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LAY ABSTRACT  

 

 

Attention deficit and hyperactivity disorder (ADHD) has three main symptoms including 

inattention, hyperactivity and impulsivity. Substance use disorder is commonly associated 

with ADHD. The ADHD population is at a 3 times greater risk for developing a cannabis 

use disorder compared to the general population. Psychostimulants are used to treat ADHD 

but there is currently no data looking at how cannabis use may affect the treatment response. 

This study aims to compare the response to ADHD treatment in adults with ADHD between 

cannabis and non-cannabis users. The study recruited forty participants who filled out a 

study questionnaire over 3 study visits for a total study length of 8 weeks. Study findings 

did not report a difference between cannabis and non-cannabis users in their ADHD 

symptoms, clinical severity and clinical improvement throughout the study. Further studies 

should continue investigating populations with co-occurring ADHD and cannabis use in 

relation to treatment response.  
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ABSTRACT  

 

Background: Attention deficit and hyperactivity disorder (ADHD) is a 

neurodevelopmental disorder presenting with three core symptoms: inattention, 

hyperactivity and impulsivity. The ADHD population is 3 times more susceptible to 

developing a cannabis use disorder compared to the general population. Psychostimulants 

are the first-line treatment for ADHD. There is currently no literature on the impact of 

cannabis on the psychostimulant response.  

 

Objectives: To compare the response to psychostimulant treatment in adults with ADHD 

between cannabis and non-cannabis users  

 

Methods: Sixty-five participants with a primary diagnosis of ADHD were recruited from 

the MacAnxiety Research Clinic and St. Josephs Psychiatric Community Clinic. 

Participants were assigned to the cannabis, or non-cannabis group based on their cannabis 

status at baseline. The study was 8 weeks long and included 3 visits. The first visit of the 

study was called “Baseline” and would occur prior to the start of stimulant medication. 

Participants would be seen at two additional time points 4- and 8-weeks post-baseline visit 

at which point they would be taking their stimulant medication. At each study visit all 

participants would fill out the self-reported assessment battery conducted through 

REDCap. The study psychiatrist would assign a CGI-S score at the end of each visit and a 

CGI-I score at the end of week 4 and week 8.  

 

Results: Cannabis and non-cannabis users did not differ statistically in their BAARS-IV, 

CGI-S and CGI-I scores over the study. Secondary outcomes investigating CUD, stimulant 

type, stimulant dosage, comorbidities and responder rate did not produce significant 

outcomes. 

 

Conclusions: There was no difference in the treatment response to psychostimulants in 

adults with ADHD between cannabis and non-cannabis users. Further studies should 

continue exploring treatment response in populations with co-occurring adult ADHD and 

cannabis use. 

 

Keywords: Cannabis; Substance use disorder; ADHD; Psychostimulants; Treatment  
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1. Introduction 

 

1.1 What is ADHD? 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder that presents 

as three core symptom clusters: inattention, hyperactivity, and impulsivity. There are three 

subtypes of ADHD consisting of predominantly hyperactive/impulsive, predominately inattentive, 

and a combined subtype (Sharma & Couture, 2014). ADHD is a common childhood disorder but 

can often persist into adulthood and contribute to impairments in many facets of life. Interestingly 

a meta-analysis reported that ADHD has been shown to persist in around 15% of individuals who 

were diagnosed as children (Faraone et al., 2006), this finding is supported by a recent population 

based study reporting a similar prevalence of persistent ADHD from childhood into adulthood at 

around 14% (Barbaresi et al., 2018). A recent meta-analysis reports a prevalence of persistent adult 

ADHD (ADHD that continued from childhood) globally at 2.58% and symptomatic adult ADHD 

(ADHD first diagnosed as an adult but had childhood symptoms) globally at 6.76% (Song et al., 

2021). These prevalence rates are consistent with other reported current ADHD prevalence rates 

of 4.4% (Kessler et al., 2006), 3.4% (Fayyad et al., 2007) and 2.5% (Simon et al., 2009). Out of 

the three subtypes of ADHD, 56% of adults make up the inattentive subtype, 22% make up the 

hyperactive/impulsive subtype and the remaining 22% make up the combined subtype (G. J. 

DuPaul et al., 2001) and in all subtypes the ratio of males to females is slightly higher in adults, 

with reported sex ratios of 2.1:1 in the inattentive subtype, 1.69:1 in the hyperactive/impulsive 

subtype and 2.73:1 in the combined subtype (Ramtekkar et al., 2010; Robison & Faraone, 2008). 

The etiology of ADHD is still unknown but most literature suggests a dysregulation of dopamine 

and norepinephrine signaling in the prefrontal cortex, cerebellum, and caudate nucleus which have 

functions in attention, decision-making, and emotion regulation (Sharma & Couture, 2014). 

Literature is divided on whether the dysregulation is due to a decreased or increased signaling of 

dopamine and norepinephrine. Neuroimaging studies have found that a location in the brain 

typically abundant in dopaminergic receptors called the caudate nucleus is smaller in ADHD 

individuals compared to non-ADHD individuals (Swanson et al., 2007). Others believe 

dysregulation is due to an overactive signaling of dopamine and norepinephrine due to 

polymorphisms and mutations (Sharma & Couture, 2014). Other theories for the etiology of 

ADHD include prenatal and birth factors, exposure to environmental toxins and familial 

heritability  (Sciberras et al., 2017). Prenatal and birth risk factors for ADHD include low birth 

weight and maternal demographics such as age. One study reported findings that low birth weight 

may be a risk factor for ADHD; children born weighing less than 1500g were at a significant risk 

of developing ADHD (Halmøy et al., 2012).  This is in contrast to the findings of another study 

that found no connection between birthweight and ADHD (Clements et al., 2015). Maternal age 

during pregnancy also seems to be a risk factor for ADHD. A recent study reported that younger 

maternal age (18-24 years old) may increase the risk of offspring developing ADHD (Gao et al., 

2023), this finding is supported by another study reporting maternal age under 26 years old is 

associated with a higher risk of ADHD in offspring (Hvolgaard Mikkelsen et al., 2017). 

Environmental toxins such as polyfluoroalkyl a synthetic chemical have been found to be 

associated with an increased risk of ADHD (Hoffman et al., 2010) but data remains inconclusive 

with a lack of evidence in identifying which environmental toxins may play a role in ADHD 

etiology (Sciberras et al., 2017). Additionally there seems to be a genetic and heritability 

component to ADHD, etiology studies have reported heritability rates as high as 70% when 
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investigating through family and twin reports (Faraone & Larsson, 2019). Additionally, there has 

been an increasing research drive to try and pinpoint potential  candidate genes implicated in 

ADHD etiology which reports have found implicated genes to be in the dopaminergic pathway 

such as Dopamine Transporter 1 (DAT1), Dopamine D4 Receptor Gene (DRD4), Dopamine D5 

Receptor Gene (DRD5) and Synaptosomal Associated Protein 25 (SNAP25) (Faraone & Larsson, 

2019; Kian et al., 2022). Therefore, the etiology of ADHD remains to be established. ADHD is 

more common in males compared to females (Ramtekkar et al., 2010) with ratios in childhood 

ADHD being 3:1 (Murray et al., 2019) and in adult ADHD ranging from 1:1 to 3:1(Faheem et al., 

2022). Sex differences in adult ADHD is an area requiring more research as it is unclear why sex 

ratios attenuate from childhood into adulthood. Certain researchers believe the difference in sex 

ratios from childhood to adulthood could be due to females having a higher rate of ADHD 

persistence into adulthood compared to males but limited data is available to support this claim 

(Stibbe et al., 2020). Literature has mixed findings on whether impairment differs between the 

sexes. In relation to core ADHD symptoms in children three articles report that impairment is 

comparable between the sexes (Biederman et al., 2005; Graetz et al., 2005; Murray et al., 2019). 

Studies investigating sex differences in adult ADHD in relation to core symptoms are very limited, 

one article found females to have more inattention and hyperactivity symptoms compared to males 

(Fedele et al., 2012). Aside from core ADHD symptoms there may be differences in the prevalence 

of comorbidities and symptom severity between the sexes (Fedele et al., 2012). Females tend to 

have  greater symptom severity in terms of emotional dysregulation compared to males (Robison 

& Faraone, 2008). Males have a higher comorbidity rate of conduct disorder and substance use 

disorder (SUD) compared to females. Females have a higher comorbidity rate of mood disorders 

and sleep-related symptoms compared to males (Anker et al., 2020; Fedele et al., 2012; Robison 

& Faraone, 2008). 

 

 

1.2 Adult ADHD Functional Impairments and Comorbidities 

Adult manifestations of ADHD are associated with poor socio-economic outcomes and 

complications in executive functioning tasks such as time management, multitasking, and 

organization (Katzman et al., 2017) which can lead to decreased success in occupational and 

academic domains. Young adults with ADHD are at an increased risk for drop-out and academic 

probation in college and university (G. DuPaul et al., 2009). Additionally, adults with ADHD 

struggle in the work environment starting from trouble initiating the job search , and attending less 

job interviews to job adherence potentially due to impairment in organizational skills (Adamou et 

al., 2013). Risk-taking behavior is prominent in adults with ADHD increasing the chances of 

interpersonal relationship problems and criminality which can result in higher divorce rates, more 

emergency room visits and higher rates of premature death compared to non-ADHD populations 

(Sharma & Couture, 2014; Zalsman & Shilton, 2016). Additionally, adults with ADHD commonly 

experience complications in emotional regulation such as low frustration tolerance, and emotional 

lability (Anker et al., 2020). The ADHD population is at a greater risk of developing a mood 

disorder and anxiety disorders, with studies reporting the probability being 4 times greater 

compared to non-ADHD populations (Choi et al., 2022; Perugi et al., 2019). Common mood 

disorders co-morbid with ADHD are depression and bipolar disorders. In the clinical ADHD 

population, the current prevalence rates of developing co-morbid depression are 25% (Fischer et 

al., 2007), and 18.6% in the general population (Binder et al., 2009). The prevalence of developing 



MSc. Thesis- G. Romero; McMaster University, Neuroscience  
 

 
 3 

 

comorbid bipolar disorders in the clinical ADHD population is 11-22% (Klassen et al., 2010; 

Skirrow et al., 2012). Anxiety-related disorders are also very common among the ADHD 

population with large prevalence rates in clinical population of 56% (Quenneville et al., 2022) and 

37.9% in the general population (Choi et al., 2022; Mohammadi et al., 2021). Poor mood 

modulation in the ADHD population has been associated with an increased risk of substance use 

due to individuals potentially using substances to regulate mood (Wilens & Morrison, 2011).  

Furthermore, the prevalence of co-morbid substance use disorder and ADHD is highly prominent 

(Retz & Retz-Junginger, 2014; Zalsman & Shilton, 2016).  

 

 

1.3 SUD and ADHD:  

Substance use is known to be a common comorbidity of ADHD as having ADHD can make 

individuals 2-3 times more likely to develop a substance use disorder (Katzman et al., 2017; van 

Emmerik-van Oortmerssen et al., 2012). This comorbidity has been considerably studied with 

estimated prevalence rates ranging from 10-80% in clinical populations (Choi et al., 2022) and 

35.95% in the general population (Chen et al., 2018). When ADHD is comorbid in substance use 

disorder the prevalence rates are lower with rates ranging from 21-40.9% (van de Glind et al., 

2013; van Emmerik-van Oortmerssen et al., 2012). A Nigerian study reported that substance use 

comorbidity was greater in the hyperactive/inattentive subtype compared to other subtypes with a 

prevalence rate of 55.7% (Van Der Burg et al., 2019). Popular substances used when SUD is co-

morbid with ADHD are alcohol, cannabis, cocaine and nicotine (Spera et al., 2020; van de Glind 

et al., 2013). Additionally, another study investigated patterns in modality use of substances in 

adult ADHD and found a prevalence of 60% lifetime and 6.9% currently using cannabis products, 

40% lifetime and 2.8% currently using stimulants (ex. cocaine), 30% lifetime and 11.1% currently 

using alcohol, and less than 10% using benzodiazepines and opioids in both lifetime and current 

in their sample (Spera et al., 2020). Similarly, another article found that alcohol use and alcohol 

dependence were highly associated with the ADHD population (Capusan et al., 2019). It is unclear 

whether there is a preference for certain substances in ADHD or whether the individuals are using 

substances that are readily available in their communities. Most articles suggest there is no 

preference for specific substances in the ADHD population (Capusan et al., 2019; Clure et al., 

1999; Faraone, Biederman, et al., 2007; Faraone, Wilens, et al., 2007). ADHD and SUD are 

thought to target similar neurotransmitters in the brain such as dopaminergic and serotonergic 

pathways leading researchers to believe that treating one condition could improve the other due to 

the bi-directional relationship (P.-J. Carpentier & Levin, 2017; Faraone, 2018). Both ADHD and 

SUD have abnormal regulations of dopaminergic pathways involved in reward and motivation, 

affecting areas of attention, and executive functions, all of which produce symptoms commonly 

experienced in both disorders (Van Der Burg et al., 2019). The high prevalence of SUD in the 

ADHD population could be for a variety of reasons that might include attempts at self-medication, 

the novelty/impulsivity of trying substances, social influence, familial history of SUD, and shared 

genetic risk (Zulauf et al., 2014). 

 

1.4 Cannabis and ADHD:   

Cannabis is a genus of plants that contain hundreds of cannabinoid components and terpenes. 

