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Highlights
The CUDIT-R was accurate in identifying young adults with cannabis use disorder.
A cut-point of nine yielded optimal sensitivity and specificity.
Items varied in difficulty and most items displayed moderate to high discrimination.
Items assessing hours high and physically hazardous use displayed poor discrimination.

The CUDIT-R may be useful in screening for cannabis use disorder among young adults.



Abstract
The Cannabis Use Disorders Identification Test Revised (CUDIT-R) is a widely used screening
tool. However, its utility in screening for cannabis use disorder (CUD) among young adults
requires further investigation. The current study evaluated the accuracy of the CUDIT-R in
distinguishing between young adults with and without CUD. We also examined the individual
item properties of the CUDIT-R in this sample. A community sample of young adults (N=153,
ages 19-26 years) who reported at least one lifetime period of regular cannabis use (i.e., twice or
more per month for at least six months) completed the CUDIT-R and the Structured Clinical
Interview for DSM-5 (SCID-5) Substance Use Module. The CUDIT-R showed good accuracy in
distinguishing between young adults with and without CUD as determined by the SCID-5 (area
under the receiver operating characteristic curve = 0.84). A cut-point of nine yielded 87.80%
sensitivity and 70.42% specificity, with positive and negative predictive values of 77.42% and
83.33%, respectively. Item response theory analyses revealed that CUDIT-R items assessing
impaired control, failure to meet expectations, time devoted to use, and memory and
concentration problems displayed high discrimination and were relatively difficult, whereas
items assessing frequency of use and attempts to reduce use showed moderate discrimination and
relatively low difficulty. Items assessing hours high and use with potential for physical hazard
displayed poor discrimination. The CUDIT-R appears to validly distinguish between young
adults with and without CUD and may be useful in screening for CUD in this high-risk
population. Further research considering individual item properties is needed to refine the
CUDIT-R for use among young adults.
Keywords: Marijuana; cannabis use disorder; SBIRT; sensitivity; specificity; item response

theory; emerging adults



1. Introduction

Cannabis is widely used among young adults in North America, with approximately 35—
49% reporting past-year use (Government of Canada, 2021; Substance Abuse and Mental Health
Services, 2021). Regular cannabis use confers risk of cannabis use disorder (CUD), which is
especially prevalent among young adults (Han et al., 2019; Leung et al., 2020). Yet, young adults
are less likely to seek treatment for CUD relative to older age groups (Wu et al., 2017). A
Screening, Brief Intervention, and Referral to Treatment (SBIRT) approach may therefore be
warranted to help connect young adults with CUD to services (Gette et al., 2023). Such an
approach requires screening tools that are effective in identifying at-risk young adults.

The Cannabis Use Disorders Identification Test — Revised (CUDIT-R; Adamson et al.,
2010) is the most widely used instrument for assessing hazardous cannabis use. The CUDIT-R
includes eight self-report items that assess cannabis consumption, cannabis-related behaviours
and consequences, and cannabis dependence symptoms. These items are summed to provide a
continuous index of problematic or hazardous cannabis use, with scores ranging from 0 to 32.
The original validation study found that a CUDIT-R cut-point of 13 demonstrated high
sensitivity (91%) and specificity (90%) in detecting cannabis dependence, as determined by the
Structured Clinical Interview (SCID-4) for the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-I1V). However, cannabis dependence is no longer recognized by
the DSM-5 (American Psychiatric Association, 2013), which instead characterizes CUD along a
severity continuum based on the number of symptoms endorsed (American Psychiatric
Association, 2013). The ability of the CUDIT-R to distinguish between those with and without
CUD, as characterized by current diagnostic criteria, thus warrants further evaluation. Moreover,

the original validation study evaluated the CUDIT-R in a sample of treatment-seeking adults.



Thus, there remains a need to examine the utility of the CUDIT-R as a CUD screening tool for
young adults in the community, as they represent a high priority target population for SBIRT
efforts.

Although the factor structure of the CUDIT-R among young adults has been established
(Risi et al., 2020), only one previous study to our knowledge examined the validity of the
CUDIT-R in identifying CUD according to DSM-5 criteria among young adults (Schultz et al.,
2019). In this study, the CUDIT-R showed excellent area under the receiver operating
characteristic curve (0.91) and a cut-point of 6 was sensitive and specific in detecting CUD
among young adult college students reporting past-30-day cannabis use (Schultz et al., 2019).
However, this study used a self-report checklist of DSM-5 CUD symptoms administered online,
rather than a clinical interview, to determine the presence or absence of CUD. Consequently, the
ability of the CUDIT-R to distinguish between young adults with and without DSM-5 CUD
diagnoses, as determined using gold standard diagnostic assessments, remains unknown.

