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Abstract

Aim: This study aims to analyze the health-related quality of life (HRQoL) and safety
outcomes in attention-deficit/hyperactivity disorder (ADHD) patients treated with
cannabis-based medicinal products (CBMPs).

Methods: Patients were identified from the UK Medical Cannabis Registry. Primary
outcomes were changes in the following patient-reported outcome measures
(PROMs) at 1, 3, 6, and 12 months from baseline: EQ-5D-5L index value, generalized
anxiety disorder-7 (GAD-7) questionnaire, and the single-item sleep quality score
(SQS). Secondary outcomes assessed the incidence of adverse events. Statistical sig-
nificance was defined as p <0.050.

Results: Sixty-eight patients met the inclusion criteria. Significant improvements were
identified in general HRQoL assessed by EQ-5D-5L index value at 1, 3, and 6 months
(p<0.050). Improvements were also identified in GAD-7 and SQS scores at 1, 3, 6,
and 12months (p <0.010). 61 (89.71%) adverse events were recorded by 11 (16.18%)
participants, of which most were moderate (n=26, 38.24%).

Conclusion: An association between CBMP treatment and improvements in anxiety,
sleep quality, and general HRQoL was observed in patients with ADHD. Treatment
was well tolerated at 12 months. Results must be interpreted with caution as a causa-
tive effect cannot be proven. These results, however, do provide additional support

for future evaluation within randomized controlled trials.
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1 | INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is one of the
most common psychiatric disorders, with an estimated global
prevalence of 5% in children and 2.5% in adults.>? The estimated
incidence of ADHD diagnosis has increased by approximately 42%
in children between 2003 and 2011, and 123% in adults between
2007 and 2016 in the United States.®™> ADHD is characterized by
symptoms of inattentiveness, hyperactivity, and impulsiveness
causing functional impairment in two or more settings (e.g., work
and home).>® ADHD is often associated with psychosocial diffi-
culties, such as relationship problems, unemployment, educational
underachievement, and criminality.9 Moreover, ADHD is also as-
sociated with a higher incidence of sleep disturbance and psy-
chiatric co-morbidities, including anxiety, substance misuse, and
depression.10 As a result, these issues can significantly reduce the
quality of life for individuals with ADHD.

Current treatment for ADHD consists of a combination of psy-
chological therapies and both stimulant and non-stimulant medica-
tions.!? Stimulants are the most commonly prescribed medications
for ADHD and target executive and attentional function.>*? They
are considered relatively safe and effective treatments, however,
they are commonly associated with decreased appetite, insomnia,
emotional dysregulation, irritability, and an increased risk of adverse
cardiovascular events.'2* Non-stimulant medications have been
shown to reduce ADHD-related functional impairments and co-oc-
curring mood disorders 111315 Despite their effectiveness, medica-
tion adherence rates are relatively low due to the adverse events
that are commonly experienced.’>Y” This highlights the need for
novel therapeutics for ADHD.

The endocannabinoid system (ECS) plays a vital role in cog-
nitive function, motor coordination, and emotional homeostasis,
in addition to the regulation of dopaminergic pathways in the
brain.’®2% The ECS is a signaling network consisting of endocan-
nabinoids, enzymes, and cannabinoid receptors, including can-
nabinoid type 1 (CB1) receptors and cannabinoid type 2 (CB2)
receptors.?b?2 Dysregulation in the ECS has been implicated in
the pathophysiology of ADHD.?%24"27 CB1 receptors are widely
distributed throughout the central nervous system, with high
levels found in regions associated with cognitive functioning and
processing, such as the basal ganglia, cerebellum, neocortex, and
hippocampus.?®> Anandamide (AEA) is an endogenous ligand of
CB1 receptors, activation of which results in the modulation of
neurotransmitter release and neuronal plasticity.?®?? Importantly,
AEA has been demonstrated to regulate dopamine transmission.*°
Therefore, activation of CB1 receptors directly or through in-
creasing AEA has been postulated as a potential target for man-
aging ADHD.?43!