Terpenes in cannabis are mainly responsible for the smell and flavor while the multitude of 

cannabinoids contribute to different effects on the user based on the ratio found in the cannabis 
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consumed by the user (Haney, 2022). The two main cannabinoid components in cannabis are  

delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) (Hunt et al., 2020). Just as there are 

exogenous cannabinoids there are also endogenous cannabinoids that are part of the 

endocannabinoid system. There are two main types of endogenous cannabinoids: anandamide 

(AEA) and 2-arachidonoylglycerol (2-AG) (Haney, 2022). The endocannabinoid system plays 

various roles in the brain such as contributing to the development of neural circuits, pain, immune 

function and motivations (Haney, 2022). Within the endocannabinoid system there are two main 

receptors Cannabinoid 1 Receptor (CB1R) and Cannabinoid 2 Receptor (CB2R) which exogenous 

and endogenous cannabinoids can bind to with varying affinities (Haney, 2022). CB1 receptors 

are concentrated in the brain and mediate the psychoactive effects and CB2 receptors are mainly 

expressed in the periphery and have functions in immunity (Haney, 2022). Endogenous 

cannabinoids bind to the CB1 or CB2 receptors through retrograde signaling (Henschke, 2019). 

The endocannabinoid system has been explored considerably for its potential therapeutic benefits, 

data has shown that an increase in exogenous cannabinoids can lead to neuroadaptations in the 

endocannabinoid system; chronic cannabis THC users could be impacting the therapeutic benefits 

the endocannabinoid system can provide due to neuroadaptations leading to a lower circulation of 

endogenous cannabinoids (Kearney-Ramos et al., 2023). Cannabis interacts with several 

neurotransmitters such as Gamma-Aminobutyric Acid (GABA), dopamine, and serotonin (Hunt 

et al., 2020). Cannabis acts to diminish GABA reuptake which can be helpful in the management 

of conditions such as epilepsy, but chronic cannabis use targeting GABA neurons can cause 

unwanted effects such as paranoia (Hunt et al., 2020). Cannabis has biphasic effects with 

dopamine. Dopamine has various functions including memory, and motivation. In low doses of 

cannabis containing THC, it can act as a partial agonist at CB1 receptors and increase the functions 

of dopamine but in high doses, it can act as an antagonist and reduce the functions of dopamine 

leading to impairment (Hunt et al., 2020). Similarly, cannabis has biphasic effects on serotonin. 

Serotonin has functions in arousal and feelings of anxiety, and depression. Low doses of cannabis 

containing THC can decrease serotonin function and high doses of THC can increase its 

functioning (Hunt et al., 2020). Cannabis is a widely used substance that has been commonly used 

for a variety of purposes such as medicinal, spiritual, and recreational reasons in countries that 

have legalized recreational cannabis use; the World Health Organization reports an annual 

prevalence of cannabis consumption at 2.5% globally (~147 million people) (World Health 

Organization, 2021). Since the legalization of recreational cannabis in Canada in 2018 there has 

been a rise in the prevalence of past 12-month cannabis use among adults over 25 years old (19% 

in 2018, 23% in 2023)(Government of Canada, 2022; Hall et al., 2023). The prevalence of current 

cannabis use is more prominent in the ADHD population (13.4%) compared to the general 

population (4.3%) (Brandt et al., 2018). The prevalence of lifetime cannabis use has been reported 

to be greater in the ADHD population compared to the general population with an odds ratio of 

7.9 (Artigas et al., 2020; Dhamija et al., 2023). Popular cannabis products in Canada include joints, 

edibles, cannabis beverages, cannabis vapes/pens, and cannabis oils (Government of Canada, 

2022).  Cannabis is not a current approved treatment for ADHD and a recent review looking at 

cannabis and ADHD concluded that the literature does not recommend cannabis for ADHD 

treatment (Francisco et al., 2023). Despite these findings, it is not unusual for the ADHD 

population to self-medicate ADHD symptoms with cannabis because they believe it improves 

symptoms of inattention and mood (Francisco et al., 2023). One study reported the top two 

motivations for first cannabis use and continued use in adults with ADHD to be “getting high” and 
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“change mood” (Faraone, Wilens, et al., 2007). There are mixed results about whether cannabis 

does improve ADHD symptoms or not. Many factors mediate the effects of cannabis, such as 

product type, strain, potency of THC and CBD, and frequency of use. One study reported findings 

from an ADHD population that was surveyed on their perception of cannabis and its impact on 

their ADHD symptoms where they subsequently, found that 91.93% had reported cannabis 

positively impacted symptoms, 4.35% found cannabis to negatively impact symptoms and 3.73% 

found no difference on ADHD symptoms (Stueber & Cuttler, 2022). The same study found that 

frequency of cannabis use can influence the outcome of the users perception to symptoms (Stueber 

& Cuttler, 2022). Interestingly a majority of chronic cannabis users in this study  perceived 

cannabis to be overall beneficial, reporting relief of most of their ADHD symptoms and stimulant 

adverse effects (Stueber & Cuttler, 2022). A review (Francisco et al., 2023) looking at cannabis 

and ADHD reported findings that only a couple case reports and series concluded positive effects 

for cannabis in ADHD symptomology, but this was in combination with standard treatment (Hupli, 

2018; Mansell et al., 2022). Ultimately the majority of studies reported negative results for 

cannabis on ADHD symptoms including the only RCT available reporting no advantage for 

symptom reduction using cannabis over placebo (Cooper et al., 2017). 

 
1.5 ADHD Treatment: 

Treatment plans for ADHD include pharmacological options, cognitive behavioral therapy (CBT), 

or a combination of both. Pharmacological options include psychostimulants (amphetamine and 

methylphenidate formulations) and non-stimulants (atomoxetine, guanfacine, bupropion, 

clonidine, modafinil) (Mechler et al., 2022). The first line treatment for adult ADHD is 

psychostimulants because of their previously established efficacy in improving core symptoms of 

ADHD (Gonon, 2009; Retz & Retz-Junginger, 2014). Moderate to large effect sizes for stimulants 

are expected in adult ADHD, five meta-analyses and one meta-review concluded an average effect 

size for stimulant treatment in adults to be around 0.5 (Bushe et al., 2016; Castells et al., 2011; 

Cunill et al., 2016; De Crescenzo et al., 2017; Koesters et al., 2009; Stuhec et al., 2019). There are 

two classes of psychostimulants: amphetamines and methylphenidates both of which have 

demonstrated similar efficacy in treating ADHD (Faraone, 2018). Amphetamines work to increase 

levels of catecholamines by blocking dopamine and norepinephrine transporters and decreasing 

the activity of monoamine oxidase (Faraone, 2018). Methylphenidate similarly targets the 

inhibition of dopamine and norepinephrine transporters which also increases the circulation of both 

neurotransmitters (Faraone, 2018). Despite stimulant treatment showing great efficacy, there is 

still 20-50% of adults who do not respond to medication (Torgersen et al., 2008). The efficacy of 

stimulants could be affected by the formulation. A meta-analysis found that the immediate release 

(IR) formulation of methylphenidate could be less efficacious compared to the long-acting bi-

phasic release formulation because IR requires more administrations a day increasing the 

probability of individuals with ADHD to potentially forget doses throughout the day (Castells et 

al., 2011). Common side-effects of the stimulant medication include headaches, insomnia, 

gastrointestinal symptoms, and occasionally cardiovascular symptoms (Bejerot et al., 2010; 

Fredriksen et al., 2013). A recent meta-analysis found a pooled prevalence of headaches in 

pediatric ADHD to be 26.6%, during  treatment period (P.-Y. Pan et al., 2022). Another meta-

analysis done in pediatric populations reported a prevalence of insomnia as an adverse effect for 

stimulants at 17% , 30.3% for decreased appetite and 12% for headaches (Schachter et al., 2001). 

In one RCT for adult ADHD looking at methylphenidate efficacy, it was reported that participants 
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on the stimulant had higher reported adverse effects with 22% reporting loss of appetite, 33% 

reporting sleep disturbances, 16% complaining of headaches, 24% reporting dry mouth and 9% 

tachycardia (Kooij et al., 2004). Similarly another RCT investigating methylphenidate efficacy 

reported a prevalence of 26.3% of participants having headaches during the treatment period, 

19.3% reporting decreased appetite and 17.5% reporting insomnia (T. J. Spencer et al., 2007). 

Amphetamines had alike side effects to those of methylphenidate. An RCT looking at 

lisdexamfetamine dimesylate efficacy in adult ADHD reported a prevalence of 31% of participants 

having dry mouth, 23% decreased appetite, and 21% insomnia (Adler et al., 2008). Another study 

that looked at treatment outcomes in both methylphenidate and amphetamines reported that the 

most common adverse event for both stimulants was dry mouth (46%) (Bejerot et al., 2010).There 

are currently no meta-analyses covering pooled prevalence of adverse side effects for both 

stimulants in adult ADHD. Cognitive behavioral therapy is also a treatment option for adult ADHD 

with large effect sizes (Lopez et al., 2018) supported by a recent meta-analysis concluding an effect 

size of 0.76 (Young et al., 2020). CBT used for ADHD is adapted to address specific symptoms, 

functional impairments and develop skills to improve functioning using specific psychotherapeutic 

modules (Cherkasova et al., 2020; Corbisiero et al., 2018; Jensen et al., 2016). Common 

components in the CBT modules used for the treatment of adult ADHD cover topics of 

psychoeducation, adaptive thinking and coping with specific ADHD symptoms such as inattention 

(Sprich et al., 2010). One RCT comparing CBT alone versus CBT and medication for adult ADHD 

found CBT alone to have significant reductions in ADHD symptoms but ultimately found a greater 

reduction in the group with combined treatment (Cherkasova et al., 2020). Although a combined 

treatment approach has shown to be more efficacious than CBT alone literature has mixed findings 

on whether combined treatment is more efficacious than stimulant medication alone. An RCT 

comparing combined treatment (CBT and MPH) and MPH alone found that stimulant treatment 

alone was superior to the combined treatment method although both groups showed a decrease in 

ADHD symptoms (Corbisiero et al., 2018). A recent meta-analysis found the opposite result and 

reported that combined treatment was superior to stimulant treatment alone but only until the 3-

month checkup, the subsequent checkups at 6 and 9 months demonstrated comparable results 

between the groups (Li & Zhang, 2024). Similarly an RCT found that combined treatment was 

superior to stimulant medication alone at the first checkup (24 weeks) but this advantage seemed 

to plateau at the 36 week checkup (M.-R. Pan et al., 2022). Another RCT that looked at combined 

treatment (cognitive behavioral therapy and stimulant medication) found it to be more effective in 

reducing core symptoms compared to medication alone only in participants who don’t respond 

fully to medication alone (Safren et al., 2005). 

 

1.6 Predictors of psychostimulant treatment outcomes in ADHD-SUD/Cannabis populations: 

The relationship between cannabis and ADHD is complex. Although it is well documented that 

stimulant treatment is effective in treating ADHD it is uncertain whether stimulants remain 

efficacious if individuals have co-occurring substance use disorder, furthermore, no studies have 

looked at the impact of cannabis and stimulant treatment outcomes in adult ADHD. The presence 

of co-morbid substance use disorder presents a challenge in treating ADHD as most literature 

reporting on treatment for ADHD has SUD as an exclusion criterion making it harder to find 

conclusive evidence. Lots of literature remains inconclusive but the majority believe it could be a 

predictor of negative stimulant treatment outcomes (Konstenius et al., 2010; Levin et al., 2006, 

2007). Positive stimulant treatment outcomes are dependent on many factors including efficacy of 
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medication, tolerability, adherence, and presence of co-morbidities. The efficacy of stimulant 

medication has already been well documented with moderate effect sizes in adults and adequate 

reductions in core symptoms of ADHD (Buitelaar et al., 2011; Bushe et al., 2016; Castells et al., 

2011; Cunill et al., 2016; De Crescenzo et al., 2017; Stuhec et al., 2019). Most studies report good 

tolerability with few side effects and few reports of serious adverse events taking place (Edvinsson 

& Ekselius, 2018; Fredriksen et al., 2013). Positive outcomes are dependent on whether an 

individual is taking the medication as prescribed. The average adherence rate for methylphenidate 

is around 40-60% (Retz & Retz-Junginger, 2014). Co-morbid substance use can be viewed as a 

negative predictor of treatment outcomes. One meta-analysis found that  methylphenidate was 

efficacious in reducing core ADHD symptoms with a pooled effect size of 0.57, reported using the 

standard mean difference (SMD) but authors found that having comorbid SUD was consistent with 

a lower SMD (0.16) therefore, although they found that methylphenidate did reduce core 

symptoms , the reduction was  minimal in the SUD population (Castells et al., 2011). Additionally, 

an RCT that compared methylphenidate to placebo in a population of cocaine dependent treatment 

seeking participants with adult ADHD found no advantage in using methylphenidate to reduce 

core ADHD symptoms (Levin et al., 2007). This study categorized a 30% reduction in Adult 

ADHD Rating Scale (AARS) scores to be indicative of treatment response and found that 47% of 

participants in the methylphenidate group and 55% of participants in the placebo group met criteria 

for treatment response suggesting that  the efficacy of stimulant medication can be lower in SUD 

populations (Levin et al., 2007). Similarly, another RCT compared methylphenidate and bupropion 

to placebo in a population of methadone maintained participants with adult ADHD (Levin et al., 

2006). This study found that all three groups (methylphenidate, bupropion and placebo) had 

improved from baseline in their ADHD symptoms (response was characterized by a 30% reduction 

in AARS scores) but ultimately found no difference between the treatment and placebo groups, 

therefore showing that pharmacological treatment did not have an advantage over placebo in a 

comorbid SUD population (Levin et al., 2006). Overall suggesting that stimulant treatment 

efficacy may be reduced in substance using populations. Additional studies also concluded mainly 

negative results with stimulant treatment in adult ADHD populations with co-occurring 

amphetamine dependence (Konstenius et al., 2010). In most studies, stimulant treatment, and 

placebo both produce reductions in ADHD symptomology but fail to show a clear advantage for 

stimulant treatment over placebo with standard doses in ADHD populations with co-morbid SUD. 

