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Studies have shown that individuals with attention-deficit hyperactivity disorder (ADHD) pose an increased risk
for developing substance use disorders. Increased cannabis product accessibility and recent legislative changes
have led to increased cannabis consumption, thereby increasing the risk of cannabis use disorder (CUD). The
present meta-analysis explored the lifetime and current prevalence of CUD in ADHD. A systematic review was
conducted using the following databases: PubMed, PsycINFO and Web of Science. A total of 14 articles were
included and used to estimate the aggregate lifetime and current prevalence of CUD in ADHD alongside risk
ratios comparing increased risk of CUD in ADHD versus control samples. Mixed and random-effects models
indicated that lifetime and current prevalence rates of CUD in ADHD populations were 26.9% and 19.2%,
respectively (although prediction intervals ranged from 12.4% to 48.8% and 5.5%-39.1%, respectively). Analysis
of the risk ratios indicated that those with ADHD were at 2.85- and 2.91-times greater risk of a lifetime or current
diagnosis of CUD, respectively, than those in the general population. Our findings support the need for additional
research on the prevalence of CUD in those with ADHD, as well as the inclusion of CUD screening in the

treatment of ADHD.

The worldwide prevalence of lifetime non-medical cannabis use ex-
ceeds 4% among individuals 15-64 years old (i.e., 209 million people;
United Nations Office on Drugs and Crime [UNODC], 2022) with the
highest rates found in higher-income countries (Peacock et al., 2018).
From 2010 to 2020, the number of individuals that used cannabis in the
past year increased by 23% (UNODC, 2022). This is believed to be
attributed to increased global decriminalization and legalization of
cannabis products, social acceptability, and reduced perceptions of
harm (Harris-Lane et al., 2020; Romm et al., 2022). Cannabis use is
highest among younger populations, becoming the substance of choice -
replacing prevalent substances such as alcohol and tobacco (UNODC,
2022). Importantly, cannabis use is related to negative health outcomes,
especially among younger populations who use cannabis frequently.
Frequent cannabis use may lead to impaired cognitive performance and
mental health (Kroon et al., 2021; Patel et al., 2020), lower educational
attainment (Thompson et al., 2019), unemployment (Sorkhou et al.,
2021), increased risk for the development of anxiety disorders (Kedzior
and Laeber, 2014), psychotic disorders (e.g., schizophrenia; Patel et al.,
2020), and cannabis use disorder (CUD; Sorkhou et al., 2021).

Individuals diagnosed with CUD must exhibit problematic cannabis
use, occurring within a 12-month period, accompanied by impairment
or distress, and at least two of 11 symptoms outlined by the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric
Association [APA], 2013). Some of these symptoms include consuming
more cannabis than intended, difficulty reducing cannabis use, and
continued use of cannabis despite persistent or recurrent social or
interpersonal problems. A recent systematic review and meta-analysis of
people who used cannabis worldwide found a pooled prevalence esti-
mate of 22% for CUD, with higher prevalence among those who use
more frequently (daily or weekly) and are of younger age (Leung et al.,
2020). Further risk factors include a family history of substance use and
substance use disorders (SUDs; Epstein et al., 2020; Lipari and Van Horn,
2017), early onset of cannabis use (11-15 years-of-age; Richmon-
d-Rakerd et al., 2017; Schlossarek et al., 2016), the use of more potent
cannabis products with higher levels of Tetrahydrocannabinol (THC;
Robinson et al., 2022; Rubin-Kahana et al., 2022), male sex (Jeffers
et al., 2021; Rubin-Kahana et al., 2022), lower socioeconomic status
(Jeffers et al., 2021; Lipari and Van Horn, 2017), an unstable or abusive
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home environment (Schafer et al., 2017), comorbid mental health dis-
orders including major depression, generalized anxiety disorder
(Onaemo et al., 2021), posttraumatic stress disorder (Kroon et al.,
2020), bipolar disorder (Bahji et al., 2021), schizophrenia or psychosis
(Koskinen et al., 2010; Kroon et al., 2020), conduct disorder (CD; Defoe
et al., 2018; Masroor et al., 2019), and attention deficit hyperactivity
disorder (ADHD; Schlossarek et al., 2016).

ADHD is defined as a neurodevelopmental disorder that consists of
patterns of inattention and/or hyperactivity-impulsivity that negatively
impacts an individual’s functioning and development (APA, 2013).
Symptoms associated with inattention include difficulties paying
attention, leading to negligent mistakes and distraction. Alternatively,
hyperactivity-impulsivity symptoms include feelings of restlessness and
excessive talking or fidgeting. ADHD prevalence varies across develop-
mental levels with rates in childhood ranging from 2.2% to 14% (Far-
aone et al.,, 2021; Sayal et al., 2018) and 1.5%-6.8% in adulthood
(Faraone et al., 2021; Song et al., 2021). Individuals with ADHD are
more likely to engage in potentially harmful behaviours that are asso-
ciated with substance use (Davis et al., 2015; Dekkers et al., 2020; Pollak
et al., 2019; Wilens, 2007; Zulauf et al., 2014). Individuals diagnosed
with ADHD are up to two times more likely to consume cannabis
compared to individuals without ADHD (Hernandez and Levin, 2022;
Lee etal., 2011). Furthermore, individuals with ADHD are more likely to
use cannabis daily with one study showing 57% of adult daily cannabis
users meeting diagnostic criteria for ADHD (Loflin et al., 2014).

There are several possible factors that may help to account for
increased rates of cannabis consumption among individuals with ADHD.
For example, a shared genetic liability between ADHD and cannabis use
initiation may help to explain this association (Soler Artigas et al.,
2020). Furthermore, for some individuals with ADHD cannabis may
help self-medicate symptoms of inattention and hyperactivity as well as
help relieve symptoms of anxiety and stress that frequently co-occur
with ADHD (Mitchell et al., 2016; Swanson et al., 2017). Characteris-
tics associated with ADHD such as impulsivity and sensation seeking
also put some individuals at greater risk of engaging in a wide range of
behaviours including the use of substances such as cannabis (Malmberg
etal., 2010; Moggi et al., 2020). Lastly, individuals with ADHD have also
been found to be at greater risk of co-occurring psychological disorders
such as CD (Moggi et al., 2020) as well as co-occurring use of other
substances (Fuller-Thomson et al., 2022; Martinez-Luna et al., 2021;
McCabe et al., 2016). Co-occurring mental health and substance use
issues may put some individuals with ADHD at even further risk of
engaging in maladaptive cannabis use.

Importantly, three additional meta-analyses have examined the later
development of CUD alongside other SUDs in individuals with a previ-
ous childhood diagnosis of ADHD. Groenman et al. (2017) found that
childhood ADHD increased the risk (OR = 2.61) of SUDs from middle
adolescence to adulthood, however, there was no significant difference
in studies examining CUD in comparison to other SUDs. Second, Char-
ach et al. (2011) found that childhood ADHD was associated with
alcohol use disorder by young adulthood (OR = 1.35), as well as an
increased risk (OR = 1.51) of CUD during young adulthood. However,
the authors noted significant heterogeneity among studies included in
the CUD-specific meta-analysis. Finally, Lee et al. (2011) compared
children with and without ADHD on substance use and substance
dependence outcomes in adolescence and adulthood. Children diag-
nosed with ADHD were more likely to have reported lifetime nicotine
dependence (OR = 2.82), alcohol abuse/dependence (OR = 1.74),
cannabis use (OR = 2.78), and meet CUD criteria (OR = 2.29) when
compared to children without ADHD. However, the authors reported
significant heterogeneity across effect sizes.

The prevalence of comorbid CUD among individuals with ADHD is
variable, with current estimates ranging from 5% (Faraone et al., 2007)
to 35.6% (Elkins et al., 2020), and lifetime estimates ranging from
17.1% (Anker et al., 2020) to 80% (Castano Pérez and Sierra Hincapié,
2016). Higher rates of cannabis use initiation, frequency, and potency is
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concerning (UNODC, 2022). Frequent cannabis use can have negative
effects on cognitive processes in youth and emerging adults including
learning, memory, attention, decision-making, and inhibitory control
(Dellazizzo et al., 2022; Kroon et al., 2021; Scott et al., 2018). These
effects may exacerbate challenges with sustained attention experienced
by those with ADHD (Fergusson and Boden, 2008; Wallace et al., 2019)
which may further impair academic, occupational, and interpersonal
functioning (Harty et al., 2015; Lisdahl et al., 2016; Volkow et al., 2016).
ADHD has also been associated with the development of CUD, especially
among treatment-seeking populations. Notzon et al. (2020) found that
between 34% and 46% of individuals seeking treatment for CUD had
comorbid ADHD. Furthermore, comorbid CUD may also have treatment
implications for individuals with ADHD. Patel et al. (2018) reported that
among adolescent patients with ADHD, comorbid CUD increased the
risk for needing acute inpatient care and prolonged inpatient stay.

With further global decriminalization and legalization of cannabis
products as well as rising cannabis use, establishing CUD prevalence
rates among populations at risk is important. There are several factors
that may contribute to higher rates of cannabis use and CUD among
ADHD populations. However, no meta-analyses have examined the
prevalence of comorbid CUD in participants with a current diagnosis of
ADHD. This is despite meta-analytic work that has reported that 23.1%
of patients seeking treatment for SUDs also had comorbid ADHD (van
Emmerik-van Oortmerssen et al., 2012).

As cannabis use continues to rise across the globe, a comprehensive
and in-depth meta-analytic review and moderator analysis of existing
ADHD and CUD literature is necessary to gain a more nuanced under-
standing of the intricate relationship between ADHD and CUD. Doing so
will allow for more accurate quantifications of CUD prevalence rates
among at-risk ADHD populations and will ensure a greater under-
standing of the extent of such risks. For the present meta-analysis, the
target population was purposely inclusive to allow a range of sample
types (e.g., inpatient, outpatient, community), age ranges, and genders
to increase the representativeness of individuals living with ADHD. As
such, the aims of the present meta-analysis are to (1) determine the
lifetime and current global prevalence of CUD in individuals meeting
criteria for current ADHD, (2) evaluate the relative risk of CUD in those
with and without ADHD, and (3) clarify the heterogeneity of prevalence
estimates through moderator analyses. In doing so, we hope to provide a
benchmark to clinicians in terms of the risk of comorbid CUD in their
patients with ADHD to help advocate for increased substance use dis-
order screening (as substance use symptoms may be misattributed to
ADHD).

