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ABSTRACT

Objectives: Anxiety disorders are one of the most common reasons for seeking treatment with
cannabis-based medicinal products (CBMPs). Current pharmacological treatments are variable in effi-
cacy and the endocannabinoid system has been identified as a potential therapeutic target. This study
aims to detail the changes in health-related quality-of-life (HRQoL) and clinical safety following CBMP
therapy for generalized anxiety disorder.

Methods: A case series from the UK Medical Cannabis Registry was performed. Primary outcomes
included changes from baseline in patient-reported outcome measures (the General Anxiety Disorder
Scale (GAD-7), EQ-5D-5L (a measure of health-related quality of life), and Sleep Quality Scale (SQS)) at 1,
3 and 6 months. Statistical significance was defined as p<0.050.

Results: Sixty-seven patients were treated for generalized anxiety disorder. Statistically significant
improvements were observed in GAD-7, EQ-5D-5L Index Value, EQ5D Visual Analog Scale, and SQS
scores at 1, 3 and 6 months (p<0.050). Twenty-five (39.1%) patients reported adverse events during the
follow-up period.

Conclusion: This study suggests that CBMPs may be associated with improvements in HRQoL out-
comes when used as a treatment for generalized anxiety disorder. These findings must be treated with
caution considering limitations of study design; however this data may help inform future clinical
studies and practice.

Plain Language Summary

Anxiety disorders are the most prevalent psychiatric illness type in the United Kingdom, with 8.2
million cases reported in 2010. Generalized anxiety disorder (GAD), the most common anxiety disorder,
debilitates, and so reduces the quality of life of those who suffer from the condition.

The efficacy of current treatments for GAD varies greatly from person-to-person. The endocannabi-
noid system in the human body is currently attracting a lot of attention in the scientific community as it
can be targeted by chemicals in the cannabis plant to produce therapeutic effects in order to treat GAD.
There is, however, a lack of studies investigating the effects of medicinal cannabis in GAD, and so this
study aims to explore the drug’s effect on quality of life in patients suffering from GAD.

Sixty-seven patients who attended the Sapphire Clinics for medicinal cannabis treatment for GAD were
included in the study. The results from this study highlight that medicinal cannabis may improve generalized
anxiety disorder, general health-related quality of life, and sleep-specific outcomes at 1, 3, and 6 months after
starting treatment. There was also a low number of severe, disabling, and life-threatening adverse events
experienced by patients. Although this study explores the effects of medicinal cannabis in a real clinical
setting, the results were not compared to other types of treatment. Future studies with a comparator are
therefore needed before concluding the true effects of medicinal cannabis in patients with GAD.
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1. Introduction
sleep [3,4]. GAD is associated with increased suicidality and

In 2010, there were 8.2 million cases of anxiety disorders, making
it the most prevalent psychiatric illness type in the UK [1].
Generalized anxiety disorder (GAD), which is the most common
anxiety disorder [2], is defined as persistent and excessive anxiety
for a period of at least 6 months, characterized by constant worry
and symptoms of restlessness and inability to concentrate and/or

unemployment, loss of productivity and self-worth, and
increased health-care utilization [5-7]. In addition, those with
GAD have reduced health-related quality of life (HRQoL) [8].
Current first-line pharmacological treatments for GAD
include selective serotonin reuptake inhibitors, serotonin-nor-
epinephrine reuptake inhibitors, and pregabalin [9]. Whilst
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effective pharmaceutical options exist for the treatment of
GAD, there is variability in medication response, side effects,
and tolerance to medications and their side effects, resulting
in many patients with refractory anxiety despite treatment
[10,11]. Therefore, new pharmacological treatment options
are required, particularly in those who have not benefited
from pharmacotherapy or talking therapies. The endocanna-
binoid system, an endogenous system of neurotransmitters,
enzymes and cannabinoid receptors, has shown promising
pre-clinical data for drug development, supporting its role in
modulating neuronal activity associated with anxiety [12,13].