Only a few RCT studies found positive outcomes and reductions in ADHD core symptoms in 

substance-using populations when using higher doses of methylphenidate treatment and cognitive 

behavioral therapy which suggest that both higher doses and CBT may be necessary for favorable 

outcomes in populations with ADHD and SUD (Konstenius et al., 2014; Levin et al., 2015). The 

type of substance can also influence the efficacy of treatment. It has been found that nicotine 

dependence doesn’t influence efficacy of stimulant treatment as much as when it is compared to 

other substances such as cocaine (P.-J. Carpentier & Levin, 2017) yet no studies have looked at 

cannabis and its influence on stimulant treatment. The Canadian ADHD Resource Alliance 

reported that they do not support the treatment of ADHD while patients are using cannabis due to 

inconclusive data on the efficacy of treatment with cannabis use (CADDRA, 2020). Although 

there haven’t been any studies to date that have looked at the impact of cannabis on stimulant 

treatment response in adult ADHD there have been many studies that overall concluded a minimal 

response or none to standard doses for stimulant treatment within ADHD-SUD populations.  
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1.7 Research aims and hypotheses:  

There is a lack of clinical knowledge on the impact of cannabis and the response to stimulant 

treatment in adult ADHD. Due to the lack of literature in this area the primary research question 

this study aims to answer is the following (1) is there a difference in the psychostimulant treatment 

response in adult ADHD between cannabis and non-cannabis users? This study hypothesizes that 

there will be a difference in the psychostimulant treatment response between cannabis and non-

cannabis users and that cannabis users will have less of a response to treatment and would therefore 

have higher total ADHD symptoms scores, higher clinical severity and clinical improvement 

scores compared to non-cannabis users. The secondary research questions this study aims to 

answer are the following (2) Does having a cannabis use disorder impact the treatment response? 

This study hypothesizes that having a cannabis use disorder will negatively impact treatment 

response and participants with a cannabis use disorder will therefore have higher total ADHD 

symptoms scores, higher clinical severity and clinical improvement scores compared to non-

cannabis users. (3) Does the stimulant formulation (methylphenidate vs amphetamine) impact the 

treatment response? This study hypothesizes that one formulation is not more advantageous than 

the other and that both methylphenidate and amphetamine formulations will produce comparable 

reductions in treatment outcomes measures and therefore not impact treatment response. (4) Does 

the dosage of stimulant (high vs low) impact the treatment response? This study hypothesizes that 

dosage of stimulants will not impact treatment response and both high and low doses will produce 

comparable reductions in treatment outcomes measures. (5) Does having additional comorbidities 

impact the treatment response? This study hypothesizes that having one or more comorbidities will 

negatively impact the treatment response and result in having higher total ADHD symptoms 

scores, higher clinical severity and clinical improvement scores. (6) Do cannabis and non-cannabis 

users differ in the rate of treatment responders? This study hypothesizes that there will be a 

difference in the rate of treatment responders and that cannabis users will have a lower rate of 

response compared to non-cannabis users. 

 

 

2. Methods 

 

2.1 Subjects  

All participants recruited were seeking ADHD treatment through family doctor referrals to the 

MacAnxiety clinic and the St. Joseph’s Healthcare Community Psychiatric Clinic in Hamilton, 

Ontario. The study was initiated in 2021, and the last participant was entered in 2024. The study 

screened a total of 71 participants, 65 participants started the study, and 40 participants completed 

the study. 

 

Participants were first screened by the study psychiatrist who had a copy and was aware of the 

study’s inclusion criteria. The research assistant approached potential participants who were 

flagged by the study psychiatrist and inclusion criteria were confirmed again by the research 

assistant. Study inclusion required participants to be above the age of 18 years or older and have a 

primary diagnosis of ADHD. The diagnosis of ADHD was established by the study psychiatrist in 

accordance with Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) criteria during 
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a clinical interview. Potential participants with co-morbid anxiety disorders, depression, obsessive 

compulsive disorder, and post-traumatic stress disorder, were allowed to be included in the study. 

Potential participants that met initial criteria and were using concomitant antidepressant, mood 

stabilizer and anti-psychotic medication were included provided a stable dosing had been 

maintained for at least 8 weeks. Participants were excluded if they were (1) pregnant or 

breastfeeding, (2) had a diagnosis of any of the following mental disorders as defined by the DSM-

5: lifetime history of schizophrenia or any other psychosis, organic medical disorders, cluster A, 

B, and C personality disorders, (3) had a medical contraindication to psychostimulants (untreated 

hypertension, allergy to psychostimulants, untreated hyperthyroidism, glaucoma, cardiac disease), 

and (4) had a history of greater than two adequately dosed failed trials in psychostimulants for 

adult ADHD.  

 

2.2 Settings  

Participants were treated and seen at the MacAnxiety Research Centre, Hamilton, Ontario, Canada 

and the St. Joseph’s Healthcare Community Psychiatric Clinic Hamilton, Ontario, Canada. 

 

2.3 Study procedures  

 The study was 8 weeks long and included 3 visits. All study data was captured and managed using 

the Research Electronic Data Capture (REDCap) software (Harris et al., 2009). Participants were 

seen by the study psychiatrist as part of their regular care and were informed of the study if they 

met inclusion criteria. If participants were eligible and interested the research assistant would 

collect a signed informed consent form. The first visit of the study was called “Baseline” and 

would occur prior to the start of stimulant medication. During this visit the participant would fill 

out the self-reported assessment battery conducted through REDCap. The study psychiatrist would 

assign a CGI-S score at the end of this visit. The participant would be seen at two additional time 

points 4- and 8-weeks post-baseline visit at which point they would be taking their stimulant 

medication. At both visits’ participants would see the psychiatrist as part of their regular care and 

would fill out the self-reported assessments through Redcap. The psychiatrist would assign a new 

CGI-S score at each visit along with a CGI-I score. Participants who were seen online completed 

the assessment battery through a private personalized link to REDCap software. Although the 

study included only 3-time points participants were being seen by the study psychiatrist as part of 

their regular care every two weeks but were only assessed and asked to complete the study survey 

battery at the three study time points (baseline, week 4 and week 8). Dosing was increased 

gradually over the course of the study based on efficacy and tolerability up until the maximum 

tolerated dose. Both formulations of stimulants (methylphenidate and amphetamine) were 

prescribed for participants in the study. Psychostimulants prescribed in the study were the 

following including dose ranges: Concerta (18-72mg), Foquest (25-100mg), Biphentin (10-80mg), 

and Vyvanse (10-60mg). Psychostimulants in the study were chosen by the study psychiatrist 

based on what was most suitable for the patients. Adverse reactions were reported by participants 

as spontaneous reports and were documented in the participant file under the reason for withdrawal 

of study. The criteria for withdrawal for the study were defined as switching stimulants in the 

middle of the study, the cessation of psychostimulant medication, not being able to be contacted 

and therefore lost to follow-up. 
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2.4 Assessment tools 

 

2.4.1 Demographics 

Participants answered questions regarding age, sex, education, ethnicity, occupation, marital 

status, and past ADHD history. These questions were administered only at baseline. 

 

2.4.2 ADHD Assessment 

To examine ADHD symptoms the Barkley Adult ADHD Rating scale (BAARS-IV) (Barkley, 

2011) was administered. This scale is a screening tool for ADHD in adult patients based on the 

DSM-5 criteria and is sensitive to change with treatment. The BAARS-IV is a self-report scale 

which includes 4 sections: inattention, hyperactivity, impulsivity, and sluggish cognitive tempo. 

The questions are rated on a 4-point Likert scale: (1) never or rarely, (2) sometimes, (3) often, and 

(4) very often. Total scores are calculated based on the sum of the inattention, hyperactivity, and 

impulsivity sections. This questionnaire was administered at all three time points of the study and 

was used as a measure of treatment response. 

 

2.4.3 Anxiety Assessment 

To examine anxiety symptoms the Generalized Anxiety Disorder scale (GAD-7) (Spitzer et al., 

2006) was administered. This scale is a tool used to examine participants’ levels of anxiety over 

the past two weeks. The GAD-7 questions are rated on a 4-point Likert scale: (1) never or rarely, 

(2) sometimes, (3) often, and (4) very often. Total scores are calculated based on the sum of all 

items (Spitzer et al., 2006). This questionnaire was administered at all three time points of the 

study and was used to investigate a secondary aim on the impact of comorbidities on treatment 

response. 

 

2.4.4 Depression Assessment 

To examine depression symptoms the Patient Health Questionnaire (PHQ-9) (Kroenke & Spitzer, 

2002) was administered. This scale is a tool used to measure participants’ levels of depressive 

symptoms over the past two weeks. The PHQ-9 questions are rated on a 4-point Likert scale: (1) 

never or rarely, (2) sometimes, (3) often, and (4) very often. Total scores are calculated based on 

the sum of all items (Kroenke & Spitzer, 2002). This questionnaire was administered at all three 

time points of the study and was used to investigate a secondary aim on the impact of comorbidities 

on treatment response. 

 

 

2.4.5 Functional Impairment Assessment  

To examine functional impairment the Sheehan Disability Scale (SDS) (Leon et al., 1997) was 

administered. This scale is a tool used to measure social life, family life and work disability. Each 

item was rated on a scale from 0-10, “0” (not at all), “1-5” (moderate), and “6-10” (severely). This 

questionnaire was administered at all three time points of the study and was used as a measure of 

functional impairment.  
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2.4.6 Cannabis Assessments 

To examine cannabis use disorder the Cannabis Use Disorder Identification Test- Revised 

(CUDIT-R) (Adamson et al., 2010) was administered at all time points of the study . CUDIT-R is 

a tool used to measure cannabis use in the past 6-months. Total scores are calculated based on the 

sum of all items. Scores of 8 or more indicate hazardous cannabis use and scores of 12 or more 

indicate a possible cannabis use disorder (Adamson et al., 2010). This questionnaire was used to 

investigate a secondary aim of cannabis use disorder and treatment response. 

 

To examine consequences of cannabis use the Brief Marijuana Consequences Questionnaire (B-

MACQ) (J. S. Simons et al., 2012) was administered. B-MACQ is a tool used to measure marijuana 

-related problems. Each of the 21 items on the scale was rated either yes or no. This scale measured 

consequences in the domains of social-interpersonal problems, impaired cannabis control, self-

perception, self-care, risk behaviours, academic/occupational problems, physical dependence and 

black out use. This questionnaire was administered at all three time points of the study and was 

used as a descriptor of cannabis related consequences. 

 

2.4.7 Motivations Assessment  

To examine motivations of cannabis use the Marijuana Motives Questionnaire (MMQ) (J. Simons 

et al., 1998) was administered. The MMQ is a tool used to measure 5 different categories of 

motivations: enhancement, conformity, expansion, coping and social. Each item on this scale has 

a 4-point response: (1) almost never/ never, (2) sometimes, (3) often, (4) almost always/always. 

This questionnaire was administered at all three time points of the study and was used as a 

descriptor of the samples’ motivations for using cannabis. 

 

 

2.4.8 Additional Substance Use Assessments  

To examine frequency, amount, and methods of use for nicotine, cannabis, alcohol, and controlled 

drugs a set of unique questions crafted by the investigator was administered. Amount of cannabis 

use was measured in grams and a textbox was provided in which participants could respond with 

name and potency of cannabis. Amount of alcohol use was measured in the number of standard 

drinks in one session. Methods of use for nicotine, cannabis and controlled substances were 

measured in click all that apply style questions with various common modalities of use presented 

(ex. Joints, edibles, vapes). Frequency of use for all substances was measured using increasing 

time frequencies (less than once a month, once a month, 2-3 days a month, 1-2 days a week, 3-4 

days a week, 5-7 days a week). These questionnaires were administered at all three time points of 

the study and were used as descriptors of the samples substance use characteristics.  

 

 

2.4.9 Clinician Assessments  

To examine the overall clinical severity of ADHD the Clinical Global Impressions- Severity (CGI-

S) scale (Guy, 1976) was administered. Scores range from 1 (normal, not at all ill) to 7 (among the 

most extremely ill patients).  
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To examine the overall improvement in clinical symptoms and functioning the Clinical Global 

Impressions- Improvement (CGI-I) scale (Guy, 1976) was administered. Scores range from 1 (very 

much improved) to 7 (very much worse).   

 

2.5 Outcomes 

Cannabis Status Definitions:  

(1) Cannabis users were defined in the study as participants using cannabis at least once in the last 

12 months up to daily use.  

(2) Non-cannabis users were defined as participants who have not used cannabis in the last 12 

months or have never used cannabis in their lifetime.  

