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Abstract

Background: Despite the lack of evidence on the use of cannabis for the treatment of attention-deficit/hyperactivity disorder
(ADHD), the growing perception that cannabis is safe has led more patients and caregivers to self-medicate. Some psychiatri
now authorize medicinal cannabis for patients with ADHD with features of oppositional defiant disorder (ODD) to curtail the
unregulated (ie, self-medicated) use of recreational cannabis or to offer a therapeutic option to those who continue to experier
symptoms after exhausting all other treatment options.

Objective: This protocol aims to explore the perceived effectiveness and pharmacokinetics of cannabis in youth and youn
adults, who are currently taking it as part of their treatment plan for ADHD with features of ODD, under the supervision of a
psychiatrist.

Methods: Patients between the ages of 12 and 25 years with a diagnosis of ADHD and features of ODD, who are currentl

taking cannabis herbal extract (adhtetrahydrocannabinol [THC]:cannabidiol [CBD] ratio of 1:20) as a treatment adjunct to
stimulant pharmacotherapy will be recruited. A sample size of 10-20 individuals is estimated. The study interview will consist
of (1) validated symptom rating scales (Swanson, Nolan, and Pelham-IV Questionnaire [SNAP-IV], 90-item; Patient Health
Questionnaire, 9-item [PHQ-9]; and Screen for Chitiety Related Emotional Disorders [SCARED] ttmmeasure symptoms

of ADHD and ODD, depression, and anxiety, respectively); (2) a semistructured interview to probe the experiences of usin
cannabis; and (3) a cannabis side effects survey. A cannabis product sample as well as 2 blood samples (a trough level and 2-|
postdose level) will be collected to measure plasma concentrations of cannabinoids and relevant metabolites (THC, CBI
11-hydroxy-THC, 7-hydroxy-CBD, cannabichromene, and 11-nor-9-carboxy-THB) using liquid chromatography—tandem mass
spectrometry (LC-MS/MS). Self-report rating scales (SNAP-IV, SCARED, and PHQ-9) will be scored in accordance with
standard protocols and compared to retrospective scores obtained from the participant’s chart. Demographic variables (as
weight, and race), symptom scores, and blood Iépekks and troughs) of THC, CBD, cannabichrom@&ix)), and metabolites

will be summarized using descriptive statistics. Relationships between plasma concentrations and symptom scores will &
determined using analysis of variance, and multiple regression analysis will be performed to determine associations betwe
plasma concentrations and demographic variables (age, weight, and ethnicity). The qualitative data will be audio-recorded al
transcribed and organized into themes.

https://www.researchprotocols.org/2021/10/e31281 JMIR Res Protoc 2021 | vol. 10 | iss. 10 | 31281 | p. 1
(page number not for citation purposes)


mailto:jane.alcorn@usask.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Mansell et al

Results: The protocol was approved by the Biomedical Research Ethics Board at the University of Saskatchewan (protoca
#1726), and recruitment began in May 2021.

Conclusions: This proof-of-concept study will explore the potential treatment effectiveness of medical cannabis in participants
with ADHD and ODD through a mixed methods approach to inform future research in this area.

International Registered Report Identifier (IRRID): DERR1-10.2196/31281

(JMIR Res Protoc 2021;10(10):€31281) doi: 10.2196/31281
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works by blocking the reuptake of dopamine as a result of the
inhibition of noradrenergic areas in the prefrontal corfef}.
CBL1 receptors also interact with the dopaminergic system, and

Background = _ : em, ar
) . . . . it is hypothesized that the modulation of endocannabinoids in
Attention-deficit/hyperaciivity disorder (ADHD) is one of theyg megial prefrontal cortex and the ventral tegmental area may

mo;t common me_ntal health conditions in chi!dren, Wi_th 38ad to regulation of the impulsive action and restrdistg].
estimated worldwide prevalence of 7.2%].[This chronic ggyeral other neurotransmitters, such as glutamate,
neurobehavioral disorder is characterized by inattention "’\Pgminobutyric acid, anN-methyl-D-aspartate, as well as CB2

hyperactivity-impulsivity and affects both children and teeng,ceptors can interact with endocannabinoids arycbratribute
with up to 60% of those affected exhibiting symptoms i@ the modulation of impulsivityl5-17].

