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Abstract

Background: Research on cannabis-based medicinal products (CBMPs) in anxiety
remains inconclusive due to a paucity of high-quality evidence. Studies indicate a
bidirectional relationship between generalized anxiety disorder (GAD) and sleep dis-
ruption, but it is unclear how this affects CBMP treatment outcomes. This study aims
to compare the patient-reported outcome measures (PROMs) of patients prescribed
CBMPs for GAD, with and without impaired sleep.

Methods: Changes in PROMs were recorded from baseline to 1, 3, 6, and 12months
between those with impaired or unimpaired sleep. Multivariate logistic regression
was applied to compare factors associated with a clinically significant improvement
in GAD-7 at 12months. Secondary outcomes included adverse event incidence and
frequency.

Results: Of the 302 patients that fit the inclusion criteria, mean GAD-7, single-item
sleep quality, and EQ-5D-5L index values improved at all time points (p<0.001). A
relationship between sleep impairment and clinically significant changes in GAD-7
at 1 and 3months was identified (p <0.01). On multivariate regression, only baseline
GAD severity was associated with an increased likelihood of observing a clinically sig-
nificant improvement in anxiety (p <0.001). Seven hundred and seven (234%) adverse
events were reported by 55 (18.21%) participants.

Conclusions: This study observed an association between CBMP treatment and im-
provements in anxiety in patients with GAD. While patients with comorbid sleep dis-
ruption had greater improvements in anxiety, the differences were not maintained in
a multivariate analysis. Baseline anxiety severity may be a predictor for CBMP treat-
ment outcomes.
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1 | INTRODUCTION

Anxiety, a neuropsychiatric disorder, affects more than 8million
people in the United Kingdom.! The most common, generalized anx-
iety disorder (GAD), is a chronic condition defined as excessive and
uncontrolled anxiety causing significant distress over a minimum of
6 months, characterized by symptoms of restlessness, difficulty con-
centrating, and sleep disturbances.?® A diagnosis of GAD is often
comorbid with other psychiatric conditions.* Individuals with GAD
are more likely to experience a diminished quality of life, unemploy-
ment, and suicidality which places a greater socioeconomic burden
on society.t*8

GAD is associated with and maintained by a wide array of pre-
cipitating and perpetuating factors.”'* Avoidance, substance abuse,
and rumination are typical maladaptive coping mechanisms that
maintain and heighten the severity of GAD.»*Y Insomnia, difficulty
getting to sleep, or staying asleep for long enough, is correlated with
the development and reinforcement of anxiety disorders.’®-2° The
coexistence of insomnia and GAD has been shown to decrease re-
sponsiveness to treatment and exacerbate anxiety symptoms, wors-
ening social and mental weII—being.21’22

GAD is also associated with neurobiological changes. The
hypothalamic-pituitary-adrenal (HPA) axis is dysregulated by
excessive stress, leading to a diminished capacity to inhibit con-
ditioned fear.2®?* The circuitry between the reticular formation
and the amygdala is also affected, contributing to sleep disrup-
tion, emotional imbalance, and cognitive deficits.” The complex
origin of GAD, its comorbidity with other psychiatric conditions,
and its impact on brain circuitry make a best-fit treatment difficult
to identify.

Pharmacotherapy and psychotherapy are the primary treat-
ments for GAD.?>"?” The most common pharmacological treatments,
monoamine reuptake inhibitors, act by increasing the synaptic con-
centration of the monoaminergic neurotransmitters.?>?® Crucial
to mood regulation, these neurotransmitter systems are often dis-
rupted in individuals with anxiety disorders and current pharmaco-

t.27 With current treatment

therapy is centered around this concep
options, fewer than 85% of patients experience a 50% improvement,
half of which achieve clinical recovery.30 There is therefore scope to
improve present management of GAD, especially when also consid-
ering the adverse effect (AE) profile of currently available therapies
and the rate of recurrence.?>31-33

Cannabis-based medicinal products (CBMPs) present a novel
pharmacotherapeutic approach to GAD. CBMPs containing canna-
bis plant derivatives, including A9-tetrahydrocannabinol (A9-THC)
and cannabidiol (CBD), primarily interact with the body's endo-
cannabinoid system (ECS).3* The ECS is a complex signaling net-
work of receptors, enzymes, and ligands, notably the cannabinoid
receptors type 1 and 2 (CB1/CB2).3> CB1 is concentrated within
brain regions associated with emotion, memory, and higher order
processing-particularly the hippocampus, amygdala, and neocor-
tex.%® Activation of CB1 in these areas leads to the inhibition of glu-

tamate and gamma-aminobutyric acid release.® A9-THC is a partial

agonist of both CB1 and CB2, whereas CBD has a low affinity for
both receptors, acting as a noncompetitive agonist for CB1 and an
inverse agonist at high concentrations.?”*® CBD also inhibits anan-
damide (AEA) uptake and degradation, increasing the concentration
of this endogenous cannabinoid receptor agonist.39 Hippocampal
neurogenesis and synaptic plasticity are crucial to reconsolidation
and fear extinction, impairment of which are associated with anxiety
pathogenesis.?® The association of CBD with hippocampal neuro-
genesis and long-term potentiation provides justification for CBMP
use in treating neuropsychiatric disorders.*°

Studies also indicate CBD is an agonist of the serotonin,, (5-
HT,,) receptor and transient receptor potential vanilloid type 1
(TRPV1) channels.??*143 Located within the HPA axis, 5-HT,, het-
eroreceptor activation is associated with increased fear extinction,
while TRPV1-mediated glutamate release induces synaptic plas-
ticity, contributing to fear conditioning.*®*44> CBD and AEA have
synergistic effects across both receptors, desensitizing TRPV1 and
activating 5-HT,,, putative mechanisms for reducing learned fear
and facilitating fear extinction.***® Furthermore, via increasing AEA,
CBD also increases monoaminergic activity, contributing to a reduc-
tion in stress-related behaviors and fear conditioning.38'42

A9-THC has sedative effects, decreasing arousal, and sleep onset
latency, potentially through CB1 and subsequent cholinergic neuron
activation in the pons.***” Additionally, high concentrations of CBD
are correlated with increased total sleep time, a process thought to
be mediated by increased AEA accumulation.*®

Presently, the evidence for cannabinoid use in psychiatric disor-
ders is minimal but promising. A 2019 systematic review indicated
cannabinoid treatment significantly reduced anxiety symptoms com-
pared to placebo.*® Analysis of the UK Medical Cannabis Registry
(UKMCR) has demonstrated similar improvements in anxiety symp-
toms and sleep quality scores.**=>3 There have only been two ran-
domized clinical trials (RCT) investigating CBD against a placebo for
social anxiety disorder®*°>; positive effects were identified but re-
sults were not statistically significant. A recent RCT comparing can-
nabinoid treatment to placebo for chronic insomnia was limited by
the small sample size and poor maintenance of blinding.”® However,
the results did indicate improvements in insomnia symptoms and
across some self-reported measures.

