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Abstract

Attention deficit hyperactivity disorder (ADHD) is linked prospectively to cannabis; however, no 

study has examined mechanisms underlying this comorbidity. We examined five cannabis motives 

(i.e., coping with negative affect, sleep, social anxiety, perceived low risk of cannabis, and altered 

perception) as mediators of the prospective ADHD-cannabis relation. Veterans reporting lifetime 

cannabis use (N=361; 93% male; 80% White) completed three semi-annual assessments. 

Prospective mediation models using structural equation modeling analyzed the indirect effects of 

baseline ADHD symptoms on 12-month cannabis use and problems via each motive at 6-months. 

Zero-inflated negative binomial (ZINB) models were employed for both manifest outcomes and 

ADHD symptoms and motives were each modeled as one-factor latent variables. Sleep motives 

was a robust mediator for cannabis use frequency in single mediator models and was marginally 

significant when examined simultaneously with other motives after accounting for baseline 

cannabis use, demographics, other substance use, and other psychopathology. Coping with 

negative affect was the only significant mediator of ADHD symptoms and subsequent cannabis 

problem severity. Among veterans with ADHD symptoms, sleep disturbance is a salient motive for 

cannabis use, whereas coping with negative affect is a proximal predictor of cannabis problems. 

Findings support addressing sleep disturbance in adults with ADHD symptoms and converge with 

extant literature demonstrating robust associations between coping motives and substance use 

problems.
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Attention-deficit hyperactivity disorder (ADHD) is a prevalent psychiatric disorder among 

children (Faraone, Sergeant, Gillberg, & Biederman, 2003), with some cases persisting into 

adulthood (Faraone & Biederman, 2005; Faraone, Biederman, & Mick, 2006). ADHD is 

characterized by the endorsement of six or more symptoms related to inattention (e.g., 

making careless mistakes) and/or hyperactivity (e.g., restlessness), whereas five or more 

symptoms required for adults (American Psychiatric Association [APA], 2013). Recent 

research also supports that adult ADHD symptoms can occur without experiencing ADHD 

symptoms in childhood (Caye et al., 2016; Moffitt et al., 2015). Prevalence rates of adult 

ADHD range from 2% to 5% in the general population (Asherson, Buitelaar, Faraone, & 

Rohde, 2016; Moffitt et al., 2015) with inattention symptoms typically increasing with age 

(Biederman, Mick, & Faraone, 2000; Kessler et al., 2010). Poor social and academic coping 

are experienced by children and adolescents with ADHD symptoms, as well as greater mood 

dysregulation (Harpin, 2005; Klimkeit et al., 2006; Wehmeier, Schacht, & Barkley, 2010). 

Adults with ADHD symptoms continue to experience profound functional impairment in 

many areas, often resulting in a propensity for negative affect and emotion dysregulation 

(Katzman, Bilkey, Chokka, Fallu, & Klassen, 2017). Research is limited on ADHD 

symptoms in veterans, though a greater prevalence of ADHD symptoms has been found (i.e., 

7% reported an ADHD diagnosis; Kessler et al., 2014; Shura, Denning, Miskey, & Rowland, 

2017).

Prospective studies have identified childhood ADHD as an important risk factor for later 

substance use (Charach, Yeung, Climans, & Lillie, 2011; Groenman, Janssen, & Oosterlaan, 

2017; Lee, Humphreys, Flory, Liu, & Glass, 2011; Molina et al., 2018; Wilens et al., 2011). 

Other studies suggest gender and oppositional behavior may explicate this longitudinal 

relation (National Academies of Sciences, Engineering, and Medicine, 2017). Adult ADHD 

symptoms are also consistently linked to problematic substance use (Biederman et al., 1995; 

Breyer, Lee, Winters, August, & Realmuto, 2014; Faraone et al., 2007; Vogel et al., 2016), 

as well as higher rates of polysubstance use, difficulties reducing use, and poorer substance 

use disorder treatment outcomes (Katzman et al., 2017).

Cannabis use may be particularly relevant to adult ADHD symptoms, as cannabis use rates 

continue to rise among adults in the general population, likely due to recent policy changes 

(Budney, Sofis, & Borodovsky, 2019), more accepting cannabis attitudes (Sarvet et al., 

2018), and increased cannabis availability (Hasin, 2018). This same trend is apparent for 

veterans, with veterans viewing cannabis as relatively low risk (Bonn-Miller, Harris, & 

Trafton, 2012; Wilkinson, Schalkwyk, Davidson, & D’Souza, 2016). A meta-analytic review 

of prospective studies examining childhood ADHD as a precursor to substance involvement 

found children with ADHD, compared to children without ADHD, are nearly three times 

more likely to endorse later cannabis use and nearly twice as likely to receive a cannabis use 

disorder (CUD) diagnosis in adulthood (Lee et al., 2011). In a nonclinical sample of young 

adults, ADHD symptoms were cross-sectionally linked to cannabis use, craving, cannabis-

related problems, and cannabis dependence after adjusting for internalizing and 

externalizing psychopathology (Bidwell, Henry, Willcutt, Kinnear, & Ito, 2014). Prevalence 

rates of ADHD were also greater among adults seeking treatment for CUD (i.e., 36–46%) 

compared to the general population (Notzon et al., 2016), which supports the ADHD-

cannabis link. Prospective studies on adult ADHD symptoms and cannabis in the general 
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population are limited. One study, to our knowledge, has examined adult ADHD and 

cannabis use 15-months later in a sample of young adult men, with findings suggesting adult 

men with ADHD maintain heavier cannabis use over time compared to men without ADHD, 

and have greater odds of initiating cannabis use across 15-months after adjusting for conduct 

disorder (Vogel et al., 2016).

The ADHD-cannabis link is concerning, given ADHD symptoms and cannabis use are 

independently associated with poorer educational and occupational functioning (Hasin, 

2018; Katzman et al., 2017). These deleterious outcomes are especially relevant to post-9/11 

veterans (i.e., Operation Enduring Freedom, Operation Iraqi Freedom, and Operation New 

Dawn [OEF/OIF/OND]), as post-911 G.I. Bill educational and vocational support 

continually increased from 2011 to 2016 (Department of Veterans Affairs, 2016). Thus, 

veterans who experience ADHD symptoms and use cannabis may be at heightened risk for 

consequences related to education and employment. Despite the prospective relation 

between ADHD symptoms and subsequent cannabis involvement, as well as research 

suggesting veterans endorse higher rates of both (Bonn-Miller et al., 2012; Kessler et al., 

2014), no study has examined relations between ADHD symptoms and cannabis in veterans.

Cannabis Use Motives and ADHD

Despite evidence linking ADHD with problematic cannabis use, there is growing perception 

that cannabis use may be therapeutic for ADHD symptoms (e.g., Strohbeck-Kuehner, 

Skopp, & Mattern, 2008), and adults with ADHD symptoms have reported using cannabis 

for many reasons (Mitchell et al., 2016; Mitchell et al., 2018), such as improved mood, 

sleep, social anxiety, hyperactivity, and cognitive processing (Mitchell et al., 2016, 

Supporting Information). There also appears to be a substance-specific expectancy about 

cannabis and mood, such that individuals with ADHD (compared to a matched control 

group) are more likely to endorse the effectiveness of cannabis, but not alcohol or tobacco, 

in improving negative mood and irritability (Mitchell et al., 2018). Reasons for cannabis use 

in veterans with ADHD symptoms have yet to be examined, though veterans have reported 

using cannabis for a range of physical and mental health conditions (Davis, Lin, Ilgen, & 

Bohnert, 2018). Such qualitative findings shed light on the perception that cannabis is 

therapeutic for ADHD symptoms and converge with related quantitative literature on 

cannabis use motives.

Coping with Negative Affect Motives

Emotion dysregulation is linked with both ADHD (Barkley, 2015; Martel, 2009) and 

cannabis use and related problems (Lopez-Vergara, Jackson, Meshesha, & Metrik, 2019); 

thus, one conceivable pathway from ADHD symptoms to cannabis use involves using 

cannabis to acutely improve negative affect. This pathway is also supported by the affective-

motivational model of substance use, which emphasizes the importance of short-term 

reductions in negative affect on developing and maintaining problematic substance use 

(Baker, Piper, McCarthy, Majeskie, & Fiore, 2004). Indeed, coping motives are robustly and 

differentially related to substance use problems cross-sectionally and prospectively (e.g., 

Blevins et al., 2018; Cooper, Kuntsche, Levitt, Barber, & Wolf, 2016). This pattern is also 
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evident for cannabis coping motives and cannabis problems cross-sectionally in the general 

population (e.g., Bonn-Miller & Zvolensky, 2009; Buckner, Walukevich, & Lewis, 2019; 

Buckner, Bonn-Miller, Zvolensky, & Schmidt, 2007; Farris, Metrik, Bonn-Miller, Kahler, & 

Zvolensky, 2016) and in veterans (e.g., Boden, Babson, Vujanovic, Short, & Bonn-Miller, 

2013; Metrik et al., 2016), as well as prospectively in an adult sample of frequent cannabis 

users (van der Pol et al., 2013).