Cannabis sativa and Cannabis indica, the most prominent
species of cannabis, contain at least 144 phytocannabinoids.
Some of these act via endogenous cannabinoid receptors,
whilst the mechanism of action of most is either via other
receptors, or has yet to be characterized [14-16]. Of clinical
interest, two phytocannabinoids have been the subject of a
growing body of research: (-)-trans-A®-tetrahydrocannabinol
(THC) and cannabidiol (CBD) [17]. THC is an agonist of G-
protein coupled receptors, cannabinoid type 1 (CB1) and
type 2 (CB2), which are predominantly found in the central
nervous system and immune system, respectively [18-20].
CB1 receptors are located in regions of the brain such as
the cerebellum, hippocampus, and basal ganglia; CB1 ago-
nists result in the downregulation of neurotransmission,
including via GABAergic and glutamatergic neurons
[21,22]. This mechanism is thought to produce the resultant
psychotropic effects of THC, including regulation of emo-
tions, motor coordination, and cognition [21]. A primary
target of CBD is fatty acid-binding proteins (FABPs), which
are involved in the transport of anandamide to the enzyme
fatty acid amide hydrolase (FAAH). FAAH breaks down ana-
ndamide, an endocannabinoid and CB1 receptor agonist
[23]. CBD subsequently increases the concentration of ana-
ndamide at synapses, resulting in similar clinical effects to
CB1 agonists [24]. This mechanism, in tandem with agonism
of the serotonin 1A receptor and transient receptor poten-
tial vanilloid type 1, is thought to play a role in CBD's
proposed anxiolytic effects [12,25]. The mechanisms of
action of CBD are still to be fully elucidated, however [21].
CBD has also been linked with modulating both the ther-
apeutic and adverse effects of THC, due to opposing direct
action on CB1 and CB2 receptors [26-28].

As highlighted in a 2019 systematic review, most of the
studies investigating the effects of cannabis-based medic-
inal products (CBMPs) in anxiety are among participants in
which anxiety symptoms were secondary to another condi-
tion [29]. Only two clinical trials were identified for anxiety
disorders, both of which compared CBD against placebo in
social anxiety disorder (SAD) [29-31]. Although these stu-
dies reported that CBD improved anxiety compared to pla-
cebo during public speaking, the studies were limited by a
small sample size [30,31]. In a recent review, CBMPs were
not recommended for anxiety disorders due to a paucity of
high-quality evidence [32]. Pilot clinical trials and observa-
tional studies, however, suggest promise by demonstrating
improvement in anxiety among healthy volunteers and
those with anxiety disorders, supported by mechanistic evi-
dence from preclinical studies [20,33-35].

Currently, there is a high degree of methodological het-
erogeneity across the literature on CBMPs, such as formula-
tions, routes of administration, and concentrations of
constituent cannabinoids [36,37]. Crucially, there are several
studies that evaluate use of illicit or recreational cannabis,
which lack the regulation, and therefore consistency, of
CBMPs [36,37]. This increases heterogeneity as the constitu-
tive cannabinoid concentrations are at best inconsistent and
at worst unknown [36,37]. Overall, much is yet to be dis-
covered regarding clinical efficacy and potential adverse
events.

Given the paucity of clinical data investigating the thera-
peutic effects of CBMPs, clinical case series can advance cur-
rent clinical practice by observing preliminary trends within
populations and in turn generating hypotheses for future
RCTs. Herein, the primary aim of this formal, consecutive
case series of UK patients was to explore the general HRQoL
outcomes in patients treated for GAD. Supplementary aims
included evaluation of adverse event frequency and dosage
regimens.

2. Methods
2.1. Study design and participants

The UK Medical Cannabis Registry was set up in December
2019 and is the first prospective registry that records the
pseudonymised data of medical cannabis patients, across
the UK and Channel Islands and is managed by Sapphire
Medical Clinics. The reporting of this observational study
conformed to the STROBE guidelines [38]. Following the
guidance of the NHS Health Research Authority and
Research Ethics Committee, it was deemed that formal ethi-
cal approval was not required. Written and informed consent
was completed by all participants.

In this formal, consecutive clinical case series, the effects of
prescribed CBMPs were investigated in participants who
attended Sapphire Medical Clinics for GAD. A variety of differ-
ent CBMPs were prescribed, all of which met Good
Manufacturing Practice, and were prescribed by a specialist
in the condition, with the decision ratified by a multidisciplin-
ary team, as per national guidance [39]. The formulations were
either dry plant (flos or granulate) or oil (isolate phytocanna-
binoids or full-spectrum products containing cannabinoids,
terpenes, and flavonoids). The oils were administered orally
or sublingually, whilst dry plants were vaped. Vaping involves
the use of an electronic device that heats the dry plant to turn
it into a vapor, as opposed to smoke, which can be inhaled by
the user. Furthermore, the strains were either Cannabis sativa,
Cannabis indica, or a hybrid species.