1. Method
1.1. Procedure

A systematic literature search was conducted on September 26,
2021, using PubMed, PsycINFO and Web of Science, and resulted in a total
of 1279 articles. A research librarian at Memorial University of New-
foundland’s Queen Elizabeth II Library was consulted for this study to
ensure that the natural keywords and controlled terms utilized for ADHD
and CUD accurately reflected the literature of interest. The Boolean
search phrases utilized for each database have been summarized in the
supplementary material (eTable 1). Titles and abstracts were screened to
identify articles that met the inclusion criteria. Articles of interest un-
derwent full-text review to determine their eligibility (see Fig. 1).

1.2. Inclusion criteria

Participant samples were required to have a diagnosis of ADHD as
defined by the criteria within the validated International Classification
of Diseases tenth edition (ICD-10; World Health Organization [WHO],
2016), DSM-III-R (APA, 1987), DSM-IV (APA, 1994), or DSM-5 (APA,
2013). All diagnoses of current ADHD and lifetime or current CUD were
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Fig. 1. Meta-analysis inclusion flowchart.

similarly required to be supported by empirically validated screening
tools or semi-structured diagnostic measures. For example, employment
of the Adult ADHD Self-Report Scale (ASRS; Kessler et al., 2005) or the
Cannabis Use Disorders Identification Test-Revised (CUDIT-R; Adamson
etal., 2010). Lifetime CUD prevalence was defined as meeting criteria at
any point in one’s life (may or may not meet CUD criteria currently),
whereas current prevalence was defined as point (e.g., past 2 weeks) or
period prevalence (e.g., 12-month period prevalence; National Institute
of Mental Health, 2023). Specifically, CUD prevalence windows were
determined by the particular assessment measures utilized by each study
(e.g., past month CUD assessed via the Structured Clinical Interview for
DSM versus 12-month CUD estimates from the Composite International
Diagnostic Interview Substance Abuse Module). Samples of those with
remitted ADHD diagnoses were not eligible for inclusion. All articles
included in the meta-analysis must have reported lifetime or current
CUD prevalence (i.e., DSM-5 CUD, or cannabis abuse and/or depen-
dence for prior versions of the DSM).

1.3. Exclusion criteria

Articles reporting on samples with a primary diagnosis of CUD were
excluded from the analysis. A diagnosis of ADHD based upon DSM-III
(APA, 1980) and ICD-9 (WHO, 1978) or earlier criteria and a diagnosis
of CUD, cannabis dependence, or abuse with non-validated measures
were deemed ineligible for inclusion. Previous meta-analyses, review
articles, retrospective studies, selected samples (those specifically
recruiting individuals with an existing diagnosis of CUD and ADHD),
and special populations (e.g., military personnel; True et al., 1999) were
also excluded.

1.4. Data extraction and analytic approach

The following data were extracted: (a) author name, (b) year of
publication, (c) sample size, (d) sample type (inpatient, outpatient,
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community or control), (e) special population type (if applicable), (f)
country, (g) region, (h) mean age, (i) age group (child or adult), (j)
gender, (k) percent female, (1) diagnostic criteria, (m) ADHD diagnostic
measure, (n) CUD diagnostic measure, (0) prevalence window for CUD
(lifetime and/or current), and (p) the overall CUD prevalence in ADHD
and control samples. Control samples were operationally defined as
healthy individuals without a diagnosis of ADHD (Biederman et al.,
2008; Breyer et al., 2014; Elkins et al., 2020; Estévez et al., 2016; Far-
aone et al., 2007; Lovett et al., 2021; Murphy et al., 2002). Quality
ratings are reported in Table 1, with more details about development
and scoring criteria for quality assessment found in the supplement
(eMethods 1; eTable 2).

1.5. Effect size calculation and analysis

Data analyses were conducted via R version 4.1.1 (R Core Team,
2021) using the brms package (Biirkner, 2021). Aggregate estimates of
the lifetime and current prevalence of CUD in ADHD were calculated
using Bayesian multilevel logistic regression models with study and
sample as random effects (as appropriate). In addition to estimating the
aggregate prevalence of CUD in a typical sample (excluding control
groups), risk ratios were further calculated in two ways. First, the
prevalence models were re-fit including control samples, with sample
type included as a predictor and random slope; here, the risk ratio
depicting heightened risk of CUD in ADHD samples was reflected as the
ratio between the posterior prevalence estimate for the ADHD and
control samples. This permits use of the full data set (including studies
without control groups) and further permits some prior knowledge
pertaining to the prevalence of CUD in the general population to be
incorporated into the ratio. Second, log-transformed risk ratios were
calculated for each study reporting a control group — using the escalc
function from the metafor package (Viechtbauer, 2010) — and analyzed
using a comparable Gaussian model. In either case, all results were
back-transformed (into percentages or risk ratios) to simplify
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Table 1
Studies reporting prevalence of cannabis use disorder in populations with attention-deficit hyperactivity disorder.

Author(s) Country ADHD ADHD CUD CUD Prev. Sample Mean age (SD) % Female CUD in ADHD  CUD in Quality
Criteria Measure Criteria Measure Window  Type % (n) Control Rating
% (n)
Anker et al. (2020) Norway DSM-5 DIVA 2 DSM-1V MINI LT (0] 36.8 (11.4) 45.8 17.1 (585) High
Elkins et al. (2020) United DSM-5 ASRS DSM-5 SAM/CIDI CUR CM 24 44.7 35.57 (253) 12.7 (459) High
States DICA-R
Estévez et al. (2016) ® Switzerland DSM-IV ASRS DSM-1V CUDIT-R LT CM 0 23.5(221) 8.1 (5418) Moderate
Vingilis et al. (2014) Canada DSM-1V ASRS DSM-1V ASSIST LT CM 54.3 12.5 (104) 4.37 (3250) Moderate
Hechtman et al. (2018) United DSM-5 CAARS DSM-IV DISC CUR CM 24.7 26.7 (226) 12.3 (241) Moderate
States
Breyer et al. (2014) United DSM-1V ADI DSM-1V ADI CUR CM 18.3 (1.11) 25.3 32.9 (79) 7.2 (69) High
States
Biederman et al. (2008) United DSM-IV K-SADS-E/ DSM-IV SCID LT (6] 21.6 (3.3) 0 19.6 (122) 8.6 (105) Moderate
States SCID
Faraone et al. (2007) ® United DSM-1V SCID DSM-1V SCID LT CM/O 36.1 (10.8) 47 (Full) Full: 47 (117) 13.9 (115) Moderate
States 36.5 (10.6) 52 (Late- Late-onset: 43
onset) (75)
Faraone et al. (2007) ® United DSM-1V SCID DSM-1V SCID CUR CM/O 36.1 (10.8) 47 (Full) Full: 10 (117) 1.7 (115) Moderate
States 36.5 (10.6) 52 (Late- Late-onset: 5
onset) (75)
Agnew-Blais et al. (2016) ¢ UK DSM-5 SI DSM-1V SI CUR CM 18 33.3(CP) 14.8 (54) 3.2 (1681) High
55.4 (LO) 11.6 (112)
Castano Pérez and Sierra Colombia DSM-1V/ CIDI DSM-1V/ CIDI LT CM 80 (45) Moderate
Hincapié (2016) d ICD-10 ICD-10
Murphy et al. (2002) © United DSM-1V SI DSM-1V SI CUR o ADHD-C 28.3 ADHD-C: 20 1.5 (64) Moderate
States 21.3 (2.7) ADHD-I 13.9 (60)
20.1 (2.1) ADHD-I: 19.4
(36)
Lovett et al. (2021) United DSM-1V BAARS-IV DSM-1V CUDIT-R CUR CM 10.8 (93) 7.3 (817) Low
States
Ohlmeier et al. (2011) Germany DSM-1V CI_CAARS/ DSM-1V ICD-10 LT (0] 35.11 (9.33) 54.1 29.5 (61) Moderate
Brown (IDCL)/CI
Bidwell et al. (2014) & United DSM-IV ASRS DSM-1V MDS CUR CM 327 (171) Moderate
States

Abbreviations: ADHD-C = ADHD Combined Type; ADHD-I = ADHD Inattentive Type; ADI = Adolescent Drinking Index; ASRS = Adult ADHD Self-Report Scale; ASSIST = Alcohol, Smoking and Substance Involvement
Screening Test; BAARS-IV = Barkley Adult ADHD Rating Scale-IV; CAARS = Conners’ Adult ADHD Rating Scales; CI = Clinical Interview; CIDI = Composite International Diagnostic Interview; CM = Community; CP =
Childhood-Persistent ADHD; CUDIT-R = The Cannabis Use Disorder Identification Test - Revised; CUR = Current Prevalence Window; DICA-R = Diagnostic Interview for Children and Adolescents - Revised; DISC =
Diagnostic Interview Schedule for Children; DIVA = Diagnostic Interview for ADHD in Adults; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders 4th Edition; DSM-5 = Diagnostic and Statistical Manual of
Mental Disorders 5th Edition; ICD-10 = International Classification of Diseases, 10th Edition; LO = Late-Onset ADHD; LT = Lifetime Prevalence Window; MDS = Marijuana Dependence Scale; MINI = Mini-International
Neuropsychiatric Interview; O = Outpatient; SAM = Substance Abuse Module; SCID = Structured Clinical Interview for DSM.

# Mean age (SD) across the entire sample (ADHD and non-ADHD controls).

b Obtained prevalence data from authors. N’s are different from those presented in the paper since they are from the authors. In the full ADHD group, 117/127 participants had Structured Clinical Interviews for DSM-IV
(SCID) data available for cannabis use disorder; In the late-onset ADHD group, 75/79 participants had SCID data available for cannabis use disorder.

¢ For both the childhood-persistent ADHD group (CP) and the late-onset ADHD group (LO), the mean age was not provided but listed as 18 as participants were examined at age 18.

4 Data was received from correspondence with the first author. ADHD is past-year. DSM-IV and ICD-10 - CIDI used.

¢ Sample type was listed as “clinically referred”, which we coded as outpatient; Prevalence estimates were provided separately for ADHD combined type (ADHD-C), and ADHD inattentive type (ADHD-I).

f Data was received from correspondence with authors. ADHD Criteria was considered met by having five or more symptoms according to the BAARS.

8 Data was received from correspondence with authors. ADHD Criteria was based on the number of people who endorsed six or more current symptoms of ADHD according to the BAARS-1V, and past-year marijuana
dependence was based on individuals who scored a 3 or higher on the Marijuana Dependence Scale.
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interpretation of our figures. Priors for each model are detailed in the
supplementary material (eMethods 2).