Sleep Motives

Adults with ADHD symptoms may use cannabis to improve sleep, as ADHD symptoms are 

disproportionately associated with sleep disturbance (Walters, Silvestri, Zucconi, 

Chandrashekariah, & Konofal, 2008; Van Veen, Kooji, Boonstra, Gordijn, Van Someren, 

2010). Cannabis sleep motives have received less attention compared to other motives, but 

preliminary findings indicate this motive is linked to cannabis use, related problems, and 

CUD (Bonn-Miller, Babson, & Vandrey, 2014; Metrik et al., 2016). Recent research also 

indicates insomnia symptoms are associated with hazardous cannabis use and CUD (Wong, 

Craun, Bravo, & Pearson, 2019), although it is unclear whether cannabis sleep motives are 

differentially associated with cannabis use versus problems.

Social Anxiety Motives

Using cannabis for social anxiety is also relevant to ADHD symptoms. Children with 

ADHD experience more interpersonal difficulties and these experiences can manifest as 

social anxiety in adulthood (Harpin, 2005). Adults with ADHD are highly affected by social 

anxiety disorder (SAD), with 30% also meeting criteria for SAD (vs. 8% without ADHD; 

Kessler et al., 2006). This comorbidity places adults with ADHD symptoms at greater risk 

for problematic cannabis use because SAD and, perhaps more importantly, using cannabis to 

cope in social situations are associated with cannabis use and related problems (Buckner & 

Zvolensky, 2014).

Perceived Low Risk and Altered Perception Motives

Using cannabis because of its perceived low risk is particularly salient for those with ADHD 

symptoms (Mitchell et al., 2016), and veteran cannabis users also endorse that cannabis is 

lower risk than other substances or medications (Wilkinson et al., 2016). This is concerning, 

as research consistently indicates a negative association between perceived risk of cannabis 

and cannabis use and, to a lesser degree, cannabis problems (Bonn-Miller, Boden, Bucossi, 

& Babson, 2014; Cohn, Johnson, Ehlke, & Villanti, 2016; Kilmer, Hunt, Lee, & Neighbors, 

2007). Recent research has also found a reciprocal prospective relation between devaluing 

risks and later cannabis use, which highlights the importance of this motive in maintaining 

cannabis use over time (Salloum, Krauss, Agrawal, Bierut, & Grucza, 2018). Using cannabis 

to alter one’s perception may have specific relevance to ADHD symptoms given ADHD is 

linked to more cognitive processing difficulties (Katzman et al., 2017; Schatz & Rostain, 

2006). This motive is unique to cannabis and little is known about its relation to other mental 

health conditions.
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Present Study

A number of adults with ADHD symptoms perceive cannabis as therapeutic for many 

associated symptoms (Mitchell et al., 2016; 2018). However, motivational pathways from 

adult ADHD symptoms to cannabis use and cannabis problems have yet to be empirically 

tested. The purpose of the current study is to empirically examine five cannabis use motives 

(i.e., coping with negative affect, sleep, social anxiety, perceived low risk, and altered 

perception) as mediators of the longitudinal relation between ADHD symptoms and 12-

month cannabis use and cannabis problems in a sample of returning OEF/OIF/OND 

veterans. To our knowledge, we are the first to examine these relations empirically, 

longitudinally, and in a sample of returning veterans. Our novel aims also include (1) 

considering mediators separately and concurrently and (2) employing a conservative, model-

building strategy whereby methodologically- and etiologically-relevant covariates are added 

sequentially.1

Building on prior cross-sectional and qualitative research (Bonn-Miller et al., 2014; Buckner 

& Zvolensky, 2014; Metrik et al., 2016; Mitchell et al., 2016; 2018), we expected baseline 

ADHD symptoms would evince significant indirect effects on 12-month (1) cannabis use 

frequency and (2) cannabis problem severity via each cannabis motive at 6-months, after 

accounting for baseline cannabis use. Based on decades of prior research (see Cooper et al., 

2016), we expected coping motives to be the most salient motive for cannabis problem 

severity when examined concurrently with other motives. No hypotheses are proffered for 

multiple mediator models of cannabis use given limited extant research in this area. Models 

adjusting for additional demographic and etiologically-relevant covariates are considered 

exploratory.

Methods

Sample and Procedure

Post-9/11/2001 OEF/OIF/OND veterans (N = 361) were recruited from a Veterans Health 

Administration (VHA) in the Northeastern United States through the VHA database of 

returning veterans from military service in Iraq and Afghanistan. Eligibility criteria 

included: (a) at least 18-years-old; (b) OEF/OIF/OND veteran; and (c) any lifetime cannabis 

use. Exclusion criteria were: (a) suicide risk in the past two weeks; (b) psychotic symptoms 

in the past month; (c) score ≤ 23 on the Mini-Mental Status Exam (Folstein, Folstein, & 

McHugh, 1975); or (d) active duty at baseline assessment (see Metrik et al., 2016). Veterans 

were screened for eligibility by telephone and were invited for a baseline visit where they 

signed informed consent and completed interview and self-report assessments. In-person 

follow-up visits were conducted at 6-months (N = 312; 86.4%) and 12-months (N = 310, 

85.9%) and included a similar battery of interview and self-report assessments, with 

approximately 14% attrition from baseline to 6- and 12-months. A total of 15 participants 

withdrew from the parent study (e.g., deployment, moving out of state), whereas other 

participants were lost to follow-up. All study procedures were approved by the university 

1Models employed zero-inflated negative binomial distributions to accommodate the distribution of both outcomes. For this study, we 
are primarily interested in the frequency of cannabis use and the severity of cannabis problems (i.e., negative binomial count models).

Stevens et al. Page 5

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and local VHA Institutional Review Boards. Participants were compensated $50 per visit 

and an additional $50 bonus payment for completing all three visits.

Measures

Demographics were provided by participants and verified in the VHA Computerized Patient 

Record System (CPRS), including age, sex, race, ethnicity, and marital status.

Adult ADHD Self-Report Scale (ASRS) was used to assess past-6-month ADHD 

symptoms via an 18-item screening measure using a 5-point Likert-type scale with response 

options ranging from 0 (never) to 4 (very often; Kessler et al., 2005). Clinically-significant 

symptoms were scored using guidelines from Kessler et al. (2005, p. 248), with a score of 

nine or greater reflecting a positive ADHD screen. Twenty-nine percent of veterans screened 

positive on the ASRS, which is consistent with other veteran samples (Kimbrel et al., 2017). 

Internal consistency in this sample was good (baseline α = .81).

Comprehensive Marijuana Motives Questionnaire (CMMQ) was used to assess 36 

reasons for using cannabis reflecting 12 distinct motives (Lee et al., 2009). Response options 

range from 1 (almost never/never) to 5 (almost always/always). Cannabis use motives 

selected for mediation analyses exhibited significant bivariate correlations with ADHD 

symptoms and the two cannabis outcomes. Motives demonstrating statistically non-

significant correlations with ADHD symptoms were not included in subsequent analyses. 

Coping with negative affect (e.g., “to forget your problems”), sleep (e.g., “because you are 

having problems sleeping”), social anxiety (e.g., “because it relaxes you when you are in an 

insecure situation”), perceived low risk (e.g., “because it is safer than drinking alcohol”), 

and altered perception (e.g., “because you want to alter your perspective”) were examined as 

mediators in this study. Internal consistencies were good-to-excellent across subscales in this 

sample (6-months α = .84–.92).

Time-Line Follow-Back (TLFB) is a psychometrically-sound, calendar-assisted structured 

interview (Dennis, Funk, Godley, Godley, & Waldron, 2004; Sobell & Sobell, 1992). TLFB 

has high test-retest reliability and stability over periods of 180 days (Carey, 1997) and up to 

one year (Sobell & Sobell, 1992). TLFB covered 180 days prior to each visit and was used 

to derive percentage of cannabis use days (i.e., outcome variable), as well as alcohol, 

cigarette, and other drug use days (i.e., covariates).