 

Primary Research Question: 

(1) To investigate if there was a difference between cannabis users and non-cannabis users in 

treatment response this study used the Barkley Adult ADHD Rating Scale (BAARS-IV) 

scores and Clinician Global Impression- severity and improvement scores (CGI-S & CGI-

I). This study compared the BAARS-IV and CGI-S scores from baseline to endpoint 

between cannabis and non-cannabis users.  This study also compared the week 8 CGI-I 

scores between cannabis users and non-cannabis users. 

 

Secondary Research Questions: 

(2) To investigate if having a cannabis use disorder impacted the response to treatment this 

study used the Barkley Adult ADHD Rating Scale (BAARS-IV) scores and Clinician 

Global Impression- severity and improvement scores (CGI-S & CGI-I). This study 

compared the BAARS-IV and CGI-S scores from baseline to endpoint and CGI-I scores at 

endpoint between cannabis users who met criteria for cannabis use disorder and non-

cannabis users.  

 

(3) To investigate if there was a difference in the rate of responders to treatment between 

cannabis and non-cannabis users this study defined response to treatment for this analysis 

as a 30% reduction in baseline BAARS-IV scores and a CGI-I score of “1” or “2”.  

 

(4) To investigate if the type of stimulant formulation impacted treatment response this study 

compared participants using methylphenidate and amphetamine formulations in terms of 

their BAARS-IV, CGI-S, and CGI-I scores over the course of the study. This study 

compared the BAARS-IV and CGI-S scores from baseline to endpoint and CGI-I scores 

only at endpoint between methylphenidate and amphetamine formulation users. 

 

(5) To investigate if the dosage of stimulant impacted treatment response this study compared 

participants on low and high dose in terms of their BAARS-IV, CGI-S, and CGI-I scores 

over the course of the study. This study compared the BAARS-IV and CGI-S scores from 

baseline to endpoint and CGI-I scores only at endpoint between high and low dose users. 

All participants were within standard doses of stimulants. This study defined “High dose” 

as Concerta (54-72mg), Foquest (70-100mg), Biphentin (60-80mg) and Vyvanse (50-

60mg). This study defined “low dose” as any dose below “the high dose” range. 
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(6) To investigate if the presence of comorbidities impacted the treatment response this study 

compared the number of comorbidities participants had in terms of their BAARS-IV, CGI-

S, and CGI-I scores over the course of the study. This study compared the BAARS-IV and 

CGI-S scores from baseline to endpoint and CGI-I scores only at endpoint. This study also 

investigated whether baseline anxiety and depressive scores impacted endpoint BAARS-

IV scores in cannabis users, non-cannabis users and the whole sample.  

 

2.6 Data analysis  

Sample size was based on a power calculation. There is currently no published literature that has 

examined the impact of cannabis on the response to stimulants for the treatment of ADHD in either 

adults or adolescents. We estimated effect size to be moderate to large based on past literature 

examining the efficacy of stimulant treatment in adult ADHD populations. Five meta-analyses and 

one meta-review concluded an average effect size of stimulant treatment in adults is around 0.5 

(Bushe et al., 2016; Castells et al., 2011; Cunill et al., 2016; De Crescenzo et al., 2017; Koesters 

et al., 2009; Stuhec et al., 2019). Using R studio Webpower package, setting the power at 0.8 and 

the level of significance at 0.05, an overall sample of 40 participants (20 in each group) would be 

sufficient to detect a difference between the two groups. Considering 30% attrition this study aims 

to recruit a sample size of 52 participants with 26 participants in each group. 

 

The Marijuana Motive Questionnaire, investigator created substance use questions, and Marijuana 

consequence questionnaire data were used as descriptors of the sample and presented as 

percentages. Demographic questions such as age, sex, education level, marital status, ethnicity, 

occupational status and previous ADHD history data were averaged and presented as percentages 

of the sample.  

 

Primary and secondary outcomes that compared BAARS-IV and CGI-S scores from baseline to 

endpoint between groups were examined using a Friedman test for within measures and the 

Kruskal Wallis test for between measures. The comparison of endpoint CGI-I scores between 

groups was examined using an independent t-test or Mann Whitney test.  

 

The secondary outcome investigating rate of responders was evaluated using a chi-square test.  

 

The secondary outcome investigating the impact of comorbidities on treatment response 

specifically anxiety and depression scores was evaluated using linear regression.  

 

2.7 Ethics  

This study was approved by the Hamilton Integrated Research Ethics Board (HIREB) and all 

participants were given a copy of the informed consent form to take home and signed an 

informed consent at the study location to be included in the study.  
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3. Results 

 

3.1 Participant Flow 

 
Figure 1: Participant Selection flowchart. This figure outlines the recruitment process from the 

number of participants approached about the study to the number of participants that received 

treatment and completed the study. This figure was created with BioRender.com and adapted from 
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template “Flow Chart (6 Levels, Vertical, Black and White)” (2024) Retrieved 

from https://app.biorender.com/biorender-templates. 

 

3.2 Demographics  

 

Table 1: Sample Characteristics    

N=65 
 

Whole Sample N=65 

(%) 

Cannabis 

Users 

N=33 

(%) 

Non-

Cannabis 

Users 

N=32 

(%) 

Gender Male 40 39 41  
Female 52 52 53  

Transgender 3 6 0  
Non-Binary 5 3 6 

Marital 

Status 

Single 54 45 62 

 
Married/ Common law 45 52 38  
Divorced/ Separated 1 3 0 

Ethnicity Caucasian 69 79 59  
South Asian 6 3 9  

Middle Eastern 3 0 6  
Latin/ Hispanic 5 6 3  

Black 6 3 10  
Asian/ Pacific Island 6 3 10  

Other 5 6 3 

Occupational 

status 

Work full-time 49 55 41 

 Work part-time 14 12 16 

 Student full-time 15 15 16 

 Disability 9 9 9 

 Sick 5 3 6 

 Unemployed 6 3 9 

 Homemaker 2 3 3 

Education 

level 

College/university 

graduate 

46 55 37 

 Some college/university 31 36 25 

 Highschool graduate 12 3 22 

 Post-graduate studies 11 6 16 

Previous 

lifetime 

ADHD 

diagnosis 

Yes 48 48 47 

 No 52 52 53 

https://app.biorender.com/biorender-templates
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Previous 

lifetime 

ADHD 

stimulant 

treatment 

Yes 3 6 0 

 No 97 94 100 

  MEAN/SD MEAN/SD MEAN/SD 

 MEAN AGE 30.18 ± 11.6 30.81 ± 9.9 29.5 ± 

12.4 

 
 

Table 2: Sample Characteristics of Study Completers   
N=40 

 
Total Completers 

Sample N=40 

(%) 

Cannabis 

Users 

N=20 

(%) 

Non-

Cannabis 

Users 

N=20 

(%) 

Gender Male 47.5 50 45  
Female 45 40 50  

Transgender 2.5 5 0  
Non-Binary 5 5 5 

Marital Status Single 42.5 35 50  
Married/ Common law 55 60 50  
Divorced/ Separated 2.5 5 0 

Ethnicity Caucasian 75 80 70  
South Asian 2.5 0 5  

Middle Eastern 2.5 0 5  
Latin/ Hispanic 2.5 5 0  

Black 2.5 0 5  
Asian/ Pacific Island 7.5 5 10  

Other 7.5 10 5 

Occupational 

status 

Work full-time 55 65 45 

 Work part-time 7.5 5 10 

 Student full-time 22.5 20 25 

 Disability 5 0 10 

 Sick 5 5 5 

 Unemployed 2.5 0 5 

 Homemaker 2.5 5 0 

Education 

level 

College/university 

graduate 

47.5 60 35 

 Some 

college/university 

35 40 30 

 Highschool graduate 7.5 0 15 
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 Post-graduate studies 10 0 20 

Previous 

lifetime 

ADHD 

diagnosis 

Yes 40 35 45 

 No 60 65 55 

Previous 

lifetime 

ADHD 

stimulant 

treatment 

Yes 5 5 0 

 No 95 95 100 

  MEAN/SD MEAN/SD MEAN/SD 

 MEAN AGE 31.3 ± 9.9 32.6 ± 9.9 30 ± 9.9 

 

 

Table 3: Sample Characteristics of Study Dropouts 

N=25 
 

Total Dropout 

Sample N=25 

(%) 

Cannabis 

Users 

N=13 

(%) 

Non-Cannabis 

Users N=12 

(%) 

Gender Male 24 23 25 

 
Female 68 69 67 

 
Transgender 4 8 0 

 
Non-Binary 4 0 8 

Marital Status Single 72 62 83 

 
Married/ 

Common law 

28 38 17 

 
Divorced/ 

Separated 

0 0 0 

Ethnicity Caucasian 60 76 42 

 
South Asian 12 8 17 

 
Middle Eastern 4 0 8 
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Latin/ Hispanic 8 8 8 

 
Black 12 8 17 

 
Asian/ Pacific 

Island 

4 0 8 

 
Other 0 0 0 

Occupational status Work full-time 36 38 33 

 Work part-time 24 23 25 

 Student full-time 4 8 0 

 Disability 16 23 8 

 Sick 4 0 8 

 Unemployed 12 8 18 

 Homemaker 4 0 8 

Education level College/university 

graduate 

44 46 42 

 Some 

college/university 

24 31 17 

 Highschool 

graduate 

20 8 33 

 Post-graduate 

studies 

12 15 8 

Previous lifetime 

ADHD diagnosis 

Yes 60 69 50 

 No 40 31 50 

Previous lifetime 

ADHD stimulant 

treatment 

Yes 0 0 0 

 No 100 100 100 

  MEAN/SD MEAN/SD MEAN/SD 

 MEAN AGE 28.36 ± 12.8 28 ± 9.4 28 ± 16.2 

 

 

Table 1 summarizes the participant characteristics and demographics for the entire sample. 

Majority of the sample was female (52%), single (54%) and of Caucasian decent (69%). With 

regards to education and occupational status majority of the sample had university/college degrees 

(46%) and were working full time (49%). Before the start of the study most of the sample did not 

have a previous ADHD diagnosis (52%) and did not have previous ADHD stimulant treatment 

(97%). The mean age of the sample was 30 years old (age range 19-79). These demographics are 

very comparable to the completers demographics as shown in Table 2 with very minor differences. 

The majority of the completers sample was male (47.5), married/common law (55%) and of 

Caucasian decent (75%). With regards to education and occupational status majority of the sample 

had university/college degrees (47.5%) and were working full time (55%). Before the start of the 
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study most of the sample did not have a previous ADHD diagnosis (60%) and did not have 

previous ADHD stimulant treatment (95%). The mean age of the sample was 31 years old (age 

range 19-54). The completers sample has a slightly higher number of males (47.5 vs 40%), higher 

number of married participants (55 vs 45%), and a higher mean age (31 vs 30 years old) compared 

to the full sample. Additionally, the dropout sample (N=25) was analyzed and is similar to the 

completers sample with few differences. Alike to the completers sample, the dropouts were 

majority Caucasian (60 %), working full time (36 %), had college/university education (44 %), 

and didn’t have previous ADHD stimulant treatment (100%). The dropouts differ slightly from the 

completers in the distribution of gender with a higher percent of females (68 vs 45%), higher 

number of single individuals (72 vs 42.5%), slightly lower mean age (28 vs 31 years old) and a 

higher percentage of individuals with a previous ADHD diagnosis (60 vs 40%). Overall, all 

samples analyzed are similar to each other in demographic measures.  There were no statistical 

differences between cannabis users and non-cannabis users in the whole sample in terms of 

demographics. A Fisher’s Exact test was used to determine the following differences, gender 

(p=0.707), marital status (p=0.26), occupational status (p=0.91), ethnicity (p=0.407), previous 

ADHD treatment (p=0.49), and education (p=0.053). A chi-square analysis was done to examine 

previous ADHD diagnoses which were also not statistically different between cannabis and non-

cannabis users (𝑥2(1, N=65) =0.016, p=0.89). 