This study describes an analysis for patients with a primary,
secondary, or tertiary diagnosis of GAD determined by a
trained health-care professional according to the DSM-5. The
primary diagnosis was the condition designated by the clin-
ician for which patients were being treated for with CBMPs.
Secondary and tertiary diagnoses were those which had been
confirmed clinically and in which treatment was also indicated
alongside the primary presenting condition.



2.2. Data collection

Data were collected remotely whereby patients received patient-
reported outcome measures (PROMs) and adverse event ques-
tionnaires electronically via an online web-based platform at
baseline and 1-month, 3-month and 6-month follow-ups.
Where patients had not provided a complete complement of
data, they were contacted by a member of the research team to
provide outstanding information retrospectively.

The following demographic data were collected at the initial
assessment: age, sex, occupation, and Body Mass Index (kg/m?).
The primary diagnoses, other diagnoses where applicable, and
comorbidities were recorded. The Charlson Comorbidity Index, a
prognostic tool used to predict the ten-year mortality of patients,
was calculated for each participant [40,41].

Smoking, alcohol, and cannabis status was collected,
including smoking status, pack years, weekly alcohol con-
sumption (units), cannabis use status, frequency of cannabis
use for current users, and current quantity of cannabis con-
sumption (g). To quantify the individual history of using illicit
cannabis, a novel metric of ‘cannabis gram years’ was utilized,
as previously described by our group [42].

Other medications under the following classes were also
recorded: analgesics, anticoagulants, antidepressants, antidia-
betic drugs, antimigraine drugs, antiplatelets, hypnotics, and
anxiolytics. Using conversion factors cited by the British
National Formulary, oral morphine equivalents were calculated
for opioid medications. Details of the CBMP prescriptions were
recorded at baseline and follow-up intervals, including com-
pany, formulation, CBD dose per day (mg), THC dose per day
(mg), other active ingredients, dose of other active ingredients
per day (mg), and strain.

The following PROMs were recorded at the baseline assess-
ment and each follow-up interval for all adult patients, includ-
ing those with GAD: General Anxiety Disorder Scale (GAD-7),
EQ-5D-5L and Sleep Quality Scale (SQS).

The GAD-7, is a validated self-reported questionnaire
designed to screen and measure severity for GAD [43].
Subjects are asked how often they have been bothered by
each of the seven core symptoms of GAD over the last 2
weeks [43]. The options are ‘not at all,’ ‘several days,” ‘more
than half the days,” and ‘nearly every day,’ with each option
assigned a score of 0, 1, 2, and 3, respectively [43]. The total
score is from 0 to 21, with thresholds of =5, =10, and =15
signifying mild, moderate, and severe anxiety symptoms,
respectively [43].

The EQ-5D-5L is a self-reported questionnaire measuring
HRQoL [44]. Subjects are asked to rate their quality of life on
the day of completing the questionnaire across five domains:
‘mobility,” ‘self-care,’ ‘usual activities,’ ‘pain/discomfort,’ and
‘anxiety/depression’ [44]. The five scores for each domain are
from 1 to 5: (1) ‘no problems’, (2) ‘slight problems’, (3) ‘mod-
erate problems’, (4) ‘severe problems,’ and (5) ‘unable to’
(mobility, self-care, usual activities) or ‘extreme’ (pain/discom-
fort, anxiety/depression) [44]. The scores from the five
domains are combined to represent one of a possible 3125
health states [44]. The resulting health state is mapped to EQ-
5D-5L index values validated for a UK population using
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methodology described by Van Hout et al., the preferred
measure by NICE for assessing HRQoL [45,46]. Optimum health
is given an index score of 1, whilst a negative index value
represents a perceived health state worse than death [46].
Secondly, the EQ-visual analog scale (EQ-VAS) asks subjects
to rate their overall health on the day of completing the
questionnaire. A scale of 0-100 is used, with ‘0" indicating
‘the worst health you can imagine’ and ‘100" indicating ‘the
best health you can imagine’ [44].

The sleep quality scale (SQS) is a questionnaire in which
subjects rate their overall sleep quality in the last 7 days [47]. A
scale of 0-10 is used, and the following sleep quality cate-
gories are formed: terrible (0), poor (1-3), fair (4-6), good (7-
9), and excellent (10) [47].