In addition to our primary analyses estimating the prevalence and
risk of CUD in populations with ADHD, we further coded a series of
moderators for analysis (mean age, proportion of the sample that was
female, diagnostic criterion, diagnostic method, and quality ratings or
categories).

2. Results
2.1. Description of studies

Of the 1279 studies initially identified, a total of 14 were included in
our analysis (see Fig. 1). Seven studies provided estimates of lifetime
CUD prevalence, with four providing lifetime prevalence estimates for
control samples. Further, eight studies provided estimates of current
CUD prevalence, with seven reporting current prevalence estimates for
the control samples. In our analysis, 64% of the studies included were
from North America with an ADHD sample that was 34.9% female and a
mean age of 25.9 years. The control sample was 36.3% female and on
average 22.6 years old. Overall, 86% of the samples were exclusively
adults and 14% of the samples included both adolescents and adults.
Self-report measures for both ADHD and CUD were utilized for 29% of
the sample, while 71% of the samples relied on diagnostic interviews for
diagnosis of ADHD and CUD. Due to the small number of studies
included — compounded by missing data — we were unable to analyze
most moderator variables, and none of those considered excluded 0 (i.e.,
no difference or effect) as a probable value. Due to these concerns — and
in the interest of brevity — we have excluded those models from the
present manuscript.

Lifetime Prevalence of CUD in Populations with ADHD. Prior to analysis,
Castano Pérez and Sierra Hincapié (2016) was identified as an influen-
tial outlier (with an estimate of 80% whereas the next highest estimate
was 47%). Due to its prevalence estimate being substantially higher than
other estimates (roughly 4 standard deviations above the mean in our
sample), and idiosyncrasies inherent in its sample (e.g., inclusion of
participants as young as 13), we opted to exclude this study from our
models.! Following this exclusion, as depicted in Fig. 2, the aggregate
lifetime prevalence of CUD in populations with ADHD was found to be
26.9%, 95% CI [16.8%, 39.2%], with a prediction interval ranging from
12.4% to 48.8%. This implies that a prevalence estimate in a new sample
might range as low as ~12% or as high as ~49%.>

Lifetime Risk of CUD Compared to General Populations. Having estab-
lished the prevalence of CUD in populations with ADHD, we next
explored whether those populations were at greater risk of a lifetime
diagnosis of CUD than the general population. Those with ADHD were
found to be 2.85, 95% CI [1.71, 3.99], and 2.94, 95% CI [1.43, 5.20],

! Inclusion of this study increases our estimated aggregate effect to 34.1%,
95% CI [19.6%, 51.4%] with a prediction interval ranging from 11.9% to
79.1%. Further sensitivity analyses conducted excluding two additional studies
(not identified as outliers) that were unusual in their sample being comprised of
100% male identifying participants and/or including individuals younger than
18 years of age (Biederman et al., 2008; Estévez et al., 2016) slightly increased
the aggregate prevalence estimate to 30.5%, 95% CI [15.8%, 48.8%], with a
prediction interval ranging from 13.4% to 51.5%.

2 Although the reported prediction intervals may appear broad, they are
typical of those observed in epidemiological meta-analyses dealing with co-
morbidity. For example, a meta-analytic review of the prevalence of OCD in
those with diagnosed eating disorders reported prediction intervals ranging
from ~1% to ~40% (Drakes et al., 2021). Although such a range may limit the
utility of the aggregate estimate (which reflects expected performance in a
“typical” study), it is still an important reflection of variability within this field.
Further, the present analyses would likewise permit us to conclude that in any
given sample (similar to those included) no less than 12% of those individuals
would be expected to have comorbid CUD.
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times more likely to be diagnosed with CUD than the general population,
as estimated via our analysis of log-risk ratios or a logistic model in-
clusive of control samples, respectively. Prediction intervals ranging
from 1.7 to 4.0 (based on the log-risk ratio model, as also depicted in
Fig. 3), indicating that all studies similar to those included would be
expected to demonstrate at least some heightened risk of CUD in pop-
ulations with ADHD.

Current Prevalence of CUD in Populations with ADHD. As depicted in
Fig. 4, the aggregate current prevalence of CUD in populations with
ADHD was found to be 19.2%, 95% CI [12.5%, 27.0%] with a prediction
interval ranging from 5.5% to 39.1%. This implies comparable hetero-
geneity to that observed in the lifetime prevalence estimates.”

Current Risk of CUD Compared to General Populations. Our analyses
again found those with ADHD to be 2.91, 95% CI [2.12, 4.04], and 3.33,
95% CI [1.99, 5.44], times more likely to be diagnosed with CUD than
the general population, as estimated via our analysis of log-risk ratios or
a logistic model inclusive of control samples, respectively. Unlike our
analysis of prevalence, prediction intervals were narrow, ranging from
1.3 to 5.1 (based on the log-risk ratio model, as depicted in Fig. 5). This
indicates that all studies similar to those included would be expected to
demonstrate at least some heightened risk of CUD in populations with
ADHD.

3. Discussion

Our meta-analysis compiles existing research and provides a more
comprehensive understanding of the scope of CUD in ADHD for re-
searchers, clinicians, and policymakers. Through the assessment of
findings from existing studies, our meta-analysis further helps to identify
knowledge gaps, inconsistencies, heterogeneity, and areas where data is
lacking in the existing literature. In doing so, we reveal where further
investigation is needed to gain a more nuanced understanding of the
relationship between ADHD and CUD. Specifically, we conducted a
meta-analysis of the prevalence of CUD in individuals currently meeting
criteria for an ADHD diagnosis, given the considerable variability in the
literature with estimates ranging from 5% (Faraone et al., 2007) to as
high as 80% (Castano Pérez and Sierra Hincapié, 2016). The
meta-analytic aggregate lifetime prevalence estimate of CUD in pop-
ulations with ADHD was greater (26.9%, 95% PI [12.4%, 48.8%]) than
the estimate of current CUD prevalence in this population (19.2%, 95%
PI [5.5%, 39.1%]). Moreover, lifetime (2.85, 95% PI [1.7 to 4.0]) and
current (2.91, 95% PI [1.3, 5.1]) risk-ratio estimates found those with
ADHD to be at nearly three times greater risk for experiencing CUD than
the general population. Our findings are consistent with our predictions
and support the hypothesis that individuals with ADHD are at greater
risk than those without ADHD for experiencing CUD.

Our meta-analysis underscores the extensive heterogeneity present
within existing CUD in ADHD literature. This degree of heterogeneity is
typical of epidemiological meta-analyses dealing with comorbidity (see
Footnote 2), revealing where further investigation is needed to gain a
more nuanced understanding of the relationship between ADHD and
CUD. Due to the failure of many studies to include information specific
to ADHD populations, such as age, diagnostic history, and gender, our
study was unable to perform moderator analyses as intended. As a result
of such lacking data identified through our analysis, we further highlight
the need and the importance for future studies to report on such infor-
mation. Providing a clearer report of CUD prevalence, especially as
cannabis use continues to rise across the globe, will help to guide future

3 Although not identified as an outlier, one study was included in this analysis
that reported participants as young as 17 years of age (Murphy et al., 2002). A
sensitivity analysis excluding this study produced an estimate of 19.0%, 95% CI
[11.6%, 27.8%] with a prediction interval ranging from 4.8% to 39.9%, sug-
gesting inclusion of this study failed to substantially impact either our aggre-
gate estimate or heterogeneity.
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Fig. 2. Forest Plot Representing CUD Prevalence (%) for the Lifetime Measurement Window

The forest plot in Fig. 2 illustrates the prevalence of lifetime CUD diagnoses (%) among populations with ADHD.

Note. Points and error bars reflect model estimates with corresponding 95% confidence intervals. The prevalence reported in each publication is marked with an “X”
and the aggregate estimate is illustrated by the final entry labelled “Overall.” The 95% prediction interval is denoted by the thin grey line radiating from the

aggregate point estimate.
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Fig. 3. Forest Plot Representing the Risk Ratio Between the Prevalence of CUD in Populations with and without ADHD for the Lifetime Measurement Window
The forest plot in Fig. 3 illustrates the risk ratio between lifetime CUD diagnoses among those with and without a diagnosis of ADHD.

Note. Points and error bars reflect model estimates with corresponding 95% confidence intervals back-transformed from our analysis of log-risk ratios. The risk ratio
reported in each publication is marked with an “X” and the aggregate estimate is illustrated by the final entry labelled “Overall.” The 95% prediction interval is

denoted by the thin grey line radiating from the aggregate point estimate.

research efforts and clinical practice.

Unlike prior meta-analyses that have examined the later develop-
ment of SUDs (including CUD) among individuals with a childhood
ADHD diagnosis (Charach et al., 2011; Groenman et al., 2017; Lee et al.,
2011), our meta-analysis was the first to include only studies that
assessed for current ADHD diagnostic symptoms while examining life-
time and current prevalence of CUD in ADHD populations. In our
literature review, a sizable proportion of longitudinal follow-up studies
assessing CUD in both adolescent and adult ADHD populations failed to
measure current ADHD status and instead relied solely on archival
ADHD diagnosis data (e.g., Molina and Pelham, 2003; Molina et al.,
2013). However, ADHD diagnoses can lack temporal stability (Breyer
et al., 2014). This is supported by Sibley et al. (2022), who found that
nearly 64% of individuals diagnosed with ADHD exhibited fluctuating
periods of symptom persistence, while only 10.8% of individuals diag-
nosed with ADHD demonstrated stable symptom persistence. Similarly,
in a meta-analysis examining the persistence of ADHD into adulthood,
Faraone et al. (2006) found that when using DSM-IV criteria, only ~15%
of children diagnosed with ADHD will continue to meet full criteria for
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the disorder at age 25, while ~40-60% will meet DSM-IV’s definition of
ADHD in partial remission. While it is important to understand later
outcomes associated with childhood ADHD including rates of CUD, due
to the fluctuation of ADHD diagnosis persistence, it is also important to
understand prevalence rates of CUD in individuals with a ‘current’
ADHD diagnosis.

There are a number of factors that help explain high rates of co-
morbidity between ADHD and CUD. Perugi et al. (2019) propose three
common mechanisms to help understand this relationship. First, im-
pairments in executive functioning including impulsivity can increase
an individual’s susceptibility to engage in substance use, and subse-
quently, their risk of developing a CUD. Second, individuals with ADHD
often display difficulties in modulating or delaying their reward
response. As a result, they have greater difficulty with self-control, and
thus, their ability to consider the consequences of their actions including
substance use is impaired. Lastly, psychosocial risk factors such as
earlier exposure to addictive substances, poor educational outcomes,
and adverse peer group influences are more commonly associated with
ADHD, putting individuals at greater risk of developing SUDs, such as
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The forest plot in Fig. 4 illustrates the prevalence of current CUD diagnoses (%) among populations with ADHD.