The validity of the CUDIT-R in detecting DSM-5 CUD among young adults has also yet
to be studied in a jurisdiction in which non-medical cannabis is fully legal. This is a limitation
given differences in population-level cannabis use patterns across legal contexts; that is, cannabis
is more commonly used and is used at higher frequencies under more permissive cannabis
legislation (Goodman et al., 2020; Hammond et al., 2021). In fully legal contexts, higher rates of
regular cannabis use among young adults may engender elevated rates of CUD yet pose unique
challenges to detecting CUD given that cannabis use is normalized, and thus regular use may be
endorsed by both problem and non-problem users. Moreover, items assessing hazardous
cannabis use may perform differently in fully legal contexts, in which norms surrounding young

adult cannabis consumption and perceptions of risk for harms may differ (Goodman &



Hammond, 2022). A re-evaluation of the CUDIT-R’s validity in detecting CUD and individual
item properties among young adults in jurisdictions in which cannabis is fully legal is thus
needed.

The current study evaluated the performance of the CUDIT-R in a sample of young adults
who reported a history of regular cannabis use. The study was conducted in Canada, following
the legalization of non-medical cannabis use. We used receiver operating characteristic analyses
to examine the accuracy of the CUDIT-R in distinguishing between young adults with and
without CUD diagnoses obtained using a gold standard structured clinical interview. We also
sought to determine an optimal CUDIT-R cut-point to detect potential CUD. Based on previous
research (Adamson et al., 2010; Schultz et al., 2019), we hypothesized that the CUDIT-R would
be accurate in distinguishing between young adults with and without CUD. Further, we
conducted an item response theory analysis to explore the psychometric properties of individual
items of the CUDIT-R in our sample.

2. Method
2.1. Participants and Procedures

The study took place in Toronto, Canada from March, 2019 to March, 2020, after non-
medical cannabis legalization. Participants were young adults (ages 19-25 years) of legal age to
purchase cannabis who participated in a larger study examining associations between cannabis
use and cognitive functioning. Young adults were recruited via advertisements posted on public
message boards across different neighborhoods in Toronto, on and around college and university
campuses in Toronto, and online to reach as broad of an audience as possible. Interested
individuals were invited to complete an online eligibility screener. For the larger study, eligible

participants were young adults aged 19-25 who reported at least one lifetime period of regular



cannabis use (defined as using at least two times per month for six months). Exclusion criteria
were: (i) history of severe head injury; (ii) current or past treatment for alcohol or substance use;
(ii1) regular use of illicit substances; (iv) history of psychosis, mania, neurological disorder, or
neurodevelopmental disorder; and (vi) using cannabis exclusively for medical reasons.

Eligible participants were scheduled to attend an in-person assessment and were asked to
abstain from alcohol, cannabis, and other drugs for 48 hours prior to their appointment (verified
with self-report and breathalyzer). Upon arrival, participants provided informed consent, and
then completed a series of cognitive tasks, semi-structured interviews, and self-report
questionnaires that comprised the larger study, including the measures that were the focus of the
current analysis (see Measures). Completion of the full assessment took approximately six hours
and participants received $115 CAD for participating.

A total of 167 participants were enrolled, but n=7 were found ineligible during the
assessment session. Of the N=160 eligible participants who completed the study, n=7 were
missing data on the CUDIT-R, resulting in a final analytic sample of N=153. Sample
characteristics are in Table 1.

2.2. Measures
2.2.1. Cannabis Use Disorder Identification Test — Revised (CUDIT-R)

The CUDIT-R (Adamson et al., 2010) consists of eight self-report items assessing past-
six-month cannabis consumption and cannabis-related behaviours and consequences. Item
responses range from 0 to 4 (see Table 2 for item content and response options) and are summed
to obtain a total score. The CUDIT-R exhibited adequate internal consistency in our sample
(0=0.77; ®=0.78).

2.2.2. Structured Clinical Interview for DSM-5 Substance Use Module (SCID-5)



The SCID-5 (First et al., 2015) was used to assess past-year CUD symptoms. Master’s-
level research assistants administered the SCID-5 with training and ongoing supervision from the
study PI (JDW), a licensed clinical psychologist. Diagnostic criteria for CUD were met if two or
more symptoms were endorsed in the past year and there was clinically significant distress or
impairment as per DSM-5 criteria.

