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ABSTRACT

Background: Generalized anxiety disorder (GAD) is a common mental health condition. The endocan-
nabinoid system has become a focus for new therapies, increasing interest in cannabis-based medicinal
products (CBMPs). This study uses data from the UK Medical Cannabis Registry (UKMCR) to investigate
real-world outcomes and safety of different CBMP formulations in GAD patients.

Methods: This study analyzed patient-reported outcomes from 302 GAD patients prescribed CBMPs
(oil-based, dried flower, or a combination). Anxiety (GAD-7), sleep quality (SQS), and quality of life (EQ-
5D-5 L) were assessed at 1, 3, 6, and 12 months. Adverse events were recorded.

Results: All CBMP formulations were associated with improvements in anxiety, sleep, and quality of life
over 12 months (p < 0.050). At 12 months, there were no significant differences in outcomes between
formulations (p>0.050). The majority of reported adverse events (n=707) were mild (n=343) or
moderate (n =285) in severity, with no life-threatening events observed.

Conclusion: This study provides real-world evidence supporting the potential of CBMPs for improving GAD
symptoms. Patients prescribed both oil-based and dried flower formulations have similar outcomes over 12
months. Further research is needed to determine the optimal CBMP formulation and long-term effects.
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1. Introduction
pharmacotherapeutics. The endocannabinoid system has gar-

Anxiety disorders, in particular generalized anxiety disorder
(GAD), constitute a significant public health challenge, affecting
millions of individuals [1]. GAD is characterized by excessive and
often debilitating worry, typically accompanied by a range of
physical symptoms, such as muscle tension, fatigue, sleep diffi-
culties, and irritability [2]. GAD causes clinically significant dis-
tress and impairment [3], resulting in increased suicidality [4].
These symptoms can significantly impair an individual’s health-
related quality of life (HRQoL), affecting their ability to work,
maintain relationships, and engage in daily activities. [5].
Current treatment approaches for GAD include psychologi-
cal therapies and pharmacological interventions. Whilst cogni-
tive-behavioral therapy has proven efficacy, its accessibility is
often limited [6]. Therefore, pharmacological therapies form
a key component of treatment regimes. Monoamine reuptake
inhibitors, including selective serotonin uptake inhibitors
(SSRIs), are commonly used as first-line therapeutics.
However, a substantial proportion of patients do not achieve
satisfactory symptom control with SSRIs or other first-line
medications [7,8], highlighting the unmet need for novel

nered increasing attention as a potential target for the treat-
ment of anxiety disorders [9]. There is therefore growing
interest in cannabis-based medicinal products (CBMPs), con-
taining varying concentrations of cannabinoids, namely (-)-
trans-A9-tetrahydrocannabinol (THC) and cannabidiol (CBD)
[10,11].

THC is a partial agonist of cannabinoid receptors 1 (CB1)
and 2 (CB2) [12]. CB1 receptors are predominantly expressed
in the central nervous system on pre-synaptic terminals.
Activation of CB1 receptors modulates the release of neuro-
transmitters, such as gamma-aminobutyric acid (GABA) and
glutamate [13]. CB1 receptors are densely expressed in
regions of the brain related to anxiety, including the prefron-
tal cortex, hippocampus, amygdala, and periaqueductal gray
region [14]. Low-dose CB1 agonists have demonstrated anxio-
lytic properties, whilst CB1-deficiency or blockade of CB1
receptors is associated with heightened anxiety [14,15]. In
addition, CB1 receptor activation can modulate the hypotha-
lamic-pituitary-adrenal axis, which is central to the body’s
stress response [16]. However, there appears to be

CONTACT Mikael H Sodergren @ m.sodergren@imperial.ac.uk @ Department of Surgery & Cancer, Imperial College London, Academic Surgical Unit, 10th Floor

QEQM, St Mary’s Hospital, South Wharf Road, London W2 1NY, UK

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/14737175.2024.2423634

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.
The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0003-2632-7266
https://doi.org/10.1080/14737175.2024.2423634
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14737175.2024.2423634&domain=pdf&date_stamp=2024-12-05

1194 J. WARNER-LEVY ET AL.

a bidirectional response in animals to exogenous CB1 ago-
nists, such as THC, with high doses resulting in anxiogenic
behaviors [14,15,17].

CBD, meanwhile, modulates anxiety through differing
mechanisms. CBD does not directly bind to the CB1 receptor
and instead has contrasting effects as a negative allosteric mod-
ulator and, according to pre-clinical data, an inhibitor of the
breakdown of anandamide, an endogenous CB1 receptor ago-
nist [16]. Preclinical studies, however, suggest that CBD may
reduce fear and anxiety-related behaviors through non-CB
receptor-dependent mechanisms. These mechanisms include
transient receptor potential vanilloid 1 (TRPV1) channels and
5-hydroxytryptamine 1A (5-HT1A) receptors [18]. CBD is
a TRPV1 agonist, but at sufficient doses causes desensitization
of the channel. This mechanism in the prefrontal cortex of rats
has been linked with anxiolytic properties of CBD [19]. Finally,
CBD is an agonist of 5-HT1A, which has been linked with positive
effects on both mood and anxiety in pre-clinical models [20].