The existing research in this field shares some notable limita-
tions. Anxiety and sleep quality are often evaluated as secondary
outcomes in the context of other conditions, reducing the transla-
tion of results to patients with GAD and insomnia, respectively.*8
Heterogeneity in the formulation, route of administration, and study
length is witnessed across the literature.®” Most participants are
studied over a short period, which greatly limits the understanding
of long-term AEs. Especially in the context of psychiatric disorders,
the psychotropic effects of A9-THC must be investigated over a lon-
ger duration.*&58

While the effects on anxiogenic and sleep-wake pathways may
suggest the role for CBMPs in treating GAD and comorbid impaired
sleep, there is no research investigating this outcome. Therefore,
the aim of this study was to compare the patient-reported outcome
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measures (PROMs) of patients prescribed CBMPs for GAD, with and
without impaired sleep. The secondary aim of this study was to in-
vestigate the safety profile of CBMPs over a 12-month period and to
assess the impact of age, body habitus, prior cannabis use, treatment
type, cannabinoid dosage, anxiety severity, and sleep quality on the
likelihood of experiencing an adverse event.

2 | METHODS
2.1 | Study design and participants

This study is a prospective cohort study of patients from the
UKMCR that are receiving CBMP treatment for a primary condition
of GAD. Since December 1, 2019, the UKMCR has recorded longi-
tudinal pseudonymized data from patients prescribed CBMPs out-
side the NHS for any clinical indication. The UKMCR has received
ethical approval from the Central Bristol Research Ethics Committee
(Reference: 22/SW/0145). This study was reported in line with
STROBE statement.” Written and informed consent was provided
by all patients upon registration, before baseline data collection,
after which participants were enrolled consecutively.

Therapy with CBMPs was initiated in line with UK regulations.®°
The decision to prescribe was made following an appointment with
a consultant psychiatrist, supported by a multidisciplinary team.
Patients must demonstrate insufficient benefit or have experienced
intolerable AEs from licensed therapies.61 All medications adhere to

Good Manufacturing Practice.®%%!

2.2 | Data collection

This analysis utilizes UKMCR participant data from December 1,
2019. The inclusion criteria for this study were patients with a pri-
mary indication of GAD. Participants enrolled in the UKMCR for less
than 12 months prior to the extraction of data (January 9, 2023) were
excluded. Those with incomplete baseline PROMs were excluded
due to the lack of a reliable baseline to compare changes outcomes.
During enrolment, the primary indication for CBMP treatment
was recorded. Clinicians also collected demographic characteristics
including age, gender, occupation, and body mass index. Relevant
comorbidities were recorded and the Charlson comorbidity index
was calculated for each patient.‘f'2 Data on tobacco, alcohol and
cannabis use including smoking status, smoking pack years, weekly
alcohol consumption (units), cannabis smoking status, and cannabis
gram years were recorded. Gram years is a novel metric, described
by our group, to quantitively measure an individual's previous canna-
bis use.>® Patients were prompted to complete electronic question-
naires for PROMs and AEs at baseline, and 1, 3, 6, and 12 months.
A patient evaluation of the UKMCR reported that this process was
found to be easy to complete by over 95% of respondents.63
Details regarding CBMP treatment were recorded throughout
the course of treatment including the formulation, cannabis strains,

REPORTS

route of administration, and THC and CBD doses per 24h (mg).
Treatment options were administered via sublingual or oral prepara-

tions, or vaporized dried flower.

2.3 | Patient-reported outcome measures

The primary outcomes of this study were changes from baseline at
1, 3, 6, and 12months, which were self-reported using the follow-
ing PROMs: Generalized Anxiety and Depression-7 (GAD-7), Single-
Item Sleep Quality Scale (SQS), and EQ-5D-5L. Values for Patient
Global Impression of Change (PGIC) were also collected at each
follow-up session.

The GAD-7 is designed to screen, measure, and interpret the
severity of GAD. It poses seven questions, assigning a score to the
frequency of core GAD symptoms experienced (0 = “not atall”"to 3 =

").5% With a maximum total of 21 points, the sever-

“nearly every day
ity is classified into mild, moderate, and severe anxiety, determined
by scores of 25, 210, and 215, respectively. Based on Toussaint
et al.'s sensitivity to change analysis, a minimally clinically important
difference (MCID) of at least a 4-point change was deemed clinically
meaningful 4>¢¢

The SQS scale is a rapid self-reported assessment of sleep qual-
ity.%” Patients rate their sleep quality over the last 7days using a
numerical value between 0 (“terrible”) and 10 (“excellent”). In keep-
ing with Snyder et al.'s evaluation of the SQS, an MCID of at least
a 2.6-point change conferred “somewhat improved” while a=4.9-
point change was “greatly improved"—both changes are viewed as
clinically significant.®”

The EQ-5D-5L is a measure of a patient's Health-Related Quality
of Life (HRQoL), recommended by the National Institute for Health
and Care Excellence.®®®’ Covering five domains that constitute
quality of life (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), patients rate the level of severity in each
domain from 1 to 5 (1=none, 2=slight, 3=moderate, 4=severe,
and 5=extreme). This generates a 5-digit code that is mapped to a
country-specific EQ-5D-5L index value.®’ An index value of 1 is the
highest possible score, while <0 represents an HRQoL worse than
death.

The PGIC assesses the patient's perceived improvement in
symptoms since commencing the therapy.”® The patient is asked to
rate their improvements in activity limitations, symptoms, emotions,
and overall quality of life on a scale from 1 to 7 (1 = “no change at all”

to 7 = “a great deal better”).