The flower of the cannabis plant contains many phytocanna-
binoids, the most abundant of which are (-)-trans-A9-tetrahydro-
cannabinol (THC) and cannabidiol (CBD). THC, similar to AEA, is a
partial agonist at CB1 receptors.32*33 CBD is a negative allosteric
modulator of CB1 and has been shown to enhance AEA levels
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indirectly.®#-%¢ CBD may also modulate gamma-aminobutyric acid
(GABA\) activity, a neurotransmitter responsible for the inhibition
of neuronal excitability, increasing dopamine production.35 These
phytocannabinoids are active ingredients of cannabis-based me-
dicinal products (CBMPs).® In the United Kingdom, CBMPs can
be considered if current licensed treatments have previously been
used and have failed to give sufficient benefit and to manage these
symptoms.38

Only one placebo-controlled randomized controlled trial (RCT)
on CBMPs has been conducted to date. Cooper et al. demonstrated
a nominal improvement in symptoms of hyperactivity and impulsiv-
ity in ADHD patients treated with nabiximols (an oromucosal spray
containing THC (2.7 mg/dose) and CBD (2.5 mg/dose)).39 However,
the limited sample size of this study restricts generalizability of the
findings. A systematic review investigating cannabis and ADHD
found 13 studies reporting improvements in symptoms including
concentration, motivation, learning, memory, and impulsivity.*°
However, most studies found no associations or demonstrated neg-
ative effects on core ADHD symptoms.*°~4% Additionally, observa-
tional studies have generally identified a relationship between illicit
cannabis use and the increased risk of neurocognitive impairment
and addiction.**#’ This has also been reflected in evidence from
neuroimaging studies of those with ADHD. Structural abnormalities
were found in certain brain regions involved with executive func-
tion and reward processing, particularly those with heavy cannabis
use.*8750 |nterestingly, Silva et al. have presented neurobiological ev-
idence for the tendency of ADHD individuals to self-medicate with
cannabis to alleviate their symptoms, with increased vulnerability to
developing cannabis use disorder.#:>9:5

There is a paucity of high-quality clinical evidence and prospec-
tive studies on CBMPs in the treatment of ADHD-related symptoms.
Importantly, there are no published clinical studies of long-term out-
comes to assess the efficacy and safety of adult patients treated
with CBMPs. Herein, the primary aim of this study is to report the
outcomes of patients who are prescribed CBMPs and have enrolled
in the UK Medical Cannabis Registry (UKMCR) for the treatment of
ADHD to evaluate changes in health-related quality of life (HRQoL)
and adverse event incidence associated with CBMPs to determine

the safety of their use.

2 | METHODS

2.1 | Study design and database
An uncontrolled case series of patients from the UKMCR of pa-
tients prescribed CBMPs for ADHD was extracted and analyzed.
Participants were requested to complete questionnaires about pa-
tient-reported outcome measures (PROMs) at baseline and after 1,
3, 6, and 12months, as well as adverse events.

The UKMCR has collected prospective, clinical data on pa-
tients treated with CBMPs since 2019, and is privately owned
and managed by Sapphire Medical Clinics.>® All participants
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were recruited consecutively and completed written, formal in-
formed consent prior to enrolment. The UKMCR has received a
favorable ethical opinion from the Central Bristol Research Ethics
Committee (reference: 22/SW/0145). The study was performed
in line with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidance for reporting obser-
vational studies.>®

2.2 | Setting and participants

The inclusion criteria for this study were patients who were receiv-
ing treatment with CBMPs where ADHD was the primary indication.
Patients with incomplete baseline patient-reported outcome meas-
ures (PROMs) or those who were enrolled in the UKMCR for less
than 12months prior to data extraction on 9th January 2023 were
also excluded from this study.