Whilst the Royal College of Psychiatrists recognizes that
CBMPs ‘may be of potential benefit’ in anxiety disorders, it
highlights that there is a paucity of high-quality evidence sup-
porting the use of CBMPs for psychiatric disorders [21]. A meta-
analysis by Black and colleagues emphasizes this further [22].
Only two randomized controlled trials have considered the
effects of CBMPs on individuals diagnosed with anxiety disor-
ders to date. These were both of CBD isolate preparations at
doses exceeding 300 mg for social anxiety. When combined,
these do not show a significant effect on anxiety [22]. Studies
examining the effects of preparations containing THC have
shown a positive effect. However, these were entirely observa-
tional studies in individuals with chronic pain or multiple sclero-
sis [22]. Ultimately, due to the limitations of the available
evidence, CBMPs are not considered in the routine treatment
of anxiety disorders in the UK, except in individuals who have
failed to benefit from licensed medications [23].

CBMPs are a heterogeneous class of medications that can
either refer to isolated preparations of THC or CBD, or
a diverse spectrum of other products potentially containing
multiple active pharmaceutical ingredients. This heterogene-
ity and the challenges in studying CBMPs are responsible for
the inconclusive clinical evidence in anxiety and other condi-
tions [24]. Observational studies may help to address this by
providing insights across different CBMP prescriptions and
their outcomes to complement the results found in clinical
trials. A large Australian longitudinal cohort study demon-
strated the sustained safety and efficacy of orally adminis-
tered CBMPs [25], while a study conducted on UK patients
found that inhalation of flower preparations of CBMPs is
associated with improvements in HRQoL [25]. However,
there are limited direct comparisons of individuals prescribed
different formulations of CBMPs. The UK Medical Cannabis
Registry (UKMCR), established in 2019, serves as a repository
for longitudinal observational data collected from patients
receiving treatment with CBMPs [24]. This study utilizes data
from the UKMCR to investigate different CBMP formulation
prescribed in patients with GAD. The primary objective is to
compare changes in these outcomes among individuals
receiving oil-based, dried flower, or a combination of both
CBMP formulations.

2. Materials and methods
2.1. Study overview

This research employed a cohort study design, focusing on
individuals with a confirmed diagnosis of GAD who had been
enrolled in the UK Medical Cannabis Registry (UKMCR)
a minimum of 12 months prior to data extraction. The study
specifically included patients who had been prescribed either
an inhaled dried flower formulation, a sublingual/oral oil-
based product, or a combination of both delivery methods.

It is important to note that within the UK healthcare sys-
tem, CBMPs are subject to specific prescribing guidelines.
These products are typically reserved for patients who have
not experienced adequate symptom relief from at least two
conventional treatment options [23]. The diagnosis of GAD
and the documented history of prior therapies were verified
through a review of primary care health records. Furthermore,
the decision to initiate treatment with CBMPs is restricted to
specialist physicians registered with the General Medical
Council. In the context of anxiety disorders, this decision is
typically made by a consultant psychiatrist in collaboration
with a multidisciplinary team, ensuring a comprehensive eva-
luation of the patient’s needs [23]. Currently, the majority of
CBMP prescriptions originate from private healthcare settings.

All patients were enrolled on the UKMCR before
1 January 2022. Inclusion criteria involved patients over the
age of 18 with a primary indication for CBMP use of the
treatment of GAD, who had completed baseline patient-
reported outcome measures (PROMs). Patients who had not
recorded baseline PROMs, or who had a primary indication for
CBMPs other than GAD were excluded. Data was extracted
from the UKMCR on 9 January 2023.

Prior to enrollment, all patients provided written informed
consent to participate in the study, completing required data
collection through a bespoke online portal [26]. PROMs were
collected at baseline through this portal and follow-up PROMs
and adverse events were completed at 1, 3, 6, and 12 months
after beginning CBMP treatment.

This study was provided with ethical approval (reference: 22/
SW/0145) and was reported in adherence to the Strengthening the
Reporting of Observational Studies in Epidemiology guidance [27].

Baseline questionnaires collected demographic data.
Occupations were classified using the International Standard
Classification of Occupations [28]. Underlying health status was
recorded using the Charlson comorbidity index [29]. Other
comorbidities not listed in the Charlson comorbidity index
were measured, including hypertension, arthritis, and epilepsy.
Each comorbidity was confirmed using primary care health
records. For each CBMP prescription, THC and CBD dosages
were recorded as milligrams per 24 hours (mg/24 h). Cannabis
history was collected by clinicians before patients were pre-
scribed CBMPs. Gram years were used to quantify the lifetime
cannabis history of ex- and current cannabis users [30].