2.4 | Prescribed medication

Details regarding prescribed medications were collected at base-
line and updated by patients and clinicians throughout the course
of the treatment. Prescribed medications were separated into
three categories: antidepressants, benzodiazepines, and gabap-
entinoids. Antidepressants included amitriptyline, baclofen,
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bupropion, citalopram, duloxetine, escitalopram, fluoxetine, mir-
tazapine, paroxetine, pramipexole, sertraline, trazadone, and

vortioxetine.

2.5 | Adverse events

Patients were provided with a list of AEs and the option to report
using free text. Data were self-reported from patients simultane-
ously with PROMs or at the time of the event. AEs could also be
recorded during follow-up appointments with clinicians. AEs were
recorded in accordance with the common terminology criteria for

adverse events version 4.0.”*

2.6 | Missing data

Baseline observation carried forward was the method employed
for addressing missing PROMs data, whereby a patient's missing
data would be replaced by the baseline value recorded, regardless
of whether post-baseline PROMs are recorded.”? This method was
selected as it is more conservative than last observation carried for-
ward, whereby a patient's missing data is replaced by their more re-
cently recorded value.

2.7 | Statistical analysis

Descriptive analysis was performed on patient demographics, drug
and alcohol data, prescription changes, and reported AEs. The
distribution of the data were determined by a Shapiro-Wilk test.
Parametric data was presented as mean+standard deviation (SD),
nonparametric data was presented as median and interquartile
range (IQR), except where parametric tests were applied to large
sample sizes in accordance with the central limit theorem.”®7#

A repeated measures one-way analysis of variance (ANOVA) was
used to compare the mean difference between patients for each
PROM at each time point. A post hoc Bonferroni correction was
then applied to correct for multiple comparisons.

Participants were also stratified according to SQS scores: a score
of 0-4 was “impaired sleep” while scores 25 meant “unimpaired
sleep.” An independent samples t-test was performed to compare
the mean changes in PROMs from baseline between the two sleep
quality groups. These subgroups were subject to further analysis
and the PROM values were separated into “clinically significant im-
provement” or “not clinically significant improvement.” EQ-5D-5L
was excluded from this aspect of the analysis due to inconsistencies
of the MCID in literature. A Chi-squared test was used to identify
a relationship between sleep quality and clinically meaningful im-
provements in PROMs.

A univariate binary logistic regression model was applied to as-
sess the individual effect of age, BMI, gender, prior cannabis expo-
sure, treatment type, current THC and CBD dosage, baseline sleep

quality, and baseline anxiety on the likelihood of achieving a clini-
cally significant improvement in GAD-7 at 12months. All variables
were then included in a multivariate regression model, which adjusts
according to the other included variables and determines the impact
of each independent variable on the dependent variable. Data from
the regression models were presented as the odds ratio (OR) and
95% confidence interval (Cl).

A further univariate binary logistic regression model was then
applied to assess the effects of the same independent variables on
the likelihood of experiencing an adverse event after 12months of
CBMP treatment. All variables were taken forward to a multivariate
regression model.

Patients were then stratified by treatment type and a one-way
ANOVA was used to compare the mean difference between patients
for each PROM and treatment type, at each time point.

A further ANOVA was used to compare the mean differences
between patients treated with oils, dried flowers, or a combina-
tion for each PROM and treatment type at every time point. A post
hoc Bonferroni correction was then applied to correct for multiple
comparisons.

Statistical significance was defined as p<0.05. All statisti-
cal analysis was performed using Statistical Package for Social
Sciences (SPSS) (IBM Statistics version 29 SPSS Inc [New York,
IL], USA).

3 | RESULTS

3.1 | Baseline characteristics and cannabis
exposure

At the point of data extraction (January 9, 2023), 9464 patients
were enrolled on the UKMCR. After applying inclusion criteria, 302
patients were included. Half of all participants had a complete set
of PROMs (n=151; 50.00%). Most patients were male (h=210;
69.50%) and over half of the cohort had impaired sleep quality at
baseline (n=156, 51.66%) (Table 1). The mean age of participants
and body mass index (BMI) were 38.06 (+11.70) and 26.85 (+7.30)
kg/m2, respectively. The comorbidities and indications for treatment
were also analyzed (Table 1; Tables S1 and S2). Secondary and ter-
tiary indications with the highest frequency were depression (=85,
27.61%) and insomnia (n=23, 7.61%). Most participants were cur-
rent users of cannabis at baseline (=193, 63.91%) and the median
lifetime exposure was 5.00 (2.00-18.00) gram years (Table 1). The
majority of the cohort (76.75%) were either current or ex-smokers
with a median lifetime exposure to tobacco of 8.50 (3.00-20.00)
pack years (Table 1).

3.2 | CBMP prescription and dosage

Most patients were only prescribed dried flower preparations
throughout the period of analysis (n=167, 55.30%) (Table 2). The
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TABLE 1 Demographic details at baseline.

n (%)/mean +SD/

Demographic details median [IQR]
Sex

Male 210 (69.50%)

Female 92 (30.50%)
Age (years) 38.06+11.70
Body mass index, kg/m? 26.85+7.30
Occupation

Clerical support workers 14 (4.63%)

16 (5.30%)
19 (6.29%)
16 (5.30%)
38(12.58%)
1(0.33%)

Craft and related trades workers
Elementary occupations
Managers

Other occupations

Plant and machine operators, and
assemblers

Professional 51 (16.89%)

Service and sales workers 18 (5.96%)
Skilled agricultural, forestry, and fishery 2 (0.66%)
workers

Technicians and associate professionals 15 (4.97%)

Undisclosed 24 (7.95%)

Unemployed 88 (29.14%)
Charlson comorbidity score 0[0.00-0.00]
Smoking status

Ex-smoker 119 (39.40%)

Current smoker 114 (37.75%)

69 (22.85%)
8.50[3.00-20.00]
0.00[0.00-6.00]

Never smoked
Smoking pack years
Weekly alcohol consumption, units

Cannabis status

Ex-user 70 (23.18%)
Current user 193 (63.91%)
Cannabis naive 39 (12.91%)

Cannabis usage, gram years 5.00[2.00-18.00]

Note: Data for patients prescribed any formulation of cannabis-based
medicinal products (CBMPs) for a primary indication of anxiety was
recorded by clinicians. Information on patient smoking, alcohol, and
cannabis history was also collected by clinicians at baseline. Cannabis-
naive patients had never used cannabis before their prescription, ex-
users had previously used cannabis, and current users were currently
using nonprescription cannabis. Data are presented as either n (%),
mean+SD, or median [IQR]. n=302.