 

3.3 Cannabis Descriptors of Sample 

 

3.3.1 Cannabis Modality and Time of Use 

When asked to provide information on what time(s) of the day participants would use cannabis 

and which modalities of cannabis use, there were 9 participants that were able to answer at 

baseline, 12 at follow-up one and 19 at endpoint. The number of participants answering this 

questionnaire varied based on whether participants stopped or started using cannabis at the follow-

up assessments. Nighttime cannabis use (10pm-5am) was consistently the most popular at all time 

points of the study. The morning time from 6am-11am was at all time points in the study the least 

favoured for participants to use cannabis with only 12% reporting use during this time at baseline 

and dwindling to 6% the end of the study. Participants were able to click on multiple times of use 

and therefore it is possible participants were using at multiple times throughout the day, but overall, 

the most common time of use was at night. When investigating what modes of cannabis use were 

most popular among participants, 25 participants answered at baseline, 19 at follow up one and 15 

at endpoint. This study found that joints and edibles were the most common modality of use 

accounting for (60%) of responses at baseline and continued being the most popular throughout 

the rest of the study. Throughout the study cannabis concentrates which are waxes or liquids 

containing high levels of THC or CBD were the least popular mode of use with only (5%) reporting 

this modality. Participants were able to click on multiple modalities of use, but overall, the most 

common modalities remained to be edibles and joints. 
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3.3.2 Cannabis Effects on ADHD Symptoms 

 

Table 4: Perceptual effects of cannabis on ADHD symptoms  

(N=9) 

ADHD Symptom Baseline 

 

Cannabis has improved my sleep  44.4% Strongly agree  

22.2% Agree 

33.3% Neutral 

0% Disagree 

0% Strongly disagree  

Cannabis has helped feelings of 

restless 

55.6% Strongly agree  

22.2% Agree 

0% Neutral 

22.2% Disagree 

0% Strongly disagree   
Cannabis has helped me slow 

down my thoughts 

44.4% Strongly agree  

11.1% Agree 

 22.2% Neutral 

22.2% Disagree 

0% Strongly disagree  
Cannabis has helped me 

concentrate on tasks  

0% Strongly agree  

11.1% Agree 

55.6% Neutral 

33.3% Disagree 

0% Strongly disagree  
Cannabis has helped me make 

less impulsive decisions 

0% Strongly agree  

11.1% Agree 

44.4% Neutral 

44.4% Disagree 

0% Strongly disagree  
Cannabis has helped my 

organization 

0% Strongly agree  

0% Agree 

44.4% Neutral 

44.4% Disagree 

11.1% Strongly disagree  
Cannabis had helped working 

memory  

0% Strongly agree  

11.1% Agree 

22.2% Neutral 

55.6% Disagree 

11.1% Strongly disagree  
 

Table 4 summarizes the perceptual impact of cannabis on certain ADHD symptoms. It was 

reported that cannabis was not helpful in improving working memory as (55.6%) of participants 

disagreed and (11.1%) strongly disagreed with the statement that cannabis was helpful in 
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addressing this symptom. Working memory was defined as having the ability to hold onto 

information for a brief period of time such as remembering 2 or 3 simple instructions. Cannabis 

was found to be helpful for participants in dealing with feelings of restlessness with (55.6%) of 

participants clicking they strongly agreed and (22.2%) clicking they agreed with this statement. 

The remaining symptoms seemed to have mixed opinions on whether cannabis was helpful or not.  

 

 

3.3.3 Cannabis Motivations and Consequences  

 

Motivations for using cannabis were surveyed through the MMQ which covers 5 areas including 

conformity (using cannabis to fit in with a group), expansion (seeking personal or creative 

awareness using cannabis), coping (using cannabis to deal with personal circumstances), 

enhancement (using cannabis for enjoyment) and social (using cannabis to make social situations 

more enjoyable or less stressful). At baseline the most popular group of motivation for using 

cannabis among cannabis participants (N=10) was coping (40%) and enhancement (38%). The 

motivation at baseline most clicked as the reason for not using cannabis was conformity (94%). 

 

Cannabis consequences were surveyed through the Brief Marijuana Consequence Questionnaire 

(B-MACQ) which measured consequences in 8 domains including social-interpersonal problems 

(cannabis use impacting relationships), impaired cannabis control (using more cannabis than 

originally planned), self-perception (unhappy with self-due to cannabis), self-care (physical well-

being impacted by cannabis), risk behaviours (taking risks while using cannabis), 

academic/occupational problems (cannabis use impacting work and school), physical dependence 

(trouble cutting down on cannabis use) and black out use (not remembering periods of time due to 

cannabis use). At baseline participants using cannabis (N=33) reported the top consequence of 

using cannabis as blackout use (48%). 

 

3.3.4 Cannabis Amount and Frequency 

 

Three participants were able to provide potency information about their cannabis use and reported 

potencies ranging from 15-32.3% THC. Four participants were able to provide the amount of 

cannabis taken which ranged from 0.5g a day to 6g a day. Three participants were able to provide 

the name of the cannabis they were taking, which included “Redcan Reign drops”, “Bush Weed”, 

‘Muskoka sugar cookie”, “pearl CBD gummies and “Sherbinksi’s mochi”. 

 

In the entire sample out of 33 cannabis users this study had 23 recreational users and 10 regular 

cannabis users. A regular cannabis user was defined in the study as using cannabis 5-7 days a 

week. In the completers sample there were 12 recreational users and 8 regular cannabis users. 

Additionally, out of 25 dropouts, there were 13 participants that used cannabis, 2 of which used 

regularly and 11 that used recreationally. Recreational use varied from less than once a month up 

to 3-4 days a week. In the entire sample there were 5 participants using less than once a month, 2 

participants using once a month, 8 participants using 2-3 days a month, 5 participants were using 

1-2 days a week and 2 participants using 3-4 days a week. In the completers sample there were 4 

participants using less than once a month, 1 participant using once a month, 3 participants using 

2-3 days a month, 3 participants using 1-2 days a week and 1 participant using 3-4 days a week. 
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In the dropouts there was 1 participant using less than once a month, 1 participant using once a 

month, 6 participants using 2-3 days a month, 2 participants were using 1-2 days a week and 1 

participant using 3-4 days a week. The frequency of cannabis use in the completers sample was 

comparable to the entire sample and the dropout sample.  

 

3.4 Primary Research Question Outcomes 

 

 
Figure 2: Primary Outcomes in completers and intent to treat sample between Cannabis and 

Non-Cannabis Users. (A) Comparing the average BAARS-IV scores between cannabis (blue) 

and non-cannabis users (yellow) at baseline, week 4 and week 8. On the left is the completers 

analysis and on the right side is the intent to treat analysis (B) Comparing the average CGI-S scores 

between cannabis (blue) and non-cannabis users (yellow) at baseline, week 4 and week 8. On the 

left is the completers analysis and on the right side is the intent to treat analysis (C) Comparing the 

average CGI-I scores between cannabis and non-cannabis users at endpoint. On the left is the 

completers analysis and on the right side is the intent to treat analysis. (Depicted figures were 

created using RStudio). 
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*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in the box, the upper box is representative of the upper quartile values and the lower limit of 

the box is representative of the lower quartile values. The lower whisker on the box plot represents 

the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

 

The primary outcomes comparing BAARS-IV, CGI-S and CGI-I scores between cannabis and 

non-cannabis users were nonsignificant for both the completers and intent to treat sample analyses 

despite 2 non-cannabis users starting to use cannabis after baseline and 5 cannabis users stopping 

their cannabis use after baseline. Figure 2A portrays visually the Kruskal-Wallis and Friedman test 

used to analyze the BAARS-IV scores over time between the two groups for both the completers 

and intent to treat analyses. As seen in Figure 2A in the completers analysis over time the BAARS-

IV scores decreased from baseline to week 4 and baseline to week 8 (CHI 2 [2] =45.7, p=1.17e-

10) but there is no difference between the groups (H [1] =0.30, p=0.58) despite cannabis users 

having slightly higher BAARS-IV scores. As depicted in Figure 2A on the right, the intent to treat 

analysis shows very similar results to those of the completers. Over the course of the study the 

BAARS-IV scores decreased from baseline to week 4 and baseline to week 8 (CHI 2 [2] =57.8, 

p=2.84e-13) but there is no difference between the groups (H [1] =1.45, p=0.22), interestingly 

non-cannabis users having slightly higher BAARS-IV scores in this analysis. When overall clinical 

severity including ADHD severity, comorbidities severity and functional impairment were 

compared using the CGI-S scale as depicted in Figure 2B, a similar pattern was seen for both the 

completers and intent to treat analyses where over time CGI-S scores decreased but there was no 

difference between cannabis and non-cannabis users. In the completers analysis the results of the 

Friedman test were significant showing that over time at all time points clinical severity scores 

were decreasing (CHI 2 [2] =66.5, p=3.69e-15). The Kruskal-Wallis test was not significant (H 

[1] =3.28, p=0.069) therefore, demonstrating that the clinical severity scores were comparable 

between cannabis and non-cannabis users, despite cannabis users having slightly higher severity 

scores. In the intent to treat analysis the results of the Friedman test were also significant showing 

that over time at all time points clinical severity scores were decreasing (CHI 2 [2] =78.5, p=8.8e-

18). Similarly to the completers, the Kruskal-Wallis test was not significant for the intent to treat 

analysis (H [1] =2.58, p=0.1) therefore, demonstrating that the overall severity scores were 

comparable between cannabis and non-cannabis users, despite cannabis users having slightly 

higher CGI-S scores. Endpoint CGI-I scores were comparable between cannabis and non-cannabis 

users as the Mann-Whitney U test was not statistically significant for both the completers and 

intent to treat analyses. The Mann-Whitney U test for the completers (1.85 ± 0.98, 1.4 ± 0.75, 

p=0.1235) is shown in Figure 2C on the left. The Mann-Whitney U test for the intent to treat 

sample (1.79 ± 0.93, 1.65 ± 1.02, p=0.277) is shown in Figure 2C on the right 
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3.4.1 Spontaneous Adverse Reports  

 

Table 5: Documentation of spontaneous adverse reports 

N=4  

Adverse symptom Stimulant  Reported number of instances  

Dry mouth  Lisdexamfetamine 1 

Weight loss Methylphenidate Hydrochloride 

Extended-Release Tablets 

1 

Dizziness  Methylphenidate Hydrochloride 

Extended-Release Tablets 

1 

 Headaches  Lisdexamfetamine 1 

 

 

3.5 Secondary Research Question Outcomes  

 

3.5.1 Impact of Cannabis Use Disorder on Treatment Response 

 
Figure 3: Secondary Outcomes between Cannabis users with potential cannabis use disorder 

(CUD) and Non-Cannabis Users in completers. (A) Comparing the average BAARS-IV scores 

between CUD and non-cannabis users at baseline, week 4 and week 8. (B) Comparing the average 

CGI-S scores between CUD and non-cannabis users at baseline, week 4 and week 8. (C) 

Comparing the average CGI-I scores between CUD and non-cannabis users at endpoint. (Depicted 

figures were created using Rstudio). 

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in box, the upper box is representative of the upper quartile values and the lower limit of the 

box is representative of the lower quartile values. The lower whisker on the box plot represents 
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the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

 

It was further examined whether having a cannabis use disorder impacted the response to 

treatment. CUDIT-R scores were analyzed for cannabis users and only users who had scores 

greater than 12 were categorized as users who met criteria for cannabis use disorder and were 

placed into the “CUD” group. Only 5 out of 20 cannabis users met criteria for potential cannabis 

use disorder and were placed in the “CUD” group as shown in panels A-C. When comparing 

BAARS-IV, CGI-S and CGI-I scores between CUD and non-cannabis users results were 

nonsignificant. Figure 3A highlights the Kruskal-Wallis and Friedman test used to analyze the 

BAARS-IV scores over time between the two groups. As seen in Figure 3A over time the BAARS-

IV scores decreased from baseline to week 4 and baseline to week 8 (CHI 2 [2] =35.7, p=1.81e-

08) but there is no difference between the groups (H [1] =0.355, p=0.55) despite CUD users 

having higher BAARS-IV scores. When overall clinical severity including ADHD severity, 

comorbidities severity and functional impairment were compared using the CGI-S scale as 

depicted in Figure 3B, CGI-S scores decreased over time but there was no difference between the 

groups. The results of the Friedman test were significant showing that over time at all time points 

clinical severity scores were decreasing (CHI 2 [2] =41.6, p=9.26e-10). The Kruskal-Wallis test 

was not significant (H [1] =2.3, p=0.127) therefore, demonstrating that the clinical severity scores 

were comparable between CUD and non-cannabis users, despite CUD users having slightly higher 

severity scores. Endpoint CGI-I scores presented in Figure 3C were comparable between CUD 

and non-cannabis users as the Mann-Whitney U test was not statistically significant (2 ± 1, 1.4 ± 

0.75, p=0.1508). 
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3.5.2 Impact of Stimulant formulation on Treatment Response  

 
Figure 4: Stimulant analysis between methylphenidate and amphetamine Users in 

completers. (A) Comparing the average BAARS-IV scores between methylphenidate users and 

amphetamine users at baseline, week 4 and week 8. (B) Comparing the average CGI-S scores 

between methylphenidate users and amphetamine users at baseline, week 4 and week 8. (C) 

Comparing the average CGI-I scores between methylphenidate users and amphetamine users at 

endpoint. (Depicted figures were created using RStudio). 

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in box, the upper box is representative of the upper quartile values and the lower limit of the 

box is representative of the lower quartile values. The lower whisker on the box plot represents 

the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box.  

 

 

All participants in the study were on different stimulant formulations therefore a stimulant analysis 

was conducted to see if the formulation had an impact on the response to treatment. Participants 

were split into methylphenidate and amphetamine groups. Within the methylphenidate group there 

were 24 participants total, 11 cannabis users and 13 non-cannabis users. Within the amphetamine 

group there were 16 participants total, 9 cannabis users and 7 non-cannabis users. When comparing 

BAARS-IV, CGI-S and CGI-I scores between methylphenidate and amphetamine users results 

were nonsignificant. Figure 4A shows the Kruskal-Wallis and Friedman test used to analyze the 
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BAARS-IV scores over time between the two groups. As seen in Figure 4A over time the BAARS-

IV scores decreased from baseline to week 4 and baseline to week 8 (CHI 2 [2] =45.7, p=1.17e-

10) but there is no difference between the groups (H [1] =3.74, p=0.053) despite amphetamine 

users having higher BAARS-IV scores. When overall clinical severity including ADHD severity, 

comorbidities severity and functional impairment were compared using the CGI-S scale as 

depicted in Figure 4B, CGI-S scores decreased over time but there was no difference between the 

groups. The results of the Friedman test were significant showing that over time at all time points 

clinical severity scores were decreasing (CHI 2 [2] =66.5, p=3.69e-15). The Kruskal-Wallis test 

was not significant (H [1] =0.081, p=0.77) therefore, demonstrating that the clinical severity scores 

were comparable between amphetamine and methylphenidate users, despite amphetamine users 

having slightly higher severity scores. Endpoint CGI-I scores presented in Figure 4C were 

comparable between the two groups as the Mann-Whitney U test was not statistically significant 

(1.9 ± 1.12, 1.4 ± 0.6, p=0.1525).  

