point limitations.

Addiction. Author manuscript; available in PMC 2026 July 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Atkin et al.

A lapse is not necessarily a
return to heavy use

FIGURE 2.
Clinical trajectory of change.

Addiction. Author manuscript; available in PMC 2026 July 28.

Heavy chronic use i‘

Page 19

Reduced use

>

Intermittent use

—

Abstinence




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Atkin et al.

Core outcome
Frequency of use
days ¢ occasions/day ¢ within-
day pattern

Supporting variables
quantity ¢ route * product ¢
context

FIGURE 3.
A proposed outcome framework.

Comparator endpoint
abstinence
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Validation domains
sleep * mood *
anxiety/depression ¢
social/occupational
functioning
quality of life ¢
physical health/medical risk
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TABLE 1

Proposed outcome domains for cannabis use disorder treatment trials.
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relationships)

across cardiovascular, pulmonary,

gastrointestinal, and reproductive

outcomes (future research priority)

Domain Rolein matrix Example measures Advantages Limitations
Frequency of Core outcome Days of use (e.g., past 28-30 days); Easy to assess; sensitive May not capture within-day
use days of use per week; occasions to change; interpretable intensity without additional

per day; time-window use (morning/ | across interventions; measures; dependent on self-
afternoon/evening/night) aligns with patient goals report
Quantity of Supporting Amount used per occasion; Captures exposure Difficult to standardize across
use (interpretive) product characteristics (e.g., THC and potential dose— products and routes; often
concentration); subjective estimates response relationships; imprecise and reliant on self-
of dose in mg complements frequency report
Abstinence Core comparator Point-prevalence abstinence; Clinically intuitive; Definitions vary across
continuous abstinence; longest historically used studies; biologic verification
duration of abstinence benchmark; facilitates complicated by prolonged THC
comparison with prior metabolite detection
trials
Functioning Validation Sleep quality; mood; anxiety/ Patient-centered; reflects Multidimensional; may require
and health domain depression symptoms; social and meaningful clinical larger samples or longer follow-
outcomes (establishes dose- | occupational functioning; quality benefit; anchors reduction | up to detect change
response of life. Quantifying medical risk to real-world outcomes
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