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ABSTRACT

Introduction: There is growing evidence on the efficacy of cannabis-based medicinal products (CBMPs)
for chronic pain (CP). Due to the interaction between CP and anxiety, and the potential impact of
CBMPs on both anxiety and CP, this article aimed to compare the outcomes of CP patients with and
without co-morbid anxiety following CBMP treatment.

Methods: Participants were prospectively enrolled and categorized by baseline General Anxiety
Disorder-7(GAD-7) scores, into ‘no anxiety’(GAD-7 < 5) and ‘anxiety’(GAD-7 = 5) cohorts. Primary out-
comes were changes in Brief Pain Inventory Short-Form, Short-form McGill Pain Questionnaire-2, Pain
Visual Analogue Scale, Sleep Quality Scale (SQS), GAD-7 and EQ-5D-5L index values at 1, 3 and
6 months.

Results: 1254 patients (anxiety = 711; no anxiety = 543) met inclusion criteria. Significant improvements
in all primary outcomes were observed at all timepoints (p < 0.050), except GAD-7 in the no anxiety
group(p > 0.050). The anxiety cohort reported greater improvements in EQ-5D-5L index values, SQS and
GAD-7(p < 0.050), but there were no consistent differences in pain outcomes.

Conclusion: A potential association between CBMPs and improvements in pain and health-related
quality of life (HRQoL) in CP patients was identified. Those with co-morbid anxiety reported greater
improvements in HRQoL.
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psychotropic effects [4,6]. CB,-Rs are predominantly expressed
in peripheral immune cells, where they modulate inflamma-
tory cytokines [5,10,11]. THC is a partial agonist for CB;-R and
CB,-R [4]. CBD inhibits hydrolysis of endogenous CB-R ago-
nists, thus increasing constitutive activation, whilst also being
a noncompetitive negative allosteric modulator of CB;-Rs

1. Introduction

Chronic pain (CP) prevalence is estimated at 34.0% in the
United Kingdom (UK), with approximately 12.0% of CP
patients consequently unable to perform daily activities [1].
Despite this, CP treatment options are limited, with a paucity

of evidence describing their long-term efficacy, whilst there
are also known safety concerns [2]. There is subsequently
increasing interest in identifying novel pharmaceuticals for
CP, such as cannabis-based medicinal products (CBMPs) [3].
CBMPs are a class of medications containing phytocannabi-
noids, and often terpenes and flavonoids, derived from the
cannabis plant. The two most abundant phytocannabinoids
are A°-tetrahydrocannabinol (THC) and cannabidiol (CBD),
which principally act on the cannabinoid receptors (CB-Rs) of
the endocannabinoid system (ECS) [4-6].

CB4-Rs are primarily expressed in the central and peripheral
nervous systems, concentrated in areas associated with noci-
ceptive processing [7-9]. CB;-R agonism inhibits neurotrans-
mitter release in these areas resulting in both analgesic and

[9,12-14]. Phytocannabinoid analgesic effects are also thought
to be mediated through non-CB-Rs, including transient recep-
tor potential cation channel V1, G protein-coupled receptor
55, peroxisome proliferator-activated receptor-gamma,
opioid, and serotonin receptors [15-17].

There is increasing clinical evidence on the efficacy of
CBMPs for CP [18-27], with a recent meta-analysis concluding
that CBMPs are associated with a small, yet clinically signifi-
cant, reduction in pain severity [28]. However, conclusions are
variable due to the heterogeneity and low quality of primary
research on CBMPs, with other studies questioning their effi-
cacy and safety [29-32], warranting further research.