2.2.3. Timeline Follow Back (TLFB)

The calendar-based TLFB interview (Sobell & Sobell, 1992) was used to characterize
past-90-day cannabis consumption in the sample. Participants reported whether they had used
cannabis each day, and if so, whether they used a flower or non-flower form of cannabis and the
grams of cannabis flower consumed if applicable. To aid in reporting, participants were shown a
to-scale image depicting different sized cannabis buds and piles of ground cannabis flower,
drawn from the Daily Sessions, Frequency, Age of Onset, and Quantity of Cannabis Use
Inventory (Cuttler & Spradlin, 2017). They also viewed a cannabis substitute (oregano) that was
rolled into joints of different weights (Norberg et al., 2012).

2.3. Data analysis

Analyses were conducted in R (R Core Team, 2022) using the mirt (Chalmers et al.,

2023) and pROC (Robin et al., 2021) packages. Code for analyses is available at

https://osf.i0/2ck9j/?view_only=7273b06e320449aaac69f67c2flaee7b. We conducted

nonparametric receiver operating characteristic (ROC) analyses to examine the ability of the
CUDIT-R to distinguish between individuals who met criteria for CUD (“positive” cases) and
those who did not (“negative” cases), as measured using the SCID-5. Area under the ROC curve
(AUC) was estimated using the trapezoidal rule, with AUC values greater than 0.80 indicating

good accuracy in distinguishing between positive and negative cases. We also examined the
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sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of
the CUDIT-R at cut-points from 0 to 32. We aimed to identify a cut-point that optimized
sensitivity and specificity; however, we prioritized sensitivity given the goal of identifying a cut-
point that performed well for detecting potential CUD for further assessment within an SBIRT
framework, in which false positives (i.e., referring negative cases for further assessment) may be
less of a concern than false negatives (i.e., having positive cases go undetected).

To evaluate the psychometric properties of individual CUDIT-R items, we conducted an
item response theory (IRT) analysis. IRT assumes that items of a measure are manifest indicators
of a continuous, normally distributed, latent construct (Embretson & Reise, 2013; Harvey &
Hammer, 1999). Per IRT, observed responses to an item are jointly determined by the latent
construct and the characteristics of the item—specifically, difficulty and discrimination
(Embretson & Reise, 2013; Harvey & Hammer, 1999). Given that items of the CUDIT-R are
ordinal and polytomous, we fit a graded response model to the data (Samejima, 1997). Overall
model fit was considered adequate if the root mean square error of approximation (RMSEA) was
<0.06, and overall model fit and individual item fit were considered adequate if the standardized
root mean squared residuals (SRMR) were <0.08 (Hu & Bentler, 1999). In the graded response
model, items are described by a slope or discrimination parameter, o, and a category threshold or
location parameter, 3. There is one discrimination parameter for each item, with higher
discrimination parameters indicating that an item is better able to discriminate between
individuals with different levels of the latent trait (Baker, 2001; Harvey & Hammer, 1999).
There are k£ — 1 location parameters for each item with k response options; each location
parameter indicates the level of the standardized latent construct at which the probability of the

response lying at or above a given threshold between response options is 0.50 (Baker, 2001;
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Harvey & Hammer, 1999). Wider spacing of location parameters suggests an item that is
descriptive across a larger range of the latent construct. Relatively lower location parameters
suggest lower-difficulty items, whereas relatively higher location parameters suggest higher-
difficulty items (Baker, 2001).

3. Results

All participants reported using cannabis in the past six months on the CUDIT-R. The
average score on the CUDIT-R was 10.88 (SD=5.92), and scores ranged from 2 to 26.
Distributions of responses for each CUDIT-R item are displayed in Table 2. Participants
endorsed an average of 2.33 (SD=2.34) CUD symptoms on the SCID-5, and 53.59% (n=82) of
participants endorsed two or more CUD symptoms, meeting CUD criteria. Based on symptom
count, 30.72% (n=47), 11.76% (n=18), and 11.11% (n=17) of participants were classified as
having mild, moderate, and severe CUD, respectively.

On the TLFB, 96.08% (n=147) of participants reported using cannabis in the past 90
days, and 22.22% (n=34) of participants reported daily or near-daily use. Participants reported
using any cannabis on an average of 39.76 (SD=50.59) of the past 90 days and using non-flower
cannabis products on an average of 5.97 (SD=15.08) of the past 90 days. On average,
participants used 32.25 (SD=50.48) grams of cannabis flower in the past 90 days.