Adverse events were collected at baseline and each follow-
up interval through self-reporting, routine follow-up with clin-
ician or direct questioning by the research team. These events
and their severity were recorded in accordance with the
Common Terminology Criteria for Adverse Events v4.0 [48].

Data were extracted on 23 March 2021. Cases were
excluded if baseline PROMs were not completed by the parti-
cipant or were enrolled in the registry for less than 1 month,
providing insufficient opportunity to complete follow-up at
1 month.

2.3. Statistical analysis

Clinicopathological, as well as drug and alcohol data were
analyzed using descriptive statistics. Demographic data were
represented as the mean (+ standard deviation (+SD)) or
frequency (%), where appropriate. All other data were tested
for normality using the Shapiro-Wilk test. Parametric data
were presented as mean (+SD) whilst non-parametric data
were presented as median (interquartile range [IQR]). For sta-
tistical analysis of PROMs, a paired t-test or the Wilcoxon rank
sum test was used depending on whether data were para-
metric or non-parametric, respectively. PROMs from the 1, 3,
and 6-month follow-ups were compared to the baseline scores
of the participants included in each of the follow-up dates.
Statistical Package for Social Sciences (SPSS) [IBM Statistics
version 27 SPSS (New York, IL), USA] was used for the statis-
tical analysis of the data. Statistical significance was defined as
p-value<0.050.

3. Results

A total of 103 patients with GAD were recorded in the UK
Medical Cannabis Registry at the time of extraction. Only 64
patients were included in the analysis for GAD after 36
patients were excluded for not completing baseline PROMs
and 3 patients were excluded for not completing any follow-
up data.

The mean age was 37.42 = 13.01 whilst the female-to-male
ratio was 1:2.05. The most frequently recorded occupation was
‘unemployed’ (n = 25; 39.1%). Twenty-four (37.5%), 28 (43.8%)
and 12 (18.8%) patients had a primary, secondary, and tertiary
diagnosis of GAD, respectively (Table 1).
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Table 1. Demographic details of study participants (n = 64).

Table 3. CBMP dosing of study participants (n = 64).

Demographic Details n (%)/mean (+ SD) Medication status Baseline 1 Month 3 Month 6 Month

Sex Number of patients recorded 64 51 16 6
Female 21 (32.8%) with a prescription
Male 43 (67.2%) Number of patients who did 0 13 48 58

Age (years) 37.42 +13.01 not have recorded

Body Mass Index (kg/m?) 25.12 + 5.09 prescriptions

Occupation Median [IQR] CBD dosage 16.30 20.00 15.00 4,50
Clerical support workers 2 (3.1%) (mq) [1.00- [2.00- [4.75- [0.00-
Elementary occupations 1 (1.6%) 20.00] 40.00] 50.00] 20.00]
Managers 1 (1.6%) Median [IQR] THC dosage 13.00 32.00 20.50 28.00
Plant and machine operators, and assemblers 1 (1.6%) (mg) [1.00- [10.00- [10.00- [13.75-
Professional 24 (37.3%) 23.75] 176.00] 189.50] 50.00]
Service and sales workers 2 (3.1%) Number of patients 58 43 12 4
Skilled agricultural, forestry and fishery workers 1 (1.6%) prescribed both THC and (90.6%)  (84.3%)  (75.0%)  (66.7%)
Technicians and associate professionals 3 (4.7%) CBD (%)
Other occupations* 29 (45.3%) Number of patients 4 6 3 2
Unemployed 25 (39.1%) prescribed THC alone (%) (6.3%) (11.8%) (18.8%) (33.3%)
Retired 1 (1.6%) Number of patients 2 2 1 0
Student 1 (1.6%) prescribed CBD alone (%) (3.1%) (3.9%) (6.3%) (0.0%)

n: number of patients, SD: standard deviation, GAD: generalized anxiety disorder
*QOther Occupations — The occupation was undefined for 2 patients (3.1%).

Thirty-five (54.7%) participants were current cannabis users
at the baseline assessment, of which 25 (39.1%) were daily
cannabis users (Table 2). The median [IQR] daily cannabis
consumption was 0.50 g/day [0.30-1.00].