2.2. PROMS

PROMs are validated, standardized questionnaires that collect
health outcomes directly from patients. These questionnaires



generate numerical values which are then used to record
patient information on symptoms of disease, HRQoL, and
functional status [31]. The primary outcomes of the study
were reflected by changes in PROMs related to and affected
by GAD. These were: Generalized Anxiety Disorder-7 (GAD-7),
Single-item Sleep Quality Scale (SQS), EQ-5D-5L and Patient
Global Impression of Change (PGIC).

2.2.1. Generalized anxiety disorder-7 (GAD-7)

GAD-7 is a seven-item, self-reported questionnaire which
assesses generalized anxiety symptoms over the previous
2 weeks. Items record how often they are bothered by feeling
nervous or on edge, as well as experiencing uncontrollable
worry. Each item has a score between 0 and 3 where 0 indicates
‘not at all,” while 3 indicates ‘nearly every day.’ These scores are
combined to provide a total outcome from 0 to 21, where =5,
>10 and =15 are cutoff values for mild, moderate, and severe
anxiety, respectively [32]. A reduction in GAD-7 score of 4 or
more is determined as clinically significant [33].

2.2.2. Single-item sleep quality scale (SQS)

SQS is a validated numerical rating system whereby partici-
pants rate their sleep quality over the past 7 days on a scale of
0 to 10, with ‘0" representing ‘terrible’ and ‘10" being equiva-
lent to ‘excellent’ [34-36].

2.2.3. EQ-5D-5L

EQ-5D-5L is a global, brief quality of life questionnaire devel-
oped by EuroQol, which measures patient health using 5
levels of severity across 5 dimensions: mobility, self-care,
usual activities, pain and discomfort, and anxiety and depres-
sion [37]. Patients score each domain between 1 and 5 where
1 indicates ‘no problems,” and 5 indicates ‘extreme problems.’
These answers generate a 5-digit vector ranging from 11111
(full health) to 55555 (worst health) [38]. These vectors are
then generalized to the UK population and displayed as an
Index Value using the mapping function developed by van
Hout et al., in line with National Institute of Health and Care
Excellence (NICE) guidelines laid out in 2017 [39]. The Index
Value has a maximum score of 1, with negative values repre-
sentative of a health status deemed to be of poorer quality
than death [40].

2.2.4. Patient global impression of change (PGIC)

PGIC is a seven-item, seven-point scale depicting a patient’s
rating of overall improvement [41] in quality of life since
beginning treatment. Scores range from 1 indicating ‘no
change,’ to 7 indicating ‘a great deal better.

2.3. Prescribed medication

The treating physician, using a shared decision-making model
with the patient, decided on the CBMP prescribed and dose.
The maximally tolerated dose at the time of data extraction
was considered in this analysis. Other prescribed medications
were categorized into 3 groups: antidepressants, benzodiaze-
pines and gabapentinoids. Patient data regarding changes in
prescriptions were collected at baseline and at 1, 3, 6, and 12
months of receiving CBMP treatment.
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2.4. Adverse events

Adverse events reported by patients were classified and
graded according to Common Terminology Criteria for
Adverse Events version 4.0 and were recorded either contem-
poraneously by patients, prior to completion of PROMs, or
during clinical consultations throughout the study period [42].

2.5. Missing data

To account for missing data, a baseline observation carried
forward approach was utilized as a conservative measure to
allow for pairwise analysis until 12 months for those indivi-
duals who were lost to follow-up.

2.6. Statistical analysis

Data outlining patient demographics, medications, comorbid-
ities, occupations, and drug and alcohol history were recorded
by clinicians and summarized using descriptive statistics,
which were also used to analyze adverse event data. PROMs
were compared between a baseline of 1, 3, 6, and 12 months.
Parametric data were represented using means (+ standard
deviation (SD)), while non-parametric data were represented
using median values (interquartile range (IQR)).

Changes in PROMs in each cohort over time were assessed
with a repeated measures analysis of variance (ANOVA).
Statistically significant changes were interrogated with pair-
wise comparison with Bonferroni correction to control for
potential family-wise error rate. A one-way ANOVA was used
to compare the mean difference between patients treated
with each type of CBMP after 12 months of treatment com-
pared to baseline. If statistically significant differences from
the ANOVA test were identified, then a post-hoc Tukey’s hon-
estly significant differences test was planned to perform
a pairwise comparison between different treatment types.