3.1. ROC analyses

The AUC for the CUDIT-R was 0.84 (95% CI=[0.78, 0.91]), suggesting good accuracy
in distinguishing between those with and without CUD. Sensitivities, specificities, NPVs, and
PPVs from the ROC curve at each cut-point are presented in Table 3. A cut-point of 9 offered
87.80% sensitivity and 70.42% specificity, whereas a cut-point of 10 offered 73.17% sensitivity

and 77.46% specificity. Given our prioritization of sensitivity, a cut-point of 9 was favoured.
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This cut-point was also associated with an NPV of 83.33% (i.e., 83.33% of those who scored
below 9 did not meet for CUD) and a PPV of 77.42% (i.e., 77.42% of those who scored 9 and
above did meet for CUD) in our sample. Results of ROC analyses stratified by sex are provided
in the supplemental materials for interested readers. However, given that the sample size was
modest and stratification by sex leads to fairly small subsamples, the results of the sex-based
analyses are considered preliminary and tentative.
3.2. IRT analyses

A graded response model provided adequate fit to the overall CUDIT-R (RMSEA=0.05,
SRMR=0.06) and to each CUDIT-R item (all RMSEA<0.06). Item parameters o and 3 estimated
from the graded response model are shown in Table 4. Items 3—6 displayed the highest levels of
discrimination (a=1.85-2.55) and items 2 and 7 displayed the lowest levels of discrimination
(0=0.64-0.67). Location parameters spanned the widest range for item 2 (=-5.34—4.41),
providing information at both very low and very high levels of the latent hazardous use
construct. Similarly, items 1 (3=-2.31-0.45) and 6 (B=-0.34-2.33) were descriptive at both
below-average and above-average levels of the latent hazardous use construct, although provided
narrower coverage relative to item 2. Item 1 exhibited relatively low item difficulty in the
sample, whereas item 6 exhibited relatively high item difficulty in the sample. Location
parameters for items 3—5 and 7 spanned moderate ranges and were primarily descriptive at
above-average levels of the latent hazardous use construct; this was especially true of item 7, for
which category thresholds were all located at very high levels of the latent hazardous use
construct (=3.03-6.45), suggesting very high item difficulty in the sample. Location parameters

for item 8 suggested relatively low coverage of the latent hazardous use construct, providing
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information only at below-average levels (f=-0.89—0.18) and suggesting relatively low item
difficulty in the sample.
4. Discussion

Despite reporting the highest rates of cannabis use and CUD (Government of Canada,
2021; Substance Abuse and Mental Health Services, 2021), young adults are less likely than
other age groups to seek treatment for CUD (Wu et al., 2017). Thus, SBIRT approaches may be
important for young adults in community settings who engage in regular cannabis use, requiring
high-quality CUD screening tools that can identify at-risk young adults to refer for further
assessment and treatment. We examined the CUDIT-R as a potential screening tool for young
adults who use cannabis, using a relatively diverse sample in terms of sex, racial/ethnic identity,
income level, and education level. We extend prior evaluations of the CUDIT-R through our
focus on community-based young adults in a jurisdiction in which cannabis is fully legal for non-
medical use, and through assessing CUD using a gold standard diagnostic interview.

Results suggest that the CUDIT-R may be effective in identifying young adults with
CUD, and that accuracy of the CUDIT-R was similar across male and female sexes. A cut-point
of nine exhibited excellent sensitivity (88%) in identifying young adults who meet criteria for
CUD. Specificity at this cut-point (70%) was lower, although an over-inclusive cut-point is
appropriate to minimize non-detection of potential CUD cases among young adults at risk for
CUD. NPV and PPV also supported a cut-point of nine as optimal in minimizing non-detection
of potential CUD cases while still avoiding excessive false positives, indicating that 83% of
participants who were below this cut-point did not meet SCID-5 criteria for CUD, and 77% of

participants who were above this cut-point did meet SCID-5 criteria for CUD.
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Consistent with Schultz et al.’s (2019) examination of the CUDIT-R among young adult
college students, our recommended cut-point is lower than the cut-point of 13 identified in the
original CUDIT-R validation study (Adamson et al., 2010). This difference may be in part
attributable to changes in CUD diagnostic criteria from the DSM-IV to DSM-5 or to our use of a
community sample of young adults in contrast to Adamson et al.’s (2010) clinical sample of
treatment-seeking adults. As young adults perceive cannabis use as less risky relative to other
age groups (Waddell, 2022), they may be less likely to recognize and report their cannabis use as
hazardous on self-report measures. This may be especially true in jurisdictions in which non-
medical cannabis use is fully legal and perceptions of cannabis-related risk are attenuated
(Goodman & Hammond, 2022). Thus, a lower cut-point on the self-report CUDIT-R in our
young adult sample is unsurprising, and is consistent with lower cut-points for alcohol use
disorder screening tools among adolescents and young adults relative to older populations
(DeMartini & Carey, 2012; Reinert & Allen, 2007).