Note. Points and error bars reflect model estimates with corresponding 95% confidence intervals. The prevalence reported in each publication is marked with an “X”
and the aggregate estimate is illustrated by the final entry labelled “Overall.” The 95% prediction interval is denoted by the thin grey line radiating from the
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The forest plot in Fig. 5 illustrates the risk ratio between current CUD diagnoses among those with and without a diagnosis of ADHD.
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CUD.

Likewise, there is evidence that females with ADHD have a higher
prevalence of comorbid SUDs, such as CUD (Ottosen et al., 2016). While
we were unable to test gender differences in the present study, prob-
lematic substance use has been found to be more prevalent among
women with comorbid psychiatric conditions due to coping and
self-medication (Fonseca et al., 2021), along with women developing a
quicker progression to substance use problems relative to men
(Hernéndez-Avila et al., 2004).

The finding that individuals with ADHD were at nearly three times
greater risk of having a lifetime or current diagnosis of CUD speaks to the
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importance of prevention in this population. A greater understanding of
social factors that contribute to the development of CUD in ADHD may
help better inform prevention strategies for youth. Due to increased risks
of more frequent performance failures, low self-esteem, and an
increased association with deviant peers, adolescents with ADHD are
more likely to develop SUDs (Hussong et al., 2011; Molina and Pelham,
2014; Zulauf et al., 2014). In populations with ADHD, social rejection
may lead to an affiliation with substance-using peers, thereby increasing
one’s risk of cannabis use and the development of CUD. According to
Chauchard et al. (2018) the most common strategy for maintaining
cannabis abstinence reported by participants with ADHD and comorbid
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cannabis dependence was to stop associating with individuals that
engage in cannabis use. Additionally, Esparza-Reig et al. (2021) suggests
that prosociality is a protective factor against behaviours of addiction,
therefore, promotion of prosocial involvement (e.g., volunteering or
sports team participation) in adolescents with ADHD may mitigate
future development of CUD. Moreover, educating teachers, students,
parents and guardians about the risks associated with cannabis during
adolescence may be beneficial in preventing early cannabis initiation
and subsequent CUD development, particularly among at-risk groups.

Our findings support the need for mental health professionals to
carefully consider the potential implications of co-occurring cannabis
use among patients presenting with symptoms associated with ADHD.
For example, deficits in executive functioning such as attention,
impulsivity, decision making, and risk-taking behaviours among
frequent cannabis users can mimic ADHD symptoms (APA, 2013; Crean
et al,, 2011). Thus, symptoms may be attributed to cannabis use,
resulting in ADHD being overlooked and misdiagnosed as CUD (Crean
et al,, 2011). In contrast, if an individual does not report or is not
assessed for cannabis use, a false-positive ADHD diagnosis may be given.
In either circumstance, the exacerbation of ADHD or CUD symptoms
could occur, as individuals cannot take advantage of available treat-
ments. Consequently, appropriate clinical intervention (both pharma-
cologic and psychosocial) may be difficult to achieve without a proper
understanding of CUD and ADHD symptom overlap. As such, our find-
ings are in line with previous literature that supports the inclusion of
CUD screening in ADHD populations (Molinero and Hinckley, 2023).

The current study has some important limitations. First, our sample
size was small, with only 14 studies deemed eligible for inclusion which
limited our ability to draw strong inferences regarding gender. Given
that the ADHD sample in our study was 34.9% female and the control
sample was 36.3% female, our results may not be representative of the
true prevalence of CUD in ADHD for females. This study allowed for the
inclusion of studies with all male participants (Biederman et al., 2008;
Estévez et al., 2016) as we had planned to examine the gender compo-
sition of the sample as a moderator. However, due to the small pro-
portion of eligible studies recovered through our search, we were unable
to do so, as such these studies may have added heterogeneity to our
estimates. Small sample sizes also impacted our ability to examine
moderators such as ADHD subtype and age of initiation which play
unique roles in the progression of cannabis use and CUD. For example,
Bidwell et al. (2014) reported inattentive subtype to be linked to more
severe cannabis use, cravings, and problematic use-related outcomes in
young adults, whereas hyperactive-impulsive subtype symptoms were
linked to an earlier age of cannabis initiation. Furthermore, Elkins et al.
(2018) found that females displaying greater hyperactivity-impulsivity
symptoms progressed further toward daily cannabis use than their
male counterparts. Additionally, regular cannabis consumption prior to
the age of 16 can increase cannabis frequency (twice as often), magni-
tude of use (nearly three times as much cannabis), and impact executive
functioning compared to those who initiated cannabis later in life
(Gruber et al., 2012). It should also be noted that we were unable to
examine the impact of moderators such as mean age and calendar year
to determine their influence on current CUD prevalence rates. For
instance, future studies should examine whether CUD prevalence rates
have increased over time, with respect to increased legalization and
acceptability of cannabis consumption. Further, for lifetime prevalence,
studies where samples had an older mean age (e.g., 36.8; Anker et al.,
2020) compared to a younger mean age (e.g., age 18; Agnew-Blais et al.,
2016), would have resulted in a longer assessment window for CUD
development, and thus may have introduced further heterogeneity into
the lifetime prevalence estimates. Future studies should examine and
report information pertaining to potential moderator variables between
ADHD and CUD.

Another limitation in our study relates to our estimate of CUD
prevalence. The majority of our included studies used DSM-IV as
opposed to DSM-5 criteria for SUDs. Therefore, our prevalence estimates
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may better reflect the DSM-IV. Furthermore, some of our included
studies assessed diagnoses of ADHD and CUD using purely self-report
measures (Bidwell et al.,, 2014; Estévez et al., 2016; Lovett et al.,
2021; Vingilis et al., 2014). Self-report ADHD measures, such as the
Conners’ Adult ADHD Rating Scale (Conners et al., 1999), are effective
tools for identifying clinically significant attention problems, however,
they fail to distinguish between ADHD and other psychiatric disorders
(Van Voorhees et al., 2011). Although hetero-evaluation (e.g., paren-
t/teacher reports) is more common in childhood than adult ADHD
assessment, given concerns with the accuracy of self-reporting level of
impairment (Suhr et al., 2017) and the poor discriminant validity of
adult self-rating scales and cognitive tests such as the continuous per-
formance test for ADHD symptoms (Soderstrom et al., 2014), clinicians
are encouraged to integrate these measures with multiple data sources
and not use them exclusively for diagnostic or accommodation decisions
(Soderstrom et al., 2014; Suhr et al., 2017). Similarly, self-report SUD
measures (e.g., the Marijuana Dependence Scale; Stephens et al., 2000)
have been shown to provide inaccurate estimates of prevalence rates
(Khalili et al., 2021). To identify differential diagnoses among those
seeking ADHD evaluation and accurate representations of SUD preva-
lence, self-report measures should be used in combination with clinical
diagnostic interviews (Khalili et al., 2021). Notably, however, all the
samples included utilized validated measures, with 71% having used
semi-structured or structured clinical diagnostic interviews for ADHD
and CUD diagnoses.

Lastly, an important limitation pertains to geographic location. Our
results pertain largely to North America, accounting for nine of the 14
studies. Four studies came from Europe and one came from South
America. As such, our results are limited as they fail to provide repre-
sentation from Africa, Asia, or Australia. Further research on CUD esti-
mates in ADHD populations are needed in these regions to determine a
more accurate global prevalence of lifetime and current CUD. Cross-
cultural comparisons could improve knowledge of risk factors and
allow for the development of appropriate harm prevention strategies for
CUD and problematic substance use in ADHD populations.

CRediT authorship contribution statement

Anna M. Froude: Writing — review & editing, Writing — original
draft, Visualization, Validation, Software, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Emily J. Fawcett:
Writing — review & editing, Visualization, Validation, Supervision,
Project administration, Investigation, Formal analysis, Data curation.
Ashlee Coles: Writing — review & editing, Visualization, Validation,
Investigation, Formal analysis, Data curation. Dalainey H. Drakes:
Writing — review & editing, Visualization, Validation, Supervision, Re-
sources, Project administration, Methodology, Investigation, Formal
analysis, Data curation. Nick Harris: Writing — review & editing, Vali-
dation, Supervision, Project administration, Methodology, Investiga-
tion, Formal analysis, Conceptualization. Jonathan M. Fawcett:
Writing — review & editing, Visualization, Validation, Supervision,
Software, Resources, Project administration, Methodology, Formal
analysis, Conceptualization.

Declaration of competing interest
None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpsychires.2024.02.050.


https://doi.org/10.1016/j.jpsychires.2024.02.050
https://doi.org/10.1016/j.jpsychires.2024.02.050

A.M. Froude et al.

References

Adamson, S.J., Kay-Lambkin, F.J., Baker, A.L., Lewin, T.J., Thornton, L., Kelly, B.J.,
Sellman, J.D., 2010. An improved brief measure of cannabis misuse: the cannabis use
disorders identification test-revised (CUDIT-R). Drug Alcohol Depend. 110 (1-2),
137-143. https://doi.org/10.1016/j.drugalcdep.2010.02.017.

Agnew-Blais, J.C., Polanczyk, G.V., Danese, A., Wertz, J., Moffitt, T.E., Arseneault, L.,
2016. Evaluation of the persistence, remission, and emergence of attention-deficit/
hyperactivity disorder in young adulthood. JAMA Psychiatr. 73 (7), 713-720.
https://doi.org/10.1001/jamapsychiatry.2016.0465.

American Psychiatric Association, 1980. Diagnostic and Statistical Manual of Mental
Disorders, third ed. American Psychiatric Publishing, Inc.

American Psychiatric Association, 1987. Diagnostic and Statistical Manual of Mental
Disorders, third ed. American Psychiatric Publishing, Inc.

American Psychiatric Association, 1994. Diagnostic and Statistical Manual of Mental
Disorders, fourth ed. American Psychiatric Publishing, Inc.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders, fifth ed. American Psychiatric Publishing, Inc. https://doiorg/10.1176/
appi.books.9780890425596

Anker, E., Haavik, J., Heir, T., 2020. Alcohol and drug use disorders in adult attention-
deficit/hyperactivity disorder: prevalence and associations with attention-deficit/
hyperactivity disorder symptom severity and emotional dysregulation. World J.
Psychiatr. 10 (9), 202-211. https://doi.org/10.5498/wjp.v10.i9.202.