A univariable and multivariable binary logistic regression
model was used to calculate odds ratios (ORs) and associated
95% confidence intervals (Cls) for variables to determine the
likelihood of patients achieving a clinically significant improve-
ment in GAD-7 score (reduction >4) after 12 months of CBMP
treatment. The variables included factors such as age, BMI,
gender, cannabis exposure, prescription type, and THC and
CBD dose. Univariable and multivariable regression models
were also implemented to assess the effects of the same
independent variables on the likelihood of experiencing an
adverse event after 12 months of CBMP treatment.

Statistical significance was defined as p < 0.050. Statistical
analysis was conducted using SPSS Statistics (version 28.0.0.0
IBM SPSS Inc., [New York, IL], US.A.) [43].

3. Results

3.1. Patient demographics, clinical history, and CBMP
prescriptions

Three hundred and two patients who were prescribed CBMPs
for GAD had completed baseline PROMs, and had been
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enrolled on the UKMCR for a minimum of 12 months were
identified.

Forty-three (14.23%), 167 (55.29%), and 92 (30.46%) GAD
patients were prescribed oil-based, dried flower, or both for-
mulations of CBMP. Median doses of CBD and THC were 55.00
(IQR: 20.00-55.00) mg/24 h and 5.00 (IQR: 5.00-10.00) mg/24 h
for patients taking oils only; 10.00 (IQR: 5.00-20.00) mg/24 h
and 200.00 (IQR: 125.00-300.00) mg/24 h for patients taking
dried flower only; and 55.00 (IQR: 15.00-69.38) mg/24 h and
206.25 (IQR: 110.00-280.09) mg/24 h for patients prescribed
both CBMPs. The most prescribed dried flower was Adven®
EMT1 (Curaleaf International, United Kingdom), whilst the
most prescribed medium-chain triglyceride-based oils were
Adven® 50 mg/ml CBD and Adven® 20 mg/ml THC (Curaleaf
International, United Kingdom). Table 1 presents descriptive
data including patient demographics, clinical history, and pre-
scription information in full.

The mean age of patients was 38.06 (+11.70) years. Most
patients were male (n=210: 69.54%), with most patients con-
suming cannabis up until commencing treatment (n=193;

Table 1. Patient data outlining demographic information, clinical history, and
cannabis-based medicinal products.

No. (%)/Mean + SD/Median

Baseline characteristics [IQR]

Prescription information

Oils
CBD, mg/24 h 55.00 [20.00-55.00]
THC, mg/24 h 5.00 [5.00-10.00]
Dried flower
CBD mg/24 h 10.00 [5.00-20.00]
THC, mg/24h 200.00 [125.00-300.00]
Oils and dried flower
CBD, mg/24 h 55.00 [15.00-69.38]
THC, mg/24 h 206.25 [110.00-280.09]
Gender
Male 210 (69.54)
Female 92 (30.46)
Age, years 38.06 = 11.70
Body mass index (BMI), kg/m? 26.85+7.31
Occupation
Unemployed 88 (29.14)
Professional 51 (16.89)
Managers 16 (5.30)
Other occupations 38 (12.58)
Elementary occupations 19 (6.29)
Technicians and associate professionals 15 (4.97)
Craft and related trades workers 16 (5.30)
Service and sales workers 18 (5.96)
Clerical support workers 14 (4.64)
Plant and machine operators and assemblers 1(0.33)
Skilled agricultural, forestry and fishery 2 (0.66)
workers
Cannabis status
Current user 193 (63.91)
Cannabis naive 39 (12.91)
Ex-user 70 (23.18)
Cannabis use, gram years 13.12+17.80
Smoking status
Current smoker 114 (37.75)
Ex-smoker 119 (39.40)
Non-smoker 69 (22.85)

Smoking pack years
Weekly alcohol consumption, units
Charlson comorbidity index

8.50 [3.00-20.00]
0.00 [0.00-6.00]
0.00 [0.00-0.00]

Data was collected and reported at baseline via clinicians and questionnaires.
Median cannabis use in gram years was calculated according to the method
outlined by Reagan et al [52]. BMI=body mass index, CBD = cannabidiol,
THC = (-)-trans-A9-tetrahydrocannabinol.

63.91%), and a considerable number had also used cannabis
in the past (n=70; 23.18%).

There were 267 (88.41%), 241 (79.80%), 206 (68.21%), and
153 (50.66%) complete PROM responses at 1, 3, 6, and 12
months, respectively. Table 2 presents a repeated measures
ANOVA performed across all patients to analyze the effect of
CBMP treatment across each time point. There were improve-
ments in the GAD-7, SQS, EQ-5D-5L Index Value, EQ-5D-5L
Usual Activities, EQ-5D-5L Pain & Discomfort, EQ-5D-5L
Anxiety & Depression, and PGIC (p < 0.001). Pairwise compar-
ison with Bonferroni correction in each PROM with
a significant difference on repeated measures ANOVA showed
that in all comparisons there was a difference at 1, 3, 6, and 12
months compared to baseline (p <0.001). At 12 months, the
GAD-7, SQS, EQ-5D-5L Index Value, and EQ-5D-5L Anxiety &
Depression values worsened compared to prior 1, 3, and 6
month follow-ups (p <0.050). Full pairwise comparisons are
detailed in Supplementary Tables S1-S7. Supplementary table
S8 details the results of repeated measures ANOVA according
to treatment type.