Cannabis-related problems were assessed via the Marijuana Problems Scale (MPS; 

Stephens, Roffman, & Curtin, 2000), which is a 22-item, self-report questionnaire that 

assesses problems experienced in the past 90 days. The MPS exhibited excellent internal 

consistency in this sample (12-months α = .91). A total count of problems was used as the 

outcome variable.

Structured Clinical Interview for DSM-IV, Non-Patient Edition (SCID-NP) was used to 

assess past-month DSM-5 major depressive disorder (MDD) and panic disorder diagnoses at 

baseline (First, Spitzer, Gibbon, & Williams, 2002). Diagnoses were scored as ‘yes’ vs. ‘no’.
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Clinician-Administered PTSD Scale (CAPS) was used to ascertain past-month DSM-IV 
PTSD diagnosis at baseline from a semi-structured interview (Blake et al., 1995). Diagnosis 

were scored as ‘yes’ vs. ‘no’.

Inventory of Depression and Anxiety Symptoms – Social Anxiety (IDAS-SA) includes 5 

items (e.g., “I was worried about embarrassing myself socially”) rated on a 5-point Likert-

type scale ranging from 1 (not at all) to 5 (extremely), assessing symptoms of social anxiety 

in the past two weeks (Watson et al., 2008). This subscale reflects a continuous range of 

social anxiety symptoms. Internal consistency was good at baseline (α = .82).

Data Analytic Strategy

Preliminary analyses and model selection—Data management, coding, and bivariate 

correlations were conducted using SAS 9.4™ software (SAS Institute Inc.). Preliminary 

analyses involved examining predictors of attrition, as well as examining outcome 

distributions to select the most appropriate modeling approach. Examinations of plots 

revealed cannabis use and cannabis problems were positively skewed, with 65/67% and 

74/77% of participants reporting no cannabis use or cannabis problems at baseline or 12-

months, respectively. To determine the best fitting distribution for the non-linear outcomes, 

we compared model fit indices for four count distributions: poisson, zero-inflated poisson 

(ZIP), negative binomial, and zero-inflated negative binomial (ZINB). We selected the 

distribution with the lowest Akaike Information Criteria (AIC) and Bayesian Information 

Criteria (BIC) values (Burnham & Anderson, 2004). The dispersion parameters for the two 

outcomes were statistically significant, suggesting a violation of the assumptions of poisson 

regression (Agresti, 2002). Thus, we determined the ZINB was the optimal distribution for 

cannabis use and related problems (see Supplemental Table S1 for model comparisons). 

Therefore, we leveraged zero-inflated negative binomial (ZINB) regression in all models. 

ZINB regression is optimal for positively-skewed outcomes that contain excessive zeros 

(Wagner et al., 2015). This model contains two simultaneous processes: (1) zero-inflated 

model determining the log-odds of an observation always being zero, or in excess of what is 

expected from a negative binomial distribution, and (2) negative binomial model, which can 

also contain zero values (Cameron & Trivedi, 1998; Heilbron, 1994).2

Latent variable modeling—Raw data were then imported into Mplus version 8.2 to 

conduct prospective mediation models using structural equation modeling (SEM) and 

maximum likelihood estimation with robust standard errors for missing data (Muthén & 

Muthén, 1998–2018). First, we constructed measurement models for ADHD symptoms and 

cannabis motives, specifying each variable (six total) as a one-factor model; the two 

outcomes were treated as manifest variables. The one-factor model fit for ADHD symptoms 

was suboptimal3, as determined by the comparative fit index (CFI) and Tucker-Lewis index 

(TLI), though the root-mean-square error of approximation (RMSEA) for this model was 

2Outcomes from negative binomial (i.e., count) models are henceforth referred to as cannabis use frequency and cannabis problem 
severity to differentiate between negative binomial and zero-inflated estimates. Estimates from the zero-inflated process of the model 
are not of primary and thus are not reported or discussed for simplicity.
3A two-factor model was also considered for ADHD, reflecting the two subscales of the ASRS – inattention symptoms (9 items) and 
hyperactivity-impulsivity symptoms (9 items). The measurement model with two correlated ADHD factors demonstrated improved 
model fit compared to the one-factor model (χ2(134) = 337.28, p < .01; CFI = 0.90; TLI = 0.88, RMSEA = 0.07, 90% CI = 0.06, 
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acceptable (χ2(135) = 404.10, p < .01; CFI = 0.86; TLI = 0.84, RMSEA = 0.07, 90% CI = 

0.07, 0.08). The unidimensional structure of each cannabis use motive fit the data well 

(χ2(80) = 285.59, p < .01; CFI = 0.99; TLI = 0.99, RMSEA = 0.09, 90% CI = 0.08, 0.10).

Prospective mediation models—MODEL INDIRECT specifying INTEGRATION = 

MONTECARLO was used to test the indirect effects of 10 single mediation models (i.e., 

each mediator independently and each cannabis outcome independently). Five latent 

cannabis motives (assessed at 6-months) were tested as mediators of relations between 

baseline latent adult ADHD symptoms and 12-month cannabis use frequency and cannabis 

problem severity. Statistically significant mediators from single mediator models were 

subsequently entered into a multiple mediator model. Baseline cannabis use (0=no, 1=yes), 

age, sex, race, ethnicity, and marital status, as well as alcohol use, cigarette use, other drug 

use, social anxiety symptoms, and MDD, PTSD, and panic disorder diagnoses, were 

considered as covariates.

All models were first examined adjusting for baseline cannabis use only (Model A). Age, 

sex, race, ethnicity, and marital status were then added (Model B). The final (most 

conservative) model also adjusted for alcohol use, cigarette use, other drug use, social 

anxiety symptoms, and MDD, PTSD, and panic disorder diagnoses (Model C). Mediators 

included in Model D were statistically significant in Model A single mediator models. 

Model D reflects multiple mediator models for cannabis use frequency (see Figure 1).4 

Notably, medical records in CPRS verified that 1.9% (n = 7) of participants in this sample 

were prescribed stimulant medications (i.e., methylphenidate, lisdexamfetamine dimesylate, 

or dextroamphetamine/amphetamine), thus prescription medications that are typically 

prescribed for ADHD were not considered as a covariate.

Results

Preliminary Analyses

See Table 1 for sample demographics for the overall sample, as well as stratified by cannabis 

user status at baseline. Age significantly predicted retention (Wald = 5.95, p = .02) with 

older participants more likely to complete the study. ADHD symptoms, MDD, PTSD, panic 

disorder, cannabis use, marital status, sex, ethnicity, and employment status did not predict 

retention. Baseline ADHD symptoms evinced small-to-moderate bivariate correlations with 

12-month cannabis use and cannabis problems and small-to-moderate correlations with 6-

month cannabis motives (Cohen, 1988; see Table 2).

Prospective Mediation Path Models

Cannabis use—Each cannabis use motive at 6-months significantly mediated the relation 

between baseline ADHD symptoms and 12-month cannabis use frequency in single 

mediator models after adjusting for baseline cannabis use, such that baseline ADHD 

0.07). However, for some mediators (e.g., sleep motives), we did not reach convergence once adding covariates (i.e., Models B and C) 
when including the 2-factor ADHD variable. Thus, we included the one-factor ADHD latent variable in all analyses for the present 
study, with the limitation of suboptimal model fit for this variable.
4Given only one cannabis use motive (i.e., coping motives) was statistically significant for cannabis problem severity in Model A, no 
multiple mediator model was conducted for this outcome.
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symptoms were linked to increased cannabis use motives at 6-months5, which, in turn, 

predicted increased cannabis use frequency at 12-months (Table 3, Model A). These findings 

were also robust to age, sex, race, ethnicity, and marital status (Table 3, Model B). Sleep 

motives as a mediator remained significant after also adjusting for alcohol, cigarette, and 

other drug use, social anxiety symptoms, and MDD, PTSD, and panic disorder diagnoses 

(Table 3, Model C). A multiple mediator model simultaneously tested all five cannabis use 

motives that were statistically significant in Model A (see Figure 1), and sleep motives was 

the only marginally significant mediator when examined concurrently with other mediators 

and after adjusting for baseline cannabis use, age, sex, race, ethnicity, marital status, alcohol 

use, cigarette use, other drug use, social anxiety symptoms, and MDD, PTSD, panic disorder 

diagnoses (Table 3, Model D).