2.3 | Data selection

Demographic data and medical history of patients including age,
gender, occupation, body mass index (BMI), alcohol consumption,
cannabis, and smoking history were extracted at baseline, and re-
corded by clinicians. A novel metric, cannabis gram-years, was used
to quantify cannabis use in ex- and current users.>* Information
about concurrent ADHD treatment medication was recorded at
baseline. Changes to information about the patient's medications
between follow-up appointments were self-updated by the patients
using an online data collection platform or updated by clinicians dur-
ing routine follow-up appointments.

Indications for CBMP prescription, including primary, secondary,
and tertiary diagnoses were recorded by clinicians. The Charlson
comorbidity index was recorded as a measure of population morbid-
ity.>> In addition, the incidence of hypertension, arthritis, epilepsy,
venous thromboembolism, anxiety/depression, and endocrine/thy-
roid dysfunction was recorded.

CBMPs were recorded throughout enrollment. This included
the route of administration, doses, and concentrations of canna-
binoids, cannabis strains, and formulation. All CBMPs adhered to
Good Manufacturing Practice (GMP) criteria.®® Treatment options
included sublingual medium-chain triglyceride-based oil prepara-
tions, inhaled dried flowers, or a combination of both. Utilizing this
information the dose of CBD and THC were calculated in milligrams

(mg) per day.

2.4 | Outcome measures

The primary outcome was determined by changes in PROMs from
baseline to 1, 3, 6, and 12months. The following metrics were
used to assess the patient's physical, psychological, and social
well-being: generalized anxiety disorder-7 (GAD-7), single-item

sleep quality scale (SQS), and EQ-5D-5L.%°78 Furthermore, pa-
tient global impression of change (PGIC) values were collected at
each follow—up.59

GAD-7 is a validated scale that evaluates the severity of gen-
eralized anxiety disorder symptoms. This involves self-reporting of
the frequency of 7 different symptoms on a scale of O to 3, whereby
0 is “not at all” and 3 is “nearly every day” to generate a total score
that ranges from O to 27. Scores of 25, 210, and 215 represent mild,
moderate, and severe anxiety, respectively.58 A clinically significant
change was determined with a minimally clinically important differ-
ence (MCID) of 4 points or greater.®®

The Single-ltem Sleep Quality Scale (SQS) is a scale used to eval-
uate self-reported sleep quality over the previous 7days, with O
being “terrible” sleep quality and 10 being “excellent”.>’

EQ-5D-5L is a global measure of the severity of HRQoL with
a scale ranging from 1, representing “no problems,” to 5, which is
equivalent to “extreme problems.” This scale is measured across
five domains: mobility, self-care, usual activities, pain or discom-
fort, and anxiety or depression. These scores collectively generate
a health state mapped to a country-specific EQ-5D-5L index value.
An EQ-5D-5L index score of less than O represents an HRQoL which
is worse in comparison to death, whilst 1 is the highest available
score.>® This is the preferred methodology to assess the HRQoL by
the National Institute of Health and Care Excellence.

Patient Global Impression of Change (PGIC) assesses a patient's
belief about the efficacy of treatment, to determine whether there
has been an improvement or decline in a patient's quality of life since
starting treatment. This uses a seven-point scale, whereby there is
“no change” at 1, to a “considerable improvement” at 7.5

2.5 | Missing data

The baseline-observation-carried-forward (BOCF) approach was
used to account for any missing follow-up PROMs data. The results
are biased to no significance and no positive benefit is assumed from
the treatment with CBMPs.%2 Another method used was the last-ob-
servation-carried-forward (LOCF) approach, in which the patient's

previously observed value was used to replace missing data.®®

2.6 | Medication data
Additional medications prescribed during enrollment on the UKMCR
and relevant doses were recorded by patients between consulta-

tions or asynchronously during mandatory clinical follow-up.