3.2. Comparison of CBMP treatments

The change from baseline to 12 months in each PROM accord-
ing to whether patients were prescribed oils only, dried flower
only or both CBMPs is detailed in Table 3. There was no
statistically significant difference between the three groups
in any PROM (p > 0.050).

3.3. Logistic regression - GAD-7 scores after 12 months

Eighty-eight (29.14%) participants reported a minimal clinically
important difference at 12 months.

To assess the factors associated with clinically significant
improvements in anxiety symptoms, a logistic regression ana-
lysis was performed. Initially, a univariable model was
employed to examine the relationship between various inde-
pendent variables and the likelihood of achieving
a meaningful reduction in GAD-7 scores after 12 months of
CBMP treatment. However, none of the individual variables
reached statistical significance (p > 0.050) in this initial analysis.

Subsequently, all variables were included in a multivariable
logistic regression model to explore potential interactions and
confounding effects (Supplementary Table S9). This revealed
an association between the type of CBMP prescribed and the
likelihood of achieving clinically significant improvements in
GAD-7 scores at 12. Specifically, the odds ratio for achieving
a clinically significant improvement in GAD-7 scores was 0.21
(95% Cl: 0.05-0.94, p=0.041) for the dried flower group and
0.19 (95% Cl: 0.05-0.84, p = 0.028) for the combination therapy
group, relative to the oil-only group. No other variables in the
model demonstrated a significant association with clinically
significant improvements in anxiety symptoms.

3.4. Adverse events

A total of 55 (18.25%) patients reported 707 adverse events,
with dry mouth and insomnia being the most frequently
reported (n=53 each). Table 4 details the severity and
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Table 2. Repeated measures ANOVA comparing baseline and follow-up scores for patient-reported outcome measures (PROMs).

Baseline 1 month 3 months 6 months 12 months
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 5.64 2.55 5.72 2.56 5.53 2.81 5.13 2.74 42.95 <0.001
EQ-5D-5L Mobility 1.53 0.87 1.44 0.80 1.46 0.85 1.46 0.81 1.46 0.83 2.00 0.095
EQ-5D-5L Self-care 1.49 0.83 1.45 0.86 1.43 0.84 1.48 0.85 1.47 0.83 0.98 0.421
EQ-5D-5L Usual activities 2.35 1.21 1.97 1.03 1.93 1.09 2.03 1.09 2.07 117 17.27 <0.001
EQ-5D-5L Pain and discomfort 2.19 1.08 1.86 0.95 1.87 0.98 1.88 0.99 1.98 1.02 16.40 <0.001
EQ-5D-5L Anxiety and depression 339 1.1 2.72 1.08 2.75 1.10 2.76 1.14 2.95 1.18 38.11 <0.001
EQ-5D-5L Index 0.53 0.28 0.65 0.25 0.65 0.27 0.64 0.27 0.61 0.28 3343 <0.001
PGIC 5.45 1.41 5.71 1.19 5.68 1.29 5.72 132 8.52 <0.001

Generalised anxiety disorder (GAD) patients recorded anxiety-specific PROMs at 1, 3, 6 and 12 months after commencing CBMP treatment. A one-way ANOVA
analysis was used to compare the differences at each timepoint to baseline scores to identify improvements in PROMS after 12 months of CBMP treatment. Results
are displayed using a mean and standard deviation (SD). GAD-7 = Generalised Anxiety Disorder-7, PGIC = Patient Global Impression of Change, SQS = Single-ltem
Sleep Quality Scale. *p < 0.050, **p < 0.010, ***p < 0.001.

Table 3. One-way ANOVA comparing patient-reported outcome measures (PROMs) after 12 months to baseline results for each treatment type.

Qils Dried Flower Qils and Dried Flower
PROM Mean SD Mean SD Mean SD F-value P-value
GAD-7 —-1.58 3.70 -3.27 5.75 -3.30 5.50 1.80 0.167
SQs 0.72 1.84 1.14 2.43 1.23 2.24 0.75 0.474
EQ-5D-5L Index 0.06 0.16 0.09 0.20 0.09 0.22 0.39 0.681
EQ-5D-5 L Mobility 0.047 0.43 -0.054 0.58 -0.17 0.69 2.24 0.109
EQ-5D-5L Self-care -0.02 0.27 0.01 0.56 -0.065 0.63 0.59 0.556
EQ-5D-5L — Usual activities -0.19 0.55 -0.29 0.90 -0.33 0.93 0.38 0.682
EQ-5D-5L Pain and discomfort -0.12 0.39 -0.21 0.70 —-0.25 0.78 0.55 0.579
EQ-5D-5L Anxiety and depression -0.30 0.83 -0.46 1.02 —-0.46 1.01 0.44 0.643
PGIC 0.07 1.29 0.30 0.97 0.28 0.73 0.82 0.443

A one-way ANOVA was used to compare the differences in means after 12 months for each treatment type to test for significant differences between routes of
administration based on PROM scores reported by GAD patients. SD = standard deviation. GAD-7 = Generalised Anxiety Disorder-7, SQS = Single-item sleep quality
scale, PGIC = Patient Global Impression of Change.