In contrast, our recommended cut-point of nine is higher than the cut-point of six
recommended by Schultz et al.’s (2019) analysis of young adults, despite our sample’s
comparable mean CUDIT-R score and similar proportion of participants meeting CUD criteria.
This difference likely reflects our use of a more rigorous diagnostic interview, rather than self-
report checklist, to determine whether participants in our sample met criteria for CUD. Hence,
our higher CUDIT-R cut-point likely reflects a higher threshold for CUD diagnosis when a
clinical interview is used to query the clinical significance of symptoms. The higher cut-point we
observed relative to Schultz et al. (2019) may also owe to the full legality of non-medical
cannabis use in the jurisdiction in which our study took place. In this context, frequent cannabis

use may be more normative among non-problem users, and thus the threshold for scores on the
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CUDIT-R (which includes items assessing frequency of use and time spent using) that are
indicative of CUD may be higher in legal settings.

Individual item properties of the CUDIT-R from IRT analyses also provide insight about
the performance of the CUDIT-R in our community-based young adult sample. Consistent with
previous findings (Schultz et al., 2019), items 3—6, assessing the inability to stop using cannabis,
failure to meet expectations due to cannabis use, time devoted to cannabis use, and memory or
concentration problems resulting from cannabis use, were excellent at discriminating between
different levels of the latent hazardous use construct. These items were also moderately to highly
descriptive, though primarily at above-average levels of the latent hazardous use construct,
suggesting relatively high difficulty in the sample.

Items 1 and 8, assessing frequency of use and attempts to reduce use, respectively, were
moderately discriminatory and the least difficult. The low difficulty of these items is consistent
with previous IRT analyses (Annaheim et al., 2010; Schultz et al., 2019) and indicates that these
items do not discriminate among individuals with higher levels of the latent hazardous use
construct. Whereas item 8 was similarly discriminatory in our sample and Schultz et al.’s (2019)
sample, item 1 was not. Specifically, item 1 showed considerably poorer ability to discriminate
between different levels of the latent hazardous use construct in our sample. This may be due to
the restriction of our sample to young adults with a history of regular cannabis use, which was
not a criterion for inclusion in the Schultz et al. study. In addition, poorer discrimination may
reflect elevated rates of high-frequency cannabis use among both problem and non-problem
users in our study’s legal context.

Items 7 and 2, assessing use with potential for physical hazard and hours per typical

cannabis use day spent high, respectively, were the poorest performing items in our sample. Item
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7 exhibited poor discrimination and very high difficulty, likely attributable to low-frequency
endorsement of the upper response options. Item 2 was similarly poor at discriminating between
different levels of the latent hazardous use construct, consistent with a previous IRT analysis that
examined this item as part of the longer CUDIT questionnaire (Annaheim et al., 2010). The
ability of hours high to discriminate between different levels of hazardous use may be hindered
by tolerance. That is, young adults with higher levels of hazardous cannabis use may use more
cannabis, but due to higher tolerance, may spend fewer hours high. Consequently, hours high
may not differentiate between young adults with different levels of hazardous cannabis use,
despite their marked differences in cannabis consumption.

Results of this study should be considered in the context of several limitations. Most
notably, our sample size of N=153 was modest. However, recent guidance suggests that fewer
than 100 participants may be sufficient for ROC analyses of screening tools when the disorder of
interest is prevalent and sensitivity is prioritized (Bujang & Adnan, 2016), as was the case in our
study. Still, as our sample size was relatively small for polytomous IRT models (e.g., Dai et al.,
2021), results should be replicated in larger samples, which could strengthen the generalizability
of our results and permit an examination of differential item functioning across relevant
demographic groups. Relatedly, as stratifying our sample by sex resulted in modest subsamples,
results of sex-stratified ROC analyses should be considered preliminary and tentative.
Replication of sex-stratified analyses in larger samples is recommended. In addition, as all
participants in the current study were non-treatment-seeking, criteria for moderate and severe
CUD were relatively infrequently met. Evaluating the performance of the CUDIT-R in
distinguishing between mild, moderate, and severe CUD in larger, treatment-seeking samples