The median number of CBMPs prescribed at each interval
was 2. The majority of patients (n = 58, 90.6%) were prescribed
both THC and CBD at the baseline assessment (Table 3). The
most commonly prescribed therapy was Adven 50 (Curaleaf,
Guernsey, UK). Thirty-six patients (56.2%) were on a medication
for mental health disorders at baseline; 29 patients (45.3%)
were on antidepressants, 3 patients (4.7%) were on anxiolytics,
and 4 patients (6.3%) were on benzodiazepines or hypnotics.

3.1. Patient reported outcome measures

The results show statistically significant improvement in
HRQoL at each of the three follow-up dates compared to the

Table 2. Smoking, alcohol and cannabis status of participants.

n (%)/median

[IQR]

Smoking, alcohol and cannabis status

Smoking Status

Current Smoker 15 (23.4%)

Pack Years 8.00 [2.00-10.00]
Ex-Smoker 12 (18.8%)
Pack Years 5.00 [2.00-10.00]
Non-Smoker 33 (51.6%)

Not reported
Weekly Alcohol consumption (units)
Cannabis Status
Current User
Lifetime Quantity of Cannabis Consumption (Gram
Years)
Current Quantity of Cannabis Consumption (g/day)
Ex-User
Lifetime Quantity of Cannabis Consumption (Gram
Years)
Non-User
Not reported
Frequency of Cannabis Use for Current Users
Every Day
Every Other Day
1-2 Times Per Week
>1 Times Per Month
Not reported

4 (6.3%)
1.00 [0.00-5.00]

35 (54.7%)
4.00 [1.00-6.50]

0.50 [0.30-1.00]
14 (21.9%)
1.00 [0.40-1.00]

14 (21.9%)
1 (1.6%)

IQR: interquartile range, GAD: generalized anxiety disorder

IQR: interquartile range, CBD: cannabidiol, THC: (-)-trans-A°-tetrahydrocannabinol

baseline data, as measured by the GAD-7, EQ5D-5L Index
values, EQ-VAS and SQS (p < 0.050) (Table 4). There was also
a statistically significant improvement, compared to baseline
data, for the EQ-5D-5L Usual Activities and EQ-5D-5L Pain and
Discomfort at the 3-month follow-up, and the EQ-5D-5L
Anxiety and Depression at the 1, 3, and 6-month follow-ups
(p < 0.050).

3.2. Adverse events

Twenty-five (37.3%) adverse events were reported by 25
patients (Table 5). The most reported adverse events were
dry mouth (n = 5, 7.5%) and somnolence (n = 4, 6.0%).
Events were either mild (n = 13, 19.4%), moderate (n = 10,
14.9%) or severe (n =1, 1.5%) in severity. Adverse events listed
as ‘other’ were depression (n = 2, 3.0%), diarrhea (n = 2, 3.0%),
anxiety (n = 1, 1.5%), paranoia (n = 1, 1.5%) and prolonged
bleeding (n = 1, 1.5%). All adverse events were reported as
having resolved by the time of the data extraction.

4. Discussion

In this study, HRQoL outcomes, adverse event frequency and
dosage regimens of CBMPs were evaluated in a UK patient
group with GAD. The results indicate that there may be an
association between CBMPs and improved anxiety and HRQoL
outcomes in patients with GAD, as measured by improve-
ments up to 6 months compared to baseline scores in vali-
dated measures, including GAD-7, EQ-5D-5L Index Value, EQ-
VAS and SQS. Adverse events were reported by 37.3% of
patients, though most reported events were mild or moderate
in severity.

Statistically significant improvement was found for anxiety
outcomes at all follow-up dates compared to the baseline
scores, as measured by the GAD-7 and EQ-5D-5L anxiety and
depression subscale (p < 0.050). This is supported by preclini-
cal studies that reported the anxiolytic effects of CBMPs, spe-
cifically CBD [49,50]. Whilst there is a paucity of clinical studies
investigating the effects of CBMPs in GAD, the results are