Abbreviations: IQR, interquartile range; SD, standard deviation.

median CBD and A9-THC doses were 10.00 (5.00-20.00) and
200.00 (125.00-300.00) mg/24h, respectively. Individuals only
prescribed oils (n=43, 14.24%) had median CBD and A9-THC
doses of 55.00 (20.00-55.00) and 5.00 (5.00-10.00) mg/24h,
respectively. Those prescribed a combination of these formu-
lations (n=92, 30.46%) had a median CBD and A9-THC dose of
55.00 (15.00-69.38) and 206.25.00 (110.00-280.09) mg/24h,

REPORTS

TABLE 2 Cannabis-based medicinal product prescription and
dosage.

Prescription information n (%)/median [IQR]
Qils 43 (14.24%)
CBD, mg/24h 55.00 [20.00-55.00]
A9-THC, mg/24h 5.00[5.00-10.00]
167 (55.30%)
10.00 [5.00-20.00]
200.00 [125.00-300.00]
92 (30.46%)
55.00 [15.00-69.38]

206.25.00 [110.00-280.09]

Dried flower
CBD, mg/24h
A9-THC, mg/24h
Qils and dried flowers (combination)
CBD, mg/24h
A9-THC, mg/24h
Note: Patients were treated with either oils, dried flower, or a

combination of both. The dose of CBD and A9-THC is calculated as
mg/24h and presented as median [IQR]. n=302.

Abbreviation: IQR, interquartile range.

respectively. The most commonly prescribed dried flower was
Adven® EMT1 (Curaleaf International, United Kingdom), while the
most commonly prescribed medium chain triglyceride oils were
Adven® 50mg/mL CBD (Curaleaf International, United Kingdom)
and Adven® 20mg/mL THC (Curaleaf International, United
Kingdom).

3.3 | Patient-reported outcome measures

To assess the effect of CBMP treatment on anxiety, sleep, and
HRQoL in patients with GAD, the PROMs were analyzed using a
repeated measures one-way ANOVA (Table 3). At each time point,
there was a statistically significant improvement, from baseline, in
GAD-7, SQS, and most domains of the EQ-5D-5L (p<0.001). The
mean PGIC was 5.45 (+1.41) at 1month and this increased to 5.72
(+1.32) at 12months.

To further analyze the effect of CBMP treatment, the cohort was
separated into three groups depending on their prescription type. A
repeated measures ANOVA was then used as displayed in Table S3.
Statistically significantimprovements were identified in GAD-7, SQS,
and the EQ-5D-5L index value for each treatment type (p<0.001).
For patients prescribed oils, the only other statistically significant
improvements were in usual activities, pain/discomfort, and anxiety/
depression domains of the EQ-5D-5L (p <0.05). Patients prescribed
dried flower reported improvements in usual activities, pain/dis-
comfort, and anxiety/depression (p<0.001). For patients with the
combined prescription, statistically significant improvements were
identified across the same three domains and in the PGIC (p <0.010).
No statistically significant difference was identified for any PROM
between treatment types except for the anxiety/depression domain
of the EQ-5D-5L (p <0.05). In summary, there were improvements in
anxiety, sleep, and HRQoL PROMs throughout 12 months of treat-
ment with CBMPs. There was no significant difference between the
anxiety outcomes of patients with different prescriptions.
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TABLE 3 Repeated one-way ANOVA comparing patient-reported outcome measures (PROMs) at each time point.
Baseline 1month 3months 6 months 12months

PROM Mean +SD Mean +SD Mean + SD Mean +SD Mean +SD F-value  p-Value
GAD-7 13.25 6.02 8.52 5.77 8.42 5.79 8.90 6.36 10.21 6.48 59.42 <0.001***
SQS 4.03 240 564 255 572 256 553 281 513 274 4295 <0.001***
EQ-5D-5L Index 0.53 0.28 0.65 025 0.65 027 064 0.27 0.61 028 33.34 <0.001***
EQ-5D-5L mobility 1.53 0.87 144 080 146 085 146 0.81 146 0.83 2.00 0.095
EQ-5D-5L selfcare 1.49 0.83 145 086 143 084 148 0.85 147 0.83 0.98 0.421
EQ-5D-5L usual activities 2.35 121 197 103 193 1.09 203 1.09 207 117 17.27 <0.001***
EQ-5D-5L pain and discomfort 2.19 1.08 186 095 1.87 098 188 0.99 198 1.02 16.40 <0.001***
EQ-5D-5L depression and anxiety ~ 3.39 111 272 108 275 110 276 114 295 118 38.11 <0.001***
PGIC N/A N/A 545 141 571 1.19 5.68 1.29 572 1.32 8.52 <0.001***

Note: The one-way ANOVA analysis compared the difference in means at each follow-up period to identify improvements in PROMs over 12 months
of treatment with cannabis-based medicinal products. Sample size consistent for all PROMs, n=302, except PGIC, n=264. For GAD-7, a lower score
indicates decreased anxiety. For all other PROMs, a greater score indicates an improved outcome.

Abbreviations: GAD-7, generalized anxiety disorder-7; PGIC, patient global impression of change; SD, standard deviation; SQS, Single-ltem Sleep
Quality Scale.

***p<0.001.

3.4 | Effect of sleep quality at baseline on PROMs TABLE 4 Chi-squared analysis investigating relationship
between sleep quality at baseline and clinically significant changes

To determine the influence of sleep on the outcomes of patients in PROMs at each follow-up period.