may be an important direction for future research.
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Several sample characteristics may also have limited the generalizability of our findings.
First, our sample had relatively low representation of people reporting current heavy or daily
cannabis use, who may be most likely to meet CUD criteria. Second and relatedly, as we
required participants to abstain from using cannabis during the 48 hours prior to their
assessment, those most at risk of experiencing cannabis withdrawal symptoms may have elected
not to participate in the study. Third, all participants reported at least one lifetime period of
regular cannabis use. Still, young adults reporting regular cannabis use would be of highest
priority for CUD screening. Fourth, we excluded young adults reporting exclusively medical
reasons for cannabis use. Fifth, we excluded young adults reporting regular use of illegal
substances or severe mental health problems. Sixth, although relatively diverse in terms of sex,
racial/ethnic identity, income level, and education level, the current study used a convenience
sample. Replicating analyses in future studies with fewer exclusion criteria is needed to bolster
the generalizability of our findings.
4.1. Conclusions

In summary, findings support the utility of the CUDIT-R as a sensitive screening tool for
detecting CUD among young adults, who are a high priority population for screening efforts. Our
findings suggest that a lower cut-point of nine may be optimal when using the CUDIT-R for
CUD screening in this age group. Future evaluations of the CUDIT-R in young adult samples
may consider removing the item assessing hours high given its poor ability to discriminate
between different levels of hazardous use. Alternative indices of consumption, such as the
amount of cannabis used in a typical cannabis use day, may also be tested in its place.
Confirmatory studies testing a revised version of the CUDIT-R for use among young adults are

an important direction for future research.
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Table 1. Sample characteristics
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Characteristic

M (SD), range or n (%)

Age
Sex
Male
Female
Gender?
Man
Woman
Non-binary
Transgender
Two-spirit
Prefer to specify
Sexual Orientation
Heterosexual/Straight
Gay
Lesbian
Bisexual
Asexual
Prefer to specify
Race/Ethnicity®
White
African Descent/Black
Asian
Pacific Islander

Indigenous/Native North American

East Indian
Hispanic/Latinx
Not listed

Annual Household Income
$19,999 or less
$20,000-$49,999
$50,000-$99,999
$100,000-$199,999
$200,000 or more
Prefer not to answer

Highest Level of Education
Less than high school
High school diploma or GED
Some college

Associates degree or technical certificate

Bachelor’s degree

Master’s degree or higher
SCID-5 number of CUD symptoms
CUDIT-R score

TLFB used cannabis one or more times in the

past 90 days

TLFB used cannabis daily/near daily in the past

90 days®

TLFB number of cannabis use days in the past

90 days

TLFB number of non-flower cannabis use days

in the past 90 days

TLFB grams of cannabis flower used in the past

90 days

22.21 (2.06), 19-26

63 (41.18)
90 (58.82)

62 (40.52)
88 (57.52)
2(1.31)
2(1.31)
0 (0.00)
1(0.65)

102 (66.67)
6 (3.92)
6 (3.92)

32(20.92)
2(1.31)
5(3.27)

78 (50.98)
27 (17.65)
26 (16.99)
4(2.61)
1(0.65)
16 (10.46)
8 (5.23)
13 (8.50)

45 (30.61)
36 (24.49)
33 (22.45)
26 (17.69)
7 (4.76)
6 (3.92)

1 (0.65)
61 (39.87)
31 (20.26)

7 (4.58)
51(33.33)
2(1.31)

2.33 (2.34), 0-10
10.88 (5.92), 2-26

147 (96.08)

34 (22.22)
39.76 (30.59), 0-90
5.97 (15.08), 0-90

32.25 (50.48), 0-226

Note. SCID-5 = Structured Clinical Interview for DSM-5; CUD = cannabis use disorder; CUDIT-R =

Cannabis Use Disorder Identification Test — Revised; TLFB = Timeline Follow Back.

"Participants could select more than one option and may thus be represented in more than one category.

"Daily/near daily use was defined as using cannabis on 85% or more of the past 90 days (corresponding to
an approximate six or more cannabis use days per week on average).