Table 4. Paired baseline and follow up patient reported outcome measures.
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Patient Reported Outcome Measures Follow Up n Scores at Baseline Scores at Follow Up p-value
GAD-7 1 month 64 11.50 [7.00-19.00] 7.00 [4.00-14.00] <0.001
3 months 23 17.00 [10.00-21.00] 8.00 [6.00-12.00] <0.001
6 months 13 17.00 [14.00-21.00] 6.00 [4.00-12.50] 0.004
EQ-5D-5L Mobility 1 month 64 1.00 [1.00-2.00] 1.00 [1.00-2.00] 0.805
3 months 23 1.00 [1.00-4.00] 1.00 [1.00-3.00] 0.739
6 months 13 1.00 [1.00-3.00] 1.00 [1.00-3.00] 0.564
EQ-5D-5L Self Care 1 month 64 1.00 [1.00-2.00] 1.00 [1.00-2.00] 1.000
3 months 23 2.00 [1.00-3.00] 2.00 [1.00-3.00] 0.408
6 months 13 1.00 [1.00-3.00] 2.00 [1.00-2.50] 1.000
EQ-5D-5L Usual Activities 1 month 64 2.00 [1.00-3.75] 2.00 [1.00-3.00] 0.221
3 months 23 3.00 [2.00-4.00] 3.00 [2.00-3.00] 0.022
6 months 13 3.00 [2.50-4.50] 3.00 [1.50-4.00] 0.107
EQ-5D-5L Pain and Discomfort 1 month 64 2.00 [1.00-3.00] 2.00 [1.00-3.00] 0.058
3 months 23 3.00 [2.00-4.00] 2.00 [1.00-3.00] 0.012
6 months 13 3.00 [1.50-3.50] 2.00 [1.00-3.00] 0.058
EQ-5D-5L Anxiety and Depression 1 month 64 3.00 [2.00-4.00] 3.00 [2.00-3.00] <0.001
3 months 23 4.00 [3.00-5.00] 3.00 [2.00-3.00] 0.007
6 months 13 4.00 [3.00-5.00] 2.00 [2.00-4.00] 0.019
EQ-VAS 1 month 64 50.00 [30.00-74.75] 60.00 [47.50-79.25] 0.005
3 months 23 30.00 [21.00-50.00] 60.00 [50.00-80.00] <0.001
6 months 13 40.00 [20.50-50.00] 65.00 [50.00-80.00] 0.007
EQ-5D-5L Index Value 1 month 64 0.61 [0.29-0.79] 0.63 [0.44-0.82] 0.010
3 months 23 0.36 [0.06-0.62] 0.59 [0.25-0.77] 0.020
6 months 13 0.27 [0.09-0.68] 0.53 [0.38-0.86] 0.026
SQs 1 month 63 4.00 [2.00-6.00] 6.00 [4.00-8.00] <0.001
3 months 22 2.00 [1.00-5.00] 6.00 [4.75-7.00] <0.001
6 months 12 2.00 [1.25-5.00] 6.00 [5.00-7.00] 0.002
n: number of patients, GAD-7: Generalized Anxiety Disorder Scale, EQ-VAS: EQ Visual Analogue Scale, SQS: Sleep Quality Scale
Table 5. Reported adverse events by patients (n = 64).
Severity of Adverse Event
Adverse Events Mild Moderate Severe Life-threatening /disabling Not Recorded Total (%)
Other 4 2 0 0 1 7 (10.4%)
Dry mouth 3 1 1 0 0 5 (7.5%)
Somnolence 0 4 0 0 0 4 (6.0%)
Headache 2 0 0 0 0 2 (3.0%)
Constipation 0 1 0 0 0 1 (1.5%)
Dizziness 1 0 0 0 0 1 (1.5%)
Fatigue 0 1 0 0 0 1 (1.5%)
Insomnia 1 0 0 0 0 1 (1.5%)
Muscular weakness 1 0 0 0 0 1 (1.5%)
Nausea 1 0 0 0 0 1 (1.5%)
Vomiting 0 1 0 0 0 1 (1.5%)
Total 13 10 1 0 1 25 (37.3%)
(19.4%) (14.9%) (1.5%) (0.0%) (1.5%)

comparable to two studies in SAD which demonstrated a
reduction in anxiety prior to anxiety provoking events
[30,31]. Though the studies on SAD show a similar trend in
anxiety improvement, they cannot be used as a direct com-
parison [30,31]. First, different PROMs were used to asses for
changes in self-reported anxiety [30,31]. Second, the partici-
pants in those studies had never used CBMPs prior enrollment,
whilst the majority of GAD patients in this study were canna-
bis consumers at baseline (54.7%) [30,31]. This is contrasted by
a study by Hser et al. which found improvements in anxiety
and sleep following reductions in cannabis consumption.
However, this was in the setting of cannabis use disorder
[51]. The effects of unregulated illicit cannabis used recrea-
tionally are expected to differ from the effects of CBMPs,
which are regulated to ensure consistency of product, have
lower THC doses and are taken in different settings. A previous
analysis of all patients from the UK Medical Cannabis Registry
from our group found that improvements were also seen in
GAD-7 across all patients treated with CBMPs for several

medical conditions [42]. This was not maintained in a narrow
analysis of outcomes for chronic pain patients treated with a
specific CBMP oil [52]. This deviation may be represented by
underlying differences in condition, demographics or indeed
the type of CBMP itself. These will all be assessed in future
analyses of the registry.