adulthood P]. Treatment of ADHD typically involves

nonpharmacologic strategies (eg, healthy diet, education, &fdoccurring substance use is one of the most conpmublems
cognitive and behavioral interventions), and pharmacologigsociated with ADHD. Children with ADHD are atincreased
therapy with a psychostimulant (eg, methylphenidg@leWhile risk for both using cannabis and having a cannabis use disorder,
stimulant pharmacotherapy is effective for treating the corgd these youth are nearly 3 times more likelgport cannabis
symptoms of ADHD, in approximately 70%-90% of casedfter in life compared to the general populatb18]. Whether
symptoms of aggression are less likely to resporfef.not potential harms associated with substance use are worse

Approximately 35%-65% of children with ADHD exhibitfor youth with ADHD is currently unknown.

c0n_10rbid_ disruptive behavior disorderg (DBDs; oppositionghe self.medication theory is one possible theory to explain the
defiant disorder [ODD], or conduct disordeR.d, and a jycreased risk of substance misuse in some pati¢8ad.
substqntlal number contlnue_to exhibit aggressiedisruptive This hypothesis, which is a theory about addiction, originally
behaviors even after stimulant treatmend-6 The ¢40,5ed on why and how individuals were drawn to heroin and
consequences of inadequately treated aggressive and disrupii¥@ine 19]. In 1997, it was updated to consider a variety of
behaviors are significant; these children are more likely to hay e applications®)]. Based on decades of clinical observation,
encounters with the justice system, deficits in academyie,gnoses that patients consume drugs in an effort to cope with
achievement, behavioral and disciplinary problems, agh iiness or treatment side effect,p0]. In the case of
substance use challeng@ [ ADHD, individuals may self-medicate to alleviate negative
Cannabis Use and ADHD emot@onality, such as anger, sqd_ness, anxie_ty_, and i_ng_dequate
The arowina perception that cannabis mayv be useful ]%rpononal regulationZ1]. In medicine, the decision to initiate

g g p P y a medication or other treatment is based on the theoretical gains

alleviating ADHD symptoms has motivated individuals to usé tGerapeutic benefits weighed against the patenérms 22

cannabis without the necessary evidence to support its US€ 3h8ervational studies indicate that cannabis may improve

without _clear guidance on appropriate dosiagl A recent symptom management and decrease side effectsatssbeith
study of internet-based discussions about thetsftécannabis o o . S
Prescrlptlon medication, or as a substitute for alcohol and illicit

on ADHD fo_upd at least 3 times as many comments advocatcp gs [L6,23,24]. Nonmedical cannabis use has also helped to
for cannabis’ therapeutic benefits, compared to commeryts

regarding harm or lack of efficacylql. Moreover, several crease cocaine dependence in a study of patients with ADHD

parents of children with ADHD have admitted to administeri 25]. In this capacity, cannabis substitution could be considered

: T harm reduction strateg2d]. Some psychiatrists within our
cannabis to their children for symptom managemgad]. institution have now resorted to prescribing medicinal cannabis

Some adults with ADHD have reported benefits from usirigr patients with ADHD and ODD who were using unregulated
cannabis. These benefits include feeling calmguraved sleep, cannabis recreationally, or “self-medicating,” or among those
and the ability to sustain focudd. Patients with ADHD who continue to experience symptoms after exhagistirother
typically use cannabis “to improve their mood and sleep” rathtezatment options. The dearth of evidence regarding cannabis
than “to get high” 13]. Cannabinoids act on theuse for ADHD bespeaks an urgent need to determine whether
endocannabinoid system, which is a signaling systamaisting cannabis use is safe and effective in these individuals.

of 2 receptor subtypes (CB1 and CB2). ADHD involves a

dysregulation of dopamine, and stimulant pharmacotherapy

Introduction
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Goal of the Study Statistical Manual of Mental Disorders (5th edition) with

The goal of this pilot study is to examine the real-woriigatures of ODD; are stak_)ilized on medical cannabis herbal
effectiveness by comparing changes in their disease-reldi&ffact (at @ THC:CBD ratio of 1:20); and have been deemed
symptoms before and after beginning treatment with mediS&f€ 1© participate by the study physician. Participants under
cannabis, using validated assessment scales for ADHD, ODJE§ 29€ Of 18 years must also have the permission of a guardian
depression, and anxiety. We will characterize their experiend@articipate. We acknowledge that some patients with ADHD
with using medical cannabis by way of a semistructur&Y have (_:omorbld mental health dlsoro_lers, such as autism
interview and cannabis side effects survey. Furthermore, bigifctrum disorder. For the purpose of this study, though, we
levels of commonly found cannabinoids in cannabis in childréflll only enroll participants who are functionally able and
and young adults who are currently taking medical cannabis Yg}ing to provide assent. We will aim to enroll at between 10
the treatment of their ADHD and ODD under the care of@d 20 participants in this pilot study.