Bahji, A., Danilewitz, M., Vazquez, G., Patten, S., 2021. The prevalence of cannabis use
disorder comorbidity in individuals with bipolar disorder: a systematic review and
meta-analysis. Canadian Journal of Addiction 12 (3), 22-38.

Bidwell, L.C., Henry, E.A., Willcutt, E.G., Kinnear, M.K,, Ito, T.A., 2014. Childhood and
current ADHD symptom dimensions are associated with more severe cannabis
outcomes in college students. Drug Alcohol Depend. 135, 88-94. https://doi.org/
10.1016/j.drugalcdep.2013.11.013.

Biederman, J., Petty, C.R., Wilens, T.E., Fraire, M.G., Purcell, C.A., Mick, E.,
Monuteaux, M.C., Faraone, S.V., 2008. Familial risk analyses of attention deficit
hyperactivity disorder and substance use disorders. Am. J. Psychiatr. 165 (1),
107-115. https://doi.org/10.1176/appi.ajp.2007.07030419.

Breyer, J.L., Lee, S., Winters, K.C., August, G.J., Realmuto, G.M., 2014. A longitudinal
study of childhood ADHD and substance dependence disorders in early adulthood.
Psychol. Addict. Behav.: Journal of the Society of Psychologists in Addictive
Behaviors 28 (1), 238-246. https://doi.org/10.1037/a0035664.

Biirkner, P.-C., 2021. Bayesian item response modeling in R with brms and stan. J. Stat.
Software 100 (5). https://doi.org/10.18637/jss.v100.i05.

Castano Pérez, G.A., Sierra Hincapié, G.M., 2016. Trastorno dual en poblacion general de
Itagiif, Colombia [Dual Pathology in General Population of Itagiii, Colombia]. Rev.
Colomb. Psiquiatr. 45 (2), 108-117. https://doi.org/10.1016/j.rcp.2015.08.005.

Charach, A., Yeung, E., Climans, T., Lillie, E., 2011. Childhood attention- deficit/
hyperactivity disorder and future substance use disorders: comparative meta-
analyses. J. Am. Acad. Child Adolesc. Psychiatr. 50 (1), 9-21. https://doi.org/
10.1016/j.jaac.2010.09.019.

Chauchard, E., Hartwell, K.J., McRae-Clark, A.L., Sherman, B.J., Gorelick, D.A., 2018.
Cannabis withdrawal in adults with attention-deficit/hyperactivity disorder.
Primary Care Companion for CNS Disorders 20 (1). https://doi.org/10.4088/
PCC.17m02203.

Conners, C.K., Erhardt, D., Sparrow, E.P., 1999. Conners’ Adult ADHD Rating Scales:
Technical Manual. Multi-Health Systems, New York.

Crean, R.D., Crane, N.A., Mason, B.J., 2011. An evidence based review of acute and long-
term effects of cannabis use on executive cognitive functions. J. Addict. Med. 5 (1),
1-8. https://doi.org/10.1097/ADM.0b013e31820c23fa.

Davis, C., Cohen, A., Davids, M., Rabindranath, A., 2015. Attention-deficit/hyperactivity
disorder in relation to addictive behaviors: a moderated-mediation analysis of
personality-risk factors and sex. Front. Psychiatr. 6, 47. https://doi.org/10.3389/
fpsyt.2015.00047.

Defoe, L.N., Khurana, A., Betancourt, L.M., Hurt, H., Romer, D., 2018. Disentangling
longitudinal relations between youth cannabis use, peer cannabis use, and conduct
problems: developmental cascading links to cannabis use disorder. Addiction 114
(3), 485-493. https://doi.org/10.1111/add.14456.

Dekkers, T.J., Popma, A., Sonuga-Barke, E.J.S., Oldenhof, H., Bexkens, A., Jansen, B.R.J.,
Huizenga, H.M., 2020. Risk taking by adolescents with attention-deficit/
hyperactivity disorder (ADHD): a behavioral and psychophysiological investigation
of peer influence. J. Abnorm. Child Psychol. 48 (9), 1129-1141. https://doi.org/
10.1007/510802-020-00666-z.

Dellazizzo, L., Potvin, S., Giguere, S., Dumais, A., 2022. Evidence on the acute and
residual neurocognitive effects of cannabis use in adolescents and adults: a
systematic meta-review of meta-analyses. Addiction 117 (7), 1857-1870. https://
doi.org/10.1111/add.15764.

Drakes, D.H., Fawcett, E.J., Rose, J.P., Carter-Major, J.C., Fawcett, J.M., 2021. Comorbid
obsessive-compulsive disorder in individuals with eating disorders: an
epidemiological meta-analysis. J. Psychiatr. Res. 141, 176-191. https://doi.org/
10.1016/j.jpsychires.2021.06.035.

Elkins, I.J., Saunders, G.R.B., Malone, S.M., Keyes, M.A., McGue, M., Iacono, W.G., 2018.
Associations between childhood ADHD, gender, and adolescent alcohol and
marijuana involvement: a causally informative design. Drug Alcohol Depend. 184,
33-41. https://doi.org/10.1016/j.drugalcdep.2017.11.011.

Elkins, L.J., Saunders, G., Malone, S.M., Wilson, S., McGue, M., lacono, W.G., 2020.
Differential implications of persistent, remitted, and late-onset ADHD symptoms for
substance abuse in women and men: a twin study from ages 11 to 24. Drug Alcohol
Depend. 212, 107947 https://doi.org/10.1016/j.drugalcdep.2020.107947.

399

Journal of Psychiatric Research 172 (2024) 391-401

Epstein, M., Bailey, J.A., Furlong, M., Steeger, C.M., Hill, K.G., 2020. An
intergenerational investigation of the associations between parental marijuana use
trajectories and child functioning. Psychol. Addict. Behav.: Journal of the Society of
Psychologists in Addictive Behaviors 34 (8), 830-838. https://doi.org/10.1037/
adb0000510.

Esparza-Reig, J., Marti-Vilar, M., Merino-Soto, C., Garcia-Casique, A., 2021. Relationship
between prosocial behaviours and addiction problems: a systematic review.
Healthcare (Basel, Switzerland) 10 (1), 74. https://doi.org/10.3390/
healthcare10010074.

Estévez, N., Dey, M., Eich-Hochli, D., Foster, S., Gmel, G., Mohler-Kuo, M., 2016. Adult
attention-deficit/hyperactivity disorder and its association with substance use and
substance use disorders in young men. Epidemiol. Psychiatr. Sci. 25 (3), 255-266.
https://doi.org/10.1017/52045796015000360.

Faraone, S.V., Banaschewski, T., Coghill, D., Zheng, Y., Biederman, J., Bellgrove, M.A.,
Newcorn, J.H., Gignac, M., Al Saud, N.M., Manor, 1., Rohde, L.A., Yang, L.,
Cortese, S., Almagor, D., Stein, M.A., Albatti, T.H., Aljoudi, H.F., Alqahtani, M.M.J.,
Asherson, P., Atwoli, L., et al., 2021. The world federation of ADHD international
consensus statement: 208 Evidence-based conclusions about the disorder. Neurosci.
Biobehav. Rev. 128, 789-818. https://doi.org/10.1016/j.neubiorev.2021.01.022.

Faraone, S.V., Biederman, J., Mick, E., 2006. The age-dependent decline of attention
deficit hyperactivity disorder: a meta-analysis of follow-up studies. Psychol. Med. 36
(2), 159-165. https://doi.org/10.1017/5003329170500471X.

Faraone, S.V., Wilens, T.E., Petty, C., Antshel, K., Spencer, T., Biederman, J., 2007.
Substance use among ADHD adults: implications of late onset and subthreshold
diagnoses. Am. J. Addict. 16, 24-34. https://doi.org/10.1080/
10550490601082767.

Fergusson, D.M., Boden, J.M., 2008. Cannabis use and adult ADHD symptoms. Drug
Alcohol Depend. 95 (1-2), 90-96. https://doi.org/10.1016/j.
drugalcdep.2007.12.012.

Fonseca, F., Robles-Martinez, M., Tirado-Munoz, J., Alias-Ferri, M., Mestre-Pint6, J.-I.,
Coratu, A.M., Torrens, M., 2021. A gender perspective of addictive disorders.
Current Addiction Reports 8 (1), 89-99. https://doi.org/10.1007/540429-021-
00357-9.

Fuller-Thomson, E., Lewis, D.A., Agbeyaka, S., 2022. Attention-deficit/hyperactivity
disorder and alcohol and other substance use disorders in young adulthood: findings
from a Canadian nationally representative survey. Alcohol Alcohol 57 (3), 385-395.
https://doi.org/10.1093/alcalc/agab048.

Groenman, A.P., Janssen, T.W., Oosterlaan, J., 2017. Childhood psychiatric disorders as
risk factor for subsequent substance abuse: a meta-analysis. J. Am. Acad. Child
Adolesc. Psychiatr. 56 (7), 556-569. https://doi.org/10.1016/j.jaac.2017.05.004.

Gruber, S.A., Sagar, K.A., Dahlgren, M.K., Racine, M., Lukas, S.E., 2012. Age of onset of
marijuana use and executive function. Psychol. Addict. Behav.: Journal of the
Society of Psychologists in Addictive Behaviors 26 (3), 496-506. https://doi.org/
10.1037/a0026269.

Harris-Lane, L., Winters, E., Harris, N., 2020. Young adult perceptions of cannabis use
based on age and sex of user. Emerg. Adulthood 9 (4), 339-346. https://doi.org/
10.1177/2167696820930862.

Harty, S.C., Pedersen, S.L., Gnagy, E.M., Pelham Jr., W.E., Molina, B.S., 2015. ADHD and
marijuana-use expectancies in young adulthood. Subst. Use Misuse 50 (11),
1470-1478. https://doi.org/10.3109/10826084.2015.1018545.

Hechtman, L., Swanson, J.M., Sibley, M.H., Stehli, A., Owens, E.B., Mitchell, J.T.,
Arnold, L.E., Molina, B.S.G., Hinshaw, S.P., Jensen, P.S., Abikoff, H.B., Perez
Algorta, G., Howard, A.L., Hoza, B., Etcovitch, J., Houssais, S., Lakes, K.D.,
Nichols, J.Q., 2018. Functional adult outcomes 16 years after childhood diagnosis of
attention-deficit/hyperactivity disorder: MTA results. J. Am. Acad. Child Adolesc.
Psychiatr. 57 (3), 225. https://doi.org/10.1016/j.jaac.2018.01.007.