In this study, the GAD patients experienced an improve-
ment in HRQoL as displayed by a statistically significant
increase in the EQ-5D-5L index value and EQ-VAS compared
to the baseline scores (p < 0.050). Whilst this is the first study
to detail the effects of CBMPs on HRQoL outcomes in GAD, the
results are comparable to the initial study of the Medical
Cannabis Registry which reported an increase in mean paired
EQ-5D-5L index values and EQ-VAS scores at the 1-month and
3-month follow-ups across a range of conditions [42]. The
findings are further supported by a study investigating the
effects of CBD in a range of medical conditions, in which CBD
resulted in an improvement of the EQ-VAS by 13.6 points [53].
It is worth noting that there was a decrease in median CBD



6 M. ERGISI ET AL.

content from 1 month (20.00 mg) to 6 months (4.50 mg). This
may be an incidental finding, especially given the low sample
size at 6 months, though it does warrant future studies to
investigate the association between CBD dosage and effects of
anxiety.

This study suggests that CBMPs are associated with
improvements in sleep quality at all time periods compared
to baseline for all patient groups. A study by Ware et al.
similarly found that nabilone, a synthetic THC analog, resulted
in greater improvements to sleep compared to amitriptyline in
patients with fibromyalgia [54]. Other studies, however, have
had mixed findings for sleep outcomes. One study found that
THC in combination with CBD may decrease stage 3 sleep,
whilst THC in isolation may decrease sleep latency, measures
that reflect sleep quantity and quality [55]. The combined
findings may reflect the high degree of heterogeneity in stu-
died CBMPs across studies. Focused study of sleep outcomes
using CBMPs, which have shown promise in improving sleep
outcomes in preclinical and clinical settings, in a GAD popula-
tion will therefore be crucial.

To date, no studies have reported the follow-up of
adverse events in patients with GAD treated with CBMPs
for up to 6 months. A study by Gulbransen et al. investi-
gating CBD in a range of conditions found an adverse
event incidence of 9.9% [53], a stark difference to this
study which reported adverse events in 37.3% of patients.
This difference may reflect the comparatively low adverse
event profile of CBD, which was the CBMP of choice in
Gulbransen et al’s study [53], whilst the majority of
patients (90.6%) in the GAD group in this study were
prescribed a combination of CBD and THC at the baseline
assessment. This idea is supported by another study
exploring Sativex, a CBMP with a CBD:THC ratio of 1.0:1.1,
in subjects with multiple sclerosis-induced refractory epi-
lepsy which found that 46.9% of the patients reported at
least one adverse event [56]. The most commonly reported
events were dizziness (14%), fatigue (5.9%) and somno-
lence (5.1%), which was comparable to the reported events
in this study [56]. Moreover, the median follow-up duration
in the study by Gulbransen et al. was 36 days, though the
median for when the adverse events occurred in this study
was 50 days after patients first started CBMP treatment,
thus the longer interval may have been the reason for the
greater number of patients with reported adverse events
[53]. An interesting observation from the adverse events of
the GAD group was that anxiety and paranoia were each
reported by one patient. THC has previously been shown
to induce anxiolytic properties at lower doses whilst a
higher dose can be anxiogenic, causing anxiety and para-
noia [35]. Two seminal studies from 1981 reported that dry
mouth, headaches, and drowsiness were commonly
reported adverse events following CBMP initiation for
GAD, though ultimately long-term studies are warranted
in this field [57,58].

Regarding dosing, an RCT with SAD patients comparing a
single-dose of oral CBD (150 mg, 300 mg or 600 mg) or
placebo, found that CBD displayed an inverted U-shaped
dose-response curve in patients with SAD [34]. The 300 mg

dose of CBD resulted in lower social anxiety ratings prior to a
public speaking test, whereas the higher and lower doses
failed to produce an effect [34]. This contrasts to the CBD
dose in this study which was substantially lower at each
follow-up assessment. This difference may be because most
patients were treated with a combination of CBD and THC.
However, this study did not investigate a dose-response rela-
tionship, so a conclusion cannot be made as to which doses
were most effective.