 

 

3.5.3 Impact of Stimulant Dose on Treatment Response  

 
Figure 5: Dose analysis between high dose users and low dose Users in completers. 

(A)Comparing the average BAARS-IV scores between high dose users and low dose users at week 

8. (B) Comparing the average CGI-I scores between high dose users and low dose users at 

endpoint. (Depicted figures were created using RStudio). 

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in box, the upper box is representative of the upper quartile values and the lower limit of the 

box is representative of the lower quartile values. The lower whisker on the box plot represents 

the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box.  
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In addition, to participants being on different stimulants, they were also all on different doses of 

stimulants. Participants were split into a high and low dose group based on their stimulant dosage 

at endpoint to see if having a certain dose impacts the response to treatment. This study defined 

“High dose” as Concerta (54-72mg), Foquest (70-100mg), Biphentin (60-80mg) and Vyvanse (50-

60mg). This study defined “low dose” as any dose below the “high dose” range Within the high 

dose group there were 20 participants total, 11 cannabis users and 9 non-cannabis users. Within 

the low dose group there were 20 participants total, 9 cannabis users and 11 non-cannabis users. 

When comparing BAARS-IV and CGI-I scores between high dose and low dose users results were 

nonsignificant. Figure 5A shows the t- test used to analyze the BAARS-IV scores at endpoint 

between the two groups. As seen in Figure 5A the BAARS-IV scores are comparable as the t-test 

yielded a non-significant result (37.35 ± 10.2, 33.6 ± 10.9, p=0.2701). Endpoint CGI-I scores 

were comparable between the two groups as the Mann-Whitney U test was not statistically 

significant (1.65 ± 1.03, 1.55 ± 0.78, p=0.7816) presented in Figure 5B.  

 

3.5.4 Impact of Comorbidities on Treatment Response 

 

 
Figure 6: Comorbidities analysis in completers. (A) Comparing the average BAARS-IV scores 

between participants with none, one, two or three comorbidities at baseline, week 4 and week 8. 

(B) Comparing the average CGI-S scores participants with none, one, two or three comorbidities 

at baseline, week 4 and week 8. (C) Comparing the average CGI-I scores between participants 

with none, one, two or three comorbidities at endpoint. (Depicted figures were created using 

RStudio). 

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in box, the upper box is representative of the upper quartile values and the lower limit of the 

box is representative of the lower quartile values. The lower whisker on the box plot represents 
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the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

 

For this secondary analysis participants were split into groups based on the number of current 

comorbidities ranging from none to three. Comorbidities were diagnosed by the study psychiatrist 

in accordance with DSM-5 criteria through clinical interview. Comorbidities present in this 

analysis are generalized anxiety disorder, social anxiety disorder, substance use dependence, major 

depressive disorder, obsessive compulsive disorder, and post-traumatic stress disorder. 

Generalized anxiety was present in 28% of the sample, 25% of cannabis users and 30% of non-

cannabis users. Social anxiety disorder was present in 23% of the sample, 25% of cannabis users 

and 20% of non-cannabis users. Substance use dependence was present in 13% of the sample, 25% 

in cannabis users and 0% in non-cannabis users. Major depressive disorder was present in 5% of 

the sample, 10% of cannabis users and 0% of non-cannabis users. Obsessive compulsive disorder 

was present in 13% of the sample, 0% of cannabis users and 25% of non-cannabis users. Post-

traumatic stress disorder was present in 3% of the sample, 5% of cannabis users and 0% non-

cannabis users. Cannabis users and non-cannabis differed in the type of comorbidities present with 

a significant result on the fisher’s exact test (p=0.0099). Cannabis users had a higher rate of MDD 

and SUD while non-cannabis users had a higher rate of OCD. Within the group with no 

comorbidities there were a total of 18 participants, 7 cannabis users and 11 non-cannabis users. 

Within the group with one comorbidity there were a total of 10 participants, 7 cannabis users and 

3 non-cannabis users. Within the group with two comorbidities there were a total of 10 participants, 

5 cannabis users and 5 non-cannabis users. Within the group with three comorbidities there were 

a total of two participants, 1 cannabis user and 1 non-cannabis users. When comparing BAARS-

IV, CGI-S and CGI-I scores between the number of comorbidities the results were nonsignificant. 

Figure 6A shows the Kruskal-Wallis and Friedman test used to analyze the BAARS-IV scores 

over time between the groups. As seen in Figure 6A over time the BAARS-IV scores decrease 

from baseline to week 4 and baseline to week 8 (CHI 2 [2] =45.7, p=1.17e-10) but there is no 

difference between the groups (H [1] =2.4, p=0.49). When overall clinical severity including 

ADHD severity, comorbidities severity and functional impairment were compared using the CGI-

S scale as depicted in Figure 6B, CGI-S scores decreased over time but there was no difference 

between the groups. The results of the Friedman test were significant showing that over time at all 

time points overall clinical severity scores were decreasing (CHI 2 [2] =66.5, p=3.69e-15). The 

Kruskal-Wallis test was not significant (H [1] =4.75, p=0.196) therefore, demonstrating that the 

clinical severity scores were comparable between all comorbidity groups. Endpoint CGI-I scores 

presented in figure 6C were comparable between the groups as the Kruskal-Wallis test was not 

statistically significant (H [1] =5.05, p=0.167).  
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Figure 7: Depression Regression analyses in completers. (A)Linear regression with baseline 

PHQ-9 scores and endpoint BAARS-IV scores in only cannabis users. (B) Linear regression with 

baseline PHQ-9 scores and endpoint BAARS-IV scores in completers sample (including both 

cannabis and non-cannabis users). (Depicted figures were created using RStudio). 

 

A linear regression was used to explore any correlation between baseline PHQ-9 scores and 

endpoint BAARS-IV scores within the sample, and then specifically in cannabis or non-cannabis 

users. Depicted in figure 7A is the regression using only cannabis users’ which produced an r-

squared value of 0.47 which suggests that 47% of the variance in cannabis users BAARS-IV scores 

was due to their baseline PHQ-9 scores. The beta-coefficient was 1.24 which showed that for every 

increase in PHQ-9 scores, the BAARS-IV score increases by 1.24 units. Figure 7B demonstrates 

the linear regression with the entire completers sample which produced an r-squared value of 0.16 

which suggests that 16% of the variance in the samples BAARS-IV scores was due to their baseline 

PHQ-9 scores. The beta-coefficient was 0.76 which suggests that for every increase in PHQ-9 

scores, the BAARS-IV score increases by 0.76 units. A linear regression was done using only non-

cannabis users, but it produced a non-significant model result (p=0.139). 
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Figure 8: Anxiety Regression analysis in completers. Linear regression with baseline GAD-7 

scores and endpoint BAARS-IV scores in cannabis users. (Depicted figures were created using 

RStudio). 

 

A linear regression was used to explore any correlation between baseline GAD-7 scores and 

endpoint BAARS-IV scores within the sample, and then specifically in cannabis or non-cannabis 

users. Depicted in Figure 8 is the regression using only cannabis users which produced an r-

squared value of 0.189 which suggests that 19% of the variance in cannabis users BAARS-IV 

scores was due to their baseline GAD-7 scores. The beta-coefficient was 1.25 which showed that 

for every increase in GAD-7 scores the BAARS-IV score increases by 1.25 units. A linear 

regression was done using only non-cannabis users but produced a non-significant model 

result(p=0.297). Similarly, when performing the linear regression with the entire completers 

sample the model was also non-significant (p=0.064).  

 

 

 

3.5.5 Responder Rate Between Cannabis and Non-cannabis Users   

 

For this analysis response to treatment was defined as a 30% reduction in baseline BAARS-IV 

scores and a CGI-I score of “1” or “2”. Overall, in the completers sample there was a 50% rate of 

response and overall, in the intent to treat sample there was a 32% responder rate. Within the 

response group of completers there were 35% cannabis users and 65% non-cannabis users. A chi-

squared test was performed to determine if there was a difference between cannabis and non-

cannabis users in terms of treatment responders. The analysis was non-significant (𝑥2(1, N=40) 

=3.6, p=0.06) therefore there was no statistical difference in the rate of treatment responders 

between cannabis and non-cannabis users. 
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4. Discussion  

 

This study is the first to look at cannabis use and its impact on the psychostimulant treatment 

response in adult ADHD. This study sought out to answer the following questions (1) Is there a 

difference in the treatment response between cannabis and non-cannabis users (2) Does having a 

cannabis use disorder impact the treatment response (3) Do different psychostimulant formulations 

impact the response to treatment (4) Does the dosage of psychostimulants impact the response to 

treatment (5) Do additional comorbidities impact the response to treatment (6) Is there a difference 

in rate of responders between cannabis and non-cannabis users.  

 

When investigating the primary research aim of whether there was a difference in treatment 

response between cannabis and non-cannabis users it was hypothesized that cannabis users would 

have a lower response to psychostimulant treatment compared to non-cannabis users and would 

subsequently have higher BAARS-IV, CGI-S and CGI-I scores compared to participants not using 

cannabis. Previous literature has reported unfavorable outcomes in populations with co-occurring 

ADHD and SUD in relation to psychostimulant treatment for adult ADHD (Castells et al., 2011; 

Levin et al., 2006, 2007). Contrary to previous literature and our hypothesis this study found that 

cannabis users did not differ statistically from non-cannabis users in treatment response measures 

of ADHD symptoms, overall clinical severity including severity of ADHD, comorbidities and 

functional impairment and overall clinical improvement covering improvement in clinical 

symptoms and functioning. This finding was evident in both the completers and the intent to treat 

analyses. In the completers analysis, it was found that both cannabis and non-cannabis participants 

were improving over time  as time was significant for the analysis of BAARS-IV (CHI 2 [2] =45.7, 

p=1.17e-10) and CGI-S (CHI 2 [2] =66.5, p=3.69e-15) scores but there was no difference between  

groups when comparing BAAR-IV scores (H [1] =0.30, p=0.58), CGI-S scores (H [1] =3.28, 

p=0.069) and CGI-I scores (1.85 ± 0.98, 1.4 ± 0.75, p=0.1235) therefore suggesting that there 

was no difference between cannabis and non-cannabis users in the response to psychostimulant 

treatment since both groups were comparable in their ADHD symptoms, clinical severity, and 

clinical improvement over the course of the study. Similarly in the intent to treat analysis both 

groups were improving over time in terms of their BAARS-IV scores(CHI 2 [2] =57.8, p=2.84e-

13)  and CGI-S scores (CHI 2 [2] =78.5, p=8.8e-18) but there was no difference across the groups 

when comparing their BAARS-IV scores (H [1] =1.45, p=0.22), CGI-S scores (H [1] =3.28, 

p=0.069) and CGI-I scores(1.79 ± 0.93, 1.65 ± 1.02, p=0.277). The findings from both analyses 

conclude that using cannabis does not affect treatment response differently compared to those who 

did not use cannabis. Several factors may have contributed to these unexpected findings, but we 

speculate this may be because participants were placed into groups based on their cannabis status 

at baseline instead of cannabis frequency. Our results with this grouping found no difference in 

ADHD symptoms, overall clinical severity and overall clinical improvement between the cannabis 

status and non-cannabis status groups. Similarly, results in the literature report a lack of 

significance when comparing ADHD symptoms in participants based on status instead of 

frequency.  A recent study (Stueber & Cuttler, 2022) conducted a moderation analysis on ADHD 

symptoms using BAARS-IV scores, executive dysfunction and cannabis frequency, the study 

found cannabis frequency was able to  moderate the relationship between total BAARS-IV scores 

and executive dysfunction. Notably, the study reported that when cannabis status was used instead 
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of frequency it was not a moderator in the relationship between total BAARS-IV scores and 

executive dysfunction (Stueber & Cuttler, 2022). Furthermore, the idea of dividing participants by 

frequency of cannabis use instead of status can be seen in the study by (MacDonald & Sadek, 

2021) where they reported they found a significant difference between heavy cannabis users (using 

3 or more times a week) and non-cannabis users (users below heavy use threshold or no use at all) 

when comparing total ADHD symptoms and impairment. The authors did not come to the same 

conclusion when participants were placed into groups based on SUD status instead of frequency 

(MacDonald & Sadek, 2021) therefore suggesting that the impact of cannabis is only clear when 

taking into consideration the frequency of cannabis use rather than the cannabis status. Therefore, 

our study may have not found a significant difference between the cannabis and non-cannabis 

groups due to the grouping of participants based on status instead of frequency. Additionally, in 

this study, the participants in the cannabis status group mostly had lower frequencies of cannabis 

use. In the entire sample of 33 cannabis users only 10 of these participants were using cannabis 

regularly therefore the remaining 70% of participants in the cannabis status group were using at a 

lower frequency with 22% of these participants using less than once a month and only 9% using 

at a frequency (3-4 days a week) close to daily use. The high number of participants using cannabis 

at lower frequencies may be indicative of why there was no difference in the treatment response 

between cannabis and non-cannabis users because the frequency of cannabis use is so low in the 

cannabis group that it is comparable to those who do not use cannabis. Another explanation for 

these results is that some participants switched cannabis status after baseline. Within the non-

cannabis group 2 participants started using cannabis after baseline, 15 participants remained not 

using cannabis and 3 participants started using cannabis during the second visit but stopped using 

by the end of the study. Within the cannabis group, 5 participants stopped using cannabis after 

baseline, 7 participants remained using the same frequency of cannabis as described at baseline 

and 8 participants remained using cannabis but changed their frequency from what was reported 

at baseline.  A reason why cannabis and non-cannabis users had comparable treatment responses 

could be because a quarter of the cannabis group stopped using cannabis and their scores might 

have been more reflective of those in the non-cannabis user group.  The five cannabis participants 

who stopped using cannabis after baseline originally reported their motivation for using cannabis 

in the MMQ as using for coping reasons, suggesting that starting stimulant medication could have 

helped them address the symptoms cannabis was helping them cope with. The two non-cannabis 

users who started using cannabis reported their main motivation for using cannabis on the MMQ 

as enhancement which suggests participants started using for enjoyment since both participants 

reported using a small amount (10mg THC) and a low frequency (2-3 days a month). It is possible 

the constant questions referencing cannabis use in the study could have influenced these 

participants to start using but it is unclear. This study conducted an additional analysis between 

cannabis and non-cannabis users considering cannabis status at endpoint in order to take into 

account the individuals that switched their cannabis status after baseline. Interestingly as seen in 

Supplementary Figure 9 when cannabis users are placed into groups based on endpoint cannabis 

status there is a difference in the treatment response across outcome measures. Cannabis users had 

higher BAARS-IV (H [1] =4.95, p=0.026) and CGI-S (H [1] =5.19, p=0.022) scores compared 

to non-cannabis users, their CGI-I scores were still comparable (1.88 ± 0.99, 1.43 ± 0.78, p=0.11). 