Cannabis problems—Coping with negative affect, but no other motives, at 6-months 

significantly mediated the relation between baseline ADHD symptoms and 12-month 

cannabis problem severity after adjusting for baseline cannabis use, such that baseline 

ADHD symptoms were associated with increased cannabis coping motives at 6-months, 

which, in turn, was linked to cannabis problem severity at 12-months (Table 3, Model A). 

These findings were robust to age, sex, race, ethnicity, and marital status (Table 3, Model B), 

as well as alcohol, cigarette, other drug use, social anxiety symptoms, and MDD, PTSD, and 

panic disorder diagnoses (Table 3, Model C).

Discussion

The present study extends prior research by empirically examining five cannabis motives as 

mediators of the ADHD symptoms-cannabis relation in a prospective sample of returning 

veterans. Mediators were tested after rigorously adjusting for baseline cannabis use, 

demographic characteristics, other substance use (i.e., alcohol, cigarette, and other drug use), 

and internalizing psychopathology (i.e., social anxiety symptoms and MDD, PTSD, and 

panic disorder diagnoses), which all share appreciable overlap with ADHD symptoms and 

cannabis (Harrington et al., 2012; Metrik et al., 2016). Findings suggest motivational 

pathways are differentially related to cannabis use frequency and cannabis problem severity. 

Sleep motives emerged as a mechanism underlying the prospective relation between ADHD 

symptoms and subsequent cannabis use frequency over and above baseline cannabis use, 

demographic characteristics, other substance use, and internalizing psychopathology. Sleep 

motives also was the only mediator to emerge as marginally significant when considered 

simultaneously with other correlated motives. On the other hand, coping with negative affect 

motives was the most prominent pathway for cannabis problem severity. These findings are 

the first, to our knowledge, to identify specific mechanisms explicating this longitudinal 

relation. These preliminary findings also converge with extant literature on cannabis and 

comorbid psychiatric disorders.

5Latent variables for motives used in mediation analyses reflect participants’ cannabis use motives at 6-months and do not reflect a 
change in use motives from baseline to 6-months.
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Sleep Motives

Sleep disturbance and ADHD symptoms frequently co-occur, with over 70% of individuals 

with ADHD endorsing sleep disturbance regardless of stimulant medication intake (Schredl, 

Alm, & Sobanski, 2007; Van Veen et al., 2010). Qualitative findings from Mitchell et al. 

(2016) also found sleep disturbance is a commonly reason cited for using cannabis in those 

with ADHD symptoms. Our findings also align with our recent cross-sectional research on 

veterans, with sleep motives emerging as an important mechanism between PTSD/MDD and 

cannabis use (Metrik et al., 2016). Extant research also indicates that sleep motives are 

independently associated with past-30-day cannabis use frequency (Babson, Boden, & 

Bonn-Miller, 2013), which supports our differential findings that sleep motives contribute to 

cannabis use frequency. When examined with indices of problematic cannabis involvement, 

Metrik and colleagues (2016) found support for sleep motives as a mechanism underlying 

PTSD/MDD and cannabis problems and CUD. Indeed, evidence suggests individuals 

develop a tolerance to short-term benefits of cannabis use on sleep, which results in 

increased use and increased potential for cannabis problems (Angarita et al., 2016; Babson, 

Sottile, Morabito, 2017). Therefore, sleep motives may emerge as a mechanism of ADHD 

symptoms and cannabis problems in future replication studies.

Though speculative, our findings suggest improving sleep quality may also improve 

treatment outcomes related to ADHD symptoms and cannabis use. Evidence-based 

approaches to manage sleep disturbance, such as cognitive-behavioral treatment for 

insomnia (CBT-I) or EEG-biofeedback, may be effective treatment options for veterans who 

use cannabis and have ADHD symptoms (Diaz, Sloot, Mansvelder, & Linkenkaer-Hansen, 

2012; Morin et al., 2006; Perlis, Jungquist, Smith, & Posner, 2006). Addressing sleep 

disturbance more directly may also yield longer-term treatment gains. In fact, 65% of 

cannabis users cited sleep disturbance as a reason for resuming use following a cessation 

attempt (Budney et al., 2008), which emphasizes the potential for improved cannabis 

outcomes if sleep disturbance is effectively managed.

Coping with Negative Affect Motives

As expected, coping with negative affect was not as salient for cannabis use frequency as it 

was for cannabis problem severity. This is consistent with the extant substance use literature 

noting robust relations between coping and substance use problems, but not quantity and 

frequency (Cooper et al., 2016 for a review). Using cannabis to cope with negative affect 

was the only significant mediator between ADHD symptoms and subsequent cannabis 

problem severity. Previous research has speculated adults with ADHD symptoms use 

cannabis to cope (Wilens et al., 2007), and recent qualitative evidence demonstrated low 

mood and negative affect are commonly cited reasons for using cannabis among those with 

ADHD symptoms (Mitchell et al., 2016). We are the first to empirically test this notion, and 

this relation is supported by the affective-motivational model of substance use (Baker et al., 

2004). Interestingly, emotion dysregulation is a shared feature of both ADHD and cannabis 

(Barkley, 2015; Lopez-Vergara et al., 2019), and using cannabis to cope likely perpetuates 

the cycle of emotion dysregulation, maladaptive coping, and subsequent cannabis problems. 

Future research in this area is needed to determine whether effective coping skills for 
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negative affect (e.g., distress tolerance; Linehan, 1993) could improve outcomes for both 

ADHD symptoms and cannabis problems.

Social Anxiety Motives

Using cannabis to manage social anxiety was also supported as a pathway from ADHD 

symptoms to cannabis use frequency, though this motive was not significant after adjusting 

for other substance use and internalizing psychopathology. Previous research indicates 

notable overlap between ADHD, social anxiety, and cannabis use, as SAD is the most 

comorbid anxiety disorder in adults with ADHD (Kessler et al., 2006). This comorbidity 

likely arises from interpersonal difficulties associated with childhood ADHD that contribute 

to negative affect in social situations in adulthood (Katzman et al., 2017). SAD is also 

closely linked with problematic cannabis use (e.g., Buckner, Ecker, & Dean, 2016; Buckner, 

Schmidt, Bobadilla, & Taylor, 2006; Buckner & Zvolensky, 2014). Our findings indicate 

future research on ADHD symptoms, social anxiety, and cannabis use is warranted, 

particularly among veterans (Kashdan, Julian, Merritt, & Uswatte, 2006), with treatment 

targets related to effective coping in social situations being potentially useful for improving 

ADHD symptoms and reducing cannabis use.

Perceived Low Risk Motives

Our findings indicate devaluing risks is also pertinent to cannabis use frequency, which is 

consistent with research in this area (e.g., Cohn, Johnson, Ehlke, & Villanti, 2016); however, 

this mechanism was not supported after adjusting for other substance use and internalizing 

psychopathology. Nevertheless, attitudes toward cannabis have shifted in favor of cannabis, 

with an increasing perception that cannabis use carries minimal risk (Budney et al., 2019; 

Carliner, Brown, Sarvet, & Hasin, 2017). Among U.S. adults, the prevalence of perceived 

cannabis risk decreased from 50.4% to 33.3% between 2002 and 2014, with perception of no 

risks associated with cannabis increasing from 5.6% to 15.1% (Compton et al., 2016). 

Veterans also share this belief with many viewing cannabis as relatively low risk (Wilkinson 

et al., 2016). However, more favorable attitudes toward cannabis are often associated with 

increased cannabis use (Carliner et al., 2017). Notably, a recent study examined reciprocal 

prospective relations of risk perception and cannabis use and supported both directional 

effects (Salloum et al., 2018), suggesting that intervening on perceived risk may have 

enduring benefits. Our findings are consistent with extant research indicating risk perception 

is important in maintaining cannabis use over time. Our preliminary findings indicate risk 

perception is differentially related to cannabis use (vs. cannabis problems).

Altered Perception Motives

After adjusting for internalizing psychopathology and other substance use, altered 

perception was not a significant mediator of ADHD symptoms and cannabis use frequency. 