2.7 | Adverse events

Secondary outcomes assessed the incidence of adverse events re-
corded. Adverse events were either self-reported by patients when
completing PROMs or reported during their follow-up appointments
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to their clinician. Adverse events are classified using the Common

Terminology Criteria for Adverse Events v4.0.%%

2.8 | Statistical analysis

Data about patient demographics, medical history, CBMP prescrip-
tions, and adverse events were analyzed using descriptive statis-
tics. Unless otherwise stated, parametric data was presented as
mean+standard deviation (SD), and nonparametric data was pre-
sented as median and interquartile range (IQR). A repeated measures
one-way ANOVA was used to analyze changes in reported PROMs
over time. Analysis was performed on PROMs outcomes having used
both BOCF and LOCF methods for adjusting for missing data. All
further analyses were conducted with the BOCF dataset to reduce
an overestimation of effect size. Statistical significance was defined
as p<0.050. All analyses were conducted using Statistical Package
for Social Sciences (SPSS) (IBM Statistics version 26 SPSS [New York,
IL], USA).

3 | RESULTS
3.1 | Patientdata

Following data extraction and application of inclusion criteria, 68
patients with ADHD were incorporated in the final analysis. The
number of patients who had completed PROMs recorded after 1, 3,
6, and 12 months were 61 (89.71%), 53 (77.94%), 50 (73.53%), and 33
(48.53%), respectively.

Participant's clinicopathological characteristics at baseline, in-
cluding patient demographics and medical history in this study were
analyzed (Table 1). Among these patients, 55 (80.88%) were male
and 13 (19.11%) were female, with a mean age of 35.62 (+10.23)
years and a mean BMI of 25.26 (+4.77) kg/m?. In terms of occupa-
tion, “unemployed” was the most common category with 19 (27.94%)
patients. Regarding cannabis history, a total of 55 (80.88%) patients
were cannabis users at the point of initiating treatment.

The most common secondary indication for treatment with
CBMPs was anxiety (n=22, 32.4%) (Table S1). The median Charlson
comorbidity index was 0.00 [0.00-0.00]. The prevalence of re-
corded co-morbidities is detailed in Table S2.

3.2 | CBMP dosing

The dosing and mode of administration of CBMP prescription were
assessed and displayed in Table 2. Inhaled dried flower prepara-
tions alone were prescribed to 38 (55.88%) patients, sublingual
median-chain triglyceride-based oil preparations alone were pre-
scribed to 4 (5.88%) patients, and 26 (38.24%) were prescribed a
combination of both. The median CBD dose for all patients per day
was 15.0 [5.13-55.00] mg, while the median THC dose per day was
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TABLE 1 Clinicopathological characteristics of study
participants at baseline (n=68).

Demographic details n (%)/mean+SD
Gender
Male 55 (80.88%)
Female 13 (19.11%)
Age (years) 35.62+10.23
BMI (kg/m?) 25.26+4.77
Occupation
Craft and related trades workers 3(4.41%)
Elementary occupations 6(8.82%)
Managers 3(4.41%)
Other occupations 8(11.8%)
Professional 13 (19.12%)
Service and sales workers 6(8.82%)
Skilled agricultural, forestry, and fishery 1(1.47%)
workers
Technicians and associate professionals 5(7.35%)
Unemployed 19 (27.94%)

Charlson Comorbidity Index

Tobacco, alcohol, and cannabis history

0.00[0.00-0.00]

n (%)/median

[IQR]
Smoking status
Never smoked 14 (20.59%)
23 (33.82%)
31 (45.59%)
9.50 [2.00-17.25]

0.00[0.00-3.00]

Ex-smoker
Current smoker
Smoking pack years
Weekly alcohol consumption, units

Cannabis status

Never used 6(8.82%)
Previous user 7 (10.29%)
Current user 55(80.88%)
Cannabis gram years 15.50
[4.75-34.25]

Note: Parametric data are presented as mean +standard deviation (SD)
and non-parametric data are presented as median [interquartile range,
IQR].

Abbreviations: BMI, body mass index; IQR, interquartile range; SD,
standard deviation.