Table 4. Adverse events as reported by participants (n =55).

Adverse event Mild Moderate Severe Total (%)

Abdominal pain 7 2 1 10 (3.31%)
Akathisia 0 1 0 1 (0.33%)

Amnesia 9 17 6 32 (10.60%)
Anorexia 3 7 2 12 (3.97%)
Anxiety 2 4 6 12 (3.97%)
Ataxia 10 2 0 12 (3.97%)
Blurred Vision 17 2 0 19 (6.29%)
Bruxism 1 0 0 1 (0.33%)

Chest pain 2 0 0 2 (0.66%)

Cognitive disturbance 12 16 4 32 (10.60%)
Concentration impairment 22 24 2 48 (15.90%)
Confusion 16 5 2 23 (7.62%)
Constipation 10 1 0 11 (3.64%)
Delirium 9 5 6 20 (6.62%)
Depression 1 4 14 19 (6.29%)
Dizziness 14 11 4 29 (9.60%)
Dry mouth 35 18 0 53 (17.55%)
Dysgeusia 9 6 2 17 (5.63%)
Dyspepsia 7 21 3 31 (10.26%)
Fatigue 18 21 3 42 (13.91%)
Headache 18 1 3 32 (19.60%)
Insomnia 28 15 10 53 (17.55%)
Lethargy 18 18 0 36 (11.92%)
Nausea 25 3 2 30 (9.93%)
Paranoia 2 5 0 7 (2.32%)

Pharyngitis 0 10 0 10 (3.31%)
Seizure 0 0 2 2 (0.66%)

Sinus pain 1 0 0 2 (0.66%)

Sneezing 1 0 0 1 (0.33%)

Somnolence 0 36 6 42 (13.91%)
Tremor 5 3 0 8 (2.65%)

Upper respiratory infection 0 5 0 5 (1.66%)

Urinary tract infection 0 5 0 5 (1.66%)

Vertigo 7 6 1 14 (4.64%)
Vomiting 13 0 0 13 (4.30%)
Weight loss 20 1 0 21 (6.95%)

Total (%) 343 (113.58%) 285 (94.37%) 79 (26.16%) 707 (234.11%)
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incidence of each adverse event. The majority of these adverse
events were classified as mild (n=343) or moderate (n =285)
in severity. A smaller proportion (n=79) were categorized as
severe. No life-threatening or disabling adverse events were
observed in this cohort of patients.

3.5. Logistic regression — adverse events

Univariable analysis exploring individual factors revealed that
prior cannabis use was associated with a lower likelihood of
experiencing adverse events during CBMP treatment
(Supplementary Table S10). Specifically, both former cannabis
users (OR=2.16, 95% Cl: 1.08-4.29, p=0.029) and individuals
with no prior cannabis use (OR=3.36, 95% Cl: 1.53-7.38, p=
0.003) were more likely to report adverse events compared to
those who were current cannabis users at the start of
treatment.

Multivariable analysis (Supplementary Table S11) confirmed
the association between prior cannabis use and the likelihood
of experiencing adverse events. Former cannabis users (OR =
2.46, 95% Cl: 1.18-5.15, p=0.017) and cannabis-naive patients
(OR=3.84, 95% CI: 1.52-9.72, p=0.004) remained more likely
to report adverse events compared to current cannabis users,
even after adjusting for other variables.

3.6. Prescription medication

A total of 154 (50.99%) patients were prescribed antidepres-
sants throughout the study (Table 5). 116 (74.32%) patients
had no changes in medications over 12 months, while 21
(14.94%) stopped taking antidepressants and 5 (3.25%)
patients had a reduced dose. 8 (5.19%) patients began treat-
ment with antidepressants. Of the 36 patients taking benzo-
diazepines, 28 (77.78%) did not change their prescriptions, 6
(16.67%) patients stopped taking the medication and 1
(2.78%) patient reduced their dose, while a further 1 (2.78%)
patient started benzodiazepines.