Hernandez-Avila, C.A., Rounsaville, B.J., Kranzler, H.R., 2004. Opioid-, cannabis- and
alcohol-dependent women show more rapid progression to substance abuse
treatment. Drug Alcohol Depend. 74 (3), 265-272. https://doi.org/10.1016/j.
drugalcdep.2004.02.001.

Hernandez, M., Levin, F.R., 2022. Attention-deficit hyperactivity disorder and
therapeutic cannabis use motives. Psychiatr. Clin. 45 (3), 503-514. https://doi.org/
10.1016/j.psc.2022.05.010.

Hussong, A.M., Jones, D.J., Stein, G.L., Baucom, D.H., Boeding, S., 2011. An internalizing
pathway to alcohol use and disorder. Psychol. Addict. Behav.: Journal of the Society
of Psychologists in Addictive Behaviors 25 (3), 390-404. https://doi.org/10.1037/
a0024519.

Jeffers, A.M., Glantz, S., Byers, A., Keyhani, S., 2021. Sociodemographic characteristics
associated with and prevalence and frequency of cannabis use among adults in the
US. JAMA Netw. Open 4 (11), e2136571. https://doi.org/10.1001/
jamanetworkopen.2021.36571.

Kedzior, K.K., Laeber, L.T., 2014. A positive association between anxiety disorders and
cannabis use or cannabis use disorders in the general population- a meta-analysis of
31 studies. BMC Psychiatr. 14 (1), 136. https://doi.org/10.1186/1471-244x-14-136.

Kessler, R.C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., Howes, M.J., Jin, R.,
Secnik, K., Spencer, T., Ustun, T.B., Walters, E.E., 2005. The world health
organization adult ADHD self-report scale (ASRS): a short screening scale for use in
the general population. Psychol. Med. 35 (2), 245-256. https://doi.org/10.1017/
50033291704002892.

Khalili, P., Nadimi, A.E., Baradaran, H.R., Janani, L., Rahimi-Movaghar, A., Rajabi, Z.,
Rahmani, A., Hojati, Z., Khalagi, K., Motevalian, S.A., 2021. Validity of self-reported
substance use: research setting versus primary health care setting. Subst. Abuse
Treat. Prev. Pol. 16 (1) https://doi.org/10.1186/513011-021-00398-3.

Koskinen, J., Lohonen, J., Koponen, H., Isohanni, M., Miettunen, J., 2010. Rate of
cannabis use disorders in clinical samples of patients with schizophrenia: a meta


https://doi.org/10.1016/j.drugalcdep.2010.02.017
https://doi.org/10.1001/jamapsychiatry.2016.0465
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref3
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref3
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref4
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref4
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref5
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref5
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.5498/wjp.v10.i9.202
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref8
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref8
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref8
https://doi.org/10.1016/j.drugalcdep.2013.11.013
https://doi.org/10.1016/j.drugalcdep.2013.11.013
https://doi.org/10.1176/appi.ajp.2007.07030419
https://doi.org/10.1037/a0035664
https://doi.org/10.18637/jss.v100.i05
https://doi.org/10.1016/j.rcp.2015.08.005
https://doi.org/10.1016/j.jaac.2010.09.019
https://doi.org/10.1016/j.jaac.2010.09.019
https://doi.org/10.4088/PCC.17m02203
https://doi.org/10.4088/PCC.17m02203
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref16
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref16
https://doi.org/10.1097/ADM.0b013e31820c23fa
https://doi.org/10.3389/fpsyt.2015.00047
https://doi.org/10.3389/fpsyt.2015.00047
https://doi.org/10.1111/add.14456
https://doi.org/10.1007/s10802-020-00666-z
https://doi.org/10.1007/s10802-020-00666-z
https://doi.org/10.1111/add.15764
https://doi.org/10.1111/add.15764
https://doi.org/10.1016/j.jpsychires.2021.06.035
https://doi.org/10.1016/j.jpsychires.2021.06.035
https://doi.org/10.1016/j.drugalcdep.2017.11.011
https://doi.org/10.1016/j.drugalcdep.2020.107947
https://doi.org/10.1037/adb0000510
https://doi.org/10.1037/adb0000510
https://doi.org/10.3390/healthcare10010074
https://doi.org/10.3390/healthcare10010074
https://doi.org/10.1017/S2045796015000360
https://doi.org/10.1016/j.neubiorev.2021.01.022
https://doi.org/10.1017/S003329170500471X
https://doi.org/10.1080/10550490601082767
https://doi.org/10.1080/10550490601082767
https://doi.org/10.1016/j.drugalcdep.2007.12.012
https://doi.org/10.1016/j.drugalcdep.2007.12.012
https://doi.org/10.1007/s40429-021-00357-9
https://doi.org/10.1007/s40429-021-00357-9
https://doi.org/10.1093/alcalc/agab048
https://doi.org/10.1016/j.jaac.2017.05.004
https://doi.org/10.1037/a0026269
https://doi.org/10.1037/a0026269
https://doi.org/10.1177/2167696820930862
https://doi.org/10.1177/2167696820930862
https://doi.org/10.3109/10826084.2015.1018545
https://doi.org/10.1016/j.jaac.2018.01.007
https://doi.org/10.1016/j.drugalcdep.2004.02.001
https://doi.org/10.1016/j.drugalcdep.2004.02.001
https://doi.org/10.1016/j.psc.2022.05.010
https://doi.org/10.1016/j.psc.2022.05.010
https://doi.org/10.1037/a0024519
https://doi.org/10.1037/a0024519
https://doi.org/10.1001/jamanetworkopen.2021.36571
https://doi.org/10.1001/jamanetworkopen.2021.36571
https://doi.org/10.1186/1471-244x-14-136
https://doi.org/10.1017/s0033291704002892
https://doi.org/10.1017/s0033291704002892
https://doi.org/10.1186/s13011-021-00398-3

A.M. Froude et al.

analysis. Schizophr. Bull. 36 (6), 1115-1130. https://doi.org/10.1093/schbul/
sbp031.

Kroon, E., Kuhns, L., Cousijn, J., 2021. The short-term and long-term effects of cannabis
on cognition: recent advances in the field. Current Opinion in Psychology 38, 49-55.
https://doi.org/10.1016/j.copsyc.2020.07.005.

Kroon, E., Kuhns, L., Hoch, E., Cousijn, J., 2020. Heavy cannabis use, dependence and
the brain: a clinical perspective. Addiction 115 (3), 559-572. https://doi.org/
10.1111/add.14776.

Lee, S.S., Humphreys, K.L., Flory, K., Liu, R., Glass, K., 2011. Prospective association of
childhood attention-deficit/hyperactivity disorder (ADHD) and substance use and
abuse/dependence: a meta-analytic review. Clin. Psychol. Rev. 31 (3), 328-341.
https://doi.org/10.1016/j.cpr.2011.01.006.

Leung, J., Chan, G.C., Hides, L., Hall, W.D., 2020. What is the prevalence and risk of
cannabis use disorders among people who use cannabis? A systematic review and
meta-analysis. Addict. Behav. 109, 106479 https://doi.org/10.1016/j.
addbeh.2020.106479.

Lipari, R.N., Van Horn, S.L., 2017. Children living with parents who have a substance use
disorder. In: The CBHSQ Report, pp. 1-7. Substance Abuse and Mental Health
Services Administration (US).

Lisdahl, K.M., Tamm, L., Epstein, J.N., Jernigan, T., Molina, B.S.G., Hinshaw, S.P.,
Swanson, J.M., Newman, E., Kelly, C., Bjork, J.M., Mta Neuroimaging Group., 2016.
The impact of ADHD persistence, recent cannabis use, and age of regular cannabis
use onset on subcortical volume and cortical thickness in young adults. Drug Alcohol
Depend. 161, 135-146. https://doi.org/10.1016/j.drugalcdep.2016.01.032.

Loflin, M., Earleywine, M., De Leo, J., Hobkirk, A., 2014. Subtypes of attention deficit-
hyperactivity disorder (ADHD) and cannabis use. Subst. Use Misuse 49 (4), 427-434.
https://doi.org/10.3109/10826084.2013.841251.

Lovett, B.J., Wood, W.L.M., Lewandowski, L.J., 2021. Differential diagnosis of sluggish
cognitive tempo symptoms in college students. J. Atten. Disord. 25 (9), 1251-1259.
https://doi.org/10.1177,/1087054719896856.

Malmberg, M., Overbeek, G., Monshouwer, K., Lammers, J., Vollebergh, W.A.M.,
Engels, R.C.M.E., 2010. Substance use risk profiles and associations with early
substance use in adolescence. J. Behav. Med. 33 (6), 474-485. https://doi.org/
10.1007/5s10865-010-9278-4.

Martinez-Luna, N., Daigre, C., Palma-Alvarez, F., Perea-Ortueta, M., Grau-Lopez, L.,
Roncero, C., Castell-Panisello, E., Ramos-Quiroga, J.A., 2021. Psychiatric
comorbidity and addiction severity differences in patients with ADHD seeking
treatment for cannabis or cocaine use disorders. J. Atten. Disord. 25 (7), 978-988.
https://doi.org/10.1177/1087054719875787.

Masroor, A., Patel, R.S., Bhimanadham, N.N., Raveendran, S., Ahmad, N., Queeneth, U.,
Pankaj, A., Mansuri, Z., 2019. Conduct disorder-related hospitalization and
substance use disorders in American teens. Behav. Sci. 9 (7), 73. https://doi.org/
10.3390/bs9070073.

McCabe, S.E., Dickinson, K., West, B.T., Wilens, T.E., 2016. Age of onset, duration, and
type of medication therapy for attention-deficit/hyperactivity disorder and
substance use during adolescence: a multi-cohort national study. J. Am. Acad. Child
Adolesc. Psychiatr. 55 (6), 479-486. https://doi.org/10.1016/j.jaac.2016.03.011.

Mitchell, J.T., Sweitzer, M.M., Tunno, A.M., Kollins, S.H., McClernon, F.J., 2016. "I use
weed for my ADHD": a qualitative analysis of online forum discussions on cannabis
use and ADHD. PLoS One 11 (5), e0156614. https://doi.org/10.1371/journal.
pone.0156614.

Moggi, F., Schorno, D., Soravia, L.M., Mohler-Kuo, M., Estévez-Lamorte, N., Studer, J.,
Gmel, G., 2020. Screened attention deficit/hyperactivity disorder as a predictor of
substance use initiation and escalation in early adulthood and the role of self-
reported conduct disorder and sensation seeking: a 5-year longitudinal study with
young adult Swiss men. Eur. Addiction Res. 26 (4-5), 233-244. https://doi.org/
10.1159/000508304.