208.75 [120.63-291.43] mg. The most prescribed dried flower was
Adven® EMT1 (Curaleaf International, United Kingdom). The most
prescribed medium-chain triglyceride oils were Adven® 50 mg/mL
CBD (Curaleaf International, United Kingdom) and Adven® 20mg/
mL THC (Curaleaf International, United Kingdom).

3.3 | Patient-reported outcome measures

Changes in baseline and follow-up scores at 1, 3, 6, and 12months
for each PROM are outlined in Table 3 and further reporting of
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TABLE 2 Prescription information for study participants (n=68).

Prescription information n (%)/median [IQR]

Oils 4 (5.88%)
CBD, mg/24h 17.50 [1.25-48.75]
THC, mg/24h 5.00[1.25-8.75]

Dried flower 38 (55.88%)
CBD, mg/24h 10.00 [5.00-21.25]
THC, mg/24h 215.00 [165.00-282.50]

26 (38.24%)
30.00 [10.00-60.00]
211.00 [106.88-301.20]

Oils and dried flower
CBD, mg/24h
THC, mg/24h

Note: Data for patients prescribed cannabis-based medicinal
products (CBMPs). The daily prescribed dose of (-)-trans-A9-

tetrahydrocannabinol and cannabidiol for each type of preparation are
presented as median [interquartile range, IQR].

Abbreviations: CBD, cannabidiol; IQR, interquartile range; THC,
(-)-trans-A9-tetrahydrocannabinol.

Bonferroni corrected p-values for paired-comparisons between
baseline and each follow-up time-points are reported in Table 4.
Analysis where the LOCF method was used to account for missing
data is detailed in Tables S3 and S4.

There were improvements in anxiety severity and sleep qual-
ity, as assessed by the GAD-7 and SQS, respectively, between
baseline scores and across all follow-up time periods at 1, 3, 6, and
12months (p<0.001). Additionally, clinically significant improve-
ments in GAD-7 score were observed in 50.00% (n=34) of patients
at 1month, 42.65% (n=29) at 3months, 39.71% (n=27) at 6 months
and 26.47% (n=18) at 12 months.

There were improvements in the general health-related qual-
ity of life, as assessed by the EQ-5D-5L Index Value, at 1, 3, and
6 months compared to baseline (p <0.050). However, there was no
change at 12months (p=1.000). This improvement in the EQ-5D-5L
was found in the domains of Pain and Discomfort at up to 3 months
(p=0.001), and Anxiety & Depression subscale at up to 6 months
when compared to baseline (p<0.050). An improvement was also
observed between the baseline and 3-month time-point in the Usual
Activities' subscale (p=0.047). For PGIC, the median remained con-
stant at 6.00 at 1, 3, 6, and 12 months.

There was no difference at 12months between those who were
current cannabis users at baseline and those who had never used
cannabis or had used it previously in the GAD-7 (-2.47 +5.28 vs.
-2.15+4.08; p=0.839), SQS (1.09+2.58 vs. 1.84+2.67; p=0.350)
or EQ-5D-5L index value (0.01+0.19 vs. 0.07 +0.13; p=0.340).

3.4 | Co-administered medications

The most commonly co-administered medications were methylphe-
nidate (n=20; 29.41%), lisdexamfetamine (n=13; 19.11%), dexam-
fetamine (n=7; 10.29%), and atomoxetine (n=6; 8.82%) (Table 5).
In all, 38.46% (n=5), 15.00% (n=3), and 14.29% (n=1) of patients

stopped taking lisdexamfetamine, methylphenidate, and dexamfeta-

mine, respectively, during treatment with CBMPs (Table 5).

3.5 | Adverse events

Table 6 outlines the adverse events reported by the patients. Eleven
(16.18%) patients reported a total of 61 (89.71%) adverse events,
with the most common severity class being moderate (n=26,
38.24%). The most common adverse events reported were insomnia
(h=5, 7.35%), concentration impairment (n=5, 7.35%), somnolence
(n=5, 7.35%), lethargy (n=5, 7.35%), and dry mouth (n=5, 7.35%).
No incidences of life-threatening or disabling adverse events were
reported. There was no statistically significant difference in the pro-
portion of patients prescribed oils only (n=1; 25.00%), dried flower
only (n=9; 23.68%), or both formulations (n=1; 3.85%; p=0.095).