pediatric psychiatrist will be correlated with symptom scorgsnrollment and Consent

and demographic variables (age, weight, and etghiéinally, P%tential participants and their caregivers will be identified and
I

a_tsqmple of the participant’s cannabis will be analyzed throulﬂ ially contacted by the study physician (DQ) through his
liquid chromatography—tandem mass spectrometé%"dhood and adolescent psychiatr ractice at the
(LC-MS/MS) to confirm its chemical composition. o y pr
Saskatchewan Health Authority (SHA) in Saskatoon
Specific Objectives and Hypotheses (Saskatchewan, Canada). If the family is interested in learning
Hypothesis 1: Patients who use medicinal cannabis percépv%re' their contact |nf9rmat|on wil b? forwardeq toa resegrch
improvements in ADHD and ODD symptoms. team .member who WI|! folloyv up ywth the family. Pote_nt|al
participants (and guardians, if applicable) who express interest
Hypothesis 2: Improvements in self-reported symptom scoigl be provided with a copy of the consent form and the study
associate with higher plasma levels of cannabidiol (CBD) ajtlormation reviewed. If the participant (and caregiver, if
A°-tetrahydrocannabinol (THC) and their bioactiveabelites. applicable) opts to participate, logistics will be arranged and
. — informed consent taken.
Primary Objectives
1. Examine the changes between self-report ADHD scoraldy Interview
(as measured by the symptom scores of the SwaNetzm, QOyerview
and Pelham-1V Questionnaire [SNAP-1V, 90-item]) befori
(retrospectively) and after the initiation of mealicannabis.
2. Examine potential associations between steadyfitma
concentrations of CBD, THC, cannabichromene (CBC,I

study interview will be performed at a mutually convenient
time for the participant (and caregiver, if applicable) and
esearch team member. The interviews are expected to last
and well-known metabolites in children with sympto pproximately 40-60 minutes each and will be conducted via
scores of the SNAP-IV (90-item) isco WebEx or phone, depending on the participant’s
3. Characterize the experiences of participants using medig[ﬁfer_ence. I _the participant requires a bre_ak dL_mng t_he
cannabis. interview, we will accommodate this need. The interviews will
be audio-taped, and notes recorded by the researcher, but all
Secondary Objective information gathered from the participant will be kept

1. Examine potential associations between self-report@ﬂnﬁdemial- Demographic informatio_n is collected, including
symptom scores from other validated ADHD assessm&@inabis product and dosing regimen, age, sex, clinical
tools (Screen for Child Anxiety Related Emotionafliagnosis, ethn_|C|ty, other_ medications, and _part|C|pants’
Disorders [SCARED] rating scale, and Patient Healfelf-reported height a_n(_JI weight. Self-reported rating scales are
Questionnaire, 9-item [PHQ-9]), and steady-state plasr‘r‘l%e‘_j_to measure p_arUupants’_current symptoms of ADHD and
concentrations of CBD, THC, CBC, and well-knowdiebility, and a semistructured interview will be used to explore

metabolites in children using cannabis for ADHD witfn€ir experiences of cannabis use.

ODD. Self-reported Symptom Rating Scales
Methods The SNAP-IV (90-item) is a revision of the original SNAP
guestionnaired6,27], which contains items from the Diagnostic
Study Design and Inclusion Criteria and Statistical Manual of Mental Disorders (DSM-IV) criteria

; . to assess inattention (items 1-9), hyperactivitglitaivity (items
An observational, mixed mgthods, proof-of-concept study wy -19), and ODD (items 21-28). Items have also been added to
be undertaken at 1 center in Saskatchewan. The protocol marize the Inattention, Hyperactivity/Impulsjyand ODD
designed to minimize face-to-face contact, so the study carnyg& -ins (items 10, 20, 29, and 30), as well asst@presenting
performedd during tEe COVID-19 Ipang_emlc. Pan;nts; th) general index of childhood problems (items 31-B&gh item
ADHD and ODD who are currently taking cannabis her Hleasures the frequency or severity of a symptom or behavior,
extract (at a THC:CBD ratio of 1:20) as a treatment adjunctdf | ikert scale of 0-3 (0=not at all and 3=very much). This

stimglgnt pharmacotherapy are eligible to partiCip‘"‘tﬁ"fstrument has been shown to have good reliability and validity
Participants are between the ages of 12 and 25 years; ha?fFo?ﬁerent study sample€8.