Given that few studies have examined this cannabis motive, particularly with psychiatric 

comorbidities and among veterans, more research is needed to glean when and for whom 

this motive is important.
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Strengths and Limitations

The present study has several strengths, including being the first to empirically and 

prospectively test motivational pathways from ADHD symptoms to cannabis use frequency 

and cannabis problem severity among returning veterans. A strength of using prospective 

mediation is the ability to discern the temporal ordering of relations (MacKinnon & 

Fairchild, 2009). We used an SEM approach that reduces measurement error and also 

rigorously adjusted for demographics, other substance use, social anxiety symptoms, MDD, 

PTSD, and panic disorder diagnosis – all of which share considerable overlap with ADHD 

and cannabis use. Though more replication studies are needed, our findings identified 

malleable underlying mechanisms of ADHD symptoms and cannabis indices that could 

improve treatment outcomes. Building on this work and that of others (e.g., Salloum et al., 

2018), future research also should examine the reciprocal relations among ADHD 

symptoms, motives, and cannabis use and related problems over time using a cross-lagged 

panel design (e.g., Hamaker et al., 2005).

Findings from the present study should be interpreted considering limitations. Our sample of 

returning OEF/OIF/OND veterans was predominantly male and predominantly White, 

limiting generalizability across sexes, races, ethnicities, nonveterans, and veterans from 

other war eras. Despite the strengths of our modeling approach, observational data precludes 

our ability to draw causal inferences. Though we employed a prospective design, age of 

onset of ADHD symptoms was not assessed in this sample, thus we are unable to confirm 

ADHD symptoms preceded cannabis use in this sample, though this ordering has been 

documented elsewhere (e.g., Lee et al., 2011; Molina et al., 2018). Formal ADHD diagnoses 

were also not assessed in the present study. However, assessing symptom count is often 

considered more informative and even preferred (Bidwell et al., 2014; Frazier et al., 2007). 

More research is needed to determine whether our findings generalize to a clinical sample of 

adults diagnosed with ADHD, particularly given ADHD symptoms, including those assessed 

in the present study, could be a result of other mental health symptoms or substance use. The 

present study also did not consider mode of cannabis use, cannabis quantity, or information 

regarding cannabis potency or strain, which could differentially relate to ADHD symptoms, 

cannabis motives, and cannabis indices. Model fit for the one-factor ADHD measurement 

model was suboptimal, as determined by CFI and TLI; however, we were unable to reach 

model convergence when modeling ADHD as a two-factor structure. We recommend that 

future studies, potentially with larger samples, consider modeling ADHD as a two-factor 

structure, given we demonstrated improved model fit for this measurement model, relative to 

the one-factor structure. Finally, the multiple mediator model exhibited signs of suppression 

effects likely due to this being a complex model with six highly intercorrelated latent 

variables, numerous covariates, and a zero-inflated negative binomial outcome. Thus, 

estimates from this model require additional replication with a larger sample.

Conclusions

Our findings clarify underlying mechanisms of adult ADHD symptoms and subsequent 

cannabis use frequency and cannabis problem severity in returning veterans. Sleep 

disturbance appears to play a vital role in maintaining cannabis use frequency over time. 

Addressing sleep using evidence-based strategies may improve treatment outcomes for 
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individuals with both ADHD symptoms and cannabis use. Using cannabis to cope with 

negative affect is robustly linked to cannabis problems in veterans with ADHD symptoms, 

which is consistent with the affective-motivational model of substance use. Evidence-based 

coping strategies to improve mood and increase distress tolerance are recommended to 

potentially improve treatment outcomes for ADHD symptoms and cannabis problems alike.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding for this research, data analysis, and manuscript preparation was supported by National Institute on Drug 
Abuse grant R01 DA033425 to Drs. Metrik and Borsari. This material is the result of work supported with 
resources and the use of facilities at the Providence VA Medical Center (Dr. Metrik) and the San Francisco VA 
Medical Center (Dr. Borsari). The views expressed in this article are those of the authors and do not necessarily 
reflect the position or policy of the National Institute on Drug Abuse, the National Institutes of Health, the 
Department of Veterans Affairs or the United States Government. The authors gratefully acknowledge Cassandra 
Delapaix (Tardif), Rebecca Swagger, Madeline Benz, Hannah Wheeler, Suzanne Sales, and Julie Evon for their 
contribution to the project. The authors have no conflicts of interest to declare.

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th 
ed.). Washington, DC: Author.

Agresti A (2002). Categorical data analysis (Vol. 482). John Wiley & Sons.

Angarita GA, Emadi N, Hodges S, & Morgan PT (2016). Sleep abnormalities associated with alcohol, 
cannabis, cocaine, and opiate use: A comprehensive review. Addiction Science & Clinical Practice, 
11(1), 9. [PubMed: 27117064] 

Asherson P, Buitelaar J, Faraone SV, & Rohde LA (2016). Adult attention-deficit hyperactivity 
disorder: Key conceptual issues. The Lancet Psychiatry, 3(6), 568–578. [PubMed: 27183901] 

Babson KA, Boden MT, & Bonn-Miller MO (2013). The impact of perceived sleep quality and sleep 
efficiency/duration on cannabis use during a self-guided quit attempt. Addictive Behaviors, 38(11), 
2707–2713. [PubMed: 23906725] 

Babson KA, Sottile J, & Morabito D (2017). Cannabis, cannabinoids, and sleep: A review of the 
literature. Current Psychiatry Reports, 19(4), 23. [PubMed: 28349316] 

Baker TB, Piper ME, McCarthy DE, Majeskie MR, & Fiore MC (2004). Addiction motivation 
reformulated: An affective processing model of negative reinforcement. Psychological Review, 
111(1), 33–51. [PubMed: 14756584] 

Barkley RA (2015). Emotional dysregulation is a core component of ADHD. In Barkley RA (Ed.), 
Attention-deficit hyperactivity disorder: A handbook for diagnosis and treatment (pp. 81–115). New 
York, NY, US: The Guilford Press.

Bidwell LC, Henry EA, Willcutt EG, Kinnear MK, & Ito TA (2014). Childhood and current ADHD 
symptom dimensions are associated with more severe cannabis outcomes in college students. Drug 
and Alcohol Dependence, 135, 88–94. [PubMed: 24332802] 

Biederman J, Mick E, & Faraone SV (2000). Age-dependent decline of symptoms of attention deficit 
hyperactivity disorder: Impact of remission definition and symptom type. American Journal of 
Psychiatry, 157(5), 816–818.

Biederman J, Wilens T, Mick E, Milberger S, Spencer TJ, & Faraone SV (1995). Psychoactive 
substance use disorders in adults with attention deficit hyperactivity disorder (ADHD): Effects of 
ADHD and psychiatric comorbidity. American Journal of Psychiatry, 152(11), 1652–1658.

Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS, & Keane TM (1995). 
The development of a clinician-administered PTSD scale. Journal of Traumatic Stress, 8(1), 75–
90. [PubMed: 7712061] 

Stevens et al. Page 13

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Blevins CE, Abrantes AM, Anderson BJ, Caviness CM, Herman DS, & Stein MD (2018). A 
longitudinal evaluation of the role of alcohol self-concept in alcohol use, motives, negative affect, 
and alcohol-related problems among emerging adults. The American Journal on Addictions, 27(6), 
501–508. [PubMed: 30039892] 

Boden MT, Babson KA, Vujanovic AA, Short NA, & Bonn-Miller MO (2013). Posttraumatic stress 
disorder and cannabis use characteristics among military veterans with cannabis dependence. The 
American Journal on Addictions, 22(3), 277–284. [PubMed: 23617872] 

Bonn-Miller MO, Babson KA, & Vandrey R (2014). Using cannabis to help you sleep: Heightened 
frequency of medical cannabis use among those with PTSD. Drug and Alcohol Dependence, 136, 
162–165. [PubMed: 24412475] 

Bonn-Miller MO, Boden MT, Bucossi MM, & Babson KA (2014). Self-reported cannabis use 
characteristics, patterns and helpfulness among medical cannabis users. The American Journal of 
Drug and Alcohol Abuse, 40(1), 23–30. [PubMed: 24205805] 

Bonn-Miller MO, Harris AH, & Trafton JA (2012). Prevalence of cannabis use disorder diagnoses 
among veterans in 2002, 2008, and 2009. Psychological Services, 9(4), 404–416. [PubMed: 
22564034] 

Bonn-Miller MO, & Zvolensky MJ (2009). An evaluation of the nature of marijuana use and its 
motives among young adult active users. The American Journal on Addictions, 18(5), 409–416. 
[PubMed: 19874161] 

Breyer JL, Lee S, Winters KC, August GJ, & Realmuto GM (2014). A longitudinal study of childhood 
ADHD and substance dependence disorders in early adulthood. Psychology of Addictive 
Behaviors, 28(1), 238–246. [PubMed: 24731117] 