receiving CBMP treatment for anxiety, the cohort was divided into Impaired sleep Unimpaired
two groups—those with impaired sleep and those without. Prom n (%) sleep n (%) p-value
An independent samples t-test was applied to investigate how GAD-7 1month
the mean change in PROMs from baseline differed between the two <MCID 22 (14.10%) 41 (28.08%) 0.003**
groups (Table S4). Statistically significant differences were identified in >MCID 134 (85.90%) 105 (71.92%)
GAD-7 at 1month, and in SQS, at all time points (p <0.001). Individuals GAD-7 3months
with impaired sleep had a greater mean change in GAD-7 at 12months <MCID 23 (14.74%) 39 (26.71%) 0.01*
(-3.70+5.75) compared to those with unimpaired sleep (-2.33+5.02, zMCID 124.(79.49%) 116 (79.45%)
t(298.55)=-2.20, p=0.028). The mean change in the index value and GAD-7 6months
the anxiety and depression domain of the EQ-5D-5L were significantly <McID 29 (18.59%) 41(28.08%) 0.051
larger for individuals with impaired sleep (p<0.050). =MCID 127 (81.41%) 105 (71.92%)
X K X GAD-7 12months
A further analysis was performed using a Chi-squared test to deter-
) S ) i i <MCID 21 (13.46%) 32(21.92%)  0.054
mine the relationship between quality of sleep at baseline and achiev- >MCID 135 (86.54%) 114 (78.08%)
ing a clinically meaningful improvement in PROMs. The MCID for SQS QS 1month
was set at 22.6 and for GAD-7 at 24. Table 4 shows that sleep impair- <MCID 81 (51.92%) 118 (80.82%)  <0.001**
ment at baseline was associated with clinically meaningful changes in >MCID 75 (48.08%) 28 (19.18%)
GAD-7 at 1month (p<0.01) and 3months (p=0.01), and in SQS at all SQS 3months
time points (p<0.001). No statistically significant association was iden- <MCID 78 (50.00%) 120(82.19%)  <0.001***
tified between sleep quality and GAD-7 at 6 and 12months (p>0.05). >MCID 78 (50.00%) 26 (17.81%)
In summary, there were differences between the two sleep quality SQS 6 months
groups across GAD-7, SQS, and some domains of the EQ-5D-5L. There <MCID 93(59.62%) 114 (78.08%)  <0.001***
was an association between the quality of sleep at baseline and a clini- =MCID 63 (40.38%) 32(21.92%)
cally meaningful change in anxiety and sleep-specific PROMs. SQS 12months
<MCID 108 (69.23%) 127 (86.99%) <0.001***
>MCID 48 (30.77%) 19 (13.01%)
3.5 | Logistic regression—GAD-7 outcomes at Note: Cohort was separated into two groups, those with impaired (SQS
12 months score <4) and unimpaired sleep (SQS score 2 5) at baseline. A minimally

clinically important difference (MCID) in GAD-7 was a 4-point change
and in SQS, 22.6. n=302.

To contextualize the results from the previous analyses, a univari- Abbreviations: GAD-7, generalized anxiety disorder-7; SQS, Single-Item

ate logistic regression model was applied to determine how a range
of independent variables affected the likelihood of achieving a

Sleep Quality Scale.
*p<0.05; **p<0.010; ***p <0.001.
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TABLE 5 Multivariate regression assessing the contribution of
factors to a clinically meaningful change in GAD-7 at 12 months.

Odds ratio [95%

Variables n confidence interval] p-Value
Age (years)

18-30 89 - Ref

31-40 103 0.700 [0.269-1.820] 0.464

41-50 63 0.413[0.150-1.139] 0.088

51-60 31 1.826[0.316-10.541] 0.501

60+ 15 0.640[0.103-3.973] 0.632
BMI

<20 38 2.077 [0.515-8.367] 0.304

20-25 96 = Ref

25-30 85 1.131[0.454-2.818] 0.791

30-35 34 0.905 [0.273-3.005] 0.871

>35 49 1.584[0.489-5.129] 0.443
Gender

Male 210 - Ref

Female 92 1.189 [0.524-2.696] 0.679
Cannabis status

Current 193 = Ref

Ex-user 70 1.012 [0.417-2.458] 0.978

Naive 39 1.371[0.381-4.940] 0.629
Treatment type

Oils 43 - Ref

Dried flower 167 0.208 [0.046-0.940] 0.041*

Combination 92 0.194 [0.045-0.838] 0.028*
CBD dose

0 22 = Ref

Below median 129 0.896 [0.198-4.061] 0.886

Above median 151 1.053[0.223-4.971] 0.948
A9-THC dose

Below median 151 - Ref

Above median 151 1.093[0.523-2.283] 0.813
Sleep quality

Impaired 156 = Ref

Unimpaired 146 1.214 [0.559-2.634] 0.625
Baseline anxiety

Subclinical 33 - Ref

Mild 54 19.925 [5.807-68.370] <0.001***

Moderate 65 26.082 [7.705-88.296] <0.001***

Severe 149 26.268 [8.399-82.777]  <0.001***

Note: A multivariate binary regression model assessed the effect of age,
BMI, gender, cannabis status, treatment type, CBD dose, A9-THC dose,
baseline sleep quality, and baseline anxiety severity on the likelihood of
achieving a clinically significant change in GAD-7 at 12months. Sleep
quality has been previously defined. For baseline anxiety, mild, moderate,
and severe anxiety are defined as scores of 25, 210, and 215. n=302.
Results are presented as the odds ratio and the 95% confidence intervals.
Abbreviations: CBMP, cannabis-based medicinal products; GAD-7,
generalized anxiety disorder-7, Ref, reference group.

*p<0.05; ***p<0.001.
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clinically significant change in GAD-7 at 12months (Table S5). The
only variable deemed statistically significant was the baseline level
of anxiety. Individuals with mild (OR=15.443; 95% Cl: 5.207-
45.796, p<0.001), moderate (OR=16.387; 95% Cl: 5.745-46.746,
p<0.001), or severe baseline anxiety (OR=20.700; 95% Cl: 8.298-
51.641, p<0.001) were more likely to have a clinically meaningful
change in GAD-7 at 12months. There was a difference in anxiety
outcomes identified between patients with impaired or unimpaired
sleep at baseline, but it was not statistically significant (OR=0.554;
95% Cl: 0.303-1.014, p<0.056).

All factors were taken forward to a multivariate regression model
(Table 5). Like the univariate model, individuals with mild (OR=19.925;
95% Cl: 5.807-68.370, p<0.001), moderate (OR=26.082; 95% ClI:
7.705-88.296,p <0.001), or severe baseline anxiety (OR=26.268; 95%
Cl: 8.399-82.777, p<0.001) were more likely to have a clinically signif-
icant change in GAD-7 at 12months. An association between treat-
ment type and clinically significant anxiety outcomes at 12 months was
also revealed. Individuals receiving dried flower (OR=0.208; 95% Cl:
0.046-0.940, p<0.041) or a combination (OR=0.194; 95% Cl: 0.045-
0.838, p<0.028) were less likely to have a clinically significant change
in GAD-7 at 12months than those only prescribed oils. No statistically
significant difference in anxiety outcomes were identified between pa-
tients with and without impaired sleep at baseline (OR=1.214; 95% Cl:
0.559-2.634, p<0.625).