diagnosis of ADHD in accordance with Diagnostic and
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The PHQ-9 is a 9-item tool used for screening, diagnosimiarmacokinetic analysis, to capture the real-world situation of
monitoring, and measuring the severity of depressik#) [ patients using cannabis herbal extract as an adjunct treatment
(Multimedia Appendix L Each item is scored on a Likert scaléo stimulant therapy.

of 0-3 (0O=not at all and 3=nearly every day). The items . .

summed to equal a total between 0 and 27, with higher sc?)%gmabls Sample Collection

equating to a higher level of debilitg]. Participants are provided with an option to have a small sample

(<0.5 mL) of their cannabidiol oil collected on the day of the

The SCARED tool, which assesses anxiety symptoms, CONs{jj3,q collection, to be analyzed in the laboratory. The purpose
of 41 items and 5 factors that parallel the DSMelassification is to confirm the composition of the cannabis product. The

of anxiety disorders30]. Each item is scored on a Likert scaleag 5 of this analysis will be communicated back to the
of 0-2 (0=not true or hardly ever true and 2=very true or Oft?%rticipant.

true). A score 0825 may indicate the presence of an anxiety

disorder and scores higher than 30 are increasingly speddiata Analysis

[30). Sample Size Determination and Power Calculation
Cannabis Use Questions Since there is an absence of literature in this area, with this
A semistructured interview guide will be used to characteripeoof-of-concept study, we aim to recruit as many subjects as
the perceptions of participants (and guardians, if applicable)woissible up to a maximum of 20 participants. The data obtained
cannabis treatment. The interview guide was drafted a priorifbgm this pilot analysis will be used to inform future clinical
the research team and was piloted on 3 patients who skslies.

canna}bls thergpeutlcally. The_|n_tervu::wpon_ss&mﬁen—ended Cannabis Analysis
guestions, which explore participant’s life circuarxes before

initiating medical cannabis, contributing factors for choosinghe medical cannabis product sample will be analyzed for the
this treatmentow (if at all) things have changed, what concerrf8ajor cannabinoids in the product (eg, THC, CBD, and CBC).
(if any) might exist about treatment, and how the participa-ﬁlﬂe plasma concentrations obtained from the participant will
obtains the medical cannabislltimedia Appendix ». The undergo analysis for the major cannabinoids and their relevant
interviews will be flexible, depending on the participantg1€tabolites (THC, CBD, 11-OH-THC, 7-OH-CBD, CBC, and
responses and probes will be used to delve further into potenkiinor-9-carboxy-THC (THC-COOH) using LC-MS/MS. $hi
areas of interest. No time restrictions will be placed on tAeethod has been previously developed and validated within our
interview. Rather, the conversation continues until dafstitution B5] in accordance with the guidelines of the Food
saturation is reached, and no further informatonfiered from and Drug Administrationd.

Fhe p.articipant. Field notes will be taken throughqut tr@uantitativeAnalysis

interview to capture nuances of the conversation. Finally,
cannabis side effect surveg]] will be administered, which
capture potential side effects experienced from taking cann

a
The self-reported rating scales (SNAP-IV, SCARED, and
J4pQ-9) will be scored in accordance with standard guidelines.

within the previous week. Potential side effects in this survef1@nges in rating scores will be determined by subtracting the
are categorized under the domains of cognitive, physiologié&‘?‘se“ne score (obtained prior to cannabis initiation) available

psychological, movement, and artistic/social, and respoﬁ@éhe participant's medical chart, from the final score obtained
choices for each item include “yes,” “no,” or “uncertain.” during the interview. Demographic variables (age, weight, and
racial background), symptoms scores, and blood levels (peaks

Blood Collection and troughs) of THC, CBD, CBC, and metabolites will be

Within 1 week of the interview, the mobile laboratory will visiummarized using descriptive statistics. Adverse effects will
the participant’s residence to obtain 2 blood samples e summarized descriptively or listed. Differences between
evaluation of the plasma levels of CBD, THC, CBC, and actip¥asma concentrations and symptom scores will be determined
metabolites.  Measured  metabolites ~ will  includgSing analysis of variance (ANOVA) and multiple regression
11-hydroxyA®-THC (11-OH-THC) and 7-OH-cannabidiol. aanalysis will be used to determine associations between plasma

trough level (immediately before the morning cannabis doé:é))ncentrations and demographic variables (age, weight, and

will be collected to represent the minimum steady-state plasmg'al b_ackgrou_n(_j). Spearmgn will be gsed to calculate
drug concentration (& ), while a 2-hour postdose level jccorrelation coefficients. To control for the incsed type | error
me esulting from these multiple comparisons, the level of