4. Discussion

This study presents the outcomes of 302 patients with GAD
and prescribed CBMPs for a minimum of 12 months. This
builds on previous research by our group using the UKMCR
to assess the effects of CBMPs in GAD, following these patients
over a longer period, demonstrating the persistence of clinical
effects and safety profile [44]. This analysis demonstrates that
treatment with CBMPs is broadly associated with improve-
ments in GAD severity and EQ-5D-5L subscales for anxiety
and depression after 12 months of treatment. Patients also
experienced improvements in general HRQoL, sleep quality
and other associated outcomes. At 12 months, however, the
magnitude of this change was smaller compared to earlier

Table 5. Changes in prescription following 12 months of CBMP treatment.

follow-up assessments. On comparison of changes in out-
comes from baseline at 12 months, there was no difference
between the formulation of CBMPs. However, on multivariable
logistic regression, those prescribed oils were most likely to
report clinically significant improvement in symptoms of gen-
eralized anxiety compared to those who were prescribed
a regimen including dried flower. Adverse events affected
18.25% of the study population, the majority being mild
(343; 113.58%) or moderate (285; 94.37%). No life-
threatening adverse events were recorded.

Patients prescribed CBMPs reported statistically significant
improvements in GAD-specific PROMs after 12 months of
treatment [45]. A meta-analysis by Black and colleagues
demonstrated that CBMPs were associated with improve-
ments in anxiety when pooling across a heterogenous
range of medications and conditions [22]. However, studies
examining the effects of CBD used doses more than the
doses used in the present study. Meanwhile, no randomized
trials assessed the impact of THC in a population with gen-
eralized anxiety as the primary indication for treatment [22].
Prior assessments have suggested that higher doses of THC
are more closely associated with anxiogenic responses
[14,15,17]. Therefore, whilst these results are supportive of
the potential of CBMPs as demonstrated in the wider litera-
ture, there are discrepancies which will require further ana-
lysis to help determine the optimum doses of CBD and THC,
as well as the interaction of other minor compounds present
on reported outcomes. The multivariate analysis in the pre-
sent analysis did not find a difference between those pre-
scribed higher or lower than the median dose of THC and
may therefore suggest the response to THC doses are indivi-
dualized. Interestingly, those prescribed oils were more likely
to report a clinically significant improvement in GAD-7 scores
at 12months, with this reaching statistical significance
against both those prescribed dried flower and
a combination of dried flower and oils (supplementary table
S9). The reason for this is not clear from the present analysis
but may be secondary to differing pharmacokinetic profiles
of each administration method. Moreover, it could be sec-
ondary to lower doses of THC and higher doses of CBD in oils
compared to dried flower that are not otherwise able to be
adequately adjusted for within the present analysis.

Sleep disturbances are a hallmark of GAD, often exacerbat-
ing anxiety symptoms and contributing to a diminished qual-
ity of life [2,46]. In this study, participants reported significant
improvements in their sleep quality at each assessment point,
as measured by the SQS. This contrasts with findings from
a study utilizing the Pittsburgh Sleep Quality Index to assess
sleep quality in individuals with anxiety [47]. This found that
while cannabis use was linked to heightened expectations of
sleep improvement, there was limited evidence to suggest
a direct correlation between cannabis use and actual

Medication Total No Change Stopped Taking Reduced Dose Increased Dose New Medication
Antidepressants, n (%) 154 116 (74.32%) 23 (14.94%) 5 (3.25%) 1 (0.65%) 8 (5.19%)
Benzodiazepines, n (%) 36 28 (77.78%) 6 (16.67%) 1 (2.78%) 0 (0.00%) 1 (2.78%)
Gabapentinoids, n (%) 17 14 (82.35%) 1 (5.88%) 0 (0.00%) 0 (0.00%) 2 (11.76%)

Medications were categorized into antidepressants, benzodiazepines and gabapentinoids. All data is represented as n (%).



improvements in sleep outcomes or subjective sleep efficiency
[47]. The present study does, however, align with emerging
evidence suggesting that CBMPs may positively influence
sleep architecture and subjective sleep experiences [47-50].
One study found that vaporized CBMPs containing low doses
of THC were associated with improvements in non-rapid eye
movement sleep, potentially aiding sleep latency [48]. This
effect may be aided by CBD [49]. Meanwhile, a review of
clinical trials studying nabiximols, an oromucosal spray con-
taining both CBD and THC, found that it was associated with
improved sleep quality compared to placebo [50]. This may
explain the improvements in sleep quality over time in this
cohort.

Patients prescribed all three types of CBMP reported
improvements in nonspecific HRQoL measures such as the
EQ-5D-5L Index, and subgroups such as EQ-5D-5L anxiety
and depression, and EQ-5D-5L usual activities. Subgroup
analysis revealed that all three groups also experienced
improvements in anxiety and depression. This comple-
ments data from other studies of GAD: a case series of
patients with depression and co-morbid anxiety enrolled
on the UKMCR found a sustained improvement in EQ-5D-5L
anxiety and depression/usual activities measures after 6
months of treatment with oils, dried flower, or both [51].
Another study of the UKMCR indicated that there is an
association between improvements in chronic anxiety and
improvements in HRQoL, and that CBMP treatment is
linked to improvements in HRQoL [52]. These findings
demonstrate a positive association between CBMP treat-
ment and HRQoL.