Buckner JD, Bonn-Miller MO, Zvolensky MJ, & Schmidt NB (2007). Marijuana use motives and 
social anxiety among marijuana-using young adults. Addictive Behaviors, 32(10), 2238–2252. 
[PubMed: 17478056] 

Buckner JD, Ecker AH, & Dean KE (2016). Solitary cannabis use frequency mediates the relationship 
between social anxiety and cannabis use and related problems. The American Journal on 
Addictions, 25(2), 99–104. [PubMed: 26890064] 

Buckner JD, Schmidt NB, Bobadilla L, & Taylor J (2006). Social anxiety and problematic cannabis 
use: Evaluating the moderating role of stress reactivity and perceived coping. Behaviour Research 
and Therapy, 44(7), 1007–1015. [PubMed: 16168950] 

Buckner JD, Walukevich KA, & Lewis EM (2019). Cannabis use motives on weekends versus 
weekdays: Direct and indirect relations with cannabis use and related problems. Addictive 
Behaviors, 88, 56–60. [PubMed: 30142485] 

Buckner JD, & Zvolensky MJ (2014). Cannabis and related impairment: The unique roles of cannabis 
use to cope with social anxiety and social avoidance. The American Journal on Addictions, 23(6), 
598–603. [PubMed: 25196146] 

Budney AJ, Sofis MJ, & Borodovsky JT (2019). An update on cannabis use disorder with comment on 
the impact of policy related to therapeutic and recreational cannabis use. European Archives of 
Psychiatry and Clinical Neuroscience, 269(1), 73–86. [PubMed: 30604051] 

Budney AJ, Vandrey RG, Hughes JR, Thostenson JD, & Bursac Z (2008). Comparison of cannabis and 
tobacco withdrawal: Severity and contribution to relapse. Journal of Substance Abuse Treatment, 
35(4), 362–368. [PubMed: 18342479] 

Burnham KP, & Anderson DR (2004). Multimodel inference: Understanding AIC and BIC in model 
selection. Sociological Methods & Research, 33(2), 261–304.

Cameron CA, & Trivedi PK (1998). Econometric society monographs: Regression analysis of count 
data. Cambridge University Press.

Carey KB (1997). Reliability and validity of the time-line follow-back interview among psychiatric 
outpatients: A preliminary report. Psychology of Addictive Behaviors, 11(1), 26–33.

Carliner H, Brown QL, Sarvet AL, & Hasin DS (2017). Cannabis use, attitudes, and legal status in the 
US: a review. Preventive Medicine, 104, 13–23. [PubMed: 28705601] 

Caye A, Rocha TBM, Anselmi L, Murray J, Menezes AM, Barros FC, … & Swanson JM (2016). 
Attention-deficit/hyperactivity disorder trajectories from childhood to young adulthood: Evidence 

Stevens et al. Page 14

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from a birth cohort supporting a late-onset syndrome. JAMA Psychiatry, 73(7), 705–712. 
[PubMed: 27192050] 

Charach A, Yeung E, Climans T, & Lillie E (2011). Childhood attention-deficit/hyperactivity disorder 
and future substance use disorders: Comparative meta-analyses. Journal of the American Academy 
of Child & Adolescent Psychiatry, 50(1), 9–21. [PubMed: 21156266] 

Cohen J (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, NJ: 
Erlbaum.

Cohn A, Johnson A, Ehlke S, & Villanti AC (2016). Characterizing substance use and mental health 
profiles of cigar, blunt, and non-blunt marijuana users from the National Survey of Drug Use and 
Health. Drug and Alcohol Dependence, 160, 105–111. [PubMed: 26803718] 

Compton WM, Han B, Jones CM, Blanco C, & Hughes A (2016). Marijuana use and use disorders in 
adults in the USA, 2002–14: Analysis of annual cross-sectional surveys. The Lancet Psychiatry, 
3(10), 954–964. [PubMed: 27592339] 

Cooper ML, Kuntsche E, Levitt A, Barber LL, & Wolf S (2016). Motivational models of substance 
use: A review of theory and research on motives for using alcohol, marijuana, and tobacco. In Sher 
K (Ed.), The Oxford handbook of substance use and substance use disorders: Two-volume set (pp. 
375–421). New York: Oxford University Press.

Davis AK, Lin LA, Ilgen MA, & Bohnert KM (2018). Recent cannabis use among Veterans in the 
United States: Results from a national sample. Addictive Behaviors, 76, 223–228. [PubMed: 
28858694] 

Dennis ML, Funk R, Godley SH, Godley MD, & Waldron H (2004). Cross- validation of the alcohol 
and cannabis use measures in the Global Appraisal of Individual Needs (GAIN) and Timeline 
Followback (TLFB; Form 90) among adolescents in substance abuse treatment. Addiction, 99, 
120–128. [PubMed: 15488110] 

Department of Veterans Affairs (2016). Department of Veterans Affairs education program 
beneficiaries: FY2000 to FY2016. Retrieved from http://www.va.gov/vetdata/Utilization.asp

Diaz BA, Sloot LH, Mansvelder HD, & Linkenkaer-Hansen K (2012). EEG-Biofeedback as a tool to 
modulate arousal: Trends and perspectives for treatment of ADHD and insomnia. In 
Neuroimaging-Cognitive and Clinical Neuroscience. IntechOpen.

Faraone SV, & Biederman J (2005). What is the prevalence of adult ADHD? Results of a population 
screen of 966 adults. Journal of Attention Disorders, 9(2), 384–391. [PubMed: 16371661] 

Faraone SV, Biederman J, & Mick E (2006). The age-dependent decline of attention deficit 
hyperactivity disorder: a meta-analysis of follow-up studies. Psychological Medicine, 36(2), 159–
165. [PubMed: 16420712] 

Faraone SV, Sergeant J, Gillberg C, & Biederman J (2003). The worldwide prevalence of ADHD: Is it 
an American condition?. World Psychiatry, 2(2), 104–113.

Faraone SV, Wilens TE, Petty C, Antshel K, Spencer T, & Biederman J (2007). Substance use among 
ADHD adults: Implications of late onset and subthreshold diagnoses. American Journal on 
Addictions, 16(sup1), 24–34.

Farris SG, Metrik J, Bonn-Miller MO, Kahler CW, & Zvolensky MJ (2016). Anxiety sensitivity and 
distress intolerance as predictors of cannabis dependence symptoms, problems, and craving: The 
mediating role of coping motives. Journal of Studies on Alcohol and Drugs, 77(6), 889–897. 
[PubMed: 27797690] 

First MB, Spitzer RL, Gibbon M, & Williams JBW (2002). Structured Clinical Interview for DSM–
IV–TR Axis I Disorders, Research Version, Non-patient Edition (SCID-I/NP). New York, NY: 
Biometrics Research, New York State Psychiatric Institute.

Folstein MF, Folstein SE, & McHugh PR (1975). “Mini-mental state”: A practical method for grading 
the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12(3), 189–198. 
[PubMed: 1202204] 

Frazier TW, Youngstrom EA, & Naugle RI (2007). The latent structure of attention deficit/
hyperactivity disorder in a clinic-referred sample. Neuropsychology, 21(1), 45. [PubMed: 
17201529] 

Stevens et al. Page 15

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.va.gov/vetdata/Utilization.asp


Groenman AP, Janssen TW, & Oosterlaan J (2017). Childhood psychiatric disorders as risk factor for 
subsequent substance abuse: A meta-analysis. Journal of the American Academy of Child & 
Adolescent Psychiatry, 56(7), 556–569. [PubMed: 28647007] 

Harpin VA (2005). The effect of ADHD on the life of an individual, their family, and community from 
preschool to adult life. Archives of Disease in Childhood, 90(suppl 1), i2–i7. [PubMed: 15665153] 

Harrington KM, Miller MW, Wolf EJ, Reardon AF, Ryabchenko KA, & Ofrat S (2012). Attention-
deficit/hyperactivity disorder comorbidity in a sample of veterans with posttraumatic stress 
disorder. Comprehensive Psychiatry, 53(6), 679–690. [PubMed: 22305866] 

Hasin DS (2018). US epidemiology of cannabis use and associated problems. 
Neuropsychopharmacology, 43(1), 195–212. [PubMed: 28853439] 

Heilbron DC (1994). Zero- altered and other regression models for count data with added zeros. 
Biometrical Journal, 36(5), 531–547.