Molina, B.S.G., Hinshaw, S.P., Eugene Arnold, L., Swanson, J.M., Pelham, W.E.,
Hechtman, L., Hoza, B., Epstein, J.N., Wigal, T., Abikoff, H.B., Greenhill, L.L.,
Jensen, P.S., Wells, K.C., Vitiello, B., Gibbons, R.D., Howard, A., Houck, P.R.,

Hur, K., Lu, B., Marcus, S., MTA Cooperative Group, 2013. Adolescent substance use
in the multimodal treatment study of attention-deficit/hyperactivity disorder
(ADHD) (MTA) as a function of childhood ADHD, random assignment to childhood
treatments, and subsequent medication. J. Am. Acad. Child Adolesc. Psychiatr. 52
(3), 250-263. https://doi.org/10.1016/j.jaac.2012.12.014.

Molina, B.S.G., Pelham Jr., W.E., 2014. Attention-deficit/hyperactivity disorder and risk
of substance use disorder: developmental considerations, potential pathways, and
opportunities for research. Annu. Rev. Clin. Psychol. 10, 607-639. https://doi.org/
10.1146/annurev-clinpsy-032813-153722.

Molina, B.S.G., Pelham Jr., W.E., 2003. Childhood predictors of adolescent substance use
in a longitudinal study of children with ADHD. J. Abnorm. Psychol. 112 (3),
497-507. https://doi.org/10.1037/0021-843X.112.3.497.

Molinero, K., Hinckley, J.D., 2023. Adolescent cannabis use, comorbid attention-deficit/
hyperactivity disorder, and other internalizing and externalizing disorders. Child
and Adolescent Psychiatric Clinics of North America 32 (1), 57-68. https://doi.org/
10.1016/j.chc.2022.07.003.

Murphy, K.R., Barkley, R.A., Bush, T., 2002. Young adults with attention deficit
hyperactivity disorder: subtype differences in comorbidity, educational, and clinical
history. J. Nerv. Ment. Dis. 190 (3), 147-157. https://doi.org/10.1097/00005053-
200203000-00003.

National Institute of Mental Health, 2023. What is Prevalence? Retrieved from. https
://www.nimh.nih.gov/health/statistics/what-is-prevalence.

Notzon, D.P., Pavlicova, M., Glass, A., Mariani, J.J., Mahony, A.L., Brooks, D.J., Levin, F.
R., 2020. ADHD is highly prevalent in patients seeking treatment for cannabis use
disorders. J. Atten. Disord. 24 (11), 1487-1492. https://doi.org/10.1177/
1087054716640109.

400

Journal of Psychiatric Research 172 (2024) 391-401

Ohlmeier, M.D., Goseberg, E., Roy, M., Dillo, W., Kordon, A., Prox-Vagedes, V., 2011.
Alcohol and drug dependence in adults with attention-deficit/hyperactivity disorder:
data from Germany. Eur. J. Psychiatr. 25 (3), 150-163. https://doi.org/10.4321/
50213-61632011000300005.

Onaemo, V.N., Fawehinmi, T.O., D’Arcy, C., 2021. Comorbid cannabis use disorder with
major depression and generalized anxiety disorder: a systematic review with meta-
analysis of nationally representative epidemiological surveys. J. Affect. Disord. 281,
467-475. https://doi.org/10.1016/].jad.2020.12.043.

Ottosen, C., Petersen, L., Larsen, J.T., Dalsgaard, S., 2016. Gender differences in
associations between attention-deficit/hyperactivity disorder and substance use
disorder. J. Am. Acad. Child Adolesc. Psychiatr. 55 (3), 227-234.e4 https://doi.org/
10.1016/j.jaac.2015.12.010.

Patel, S., Khan, S., M, S., Hamid, P., 2020. The association between cannabis use and
schizophrenia: causative or curative? A systematic review. Cureus 12 (7), €9309.
https://doi.org/10.7759/cureus.9309.

Patel, R.S., Patel, P., Shah, K., Kaur, M., Mansuri, Z., Makani, R., 2018. Is cannabis use
associated with the worst inpatient outcomes in attention deficit hyperactivity
disorder adolescents? Cureus 10 (1), e2033. https://doi.org/10.7759/cureus.2033.

Peacock, A., Leung, J., Larney, S., Colledge, S., Hickman, M., Rehm, J., Giovino, G.A.,
West, R., Hall, W., Griffiths, P., Ali, R., Gowing, L., Marsden, J., Ferrari, A.J.,
Grebely, J., Farrell, M., Degenhardt, L., 2018. Global statistics on alcohol, tobacco
and illicit drug use: 2017 status report. Addiction 113 (10), 1905-1926. https://doi.
org/10.1111/add.14234.

Perugi, G., Pallucchini, A., Rizzato, S., De Rossi, P., Sani, G., Maremmani, A.G.,
Pinzone, V., Maremmani, I., 2019. Pharmacotherapeutic strategies for the treatment
of attention-deficit hyperactivity (ADHD) disorder with comorbid substance-use
disorder (SUD). Expet Opin. Pharmacother. 20 (3), 343-355. https://doi.org/
10.1080/14656566.2018.1551878.

Pollak, Y., Dekkers, T.J., Shoham, R., Huizenga, H.M., 2019. Risk-taking behavior in
attention deficit/hyperactivity disorder (ADHD): a review of potential underlying
mechanisms and of interventions. Curr. Psychiatr. Rep. 21 (5), 1-11. https://doi.
org/10.1007/s11920-019-1019-y.

R Core Team, 2021. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Richmond-Rakerd, L.S., Slutske, W.S., Wood, P.K., 2017. Age of initiation and substance
use progression: a multivariate latent growth analysis. Psychol. Addict. Behav. 31
(6), 664-675. https://doi-org.qe2a-proxy.mun.ca/10.1037/adb0000304.

Robinson, T., Ali, M.U., Easterbrook, B., Coronado-Montoya, S., Daldegan-Bueno, D.,
Hall, W., Jutras-Aswad, D., Fischer, B., 2022. Identifying risk-thresholds for the
association between frequency of cannabis use and development of cannabis use
disorder: a systematic review and meta-analysis. Drug Alcohol Depend. 238, 109582
https://doi.org/10.1016/j.drugalcdep.2022.109582.

Romm, Wang, Y., Ma, C. N., Wysota, M. D., Blank, D. M., Huebner, K. M., & Roche, C. J.
The reciprocal relationships of social norms and risk perceptions to cigarette, e-
cigarette, and cannabis use: Cross-lagged panel analyses among US young adults in a
longitudinal study. Drug Alcohol Depend., 238, 109570.https://doi.org/10.1016/j.
drugaledep.2022.109570.

Rubin-Kahana, D.S., Hassan, A.N., Sanches, M., Le Foll, B., 2022. Medical cannabis and
past-year cannabis use disorder among adult recreational users in the United States:
results from a nationally representative sample. Front. Psychiatr. 13, 836908
https://doi.org/10.3389/fpsyt.2022.836908.

Sayal, K., Prasad, V., Daley, D., Ford, T., Coghill, D., 2018. ADHD in children and young
people: prevalence, care pathways, and service provision. Lancet Psychiatr. 5 (2),
175-186. https://doi.org/10.1016/52215-0366(17)30167-0.

Schafer, 1., Pawils, S., Driessen, M., Harter, M., Hillemacher, T., Klein, M., Muehlhan, M.,
Ravens-Sieberer, U., Schifer, M., Scherbaum, N., Schneider, B., Thomasius, R.,
Wiedemann, K., Wegscheider, K., Barnow, S., 2017. Understanding the role of
childhood abuse and neglect as a cause and consequence of substance abuse: the
German CANSAS network. Eur. J. Psychotraumatol. 8 (1), 1304114 https://doi.org/
10.1080/20008198.2017.1304114.

Schlossarek, S., Kempkensteffen, J., Reimer, J., Verthein, U., 2016. Psychosocial
determinants of cannabis dependence: a systematic review of the literature. Eur.
Addiction Res. 22 (3), 131-144. https://doi.org/10.1159/000441777.

Scott, J.C., Slomiak, S.T., Jones, J.D., Rosen, A.F.G., Moore, T.M., Gur, R.C., 2018.
Association of cannabis with cognitive functioning in adolescents and young adults.
JAMA Psychiatr. 75 (6), 585-595. https://doi.org/10.1001/
jamapsychiatry.2018.0335.

Soler Artigas, M., Sanchez-Mora, C., Rovira, P., Richarte, V., Garcia-Martinez, I.,
Pagerols, M., Demontis, D., Stringer, S., ADHD Group of the Psychiatric Genomics
Consortium, International Cannabis Consortium, Vink, J.M., Bgrglum, A.D., Neale, B.
M., Franke, B., Faraone, S.V., Casas, M., Ramos-Quiroga, J.A., Ribasés, M., 2020.
Attention-deficit/hyperactivity disorder and lifetime cannabis use: genetic overlap
and causality. Mol. Psychiatr. 25 (10), 2493-2503. https://doi.org/10.1038/
s41380-018-0339-3.

Sibley, M.H., Arnold, L.E., Swanson, J.M., Hechtman, L.T., Kennedy, T.M., Owens, E.,
Molina, B.S.G., Jensen, P.S., Hinshaw, S.P., Roy, A., Chronis-Tuscano, A.,
Newcorn, J.H., Rohde, L.A., MTA Cooperative Group, 2022. Variable patterns of
remission from ADHD in the multimodal treatment study of ADHD. Am. J. Psychiatr.
179 (2), 142-151. https://doi.org/10.1176/appi.ajp.2021.21010032.

Soderstrom, S., Pettersson, R., Nilsson, K.W., 2014. Quantitative and subjective
behavioural aspects in the assessment of attention-deficit hyperactivity disorder
(ADHD) in adults. Nord. J. Psychiatr. 68 (1), 30-37. https://doi.org/10.3109/
08039488.2012.762940.