4 | DISCUSSION

This study assessed an uncontrolled case series of patients with
ADHD prescribed CBMPs from the UKMCR. The findings demon-
strated an associated improvement in the general HRQoL, sleep
quality, and anxiety severity in patients with ADHD following the
initiation of CBMP treatment. A reduction of 38.46%, 15.00%, and
14.29% in the concomitant prescribing of lisdexamfetamine, methyl-
phenidate, and dexamfetamine, respectively, was also demonstrated
within this cohort. Adverse events were experienced by 16.18% of
the cohort with a total adverse event incidence of 89.71%.
Improvements in general HRQoL are supported by previous
evaluations of CBMPs in the setting of ADHD. Findings from Cooper
et al. identified improvements in behavioral symptoms and emotional
Iiability.39 Despite not being direct measures of HRQolL, Escobar
et al. demonstrated a direct correlation between improved ADHD
symptom-severity and HRQoL.®® Positive symptomatic differences
were also presented in various case reports. Many of these identi-
fied improvements in at least one of the DSM-5 ADHD symptoms,
emotional regulation, and sleep, especially when used adjunctive to
medication.®47¢8 The associated change in HRQoL and CBMPsiis fur-
ther supplemented by similar findings from several other studies on
psychiatric conditions published using data from the UKMCR, where
improved HRQoL was achieved following treatment with CBMPs, as
measured by EQ-5D-5L Index values.®””7? This study demonstrated
improvements in the EQ-5D-5L Index value at 1, 3, and 6 months,
but this was not present at 12 months. The divergence at 12 months
appears to be due to the methods used in the study design, whereby
a conservative approach was used to account for the reduction in
the number of patients followed up to 12months, as results using
the LOCF approach demonstrated statistically significant improve-
ments across all follow-up months in the EQ-5D-5L index values.
Comorbid sleep disorder is common in adults with ADHD, with
many experiencing poor sleep quality and insomnia.”® In this study,
an associated improvement in self-reported sleep quality was found
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=68).

TABLE 3 One-way repeated measures ANOVA analysis comparing patient-reported outcome measures after 12 months in study participants (n

p-Value

F-value

12 months

6é6months

3months

1month

Baseline

PROM

<0.001***

11.594
11.049
2.502
1.480
2.377
5.660
6.930
6.719

8.44+5.87
541+291

6.88+4.95
6.07+2.47
1.51+0.87

6.38+5.33
5912255

6.72+6.08
5.75+2.45
1.50+0.91

10.85+5.91
4.18+2.34

GAD-7
SQS

<0.001***
0.051

1.54+0.92
1.51+0.89
2.01+1.13

1.43+0.82
1.37+0.73
1.72+0.88
1.71+0.75

1.53+0.94
1.46+0.85
2.09+1.22
213+1.12

EQ-5D-5L Mobility
EQ-5D-5L Selfcare

0.219

1.43+0.83

1.44+0.85
1.88+1.78
1.74+1.05

0.061

1.85+1.00
1.84+0.91

EQ-5D-5L Usual Activities

<0.001***

2.00+1.09
2.66+1.13

EQ-5D-5L Pain and Discomfort

<0.001***

2.38+1.02
0.70+0.23

2.25+1.04
0.73+0.22

2.40+1.08
0.70+0.29

EQ-5D-5L Anxiety and Depression 2.82+1.09

EQ-5D-5L Index values

PGIC

<0.001***

0.63+0.27

0.60+0.28

6.00 [6.00-7.00] 6.00 [5.00-7.00] 6.00 [6.00-6.00]

6.00 [5.00-6.00]

Note: Each patient-reported outcome measure (PROM) is displayed in mean + standard deviation (SD), except for PGIC which is presented as median [interquartile range, IQR].