Additionally looking specifically at the cannabis participants who stopped using cannabis 

compared to the non-cannabis participants who started using cannabis their means for primary 

outcomes BAARS-IV and CGI-S scores were different from each other and their respective group 
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means as shown in Supplementary Table 6 and 13. The average BAARS-IV scores at endpoint for 

the cannabis group was 37.65 ± 11.5 which is higher than the mean of the cannabis users who 

stopped using cannabis with endpoint BAARS-IV scores of  32.2 ± 5.67. Similarly, the average 

BAARS-IV scores at endpoint for the non-cannabis group was 33.3 ± 9.3 which is lower than the 

mean of the non-cannabis users that started using cannabis with mean BAARS-IV scores of 44.5 

± 13.4. A similar pattern can be seen when looking at the CGI-S scores in the cannabis group. The 

mean CGI-S scores for the cannabis group at endpoint were 2.95 ± 1.2 compared to the mean of 

cannabis users that stopped using cannabis of 2.2 ± 1.6. These supplementary analyses provide a 

signal that cannabis use may impact the psychostimulant response when considering cannabis 

status at endpoint, and therefore reinforcing the idea that perhaps a difference was not detected in 

the primary outcomes due to participants switching cannabis use frequency and status throughout 

the study. 

 

 

Previous literature reports that the a higher level of SUD severity can be a predictor of negative 

treatment outcomes in ADHD (Tamm et al., 2013) which is why as a secondary aim this study 

examined whether having a cannabis use disorder impacted the treatment response. This study did 

not find a significant difference between CUD and non-cannabis users when comparing BAARS-

IV, CGI-S and CGI-I scores.  Both groups were improving over time as time was significant for 

the analysis of BAARS-IV scores (CHI 2 [2] =35.7, p=1.81e-08) and CGI-S scores (CHI 2 [2] 

=41.6, p=9.26e-10) but there was no difference between the groups when comparing BAARS-IV 

scores (H [1] =0.355, p=0.55), CGI-S scores (H [1] =2.3, p=0.127)  and CGI-I scores (2 ± 1, 1.4 

± 0.75, p=0.1508) therefore suggesting that despite having a cannabis use disorder treatment 

response was similar to those who don’t use cannabis. This study did not have a high level of CUD 

severity, therefore suggesting mild cannabis use may have no impact on the response to 

psychostimulant treatment as shown in this study and that negative outcomes may be tied to more 

severe CUD. The present study included users that were simply using cannabis within the last year 

and inclusion criteria did not require individuals to have a cannabis use dependence. This may 

provide an explanation as to why the study was able to achieve a comparable reduction in 

symptoms between cannabis and non-cannabis users given, they had less severe substance use, 

and majority of participants did not meet criteria for a cannabis use disorder. Previous studies with 

negative outcomes all had participants who met criteria for DSM-5 substance use dependence 

(Levin et al., 2006, 2007). The present study only had 5 participants out of 20 in the cannabis group 

that met criteria for potential cannabis use disorder based on CUDIT-R scores. The cannabis sub-

group analysis was done with these individuals and compared to non-cannabis individuals to see 

if the response to psychostimulant medication was different when looking at individuals with a 

substance use disorder. Although there were no statistically significant differences found, CUD 

participants had higher BAARS-IV, CGI-S and CGI-I scores suggesting they could be trending 

towards significance but the sample size in the CUD group may be too small. 

 

This study found that stimulant formulation does not impact treatment response, therefore one 

stimulant formulation is not more advantageous than the other when comparing treatment outcome 

measures. This study found comparable reductions in ADHD symptoms (H [1] =3.74, p=0.053), 

clinical severity scores (H [1] =0.081, p=0.77) and clinical improvement scores (1.9 ± 1.12, 1.4 

± 0.6, p=0.1525) with both stimulant formulations (methylphenidate and amphetamines) 
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therefore, stimulant formulation did not impact the treatment response. These results are in line 

with  literature findings which report that both methylphenidate and amphetamine formulations in 

adults have shown comparable efficacy and reduction in ADHD symptoms (Faraone, 2018). This 

study is the first to investigate the impact of cannabis use on the psychostimulant treatment 

response in adult ADHD with participants who are all receiving treatment. Both the cannabis and 

non-cannabis groups were receiving stimulant treatment over the course of the study. Past 

literature in the field has compared populations with co-occurring ADHD and SUD on stimulant 

treatment to participants on placebo. In contrast to past literature that has reported little or no 

advantage to stimulant treatment over placebo in this population (Castells et al., 2011; Levin et al., 

2006, 2007), this study found that cannabis users had comparable reductions in ADHD symptoms 

to non-cannabis users receiving stimulant treatment. These results suggest that even when using 

cannabis stimulant treatment is able to achieve reductions in ADHD symptoms and overall clinical 

severity although this may be as mentioned earlier due to the frequency of cannabis use in the 

sample being quite low. Additionally, the study investigated whether dosage of stimulants 

impacted the treatment response. The study found that high and low doses of stimulants both 

resulted in comparable scores in ADHD symptoms and clinical improvement when using standard 

doses. These findings are in contrast to previous studies which  have found positive treatment 

outcomes in co-occurring ADHD and SUD populations only when using high doses of stimulants 

(Konstenius et al., 2014; Levin et al., 2015). One study (Konstenius et al., 2014) found that 

methylphenidate was efficacious in treating co-occurring SUD populations but only with high 

doses of MPH (180mg) compared to placebo. Another study (Levin et al., 2015) found that 

participants with cocaine use disorder were also responding to stimulant treatment with higher 

doses of mixed-salts amphetamines (60-80mg). In comparison to the present study, which found 

that high or low dose formulations in standard doses were able to report comparable BAARS-IV 

scores and CGI-I scores. Cannabis and non-cannabis users were evenly split into the low and high 

dose groups showing that cannabis users did not have to be on a high dose to achieve treatment 

response since cannabis users in the low dose group showed similar CGI-I scores (1.65 ± 1.03, 

1.55 ± 0.78, p=0.7816) to those in a high dose group. A reason why previous literature only saw 

positive outcomes with high dose stimulants may be due to the level of SUD severity, all the 

participants in the (Konstenius et al., 2014) and (Levin et al., 2015) study had a substance use 

dependence compared to this study where the level of SUD severity was not high therefore 

suggesting why standard doses (high or low) were sufficient in the sample to see comparable 

reductions to non-cannabis users.  

 

Our study found that regardless of the number of additional comorbidities the participants had 

comparable treatment response. The comorbidities analysis was not significant when comparing 

BAARS-IV scores (H [1] =2.4, p=0.49), CGI-S (H [1] =4.75, p=0.196) and CGI-I scores (H [1] 

=5.05, p=0.167) which would suggest that the number of co-morbidities did not impact the 

response to ADHD treatment. Our study findings are in contrast to literature  that suggests  

additional comorbidities can increase the risk of negative treatment outcomes and pose a challenge 

to treatment (Ingram et al., 1999; Reale et al., 2017). One study reported that participants with 

ADHD and at least one comorbidity showed better improvement when using a combined treatment 

approach suggesting that additional treatment approaches might be necessary to see better 

outcomes with participants with additional comorbidities (Reale et al., 2017). There is limited data 

investigating the impact of comorbidities on stimulant treatment response in adults with ADHD 
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(Torgersen et al., 2008) but the idea of multimodal treatment seems to be a common topic, some 

have suggested that in order to see more optimal treatment response for adults with ADHD and 

comorbidities , the comorbidities should be treated before starting ADHD treatment (Kooij et al., 

2012). It is possible our results showed comparable reductions in symptoms and clinical severity 

regardless of how many comorbidities due to comorbidities being simultaneously treated but this 

remains to be seen due to lack of compliancy measures for comorbid medication in the study. 

Additionally, comorbidities were diagnosed through unstructured clinical interview which could 

have led to a reduced number of comorbidities being identified in participants and therefore again 

why this study did not find a difference across the number of comorbidities regarding ADHD 

symptoms, overall clinical severity and clinical improvement. It is also possible the severity of the 

comorbidities in our sample was low which is why it was found that regardless of how many 

comorbidities participants still all had comparable scores. This study additionally explored 

whether the type of co-morbidity impacted treatment outcomes using baseline depressive and 

anxiety scores to see if there is a correlation to endpoint BAARS-IV scores through a linear 

regression. When analyzing baseline depressive symptom scores (PHQ-9) with endpoint BAARS-

IV scores in the entire sample it was found that 16% of the variability in the BAARS-IV scores of 

the sample was due to baseline depression scores. When looking only at cannabis users it was 

found that 47% of the variability in BAARS-IV scores were due to baseline depression scores. As 

seen in Figure 7 higher baseline depressive scores were correlated with higher BAARS-IV scores 

at the end of the study. When analyzing baseline anxiety symptom scores (GAD-7) with endpoint 

BAARS-IV scores in cannabis users it was found that 19% of the variability in BAARS-IV scores 

was due to baseline anxiety scores. As seen in Figure 8 higher baseline anxiety scores were 

correlated with higher BAARS-IV scores at the end of the study. Therefore, baseline depressive 

scores accounted for more variability in BAARS-IV scores than baseline anxiety scores in 

cannabis users. Despite both anxiety and depression accounting for variability in the BAARS-IV 

scores of cannabis users, their scores were still comparable to those of non-cannabis users at the 

end of the study. When looking at PHQ-9 and GAD-7 scores over the course of the study as shown 

in Supplementary Figures 10 and 11 there is no difference between cannabis and non-cannabis 

users (H [1] =0.013, p=0.9). Time was significant from baseline to week 4 and baseline to week 

8 (CHI 2 [2] =24.2, p=5.5e-06) meaning that over the course of the study PHQ-9 and GAD-7 

scores decreased but there are no differences between the groups and therefore, cannabis and non-

cannabis users are comparable in their PHQ-9 and GAD-7 scores over the study. In terms of PHQ-

9 scores both cannabis and non-cannabis users start at a moderate severity as described in 

Supplementary Table 14 and by endpoint of the study both groups are at a mild severity. In regard 

to GAD-7 scores cannabis users start the study at a mild severity and at endpoint are still at a mild 

severity whereas non-cannabis users start the study at a moderate severity and end the study at a 

mild severity. Since both cannabis and non-cannabis users were able to improve in their PHQ-9 

and GAD-7 scores over time it is possible that starting stimulant treatment helped their depressive 

and anxiety symptoms leading to a decrease in scores and severity over the study.  

 

This study chose to analyze treatment response using total BAARS-IV scores, CGI-S and CGI-I 

scores but analyzing them separately. In literature other studies have chosen to analyze treatment 

response as a collection of criteria such as a 30% reduction in ADHD symptom scores from 

baseline and a final CGI-I score of “1” or “2”(Kooij et al., 2004; T. Spencer et al., 1995). To ensure 

one definition of treatment response was not a better indicator than another, one of the secondary 
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aims of this study was to investigate if there was a difference in treatment response between 

cannabis and non-cannabis users using rate of responders with treatment response defined as a 

collection of criteria (30% reduction in ADHD symptom scores from baseline and a final CGI-I 

score of “1” or “2”). This study did not find a difference between cannabis users and non-cannabis 

users in the treatment response when defining treatment response as a collective criterion (𝑥2(1, 

N=40) =3.6, p=0.06). Therefore, there was no statistical difference in the rate of treatment 

responders between cannabis and non-cannabis users. Although there was no statistical difference 

there was almost double the amount of non-cannabis users (65%) in the response group compared 

to cannabis users (35%). Interestingly from the participants that responded to treatment based on 

this criterion there were 7 cannabis users 4 of which reported they had stopped using cannabis after 

baseline therefore suggesting there may be an effect of cannabis on treatment response using this 

criterion, but it is being masked due to participants who stopped using cannabis but remained being 

marked as cannabis users due to group assignment at baseline. When the responder analysis was 

done using cannabis status at endpoint to account for the participants who switched their cannabis 

status throughout the study the Fisher Exact test revealed a statistically significant difference 

(p=0.001). This demonstrates that based on this combined criterion of response cannabis users 

have a lower response rate compared to non-cannabis users with (85%) non-cannabis users and 

(15%) cannabis users in the response group.  