Song, P., Zha, M., Yang, Q., Zhang, Y., Li, X., Rudan, I., 2021. The prevalence of adult
attention-deficit hyperactivity disorder: a global systematic review and meta-
analysis. Journal of Global Health 11. https://doi.org/10.7189/jogh.11.04009.


https://doi.org/10.1093/schbul/sbp031
https://doi.org/10.1093/schbul/sbp031
https://doi.org/10.1016/j.copsyc.2020.07.005
https://doi.org/10.1111/add.14776
https://doi.org/10.1111/add.14776
https://doi.org/10.1016/j.cpr.2011.01.006
https://doi.org/10.1016/j.addbeh.2020.106479
https://doi.org/10.1016/j.addbeh.2020.106479
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref51
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref51
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref51
https://doi.org/10.1016/j.drugalcdep.2016.01.032
https://doi.org/10.3109/10826084.2013.841251
https://doi.org/10.1177/1087054719896856
https://doi.org/10.1007/s10865-010-9278-4
https://doi.org/10.1007/s10865-010-9278-4
https://doi.org/10.1177/1087054719875787
https://doi.org/10.3390/bs9070073
https://doi.org/10.3390/bs9070073
https://doi.org/10.1016/j.jaac.2016.03.011
https://doi.org/10.1371/journal.pone.0156614
https://doi.org/10.1371/journal.pone.0156614
https://doi.org/10.1159/000508304
https://doi.org/10.1159/000508304
https://doi.org/10.1016/j.jaac.2012.12.014
https://doi.org/10.1146/annurev-clinpsy-032813-153722
https://doi.org/10.1146/annurev-clinpsy-032813-153722
https://doi.org/10.1037/0021-843X.112.3.497
https://doi.org/10.1016/j.chc.2022.07.003
https://doi.org/10.1016/j.chc.2022.07.003
https://doi.org/10.1097/00005053-200203000-00003
https://doi.org/10.1097/00005053-200203000-00003
https://www.nimh.nih.gov/health/statistics/what-is-prevalence
https://www.nimh.nih.gov/health/statistics/what-is-prevalence
https://doi.org/10.1177/1087054716640109
https://doi.org/10.1177/1087054716640109
https://doi.org/10.4321/s0213-61632011000300005
https://doi.org/10.4321/s0213-61632011000300005
https://doi.org/10.1016/j.jad.2020.12.043
https://doi.org/10.1016/j.jaac.2015.12.010
https://doi.org/10.1016/j.jaac.2015.12.010
https://doi.org/10.7759/cureus.9309
https://doi.org/10.7759/cureus.2033
https://doi.org/10.1111/add.14234
https://doi.org/10.1111/add.14234
https://doi.org/10.1080/14656566.2018.1551878
https://doi.org/10.1080/14656566.2018.1551878
https://doi.org/10.1007/s11920-019-1019-y
https://doi.org/10.1007/s11920-019-1019-y
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref75
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref75
https://doi-org.qe2a-proxy.mun.ca/10.1037/adb0000304
https://doi.org/10.1016/j.drugalcdep.2022.109582
https://doi.org/10.1016/j.drugalcdep.2022.109570
https://doi.org/10.1016/j.drugalcdep.2022.109570
https://doi.org/10.3389/fpsyt.2022.836908
https://doi.org/10.1016/s2215-0366(17)30167-0
https://doi.org/10.1080/20008198.2017.1304114
https://doi.org/10.1080/20008198.2017.1304114
https://doi.org/10.1159/000441777
https://doi.org/10.1001/jamapsychiatry.2018.0335
https://doi.org/10.1001/jamapsychiatry.2018.0335
https://doi.org/10.1038/s41380-018-0339-3
https://doi.org/10.1038/s41380-018-0339-3
https://doi.org/10.1176/appi.ajp.2021.21010032
https://doi.org/10.3109/08039488.2012.762940
https://doi.org/10.3109/08039488.2012.762940
https://doi.org/10.7189/jogh.11.04009

A.M. Froude et al.

Sorkhou, M., Bedder, R.H., George, T.P., 2021. The behavioral sequelae of cannabis use
in healthy people: a systematic review. Front. Psychiatr. 12, 630247 https://doi.org/
10.3389/fpsyt.2021.630247.

Stephens, R.S., Roffman, R.A., Curtin, L., 2000. Comparison of extended versus brief
treatments for marijuana use. J. Consult. Clin. Psychol. 68 (5), 898-908. https://doi.
org/10.1037/0022-006X.68.5.898.

Suhr, J.A., Cook, C., Morgan, B., 2017. Assessing functional impairment in ADHD:
concerns for falidity of self-report. Psychological Injury and Law 10 (2), 151-160.
https://doi.org/10.1007/512207-017-9292-8.

Swanson, J.M., Arnold, L.E., Molina, B., Sibley, M.H., Hechtman, L.T., Hinshaw, S.P.,
Abikoff, H.B., Stehli, A., Owens, E.B., Mitchell, J.T., Nichols, Q., Howard, A.,
Greenhill, L.L., Hoza, B., Newcorn, J.H., Jensen, P.S., Vitiello, B., Wigal, T.,
Epstein, J.N., Tamm, L., MTA Cooperative Group, 2017. Young adult outcomes in the
follow-up of the multimodal treatment study of attention-deficit/hyperactivity
disorder: symptom persistence, source discrepancy, and height suppression. J. Child
Psychol. Psychiatry Allied Discip. 58 (6), 663-678. https://doi.org/10.1111/
jcpp.12684.

Thompson, K., Leadbeater, B., Ames, M., Merrin, G.J., 2019. Associations between
marijuana use trajectories and educational and occupational success in young
adulthood. Prev. Sci. 20 (2), 257-269. https://doi.org/10.1007/s11121-018-0904-7.

True, W.R., Heath, A.C., Scherrer, J.F., Xian, H., Lin, N., Eisen, S.A., Lyons, M.J.,
Goldberg, J., Tsuang, M.T., 1999. Interrelationship of genetic and environmental
influences on conduct disorder and alcohol and marijuana dependence symptoms.
Am. J. Med. Genet. 88 (4), 391-397. https://doi.org/10.1002/(sici)1096-8628
(19990820)88:4<391::aid-ajmg17>3.0.co;2-1.

United Nations Office on Drugs and Crime, 2022. World Drug Report. https://www.
unodc.org/unodc/en/data-and-analysis/world-drug-report-2022.html.

van Emmerik van Oortmerssen, K., van de Glind, G., van den Brink, W., Smit, F.,
Crunelle, C.L., Swets, M., Schoevers, R.A., 2012. Prevalence of attention-deficit
hyperactivity disorder in substance use disorder patients: a meta-analysis and meta-

401

Journal of Psychiatric Research 172 (2024) 391-401

regression analysis. Drug Alcohol Depend. 122 (1-2), 11-19. https://doi.org/
10.1016/j.drugalcdep.2011.12.007.

Van Voorhees, E.E., Hardy, K.K., Kollins, S.H., 2011. Reliability and validity of self- and
other-ratings of symptoms of ADHD in adults. J. Atten. Disord. 15 (3), 224-234.
https://doi.org/10.1177,/1087054709356163.

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J. Stat.
Software 36 (3), 1-48. https://doi.org/10.18637/jss.v036.i03.

Vingilis, E., Mann, R.E., Erickson, P., Toplak, M., Kolla, N.J., Seeley, J., Jain, U., 2014.
Attention deficit hyperactivity disorder, other mental health problems, substance
use, and driving: examination of a population-based, representative canadian
sample. Traffic Inj. Prev. 15 (Suppl. 1), S1-89. https://doi.org/10.1080/
15389588.2014.926341.

Volkow, N.D., Swanson, J.M., Evins, A.E., Delisi, L.E., Meier, M.H., Gonzalez, R.,
Bloomfield, M.A.P., Curran, H.V., Baler, R., 2016. Effects of cannabis use on human
behavior, including cognition, motivation, and psychosis: a review. JAMA Psychiatr.
73 (3), 292. https://doi.org/10.1001/jamapsychiatry.2015.3278.

Wallace, A.L., Wade, N.E., Hatcher, K.F., Lisdahl, K.M., 2019. Effects of cannabis use and
subclinical ADHD symptomology on attention based tasks in adolescents and young
adults. Arch. Clin. Neuropsychol. 34 (5), 700-705. https://doi.org/10.1093/arclin/
acy080.

Wilens, T.E., 2007. The nature of the relationship between attention-deficit/
hyperactivity disorder and substance use. J. Clin. Psychiatry 68, 4-8.

World Health Organization, 1978. International classification of diseases: [9th] ninth
revision, basic tabulation list with alphabetic index. https://apps.who.int/iris
/handle/10665/39473.

World Health Organization, 2016. International Statistical Classification of Diseases and
Related Health Problems, tenth ed. https://icd.who.int/browse10/2016/en.

Zulauf, C.A., Sprich, S.E., Safren, S.A., Wilens, T.E., 2014. The complicated relationship
between attention deficit/hyperactivity disorder and substance use disorders. Curr.
Psychiatr. Rep. 16 (3), 436. https://doi.org/10.1007/5s11920-013-0436-6.


https://doi.org/10.3389/fpsyt.2021.630247
https://doi.org/10.3389/fpsyt.2021.630247
https://doi.org/10.1037/0022-006X.68.5.898
https://doi.org/10.1037/0022-006X.68.5.898
https://doi.org/10.1007/s12207-017-9292-8
https://doi.org/10.1111/jcpp.12684
https://doi.org/10.1111/jcpp.12684
https://doi.org/10.1007/s11121-018-0904-7
https://doi.org/10.1002/(sici)1096-8628(19990820)88:4<391::aid-ajmg17>3.0.co;2-l
https://doi.org/10.1002/(sici)1096-8628(19990820)88:4<391::aid-ajmg17>3.0.co;2-l
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2022.html
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2022.html
https://doi.org/10.1016/j.drugalcdep.2011.12.007
https://doi.org/10.1016/j.drugalcdep.2011.12.007
https://doi.org/10.1177/1087054709356163
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1080/15389588.2014.926341
https://doi.org/10.1080/15389588.2014.926341
https://doi.org/10.1001/jamapsychiatry.2015.3278
https://doi.org/10.1093/arclin/acy080
https://doi.org/10.1093/arclin/acy080
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref101
http://refhub.elsevier.com/S0022-3956(24)00124-9/sref101
https://apps.who.int/iris/handle/10665/39473
https://apps.who.int/iris/handle/10665/39473
https://icd.who.int/browse10/2016/en
https://doi.org/10.1007/s11920-013-0436-6

	The prevalence of cannabis use disorder in attention-deficit hyperactivity disorder: A clinical epidemiological meta-analysis
	1 Method
	1.1 Procedure
	1.2 Inclusion criteria
	1.3 Exclusion criteria
	1.4 Data extraction and analytic approach
	1.5 Effect size calculation and analysis

	2 Results
	2.1 Description of studies

	3 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