Abbreviations: GAD-7, generalized anxiety disorder-7; PGIC, Patient Global Impression of Change; PROM, patient reported outcome measure; SD, standard deviation; SQS, Single-Item Sleep Quality Scale.

***p<0.001.
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within these participants at up to 12months. The ECS is implicated
with the regulation of sleep, thus, CBMPs may play an important role
in targeting sleep disorders.”® The results of improved sleep quality
in the present study are consistent with the outcomes of a study
on autism spectrum disorder patients treated with CBMPs from the
UKMCR, which identified similar improvements.®” However, cur-
rent evidence on the effect of CBMPs on sleep is inconsistent, with
studies suggesting a possible risk of developing tolerance associated
with long-term use of the sleep-promoting effects of CBMPs.”>77
Despite the overall positive results on sleep quality, insomnia was
also one of the most frequently reported adverse events. As adverse
events were not assessed to determine whether they were treat-
ment-related, this could be secondary to the inherent relationship
between ADHD and sleep disorders, or secondary to co-adminis-
tered stimulants. This highlights the importance of using RCTs to
evaluate the benefits and risks of long-term use of CBMPs.”8

Improvements in the severity of anxiety symptoms at all fol-
low-up intervals after initiation of CBMP therapy were identified
in this study. Results demonstrated that 25% or more participants
reported clinically significant improvements in generalized anxiety
symptoms between baseline and all follow-up timepoints. These
clinically significant improvements were also found in the results of
a study on GAD patients from the UKMCR, which further supports
the associated significant reductions in mean GAD-7 scores with
CBMP treatment.”’ The symptomatic improvement is suggested
to be associated with the anxiolytic properties possessed by the
CBMPs 8081

There was a reduction in concomitant ADHD medication use
during treatment. As previously stated, ADHD medications, particu-
larly stimulants, are associated with a high incidence of negative side
effects.!?** Additionally, there are safety concerns regarding long-
term treatment as stimulants may increase the risks of psychosis,
cardiovascular diseases, and substance use disorders.®* Case re-
portsinvolving patients with ADHD have similarly found that admin-
istration of CBMPs can result in the discontinuation of stimulants,
as well as other associated medications.®® However, further assess-
ment is still required to determine if CBMPs are a suitable substitute
for licensed medications used currently in the treatment of ADHD.

This study was one of the first to investigate the adverse
events of CBMPs in ADHD, and currently, no other studies have
reported the follow-up of ADHD patients prescribed CBMPs for
up to 12months. The total incidence of adverse events reported in
the present study was 61 (89.71%). Adverse events were reported
by 11 (16.18%) of the participants, which was relatively lower than
reported in previous observational studies, and there were no dis-
abling or life-threatening adverse events reported.69 A similar in-
cidence of adverse events was reported in the RCT conducted by
Cooper et al. where adverse events were reported by 26.7% of
CBMP users with ADHD.?? Collectively, these findings indicate
that CBMPs are well tolerated in the short term. The most frequent
adverse events reported in this study were dry mouth, insomnia,
somnolence, lethargy, and concentration impairment. Although con-
centration impairment is a common result of cannabis use, it is also
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PROMs 1month 3months
GAD-7 <0.001*** <0.001***
SQS <0.001*** <0.001***
EQ-5D-5L index value 0.008** <0.001***
EQ-5D-5L Pain and Discomfort 0.001** 0.001**
EQ-5D-5L Anxiety and Depression 0.032* <0.001***

6 months

<0.001***

<0.001***
0.015*
0.077
0.001**

TABLE 4 p-Values from pairwise

20T comparison of the significant differences

0.002** in baseline and all follow-up scores for

0.002** patient-reported outcome measures of
study participants (n=68).