 

This study was adequately powered to detect a difference between groups, yet this study did not 

find a difference between cannabis and non-cannabis users in their response to treatment. These 

findings could be due to there being no difference or it is possible that confounders in the study 

have introduced variation to the results and no difference was detected. Interestingly when 

supplemental analyses were done to account for cannabis status at endpoint instead of baseline 

there was a signal indicating that cannabis users had a lower response to treatment compared to 

non-cannabis users. This study and its results carry significance because this is the first study to 

look at cannabis use and its impact on the psychostimulant response in adult ADHD contributing 

significantly to the limited knowledge in this field. This field of research is very important because 

often when testing efficacy or treatment response for stimulants populations with   co-occurring 

SUD and ADHD are excluded and therefore this leads to a gap in literature and affects the 

treatment quality of these individuals (Tamm et al., 2013). Cannabis is very complex and 

heterogeneous and therefore pinpointing what aspects of cannabis affect treatment response is 

imperative.  

 

This study gives an indication that cannabis use status at baseline may not impact the 

psychostimulant response but opens the field to further research on individual cannabis 

components and their impact due to a signal in supplemental analyses that cannabis may impact 

the treatment response based on frequency and endpoint cannabis status. The implications of the 

results of the study are important and require further development in this line of research in order 

to reach the end goal where clinicians can better advise their patients on the effects of cannabis 

use and ADHD stimulant treatment response so patients can make informed decisions about using 

cannabis with their medication. Future directions for this study would be to investigate the impact 

of cannabis use frequency on the psychostimulant response using the same measures as the current 

study. This new study would be meaningful due to the current study finding a signal that cannabis 

status at the end of the study accounting for changes in frequency over the study showed a 
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difference in the treatment response. This signal was originally missed in the primary results due 

to cannabis status being assigned at baseline therefore with a new study focusing on frequency of 

cannabis use the signal may be clearer and will add to the field about the impact of high and low 

frequency cannabis use on the treatment response. 

 

4.1 Limitations  

 

Despite our best efforts there were some limitations to the study. This study assigned participants 

to the cannabis or non-cannabis group based on their cannabis use at baseline. As the study 

progressed some participants stopped using cannabis or started using cannabis and therefore were 

in a group that was not representative of their cannabis status.  

 

Another limitation is the heterogeneity of the cannabis group and cannabis components. This study 

did not give participants any cannabis, participants were using cannabis from the community and 

therefore it was difficult to standardize the frequency, amount, potency, time and modality of use 

within the cannabis group. The cannabis group also was not even in the amount of regular and 

recreational participants, there were more recreational users and within those using recreationally 

the frequency varied. Additionally, participants were not asked when in their lifetime they started 

using cannabis as the impact on treatment response could vary for participants who have been 

using cannabis for longer periods of time compared to participants who only recently started using 

cannabis. 

 

This study allowed comorbid anxiety, depression, OCD and post-traumatic stress disorder but 

failed to have a compliancy measure for the concomitant medication. Individuals with additional 

co-morbid disorders may be at a higher risk of negative treatment outcomes (Ingram et al., 1999) 

especially if concomitant medication is not being taken as prescribed. 

 

This study made clinical diagnoses based on the study psychiatrist using an unstructured clinical 

interview, but this study failed to use any structured clinical tools used such as the Structured 

Clinical Interview for DSM-IV (SCID-IV) or the International Neuropsychiatric Interview 

(MINI). 

 

This study did not have an unbiased blinded independent rater. The study psychiatrist was not 

blinded to which group participants were placed into (cannabis status vs non-cannabis status) and 

this could have influenced the rating of severity and improvement scores. 

 

This study did not track or have any questionnaires pertaining to individuals with a menstrual cycle 

which may have been a factor impacting treatment response. 

 

 

4.2 Conclusion 

 

In summary this study found no evidence of a difference in BAARS-IV, CGI-S or CGI-I scores 

between cannabis and non-cannabis users in the primary research question suggesting that 

cannabis did not impact the response to psychostimulant medication in adults with ADHD but 
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supplementary analyses considering cannabis status at endpoint were able to find a signal for an 

impact of cannabis on treatment response in adult ADHD. Thus, it is important that further studies 

replicate with a larger sample to confirm the results of this study and further work needs to be done 

to evaluate the impact of specific cannabis components on the response to psychostimulant 

medication for adult ADHD.  

 

 

5. Supplementary Figures and Tables  

 

 

Table 6: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Cannabis and Non-

Cannabis Users of the Completer Sample 

N=40 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

Baseline Week 4 Week 8 Baseline Week 4 Week 8 Week 8  

 Mean  SD Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD 

Cannabis 

(N=20) 

50.9 10.4 38.35 10.1 37.65 11.5 5.85 0.6 3.5 1.2 2.95 1.2 1.8 0.9 

Non-

cannabis 

(N=20) 

52.3 9.6 38.05 11.8 33.3 9.3 5.35 0.9 3.0 1.1 2.3 0.9 1.4 0.7 

 

 

Table 7: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Cannabis and Non-

Cannabis Users of the Intent to Treat Sample 

N=65 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

baseline Week 4 Week 8 baseline Week 4 Week 8 Week 8  

 Mean  SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Cannabis 

(N=33) 

50.2 10.7 40.3 10.9 39.8 11.8 5.75 0.8 4.0 1.5 3.68 1.6 1.79 0.9 

Non-

Cannabis 

(N=32) 

53.3 9.1 43.4 12.9 40.1 13.2 5.34 0.9 3.7 1.4 3.2 1.6 1.65 1.0 
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Table 8: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in CUD and Non-

Cannabis Users  

N=25 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

Baseline Week 4 Week 8 Baseline Week 4 Week 8 Week 8  

 Mean  SD Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD 

CUD 

(N=5) 

52.8 10.5 37.2 4.8 40.2 11.3 5.8 0.4 3.8 1.4 3.2 1.0 2.0 1.0 

Non-

Cannabis 

(N=20) 

52.3 9.6 38.05 11.8 33.3 9.3 5.35 0.9 3.0 1.1 2.3 0.9 1.4 0.7 

 

 

 

Table 9: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Methylphenidate and 

Amphetamine Users 

N=40 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

baseline Week 4 Week 8 baseline Week 4 Week 8 Week 8  

 Mean  SD Mean Mean  Mean SD Mean SD Mean SD Mean SD Mean SD 

MPH 

(N=24) 

52.0 8.9 35.5 9.5 32.5 10.1 5.6 0.9 3.2 1.3 2.4 1.1 1.4 0.6 

AMP 

(N=16) 

50.9 11.6 42.2 11.7 39.8 10.0 5.5 0.7 3.1 0.9 2.9 1.0 1.9 1.9 

 

 

 

Table 10: Means and Standard Deviations of BAARS-IV and CG-I Scores in High and Low Dose Users 

at Endpoint 

N=40 BAARS-IV Scores CGI-I Scores 

Week 8  Week 8  

Mean  SD Mean SD 

High dose 

(N=20) 

37.35 10.21 1.65 1.03 

Low dose 

(N=20) 

33.6 10.96 1.55 0.78 
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Table 11: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Number of 

Comorbidities Groups 

N=40 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

baseline Week 4 Week 8 baseline Week 4 Week 8 Week 8  

Mean  SD Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD 

None 

(N=18) 

50.8 10.4 37.6 12.8 34.6 9.9 5.2 0.9 2.8 1.2 2.2 1.2 1.2 0.70 

One 

(N=10) 

50.7 8.7 40.6 12.0 40.8 10.0 5.9 0.5 3.8 0.7 3.1 0.8 2.0 0.8 

Two 

(N=10) 

51.5 10.9 35.1 7.6 34.4 12.7 5.8 0.9 3.3 1.1 2.8 0.7 1.5 0.7 

Three 

(N=2) 

49.0 18.3 40.0 8.4 35.5 2.1 6.0 0 3.5 2.1 3.0 2.8 2.0 1.4 

 

 

 

 
Figure 9: Primary Outcomes in Cannabis and Non-Cannabis Users Using Cannabis Status 

at Endpoint. (A) Comparing the average BAARS-IV scores between cannabis (blue) and non-

cannabis users (yellow) at baseline, week 4 and week 8. (B) Comparing the average CGI-S scores 

between cannabis (blue) and non-cannabis users (yellow) at baseline, week 4 and week 8 (C) 

Comparing the average CGI-I scores between cannabis and non-cannabis users at endpoint. 

(Depicted figures were created using RStudio). 

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in the box, the upper box is representative of the upper quartile values and the lower limit of 

the box is representative of the lower quartile values. The lower whisker on the box plot represents 
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the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

 

 

Table 12: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Cannabis and Non-

Cannabis Users Based on Endpoint Cannabis Status   

N=40 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

baseline Week 4 Week 8 baseline Week 4 Week 8 Week 8  

Mean  SD Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD 

Cannabis 

(N=17) 

51.9 12.1 42.4 11.3 40.0 12.3 5.94 0.5 3.76 1.0 3.0 1.1 1.88 0.99 

Non-

Cannabis 

(N=25) 

51.35 8.2 35.0 9.5 32.0 7.83 5.3 0.9 2.8 1.2 2.3 1.1 1.43 0.78 

 

 

 

Table 13: Means and Standard Deviations of BAARS-IV, CGI-S, and CG-I Scores in Cannabis Users that 

Stopped Using Cannabis and Non-Cannabis Users that Started Using Cannabis 

N=7 BAARS-IV Scores  CGI-S Scores CGI-I 

Scores 

baseline Week 4 Week 8 baseline Week 4 Week 8 Week 8  

Mean  SD Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD 

Stopped 

using 

Cannabis 

(N=5) 

49.5 5.9 30.0 5.39 32.2 5.67 5.4 0.89 2.8 1.4 2.2 1.6 1.4 0.89 

Started 

using 

Cannabis 

(N=2) 

56.00 19.8 52.2 21.9 44.5 13.4 5.5 0.7 4.0 0 1.5 0.7 1.0 0 
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Figure 10: PHQ-9 Scores Over the Course of the Study in Cannabis and Non-Cannabis Users 

Comparing the average PHQ-9 scores between cannabis (maroon) and non-cannabis users (grey) 

at baseline, week 4 and week 8.  

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in the box, the upper box is representative of the upper quartile values and the lower limit of 

the box is representative of the lower quartile values. The lower whisker on the box plot represents 

the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

 

Table 14: Means and Standard Deviations PHQ-9 Scores in Cannabis and Non-Cannabis users  

N=40 PHQ-9 Scores  

Baseline Week 4 Week 8 

Mean  SD Mean SD  Mean SD 

Cannabis 

(N=20) 

11.7 6.57 7.25 5.19 8.65 5.98 

Non-

Cannabis 

(N=20) 

13.7 5.39 7.35 3.77 6.6 3.25 
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Figure 11: GAD-7 Scores Over the Course of the Study in Cannabis and Non-Cannabis Users 

Comparing the average GAD-7 scores between cannabis (maroon) and non-cannabis users (grey) 

at baseline, week 4 and week 8.  

*Analysis is being depicted using boxplots which include the median represented as the dark solid 

line in the box, the upper box is representative of the upper quartile values and the lower limit of 

the box is representative of the lower quartile values. The lower whisker on the box plot represents 

the minimum data value and the upper whisker represents the maximum data value. Dots above or 

below the box plot represent outlier scores. Half box plots represent that the median is close to the 

lower or higher percentile scores, therefore both lines are very close to each other giving the 

illusion of half a box. Flat solid lines represent that the median was the only score and therefore is 

depicted as a line.  

 

Table 15: Means and Standard Deviations GAD-7 Scores in Cannabis and Non-Cannabis Users  

N=40 GAD-7 Scores  

baseline Week 4 Week 8 

Mean  SD Mean SD  Mean SD 

Cannabis 

(N=20) 

9.2 4.44 5.8 4.54 6.7 5.73 

Non-

Cannabis 

(N=20) 

11.1 6.03 6.6 4.89 6.15 4.05 
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Table 16: Means and Standard Deviations PHQ-9 Scores in Cannabis Users that Stopped Using 

Cannabis and Non-Cannabis Users that Started Using Cannabis 

N=7 PHQ-9 Scores  

baseline Week 4 Week 8 

Mean  SD Mean SD  Mean SD 

Stopped 

using 

Cannabis 

(N=5) 

10.2 5.35 3.0 2.9 4.2 3.11 

Started 

using 

Cannabis 

(N=2) 

12.5 13.4 8.5 7.7 8.5 7.77 

 

Table 17: Means and Standard Deviations GAD-7 Scores in Cannabis Users that Stopped Using 

Cannabis and Non-Cannabis Users that Started Using Cannabis Users  

N=7 GAD-7 Scores  

baseline Week 4 Week 8 

Mean  SD Mean SD  Mean SD 

Stopped 

using 

Cannabis 

(N=5) 

6.0 4.63 3.8 5.26 3.6 4.39 

Started 

using 

Cannabis 

(N=2) 

10.0 9.89 5.0 4.24 6.0 5.65 
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