Hechtman L, Swanson JM, Sibley MH, Stehli A, Owens EB, Mitchell JT, … & Abikoff HB (2016). 
Functional adult outcomes 16 years after childhood diagnosis of attention-deficit/hyperactivity 
disorder: MTA results. Journal of the American Academy of Child & Adolescent Psychiatry, 
55(11), 945–952. [PubMed: 27806862] 

Johnson K, Mullin JL, Marshall EC, Bonn-Miller MO, & Zvolensky M (2010). Exploring the 
mediational role of coping motives for marijuana use in terms of the relation between anxiety 
sensitivity and marijuana dependence. The American Journal on Addictions, 19(3), 277–282. 
[PubMed: 20525036] 

Kashdan TB, Julian T, Merritt K, & Uswatte G (2006). Social anxiety and posttraumatic stress in 
combat veterans: Relations to well-being and character strengths. Behaviour Research and 
Therapy, 44(4), 561–583. [PubMed: 15972206] 

Katzman MA, Bilkey TS, Chokka PR, Fallu A, & Klassen LJ (2017). Adult ADHD and comorbid 
disorders: Clinical implications of a dimensional approach. BMC Psychiatry, 17(1), 302. 
[PubMed: 28830387] 

Kessler RC, Adler L, Ames M, Demler O, Faraone S, Hiripi EVA, … & Ustun TB (2005). The World 
Health Organization Adult ADHD Self-Report Scale (ASRS): A short screening scale for use in 
the general population. Psychological Medicine, 35(2), 245–256. [PubMed: 15841682] 

Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O, … & Spencer T (2006). The 
prevalence and correlates of adult ADHD in the United States: Results from the National 
Comorbidity Survey Replication. American Journal of Psychiatry, 163(4), 716–723.

Kessler RC, Green JG, Adler LA, Barkley RA, Chatterji S, Faraone SV, … & Russo LJ (2010). 
Structure and diagnosis of adult attention-deficit/hyperactivity disorder: Analysis of expanded 
symptom criteria from the Adult ADHD Clinical Diagnostic Scale. Archives of General 
Psychiatry, 67(11), 1168–1178. [PubMed: 21041618] 

Kessler RC, Heeringa SG, Stein MB, Colpe LJ, Fullerton CS, Hwang I, … & Schoenbaum M (2014). 
Thirty-day prevalence of DSM-IV mental disorders among nondeployed soldiers in the US Army: 
Results from the Army Study to Assess Risk and Resilience in Servicemembers (Army STARRS). 
JAMA Psychiatry, 71(5), 504–513. [PubMed: 24590120] 

Kilmer JR, Hunt SB, Lee CM, & Neighbors C (2007). Marijuana use, risk perception, and 
consequences: Is perceived risk congruent with reality?. Addictive Behaviors, 32(12), 3026–3033. 
[PubMed: 17822856] 

Kimbrel NA, Wilson LC, Mitchell JT, Meyer EC, DeBeer BB, Silvia PJ, … & Morissette SB (2017). 
ADHD and nonsuicidal self-injury in male veterans with and without PTSD. Psychiatry Research, 
252, 161–163. [PubMed: 28279896] 

Klimkeit E, Graham C, Lee P, Morling M, Russo D, & Tonge B (2006). Children should be seen and 
heard: Self-report of feelings and behaviors in primary-school-age children with ADHD. Journal 
of Attention Disorders, 10(2), 181–191. [PubMed: 17085628] 

Lee SS, Humphreys KL, 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. Clinical Psychology Review, 31(3), 328–341. [PubMed: 21382538] 

Stevens et al. Page 16

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lee CM, Neighbors C, Hendershot CS, & Grossbard JR (2009). Development and preliminary 
validation of a comprehensive marijuana motives questionnaire. Journal of Studies on Alcohol and 
Drugs, 70(2), 279–287. [PubMed: 19261240] 

Linehan M (1993). Skills training manual for treating borderline personality disorder (Vol. 29). New 
York: Guilford Press.

Lopez-Vergara HI, Jackson KM, Meshesha LZ, & Metrik J (2019). Dysregulation as a correlate of 
cannabis use and problem use. Addictive Behaviors.

MacKinnon DP, & Fairchild AJ (2009). Current directions in mediation analysis. Current Directions in 
Psychological Science, 18(1), 16–20. [PubMed: 20157637] 

Martel MM (2009). Research review: A new perspective on attention-deficit/hyperactivity disorder: 
Emotion dysregulation and trait models. Journal of Child Psychology and Psychiatry, 50(9), 1042–
1051. [PubMed: 19508495] 

Metrik J, Jackson K, Bassett SS, Zvolensky MJ, Seal K, & Borsari B (2016). The mediating roles of 
coping, sleep, and anxiety motives in cannabis use and problems among returning veterans with 
PTSD and MDD. Psychology of Addictive Behaviors, 30(7), 743–754. [PubMed: 27786514] 

Mitchell JT, Sweitzer MM, Tunno AM, Kollins SH, & McClernon FJ (2016). “I use weed for my 
ADHD”: A qualitative analysis of online forum discussions on cannabis use and ADHD. PloS 
One, 11(5), e0156614. [PubMed: 27227537] 

Mitchell JT, Weisner TS, Jensen PS, Murray DW, Molina BS, Arnold LE, … & Kollins SH (2018). 
How substance users with ADHD perceive the relationship between substance use and emotional 
functioning. Journal of Attention Disorders, 22, 49S–60S. [PubMed: 28166690] 

Moffitt TE, Houts R, Asherson P, Belsky DW, Corcoran DL, Hammerle M, … & Poulton R (2015). Is 
adult ADHD a childhood-onset neurodevelopmental disorder? Evidence from a four-decade 
longitudinal cohort study. American Journal of Psychiatry, 172(10), 967–977.

Molina BS, Howard AL, Swanson JM, Stehli A, Mitchell JT, Kennedy TM, … & Hoza B (2018). 
Substance use through adolescence into early adulthood after childhood diagnosed ADHD: 
Findings from the MTA longitudinal study. Journal of Child Psychology and Psychiatry, 59(6), 
692–702. [PubMed: 29315559] 

Morin CM, Bootzin RR, Buysse DJ, Edinger JD, Espie CA, & Lichstein KL (2006). Psychological and 
behavioral treatment of insomnia: Update of the recent evidence (1998–2004). Sleep, 29, 1398–
1414. [PubMed: 17162986] 

Muthén LK, & Muthén BO (1998–2018). Mplus User’s Guide. Eighth Edition. Los Angeles, CA: 
Muthén & Muthén.

National Academies of Sciences, Engineering, and Medicine. (2017). The Health Effects of Cannabis 
and Cannabinoids: The Current State of Evidence and Recommendations for Research. 
Washington, D.C.: The National Academies Press.

Notzon DP, Pavlicova M, Glass A, Mariani JJ, Mahony AL, Brooks DJ, & Levin FR (2016). ADHD is 
highly prevalent in patients seeking treatment for cannabis use disorders. Journal of Attention 
Disorders. doi: 10.1177/1087054716640109

Perlis ML, Jungquist C, Smith MT, & Posner D (2006). Cognitive behavioral treatment of insomnia: A 
session-by-session guide (Vol. 1). New York, NY: Springer Science & Business Media.

Salloum NC, Krauss MJ, Agrawal A, Bierut LJ, & Grucza RA (2018). A reciprocal effects analysis of 
cannabis use and perceptions of risk. Addiction, 113(6), 1077–1085. [PubMed: 29377544] 

Sarvet AL, Wall MM, Keyes KM, Cerdá M, Schulenberg JE, O’Malley PM, … Hasin DS (2018). 
Recent rapid decrease in adolescents’ perception that marijuana is harmful, but no concurrent 
increase in use. Drug and Alcohol Dependence. 10.1016/j.drugalcdep.2017.12.041

SAS Institute Inc. (2013). SAS 9.4 [Computer software].

Schatz DB, & Rostain AL (2006). ADHD with comorbid anxiety: A review of the current literature. 
Journal of Attention Disorders, 10(2), 141–149. [PubMed: 17085624] 

Schredl M, Alm B, & Sobanski E (2007). Sleep quality in adult patients with attention deficit 
hyperactivity disorder (ADHD). European Archives of Psychiatry and Clinical Neuroscience, 
257(3), 164–168. [PubMed: 17131215] 

Stevens et al. Page 17

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Shura RD, Denning JH, Miskey HM, & Rowland JA (2017). Symptom and performance validity with 
veterans assessed for attention-deficit/hyperactivity disorder (ADHD). Psychological Assessment, 
29(12), 1458–1465. [PubMed: 29227127] 

Sobell LC, & Sobell MB (1992). Timeline follow-back. In Measuring alcohol consumption (pp. 41–
72). Humana Press, Totowa, NJ.