There are inherent limitations to the present study. This
is a case-series evaluation with data extraction performed
on a discrete date. There is low internal validity due to the
lack of blinding or control group, thus the true effect of
CBMPs could not be ascertained. The low internal validity
was amplified due to the many patients (56.2%) still on
other medications, confounding the effect of CBMPs on the
studied outcomes. Drug-drug interactions may have
resulted in altered efficacy and adverse events. Internal
validity was further limited due to the large portion of
missing data, which reduced statistical power and intro-
duced attrition bias [59]. Additionally, patients self-funded
their treatment that was wholly private. This limited exter-
nal validity as this population was not reflective of the
entire UK population. However, a large proportion of
patients (39.1%) were unemployed, suggesting that the
cost of treatment did not preclude those of variable socio-
economic backgrounds. The inclusion of patients with a
secondary and tertiary diagnosis of GAD was also a poten-
tial limitation. Given that the CBMPs were prescribed, and
their dosage altered, to treat the primary diagnosis, these
regimens may not have targeted their anxiety symptoms.
This likely biased the results to the null and therefore
understated any apparent effect on anxiety. Finally, retro-
spective data collection introduces recall bias. Thirty-five
patients (54.7%) and 14 patients (21.9%) were ongoing and
prior cannabis users, respectively, at the start of the study.
This is an important limitation as previous studies have
demonstrated a larger effect on HRQoL as measured with
PROMs in cannabis naive patients [52].

Similarly, it is important to be aware of the benefits of the
study design. It is one of the first clinical studies investigating
the therapeutic effects and adverse events of CBMPs in a
sample of the UK population with GAD, which is under-
researched in clinical studies. The results from the study can
be subsequently used in the design of RCTs, improving effi-
ciency and reducing associated costs of research by targeting
specific conditions and CBMP formulations. Registry studies
are also important in studying pharmacovigilance in the con-
text of real-world conditions. Moreover, the results are of
clinical significance for two reasons. First, questionnaires
were self-reported and thus patients are best informed about
how they feel and their symptoms. Second, regarding the
GAD-7 results specifically, there was a change from severe
generalized anxiety (score threshold of 10-15) at the baseline
to moderate generalized anxiety (score threshold of 5-10) at
each follow-up date.

The future of CBMP research demands RCTs to better iden-
tify causality between prescribed CBMP preparations and



outcomes. These must, however, consider the placebo effect
garnered using CBMPs, specifically those with a THC concen-
tration high enough to induce the psychoactive effects. This
may cause overestimation of the therapeutic effects, and par-
ticipants may be more alert to the development of adverse
events. Future studies aim to investigate the effects of prior
and current cannabis use on outcomes with CBMP prescrip-
tions as 35 patients (54.7%) were cannabis users at the start of
the study. It is important to distinguish this since prior canna-
bis use may result in tolerance and thus CBMPs may not
provide any clinical benefits [60]. Conversely, these patients
may have self-selected themselves as those with positive
responses to CBMPs and continue to benefit after switching
from unregulated, illicit cannabis. The effects of full-spectrum
products versus isolate cannabinoids must also be compared,
as full-spectrum products, containing other cannabinoids in
addition to terpenes and flavonoids, may result in an altered
therapeutic and adverse event profile [61].

5. Conclusion

Results from this study must be interpreted with caution due
to the noted limitations, particularly its open-label nature.
Nevertheless, this case series is the first of its kind in assessing
the follow-up of patients with GAD prescribed CBMPs for up to
6 months. The results suggest that CBMPs may play a role in
improving anxiety within the context of GAD, though these
are preliminary findings and suggesting causation would be
premature. Rather, this study should act as a foundation for
future, more robust investigations to explore the topic and as
an aid to current clinical practice. It also highlights the poten-
tial association between CBMPs and improved general HRQoL
in those with GAD, in addition to the low incidence of severe
or disabling adverse events associated with treatment for up
to 6 months. In addition to comparative analysis of patients
within the UK Medical Cannabis Registry on different CBMP
prescriptions in the future, it is still essential that randomized
controlled trials are performed in earnest to assess for the
underlying causality for the associations displayed in this
study.
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