In summary, individuals receiving oils are more likely to achieve
a clinically significant anxiety outcome at 12months and a greater
than subclinical level of anxiety at baseline further increases the like-

lihood of this outcome.

3.6 | Adverse events

Patients also reported AEs experienced throughout their CBMP treat-
ment (Table é). A total of 707 (234.11%) AEs were reported by 55
(18.21%) patients—the majority of which were mild (n=343, 114%) or
moderate (n=285, 94%) in severity. There were no life-threatening or
disabling AEs. The AEs with the highest incidence rate were dry mouth
(n=58, 8.20%) and concentration impairment (=52, 7.36%).

3.7 | Logistic regression—Adverse events

A univariate binary logistic regression model was applied to deter-
mine how a range of variables independently affected the likelihood
of experiencing an adverse event during 12 months of CBMP treat-
ment (Table S6). Both cannabis status and baseline anxiety had a
statistically significant effect on the likelihood of experiencing an
adverse event. Individuals who were ex-users (OR=2.155; 95%
Cl: 1.082-4.294, p<0.029), cannabis naive (OR=23.360; Cl: 1.529-
7.383, p<0.003), had moderate (OR=11.333; Cl: 1.436-89.438,
p<0.021) or severe baseline anxiety (OR=8.000; Cl: 1.051-60.923,
p <0.045) were more likely to experience an adverse event than cur-
rent users or individuals with less than moderate baseline anxiety.
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TABLE 6 Adverse event incidence and severity after 12 months of CBMP treatment.

Adverse events Mild Moderate Severe Total

Abdominal pain 7 2 1 10 (1.41%)
Agitation 0 1 0 1(0.14%)
Akathisia 0 1 0 1(0.14%)
Amnesia 9 17 6 32 (4.53%)
Anorexia 7 5 2 14 (1.98%)
Anxiety 3 7 6 16 (2.26%)
Ataxia 12 5 0 17 (2.40%)
Blurred vision 17 2 0 19 (2.69%)
Bruxism 1 0 0 1(0.14%)
Chest pain 1 0 0 1(0.14%)
Cognitive disturbance 12 16 4 32 (4.53%)
Concentration impairment 26 24 2 52 (7.36%)
Confusion 17 5 2 24 (3.39%)
Constipation 10 1 0 11 (1.56%)
Costochondritis 1 0 0 1(0.14%)
Delirium 9 5 2 16 (2.26%)
Depression 1 4 15 20 (2.83%)
Diarrhea 1 1 0 2(0.28%)
Dissociation 0 2 0 2(0.28%)
Dizziness 14 11 4 29 (4.10%)
Dry mouth 40 18 0 58 (8.20%)
Dysgeusia 9 2 17 (2.40%)
Dyspepsia 7 3 13(1.84%)
Fall 1 0 0 1(0.14%)
Fatigue 18 21 3 42 (5.94%)
Fever 2 0 0 2(0.28%)
Generalized muscle weakness 4 1 10 (1.41%)
Headache 19 11 3 33 (4.67%)
Hot flushes 0 1 1(0.14%)
Hypertension 0 1(0.14%)
Insomnia 9 15 10 34 (4.81%)
Lethargy 20 18 0 38 (5.37%)
Libido decreased 1 0 0 1(0.14%)
Nausea 25 2 30 (4.24%)
Palpitations 0 1 0 1(0.14%)
Paranoia 2 5 0 7 (0.99%)
Pharyngitis 0 10 0 10 (1.41%)
Postural hypotension 1 0 0 1(0.14%)
Rash 1 4 0 5(0.71%)
Rosacea exacerbation 1 0 0 1(0.14%)
Seizure 0 0 2 2(0.28%)
Sensory overload 0 0 1 1(0.14%)
Sinus pain 1 0 0 1(0.14%)
Sneezing 1 0 0 1(0.14%)
Somnolence 0 37 6 43 (6.08%)
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TABLE 6 (Continued)

Adverse events Mild
Toothache 0

Tremor 5

Upper respiratory infection 0

Urinary tract infection 0

Vertigo 7

Weight loss 14

Total 343 (114%)

Moderate

1
3
3
5
6
1

285 (94%)

REPORTS

Severe Total

1(0.14%)
8(1.13%)
3(0.42%)
5(0.71%)
14(1.98%)
15(2.12%)
707 (234%)

O » O O O O

79 (26%)

Note: Adverse events are categorized as mild, moderate, or severe in severity. Adverse event incidence is calculated by dividing the total number of
adverse events by the number of patients experiencing adverse events. n=55.

No significant difference in outcomes was observed across age, BMI,
gender, treatment type, dosage, or sleep quality.

Despite this, all variables were taken forward to multivariable
regression analysis (Table 7). Similar to the univariate model, can-
nabis status and baseline anxiety severity significantly affected the
likelihood of experiencing an adverse event at 12months. Naive
(OR=3.463; Cl: 1.318-9.097, p<0.012) and ex-users (OR=2.254;
Cl: 1.066-4.768, p<0.033) were more likely to experience an ad-
verse event than those currently using cannabis. However, mod-
erate baseline anxiety severity was the only other factor affecting
the likelihood of experiencing an adverse event (OR=13.220; ClI:
1.600-109.229,0<0.017), increasing the chance compared to those
with mild baseline anxiety.

The above results show that cannabis naive and ex-users are
more likely to experience adverse events than current users and that
baseline anxiety severity can also impact the likelihood of this out-
come to some extent.

3.8 | Prescription medication

A total of 154 patients were receiving antidepressants over the
course of the study; 116 (74.32%) of which had no change in these
medications at 12months (Table 8). A small proportion (14.94%)
stopped taking antidepressants, but eight patients had newly pre-
scribed antidepressants by 12months. Fewer individuals were
prescribed benzodiazepines (n=36) but a greater proportion
stopped taking the medication compared to antidepressants (n=6,
16.67%). Only one person began a new benzodiazepine prescrip-
tion. Gabapentinoids were the least prescribed medication with only
17 people receiving them. The majority of patients continued their
prescription alongside CBMP treatment (82.35%), one (5.88%) indi-
vidual stopped taking the medication, and two (11.76%) started a
new gabapentinoid prescription.