Results indicated that CBMPs were overall well-tolerated
across the study as a small proportion (18.25%) of participants
reported adverse events. The most common adverse event
was dry mouth. This may be explained by the route of CBMP
administration — most users were prescribed vaporized canna-
bis, as previous studies have shown that dry mouth is com-
monly associated with vaporized cannabis [53,54]. The most
common severe adverse event was depression. As adverse
events were not examined to determine whether they were
treatment-related it is not possible to distinguish whether this
was secondary to CBMPs or due to the co-occurrence of
anxiety and depression in the same individual [55]. However,
this does suggest that significant adverse mental health out-
comes may occur during treatment with CBMPs, and this
relationship should be examined further in randomized con-
trolled trials. There was no reported incidence of cannabis use
disorder in this cohort. In addition to assessment through
reporting via adverse events, it would be helpful to use
a screening tool to assess the risk of cannabis use disorder in
a clinical population, as this is not well established compared
to recreational cannabis use [56]. Unfortunately, currently
available tools are not validated in clinical populations and
would generate inappropriately high scores due to the weight
placed on frequency of use [56]. Multivariable and univariable
analysis determined that prior exposure to cannabis was asso-
ciated with a lower probability of experiencing an adverse
event. Ex-users and cannabis-naive patients were more likely
to experience an adverse event than current cannabis users, in
line with previous research which reports that cannabis has
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less prominent effects in regular users, partially due to THC
active maintenance which occurs when patients consume
cannabis continuously [57,58]. This reinforces the results of
the univariable and multivariable analysis and suggests an
association between tolerance and continuous cannabis
consumption.

The strengths of this study include a relatively large sample
size as well as a long observation period compared to previous
work, where previous studies have been limited to small
sample sizes, short durations, and a homogenous selection
of CBMPs [24]. The limitations of this study are largely attrib-
uted to the type of study conducted, as well as the data
represented.

As an observational study, it is unable to establish causality
between initiation of CBMPs and reported outcomes. The
results of this study therefore cannot be generalized to the
wider population. Another notable limitation is the lack of
a control group, which means it cannot demonstrate whether
improvements in PROMs are linked to CBMPs specifically or
are associated with other factors or extreme outcomes due to
regression to the mean. Within this study, the placebo effects
of CBMPs may be enhanced due to the psychoactive and
vasoactive effects of cannabinoids [59]. The study is subject
to selection bias as patients enrolled in the UKMCR self-fund
their treatment. In addition, most patients (63.8%) were cur-
rent cannabis users before enrolling in the UKMCR and there-
fore may be more likely to report positive outcomes because
of expectancy bias. Conversely, these individuals may be more
likely to develop tolerance to the effects of cannabis [60]. One
in two individuals were prescribed anti-depressants during the
study. However, the effect of the pharmacokinetic and phar-
macodynamic interaction of these medications was not able
to be considered. There is attrition bias, with a loss to follow-
up throughout the study. To address this missing data has
been dealt with through a conservative methodology, carrying
forward the baseline value, and biasing the results toward
a null finding. PROMs are subject to recall bias, where patients
may over- or understate their outcomes based on their per-
ception of treatment. Self-reporting is also integral to deter-
mining previous cannabis exposure within observational
studies. Finally, the analysis is subject to the limitations of
data captured within the UK Medical Cannabis Registry and
made available for this study. For example, additional mental
health comorbidities beyond those detailed could not be
considered. Moreover, only the maximum tolerated dose of
CBD and THC at the point of data extraction was available.
Ideally, it would be beneficial to track this dose throughout
treatment.

5. Conclusion

In summary, these results demonstrate that treatment with
CBMPs is associated with improved anxiety symptoms and
HRQoL following 12 months of treatment. Whilst there were
no changes between different formulations on direct compar-
ison of the change in GAD-7 scores, on multivariable analysis
those prescribed oils were more likely to report a clinically
important difference. The size of the change is lower at 12
months compared to earlier follow-up periods emphasizing
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the importance of longitudinal assessment in patients pre-
scribed CBMPs. Further studies will be necessary to determine
whether this is secondary to pharmacological tolerance and
the implications of prescribing CBMPs beyond 12 months. This
study also highlights the lack of severe and life-threatening
events associated with CBMP treatment over 12 months. This
data can be useful to help guide current clinical practice,
suggesting oils may be preferable to dried flower when con-
sidering the optimal formulation when prescription CBMPs for
GAD. Randomized controlled trials will ultimately be required
to determine whether CBMPs are effective as a class of med-
ications, and which is the most appropriate product for GAD.
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