collected to represent the maximum steady-state plasma c{ru

o . . T .
concentration (G max Where therapeutic effect should be th%Ierf(l)ﬂr(;?:gigivr:I; bSepgeSt (t\i_rs?in g'[?at;thll\(/:la(l::rr;)z)alyses will be

highest) B2,33]. Blood samples (1 mL each) will be collected

into BD Vacutainer Barricor tube84] and centrifuged at 2000 Qualitative Analysis

x g for 5 minutes to separate plasma. Samples will pgdiotapes from the interviews will be transcribed verbatim
subsequently transferred to Eppendorf Protein LoBinghd the data will be input into NVivo qualitative software. The
microcentrifuge tubes and transported on ice, until they reagdta will be coded by one of the study investigators and will be
the laboratory for storage in a —80°C freezer. reviewed by one of the primary investigators. Discrepancies

Concurrent medications will be continued by the participant 38tween the investigators will be resolved through discussion
per usual. No dietary restrictions are imposed on the day of &7l debate and the second primary investigator will weigh in
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if needed. The data will be organized into common themes gaiformed B7]. Case reports have also described the beneficial
summarized. effects of cannabis on ADHD symptonis$[38].

Results Controlled clinical trials are clearly needed to determine the
impact of cannabis use on ADHD symptoms in youthyanung

The protocol was approved by the Biomedical Research EtHfiddlts. Understanding the impact of pharmacotherapy is of

Boards at the University of Saskatchewan (protocol #172Bfrticular importance in the pediatric population, where
Recruitment began in May 2021. development may be adversely and unpredictably impacted by

drug therapy 39]. However, pilot studies need to precede

Discussion interventional studies to understand feasibility and to glean
important information about the pharmacokinetics of cannabis
Principal Findings in the pediatric patient population to guide dosing strategies.

Legalization of recreational cannabis occurred in CanadaVithile the small sample size of this pilot study will preclude
October 2018. The increased public accessibility, coupled witbatment recommendations, the importance of thédysshould
perceptions that cannabis is “natural” and perhaps “safer” that be understated. Exploring the real-world effectiveness and
some of the other available pharmacotherapeutic ag&gf}s [ pharmacokinetics of cannabis in a cohort that is already taking
has increased the probability of cannabis use in this populaticemnabis is the most ethical way to gather the necessary
despite an absence of evidence on efficacy or safety in youtiormation for initiating a research program in this area. If the
or young adults. results from this pilot study are positive, our future work will

At the time this study was designed, only 1 controlled cIinic'arﬂCIUOle a single dose ph_armacokmetlc study and eventually a
randomized controlled trial.

trial was published on the use of cannabis in ADHD. Cooper
et al B7] performed a (pilot) randomized controlled trial usin@€Conclusions

Sativex Oromucosal Spray (1:1 THC:CBD) or placebo, in §@,e| treatment strategies are needed for patients who
adults with ADHD. Participants in the Sativex group,serience symptoms of ADHD and ODD despite stimulant
demonstrated a pattern of improved cognitive performancegs imacotherapy. Some desperate families have resorted to

measured by the QbTest, nominally significant improvemens, o cannabis, despite the lack of safety or efficacy data. This
in symptoms of hyperactivity/impulsivityPe.03), and trends o gtydy will be the first to explore the real-world

toward improvement for inattention and emotional Iability.'A ffectiveness, perceptions, and pharmacokinetics of cannabis
trends were strengthened when the per-protocol analysis ¥ashjidren and young adults, and the results will guide future

study in this area.
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Abbreviations

11-OH-THC: 11-hydroxyA9-tetrahydrocannabinol

ADHD: attention-deficit/hyperactivity disorder

CBC: cannabichromene

CBD: cannabidiol

Cssmax Maximum steady-state plasma drug concentration
Cssmin Minimum steady-state plasma drug concentration
DSM-1V: Diagnostic and Statistical Manual of Mental Disorders
LC-MS/MS: liquid chromatography—tandem mass spectrometry
ODD: oppositional defiant disorder

PHQ-9: Patient Health Questionnaire, 9-item

SCARED: Screen for Child Anxiety Related Emotional Disorders
SHA: Saskatchewan Health Authority

SNAP-IV: Swanson, Nolan, and Pelham-IV Questionnaire

THC: A9-tetrahydrocannabinol

THC-COOH: 11-nor-9-carboxy-tertrahydrocannabinol
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