4 | DISCUSSION

The findings from this cohort study demonstrate that treatment
with CBMPs is associated with statistically significant improvements

across anxiety-, sleep-, and HRQoL-specific PROMs after 12 months
in patients with GAD. Additionally, individuals only receiving oil
treatment were more likely to have a clinically significant outcome
in GAD-7 at 12months. Patients presenting with severe baseline
anxiety were more likely to experience a clinically significant im-
provement in anxiety symptoms at 12 months. Results also indicated
CBMPs were well tolerated throughout the study, with a low pro-
portion reporting AEs (18.21%), most of which were mild or moder-
ate in severity. Statistically significant differences in outcomes were
identified between individuals with impaired and unimpaired sleep
quality at baseline; a relationship between sleep quality and clinically
significant anxiety and sleep outcomes was also elucidated.

Over 12months, there was a statistically significant improve-
ment in all PROMs except EQ-5D-5L mobility and self-care domains
(p<0.001). This is supported by previous analyses of the UKMCR,
which investigated a smaller cohort of patients with GAD.>® Using
similar PROMs, this study identified statistically significant im-
provements in GAD-7 and SQS at 1 and 3months (p<0.001) and in
EQ-5D-5L index value up to 6 months (p<0.05). The difference in
results between the two studies can be attributed to the increase
in sample size, study duration, and the methods applied to address
missing data. In the absence of randomized controlled trial data for
GAD, the results are also comparable to reported trial outcomes in
social anxiety disorder.>*>> Although there are differences in sam-
ple size, treatment, and design, these trials identified a reduction in
symptoms of anxiety. However, there was no significant difference
between the placebo and treatment group in these trials.

The initial independent t-test revealed differences between in-
dividuals with impaired and unimpaired sleep across several PROMs
including GAD-7, SQS, and EQ-5D-5L index value (p<0.05). Chi-
squared analysis confirmed a relationship between baseline sleep
quality and achieving clinically meaningful changes in GAD-7 and SQS
at 1-3 and 1-12months, respectively (p<0.01). When taken forward
to multivariate logistic regression, the quality of sleep at baseline was
not a predictor of a clinically significant improvement in GAD-7 at
12months. The relationship between sleep and anxiety is well doc-
umented, and poor sleep quality is correlated with anxiety onset.”
It is also a perpetuating factor, exacerbating its severity, which may
explain why patients with poor sleep quality had lower GAD-7 scores
at baseline. While baseline sleep quality was not associated with
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TABLE 7 Multivariate regression assessing the contribution of
factors to a likelihood of experiencing an adverse event.

Odds ratio [95%

Variables n confidence interval] p-Value
Age (years)

18-30 89 - Ref

31-40 103 1.475[0.649-3.352] 0.354

41-50 63 0.961 [0.376-2.454] 0.934

51-60 31 0.588[0.148-2.346] 0.452

60+ 15 1.433[0.315-6.514] 0.641
BMI

<20 38 0.494 [0.145-1.678] 0.258

20-25 96 = Ref

25-30 85 0.709 [0.312-1.611] 0.412

30-35 34 0.468 [0.146-1.502] 0.202

>35 49 1.151 [0.463-2.862] 0.762
Gender

Male 210 - Ref

Female 92 0.683[0.328-1.422] 0.308
Cannabis status

Current 193 = Ref

Ex-user 70 2.254 [1.066-4.768] 0.033*

Naive 39 3.463[1.318-9.097] 0.012*
Treatment type

Oils 43 - Ref

Dried flower 167 0.708 [0.242-2.074] 0.529

Combination 92 1.143 [0.391-3.346] 0.807
CBD dose

0 22 - Ref

Below median 129 0.619 [0.179-2.142] 0.449

Above median 151 0.680[0.201-2.299] 0.535
A9-THC dose

Below median 151 - ref

Above median 151 1.599 [0.808-3.163] 0.178
Sleep quality

Impaired 156 = Ref

Unimpaired 146 0.988 [0.505-1.036] 0.973
Baseline anxiety

Subclinical 33 - Ref

Mild 54 5.420 [0.592-46.400] 0.137

Moderate 65 13.220[1.600-109.229] 0.017*

Severe 149 7.979 [0.977-65.162] 0.053

Note: A multivariate binary regression model assessed the effect of age,
BMI, gender, cannabis status, treatment type, CBD dose, A9-THC dose,
baseline sleep quality, and anxiety on the likelihood of experiencing an
adverse event after 12 months of CBMP treatment. Sleep quality has
been previously defined. For baseline anxiety, mild, moderate, and severe
anxiety are defined as scores of 25, 210, and 215. n=302. Results are
presented as the odds ratio and the 95% confidence intervals.
Abbreviations: GAD-7, generalized anxiety disorder-7; Ref, reference
group.

*p<0.05.

clinically significant sleep improvements, this includes the supplemen-
tary effects of CBMP sleep promotion on anxiety outcomes through
interrupting the bidirectional feedback loop between poor sleep and
anxiety. The convergence in GAD-7 scores at 6 and 12months could
be due to either the method employed to address missing data which
biases the results toward the null or a tolerance to the effects of
CBMPs. Furthermore, there was a high barrier for reaching statistical
significance, influenced by the BOCF method for missing data and the
cutoffs for clinical significance in GAD-7.

Patients were prescribed either oils, dried flower, or a combina-
tion of both, and this study identified no difference in outcomes at
12 months between treatment groups. Multivariate analysis indicated
that treatment with either dried flower (OR=0.208; 95% Cl: 0.046-
0.940, p<0.041) or a combination (OR=0.194; 95% Cl: 0.045-0.838,
p<0.028) was associated with a lower likelihood of achieving clinically
significant change in GAD-7 at 12months than oils alone. A previous
analysis of the UKMCR investigating chronic pain patients identified
no difference between the administration routes across all PROMs
excluding two domains of the EQ-5D-5L and the PGIC.”> This study
had a greater proportion of patients receiving oils (45.7%); yet, this
study had only 14.24%. As the cohorts had different primary indica-
tions and the desired outcomes are different, the treatment types are
likely to differ. Qil-based treatment has the lowest THC:CBD ratio
and, as preclinical evidence suggests, CBD has significant anxiolytic
properties.®®4%4> Furthermore, oils have a slower onset and lower
bioavailability.”® THC can either be anxiolytic or anxiogenic depending
on the concentrations; so, oils may therefore offer optimal pharma-
cokinetics to treat anxiety. RCTs are required to assess this, however.
Recent research highlighted the anxiolytic properties of THC:CBD at
1:1 ratio, but anxiety was not the primary indication for treatment in
this research.*® As no studies to date have investigated the effects of a
CBD-dominant THC:CBD treatment for anxiety, these results indicate
a future area of research.