Stephens RS, Roffman RA, & Curtin L (2000). Comparison of extended versus brief treatments for 
marijuana use. Journal of Consulting and Clinical Psychology, 68(5), 898–908. [PubMed: 
11068976] 

Strohbeck-Kuehner P, Skopp G, & Mattern R (2008). Cannabis improves symptoms of ADHD. 
Cannabinoids, 3(1), 1–3.

van der Pol P, Liebregts N, de Graaf R, Korf DJ, van den Brink W, & van Laar M (2013). Predicting 
the transition from frequent cannabis use to cannabis dependence: A three-year prospective study. 
Drug and Alcohol Dependence, 133(2), 352–359. [PubMed: 23886472] 

Van Veen MM, Kooij JS, Boonstra AM, Gordijn MC, & Van Someren EJ (2010). Delayed circadian 
rhythm in adults with attention-deficit/hyperactivity disorder and chronic sleep-onset insomnia. 
Biological Psychiatry, 67(11), 1091–1096. [PubMed: 20163790] 

Vogel T, Dom G, van de Glind G, Studer J, Gmel G, Strik W, & Moggi F (2016). Is attention deficit/
hyperactivity disorder among men associated with initiation or escalation of substance use at 15- 
month follow- up? A longitudinal study involving young Swiss men. Addiction, 111(10), 1867–
1878. [PubMed: 27061514] 

Walters AS, Silvestri R, Zucconi M, Chandrashekariah R, & Konofal E (2008). Review of the possible 
relationship and hypothetical links between attention deficit hyperactivity disorder (ADHD) and 
the simple sleep related movement disorders, parasomnias, hypersomnias, and circadian rhythm 
disorders. Journal of Clinical Sleep Medicine, 4(06), 591–600. [PubMed: 19110891] 

Watson D, O’Hara MW, Chmielewski M, McDade-Montez EA, Koffel E, Naragon K, & Stuart S 
(2008). Further validation of the IDAS: evidence of convergent, discriminant, criterion, and 
incremental validity. Psychological Assessment, 20(3), 248–259. [PubMed: 18778161] 

Wehmeier PM, Schacht A, & Barkley RA (2010). Social and emotional impairment in children and 
adolescents with ADHD and the impact on quality of life. Journal of\Adolescent Health, 46(3), 
209–217.

Wilens TE, Adamson J, Sgambati S, Whitley J, Santry A, Monuteaux MC, & Biederman J (2007). Do 
individuals with ADHD self- medicate with cigarettes and substances of abuse? Results from a 
controlled family study of ADHD. The American Journal on Addictions, 16, 14–23. [PubMed: 
17453603] 

Wilens TE, Martelon M, Joshi G, Bateman C, Fried R, Petty C, & Biederman J (2011). Does ADHD 
predict substance-use disorders? A 10-year follow-up study of young adults with ADHD. Journal 
of the American Academy of Child & Adolescent Psychiatry, 50(6), 543–553. [PubMed: 
21621138] 

Wilkinson ST, van Schalkwyk GI, Davidson L, & D’Souza DC (2016). The formation of marijuana 
risk perception in a population of substance abusing patients. Psychiatric Quarterly, 87(1), 177–
187.

Wong MM, Craun EA, Bravo AJ, & Pearson MR (2019). Insomnia symptoms, cannabis protective 
behavioral strategies, and hazardous cannabis use among US college students. Experimental and 
clinical psychopharmacology.

Stevens et al. Page 18

Psychol Addict Behav. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Prospective mediation analysis for ADHD symptoms and cannabis use frequency

Note. Figure 1 reflects a prospective multiple mediator model from baseline ADHD 

symptoms to 12-month cannabis use frequency via 6-month cannabis motives. Circles 

reflect latent variables; squares reflect manifest variables. Mediators included in multiple 

mediator analyses were statistically significant in Model A of single mediator models. Age, 

sex, race, ethnicity, marital status, alcohol use, cigarette use, other drug use, social anxiety 

symptoms, and MDD, PTSD, and panic disorder diagnoses were included as covariates for 

both zero-inflated and negative binomial processes of the model, but also not included for 

simplicity. Estimates reflect standardized betas. *p < .05; **p < .01
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Table 1

Sample demographics, diagnostic, and military service-related characteristics

Overall Sample (N=361) Baseline Cannabis Users 
(N=346)

Baseline Cannabis Non-

Users
e
 (N=15)

Variable n (%)

Gender
a

 Male 337 (93) 323 (93) 14 (93)

Race
a

 White 289 (80) 278 (81) 11 (73)

 Black/African American 16 (4) 15 (4) 1 (7)

 Asian 6 (2) 6 (2) -

 Native Hawaiian/Pacific Islander 2 (1) 2 (<1) -

 American Indian/Alaska Native 2 (1) 1 (<1) 1 (7)

 Multiracial 17 (4) 17 (5) -

 Other 26 (8) 24 (7) 2 (13)

Ethnicity
a

 Hispanic/Latino(a) 48 (13) 45 (13) 3 (20)

Marital Status
a

 Single/Never married 116 (32) 114 (33) 2 (13)

 Married/Living with partner 173 (48) 165 (48) 8 (54)

 Divorced/Separated 72 (20) 67 (19) 5 (33)

Employment Status
ab

 Employed 283 (78) 274 (79) 9 (60)

 Unemployed/Homemaker 67 (19) 66 (19) 1 (7)

 Student 87 (24) 82 (24) 5 (33)

 Military Service 101 (28) 99 (29) 2 (13)

Combat Operation(s) served in
ab

 Operation Enduring Freedom (OEF) 223 (62) 212 (62) 11 (73)

 Operation Iraqi Freedom (OIF) 74 (21) 71 (21) 3 (20)

 Operation New Dawn (OND) 46 (13) 45 (13) 1 (7)

Positive ADHD screen
d 105 (29) 102 (29) 3 (20)

Major Depressive Disorder, current (BL) 53 (15) 51 (15) 2 (13)

Posttraumatic Stress Disorder, current (BL) 47 (13) 47 (14) -

Panic Disorder, current (BL) 30 (8) 28 (8) 2 (13)

Cannabis Use Disorder, current (BL) 53 (15) 53 (15) -

New cannabis user at 12-months
e 15 (4) - -

Mean (SD)

Age
a 33.56 (9.44) 33.48 (9.44) 35.67 (9.58)

Years of education completed
a 13.73 (2.11) 13.71 (2.11) 14.20 (2.21)
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Overall Sample (N=361) Baseline Cannabis Users 
(N=346)

Baseline Cannabis Non-

Users
e
 (N=15)

Variable n (%)

Number of deployments post-9/11/2001
a 1.88 (1.15) 1.89 (1.16) 1.53 (0.83)

Years since last deployment
a 3.95 (2.79) 3.89 (2.74) 5.20 (3.67)

% alcohol use days
a 25.13 (28.83) 24.96 (28.78) 29.15 (30.67)

% cannabis use days
a 16.23 (32.85) 16.94 (33.38) -

% cigarette use days
ac 76.98 (34.40) 77.79 (33.86) 59.68 (44.05)

% other drug use days
a 4.07 (15.02) 3.90 (14.62) 8.19 (22.79)

% other tobacco use days
ac 11.16 (25.92) 10.99 (25.41) 14.76 (37.60)

Cannabis problems, baseline 1.07 (2.71) 1.12 (2.76) -

Coping motives, baseline 1.59 (0.99) 1.60 (0.99) 1.49 (0.95)

Sleep motives, baseline 1.90 (l.28) 1.91 (1.29) 1.51 (0.83)

Social anxiety motives, baseline 1.61 (0.95) 1.62 (0.97) 1.29 (0.53)

Perceived low risk motives, baseline 2.00 (1.19) 2.01 (1.20) 1.89 (0.96)

Altered perception motives, baseline 1.93 (1.17) 1.92 (1.16) 2.04 (1.30)

Note. BL=baseline assessment, YR=12-month follow-up assessment

a
Baseline assessment reported

b
Multiple responses permitted

c
Tobacco users only (n = 157)

d
Positive ADHD screen ascertained by endorsement of nine or more clinically-significant symptoms at baseline on the World Health Organization 

(WHO) Adult ADHD Self-Report Scale (Kessler et al., 2005).

e
Determined by endorsing no current cannabis use at baseline but reporting current cannabis use at the 12-month assessment.
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