Table 2. Observed distribution of scores for each item of the CUDIT-R.
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Summary of item content Response
0 1 2 3 4

1. Frequency of use® 0 (0.00) 19 (12.42) 35 (22.88) 37 (24.18) 62 (40.52)
2. Hours stoned” 5@3.27) 74 (48.37) 52 (33.99) 13 (8.50) 9 (5.88)
3. Unable to stop® 92 (60.13) 18 (11.76) 10 (6.54) 18 (11.76) 15 (9.80)
4. Fail to do what is expected® 96 (62.75) 34 (22.22) 11 (7.19) 10 (6.54) 2 (1.31)
5. Time devoted® 84 (54.90) 33 (21.57) 15 (9.80) 10 (6.54) 11 (7.19)
6. Memory or concentration problems® 62 (40.52) 44 (28.76) 23 (15.03) 16 (10.46) 8(5.23)
7. Physically hazardous® 131 (85.62) 14 (9.15) 53.27) 3 (1.96) 0 (0.00)
8. Cutting down* 46 (30.07) - 25 (16.34) - 82 (53.59)

Note. Values represent the number of participants with percent out of N = 153 in parentheses.

"Response options: 0 = never, 1 = monthly or less, 2 = 2-4 times a month, 3 = 2-3 times a week, 4 = 4 or more times a week
bResponse options: 0 =less than 1,1=10r2,2=3 or4,3=15or 6,4 =7 or more

‘Response options: 0 = never, 1 = less than monthly, 2 = monthly, 3 = weekly, 4 = daily or almost daily

Response options: 0 = never, 2 = yes, but not in the past year, 4 = yes, during the past year



Table 3. Specificity and sensitivity for each cut-point of the CUDIT-R for predicting cannabis use disorder

Cut-point Sensitivity Specificity PPV NPV
0 100.00 0.00 53.59 -

1 100.00 0.00 53.59 -

2 100.00 0.00 53.59 -

3 98.78 2.82 54.00 66.67
4 97.56 9.86 55.56 77.78
5 96.34 23.94 59.40 85.00
6 92.68 36.62 62.81 81.25
7 90.24 46.48 66.07 80.49
8 89.02 59.15 71.57 82.35
9 87.80 70.42 77.42 83.33
10 73.17 77.46 78.95 71.43
11 69.51 83.10 82.61 70.24
12 63.41 88.73 86.67 67.74
13 51.22 90.14 85.71 61.54
14 48.78 94.37 90.91 61.47
15 43.90 97.18 94.74 60.00
16 39.02 98.59 96.97 58.33
17 32.93 100.00 100.00 56.35
18 29.27 100.00 100.00 55.04
19 25.61 100.00 100.00 53.79
20 20.73 100.00 100.00 52.21
21 19.51 100.00 100.00 51.82
22 17.07 100.00 100.00 51.08
23 10.98 100.00 100.00 49.31
24 4.88 100.00 100.00 47.65
25 2.44 100.00 100.00 47.02
26 1.22 100.00 100.00 46.71
27 0.00 100.00 - 46.41
28 0.00 100.00 - 46.41
29 0.00 100.00 - 46.41
30 0.00 100.00 - 46.41
31 0.00 100.00 - 46.41
32 0.00 100.00 — 46.41

Note. CUDIT-R = Cannabis Use Disorder Identification Test Revised; PPV = positive predictive value; NPV = negative predictive
value. Bolding indicates the preferred cut-point.
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Table 4. CUDIT-R item slope (o) and category threshold (B) parameter estimates from the graded response model
Slope o Threshold B Threshold [, Threshold B3 Threshold B4

1. Frequency of use® 0.99 -2.31 -0.76 0.45 -
2. Hours stoned 0.67 -5.34 0.06 2.84 4.41
3. Unable to stop 2.29 0.33 0.77 1.05 1.70
4. Fail to do what is expected 2.20 0.38 1.30 1.86 2.94
5. Time devoted 2.55 0.12 0.83 1.35 1.86
6. Memory or concentration problems 1.85 -0.34 0.66 1.41 2.33
7. Physically hazardous® 0.64 3.03 4.84 6.45 -
8. Cutting down® 1.29 -0.89 -0.18 - —

Note. a. represents the discrimination parameter for each item, or a slope indicating an item’s ability to discriminate between individuals with
different levels of the latent hazardous use construct. Each B represents a location parameter, or the point along the latent hazardous use
construct at which the probability of a response lying at or above a given category threshold is 0.50.

*Only three category thresholds are provided as no participants in the sample provided a response of 0 (never).

°Only three category thresholds are provided as no participants in the sample provided a response of 4 (daily or almost daily).