1.000 y p pants ( )

1.000

1.000

Note: Significant p-values after Bonferroni correction are indicated by *p <0.050, **p <0.010,

***p<0.001.

Abbreviations: GAD-7, generalized anxiety disorder-7; PGIC, Patient Global Impression of Change;
PROMs, patient-reported outcome measures; SQS, Single-Iltem Sleep Quality Scale.

TABLE 5 Changes in co-administered medications throughout treatment with cannabis-based medicinal products after 12 months in

study participants (n=68).

Medication Total Stopped taking
Methylphenidate, n (%) 20 3(15.00%)
Lisdexamfetamine, n (%) 13 5(38.46%)
Atomoxetine, n (%) 0 (0.00%)
Dexamfetamine, n (%) 7 1(14.29%)

a common clinical manifestation of ADHD.® As this study sought to
collect all adverse events and these were not assessed by clinicians
to determine if they were treatment-related it is not possible to
identify whether these were due to CBMPs, underlying symptoms
of ADHD, or another confounding factor.

There were notable limitations to this study. As a case series, it
cannot determine if CBMPs were the causative mechanism for im-
provements noted in participants in this study. It was not possible
to control for confounding factors and determine if the observed
effects were secondary to these or phenomena such as regression
to the mean. There is significant heterogeneity in CBMPs prescribed
within this study making it even more challenging to directly study
the effect of specific regimens. Whilst attempts were made to an-
alyze the differences between adverse events according to each
route of administration, underlying confounders limit the ability
to interpret this in full. There is also a noteworthy selection bias.
Whilst there is a higher incidence of ADHD in males,82 this cohort
is over-represented by male participants (80.88%). The underlying
physiological differences between males and females may impact
how ADHD manifests, which could affect the outcome of treat-
ment with CBMPs.83 Although research has indicated that males
are more frequently diagnosed with ADHD, the gender disparity
in diagnosis is likely exacerbated by social factors.5? Despite illicit
cannabis being commonly used by ADHD patients to self-medicate,
most patients (80.88%) were already current cannabis consumers at
the point of starting treatment. Repeated cannabis administration
may lead to the development of pharmacological tolerance,®* po-
tentially reducing the effectiveness of CBMPs. Moreover, patients
were recruited from a private clinic and therefore, this cohort could
be socioeconomically skewed. However, a sizeable proportion of
these patients were unemployed (27.94%), indicating that the cost

Reduced dose No change Increased dose ::gication
0 (0.00%) 4 (70.00%) 0 (0.00%) 3(15.00%)
0(0.00%) 8(61.54%) 0(0.00%) 0(0.00%)
0 (0.00%) 6 (100.00%) 0 (0.00%) 0 (0.00%)
0(0.00%) 4 (57.14%) 0(0.00%) 2(28.57%)

was not restrictive to starting treatment. Future studies should be
conducted through RCTs with a diverse patient population, whilst
also mitigating potential confounding factors that could interact
with CBMPs.

5 | CONCLUSION

This case series is the first of its kind in assessing the clinical out-
come of patients from the UKMCR with a primary diagnosis of
ADHD prescribed CBMPs for up to 12months. This study reports
that treatment with CBMPs was associated with improvements in
general HRQol after 1, 3, and 6, months, in addition to anxiety and
sleep quality after 1, 3, 6, and 12months (p <0.050). These results
suggest that CBMPs may play a role in alleviating symptoms and co-
morbid anxiety and sleep disruption associated with ADHD, though
these are preliminary findings. CBMPs were well-tolerated through-
out this study and the majority of patients (83.82%) did not report
any adverse events. Due to limitations in study design, a causal rela-
tionship cannot be determined, thus, a definite conclusion cannot be
drawn from these results. The findings from this study guide further
investigation to assess the therapeutic efficacy and long-term safety
profile of CBMPs. Comparative analysis should be performed on pa-
tients in the UKMCR for future evaluations, and importantly, it is
essential to conduct high-quality RCTs for the treatment of ADHD
whilst controlling for potential confounding factors.
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