Associations between independent variables—age, gender, and
cannabinoid dosage—and the likelihood of a clinically significant
improvement in GAD at 12months were also investigated, but no
relationships were demonstrated. However, an association between
the baseline level of anxiety and GAD-7 outcomes at 12months
was identified. Individuals with greater than subclinical anxiety
were more likely to have a clinically significant change in GAD-7 at
12months. An analysis by Probst et al. demonstrated that symp-
tom severity was not associated with reduced treatment outcomes
as 6months.”” They also suggested that previous studies may have
shown the opposite due to bias from a floor effect. Despite the
treatment and outcome measures being different, this is an import-
ant factor to consider and should be controlled in future analyses.

To date, this is the longest study of adverse events for CBMP
treatment in patients with GAD. The adverse incidence in this study
was 707 (234.11%) which is higher than previous UKMCR analyses,
including those on a cohort of GAD patients.*”°>°% The difference
could reflect the larger sample size, but only 55 (18.21%) patients re-
ported AEs. As this study reports AEs over a 12-month period, there
is an accumulation over the course of the treatment and, coupled
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TABLE 8 Changes in concomitant prescription medication throughout treatment with cannabis-based medicinal products from baseline

to follow-up at 12months.

Medication Total No change

Antidepressants, n (%) 154 116 (74.32%)
Benzodiazepines, n (%) 36 28 (77.78%)
Gabapentinoids, n (%) 17 14 (82.35%)

Stopped taking Reduced dose Increased dose :ee‘:llication
23 (14.94%) 5(3.25%) 1(0.65%) 8(5.19%)
6 (16.67%) 1(2.78%) 0(0.00%) 1(2.78%)
1(5.88%) 0(0.00%) 0(0.00%) 2 (11.76%)

Note: Medication was separated into three categories: antidepressants, benzodiazepines, and gabapentinoids. Data are presented as n (%).

with an updated system for reporting AEs, this could explain the
higher incidence rate. A dry mouth was the most frequent AE, which
is partially explained by the administration route. Most of the cohort
were prescribed dried flower in isolation or in combination with oils,
leading to a greater prevalence of oromucosal AEs. Concentration
impairment and fatigue were also frequently reported (Table 8). The
action of cannabinoids, particularly A9-THC, at CB1 receptors within
the limbic and mesolimbic regions of the brain has been shown to
lead to mild cognitive deficits.>**”®7? The median A9-THC dose
across prescriptions were higher compared to previous analyses and
treatment doses are titrated up, possibly explaining the persisting
AEs throughout treatment.>>8°

Upon multivariate analysis, it was revealed that neither the median
A9-THC nor CBD dose had any effect on the likelihood of experienc-
ing an adverse event at 12months. As expected, the cannabis status
of the individual had a clear effect as ex-users (OR=2.254; 95% Cl:
1.066-4.768, p<0.033) and cannabis-naive users (OR=3.463; 95%
Cl: 1.318-9.097, p<0.012) were more likely to experience an adverse
event than current users. This is consistent with preclinical evidence
that suggests an effect of tolerance accompanying continuous can-
nabis usage.8®2 For cannabis-naive individuals, there are a range of
contextual factors that could influence the likelihood of an adverse
event but pharmacologically, it can be explained by a greater density
of CB1 receptors within the CNS compared to experienced users. A
downregulation of CB1 receptors alongside extended experience with
cannabis has been shown to reduce the cognitive impairments seen
for some individuals.®? While this is partly subjective, it offers ratio-
nale for the differences identified between patients.

This study has some limitations. Primarily, this is an observational
case series lacking a control or active comparator group meaning that
no causality can be drawn. Furthermore, the lack of randomization
and blinding contributes to an increased risk of confounding factors.
For example, patients may be taking prescribed antidepressants con-
comitantly or consuming street cannabis, both of which could con-
tribute to a complex interplay within the brain.8® Additionally, the
recruitment of private medical cannabis patients with a high incidence
of prior or current cannabis usage at baseline introduces selection bias
and is likely not representative of GAD patients on a population basis.
In particular, through engagement in a legal medical system, prior
cannabis consumers may be conferred additional benefits through no
longer having to engage in the illicit market.

The subjectivity of PROMs is also a core limitation of this study,
as it can lead to symptom exaggeration and incorrect reporting

of AEs. Patient interviews are a potential way to counteract this;
but, future application of wearable technology may be more ac-
curate, particularly in the context of sleep since the SQS cannot
inform on sleep states. Women, cannabis-naive users, and patients
prescribed oils alone are underrepresented in this study cohort,
which may decrease the generalizability and external validity of
this study. Previous analyses of the UKMCR suffer from patient
dropout and a subsequent attrition bias. While this study applied
a conservative method for tackling missing data, it makes interpre-
tation of the data more challenging as more patients dropout. At
12 months, 49.3% of data were missing which could skew the re-
sults as discussed previously. Ultimately, it cannot be concluded
whether the associations seen here are caused by just CBMP treat-
ment. Finally, while multivariate analyses were utilized to try and
control for confounding variables that may affect the likelihood
of experiencing an adverse event, it is not possible to control for
all confounders. Moreover, the baseline anxiety severity and the
treatment administered is likely to vary according to several fac-
tors, notably whether an individual is a prior cannabis consumer.
Standardized assessment within RCTs would be the most appropri-
ate method for examining these effects further.

In summary, the results from this study suggest a relationship be-
tween baseline sleep quality and improvements in GAD-7. Individuals
with worse quality sleep are more likely to have a meaningful im-
provement in GAD-7. However, it is not a predictor of a clinically
significant outcome at 12months when accounting for additional
variables. Treatment with oils and baseline anxiety severity are as-
sociated with experiencing an improvement in GAD symptoms. The
effect of anxiety severity was unexpected but will be useful for
informing future studies. Despite the statistical significance of the
results, the limitations must be considered, and conclusions viewed
with caution. Furthermore, the evidence base in the context of anx-
iety is nascent and there remains a need for RCTs to determine the
efficacy of CBMP treatment in GAD.
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