“Only two category thresholds are provided as this item has only three response options.
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Supplemental Receiver Operating Characteristic Analyses Stratified by Sex

Given sex differences in the rates and presentation of cannabis use disorder (CUD;
Gutkind et al., 2023; Hasin et al., 2016; Khan et al., 2013; Kroon et al., 2023), we repeated all
receiver operating characteristic (ROC) analyses in male and female participants separately.
However, given the modest sample size, stratification by sex leads to relatively small subsamples
of males and female participants; thus, these analyses should be considered preliminary and
tentative, and warrant replication in larger samples.

Area under the ROC curve (AUC) suggested good accuracy of the CUDIT-R in
distinguishing between those with and without CUD among both male versus female participants
(male: AUC = 0.86, 95% CI =1[0.77, 0.95]; female: AUC = 0.83, 95% CI = [0.74, 0.92]). The
bootstrap method with 2000 samples was used to compare AUCs by sex; AUCs did not differ
significantly between male and female participants (D = -0.47, p = 0.639). Consistent with ROC
analyses in the full sample, sex-stratified sensitivities and specificities favoured a cut-point of 9
in both sexes. This cut-point yielded 85.71% sensitivity and 71.43% specificity in male
participants, and 90.00% sensitivity and 70.00% specificity in female participants. This cut-point
was also associated with a negative predictive value (NPV) of 71.43% and positive predictive
value (PPV) of 85.71% in male participants, and an NPV of 89.74% and PPV of 70.59% in
female participants. Sensitivities, specificities, NPVs, and PPVs from the ROC curve at each cut-

point stratified by sex are presented in Supplementary Table S1.
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Supplementary Table S1. Specificity and sensitivity for each cut-point of the CUDIT-R for predicting cannabis use disorder,

stratified by sex
Female participants Male participants

Cut-point Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
0 100.00 0.00 44.44 - 100.00 0.00 66.67 —

1 100.00 0.00 44.44 - 100.00 0.00 66.67 —

2 100.00 0.00 44.44 - 100.00 0.00 66.67 —

3 97.50 4.00 44.83 66.67 100.00 0.00 66.67 —

4 95.00 10.00 45.78 71.43 100.00 9.52 68.85 100.00
5 95.00 24.00 50.00 85.71 97.62 23.81 71.93 83.33
6 92.50 40.00 55.22 86.96 92.86 28.57 72.22 66.67
7 90.00 46.00 57.14 85.19 90.48 47.62 77.55 71.43
8 90.00 58.00 63.16 87.88 88.10 61.90 82.22 72.22
9 90.00 70.00 70.59 89.74 85.71 71.43 85.71 71.43
10 75.00 78.00 73.17 79.59 71.43 76.19 85.71 57.14
11 70.00 82.00 75.68 77.36 69.05 85.71 90.63 58.06
12 57.50 88.00 79.31 72.13 69.05 90.48 93.55 59.38
13 45.00 88.00 75.00 66.67 57.14 95.24 96.00 52.63
14 42.50 92.00 80.95 66.67 54.76 100.00  100.00 52.50
15 37.50 96.00 88.24 65.75 50.00 100.00  100.00 50.00
16 32.50 98.00 92.86 64.47 45.24 100.00  100.00 47.73
17 30.00 100.00 100.00  64.10 35.71 100.00  100.00 43.75
18 25.00 100.00 100.00  62.50 33.33 100.00  100.00 42.86
19 20.00 100.00 100.00  60.98 30.95 100.00  100.00 42.00
20 17.50 100.00 100.00  60.24 23.81 100.00  100.00 39.62
21 15.00 100.00 100.00  59.52 23.81 100.00  100.00 39.62
22 12.50 100.00 100.00  58.82 21.43 100.00  100.00 38.89
23 10.00 100.00 100.00  58.14 11.90 100.00  100.00 36.21
24 2.50 100.00 100.00  56.18 7.14 100.00  100.00 35.00
25 0.00 100.00 - 55.56 4.76 100.00  100.00 34.43
26 0.00 100.00 - 55.56 2.38 100.00  100.00 33.87
27 0.00 100.00 - 55.56 0.00 100.00 - 33.33
28 0.00 100.00 - 55.56 0.00 100.00 - 33.33
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30
31
32

0.00
0.00
0.00
0.00

100.00
100.00
100.00
100.00

55.56
55.56
55.56
55.56

0.00
0.00
0.00
0.00

100.00
100.00
100.00
100.00

33.33
33.33
33.33
33.33

Note. CUDIT-R = Cannabis Use Disorder Identification Test Revised; PPV = positive predictive value; NPV = negative

predictive value. Bolding indicates the preferred cut-point.
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