There is limited evidence on the factors that predict which
CP patients are most likely to benefit from CBMPs. A pertinent
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group to consider is those with co-morbid anxiety, which
frequently co-occurs with CP [33]. For example, anxiety is at
least twice as prevalent in those with chronic neck or back
pain [34]. Both CBD and THC are both thought to have anxio-
Iytic effects, however clinical studies to date have been limited
and of low quality [32,35-37]. The relationship between anxi-
ety and CP is complex and bidirectional, as described by the
biopsychosocial model of pain, in which anxiety is both
a cause and consequence of CP [38,39]. Co-occurrence of
both conditions has been shown to reduce anxiety treatment
efficacy and worsen pain-related outcomes [33,40,41].
A potential underlying mechanism linking anxiety and CP
includes central sensitization, in which nociceptor responsive-
ness is increased, resulting in hyperalgesia [42-47]. Early evi-
dence suggests cannabinoids may attenuate central
sensitization-induced hyperalgesia [48-52]. Another suggested
mechanism is catastrophizing, in which the threat posed by
actual or anticipated stimuli is heightened and associated with
negative pain-related thoughts [53]. Although catastrophizing
is a distinct construct that independently influences pain out-
comes [54-56], it is associated with anxiety [53-55,57-59], and
originates from a maladaptive cognitive style typical in anxiety
patients [53,60,61]. Both chronic pain and anxiety are hetero-
genous conditions with complex neurobiological underpin-
nings, hence it must be considered that a single therapeutic
may not prove to be a successful treatment in all individuals,
with enhanced effects in select patients [62,63].

The primary aim of this study was to therefore compare
pain-specific patient-reported outcome measure (PROM)
changes between CP patients with and without co-morbid
anxiety. Secondary aims included comparing general health-
related quality of life (HRQoL) PROMs, adverse event (AE)
incidence, and opioid medication consumption changes
between cohorts.

2. Methods
2.1. Study design

A prospective observational cohort study comparing the
effects of CBMPs for CP patients with and without co-morbid
anxiety was performed utilizing data from the UK Medical
Cannabis Registry (UKMCR). All participants provided informed
written consent prior to enrollment. In accordance with the
NHS Health Research Authority and Research Ethics
Committee’s guidance [64], this study did not require formal
ethical approval. However, the UKMCR has received approval
from the South West—Central Bristol Research Ethics
Committee (Ref: 22/SW/0145). This study was reported utiliz-
ing the STROBE guidelines [65]. The ROBINS-I tool was used for
assessment of quality and risk of bias [66].

The primary outcome was to compare pain-specific
PROM changes from baseline to follow-up between CP
patients with and without anxiety. The secondary outcomes
included comparing general HRQoL PROMs, AE incidence,
and oral morphine equivalent (OME) change between
cohorts. Subgroup analysis according to anxiety severity
was performed.

2.2. Setting and participants

The UKMCR, established in 2019, is privately owned and man-
aged by Sapphire Medical Clinics. It is the first registry to
prospectively record pseudonymized data of UK and Channel
Islands patients prescribed CBMPs. Previously published data
from the UKMCR has concluded that CBMPs are associated
with improvements in pain in CP patients, anxiety in GAD
patients, and improvements in HRQoL in both groups
[67,68]. Patients complete baseline questionnaires remotely
prior to initial consultation and during treatment, enabling
participant follow-up. Baseline patient demographics are com-
pleted during initial consultation by the treating physician.
Adverse events can be reported at time of occurrence or
contemporaneously utilizing an online questionnaire, or by
clinicians during a follow-up visit if otherwise unreported
prior to that. All patients are assigned a primary diagnosis
following clinician assessment, for which CBMP treatment is
indicated, as well as secondary and tertiary indications if
present.

Inclusion criteria for this study were participants where CP
was the primary indication for CBMP treatment. Exclusion
criteria were those without completion of a baseline PROMs
and those enrolled in the UKMCR for <1 month at the time of
data extraction (15 February 2022). There were no further
reasons for exclusion. Participants were consecutively enrolled
into the study. The recruitment period for participants and
period of baseline data collection was from the
1 December 2021 until the 15 January 2022.

Baseline Generalized Anxiety Disorder Assessment (GAD-7)
scores classified participants into ‘no anxiety’ (GAD-7 < 5) and
‘anxiety’ (GAD-7 = 5) cohorts. The thresholds of =5, =10, and
>15 were used to determine mild, moderate, and severe anxi-
ety cohorts for subgroup analysis [69,70].

2.3. Data collection

Demographic data, including age, gender, medical history,
height, and weight, were collected at baseline. Occupation
was recorded using the International Standard Classification
of Occupations [71]. Comorbidity incidence was documented,
and the Charlson comorbidity index, a commonly used prog-
nostic tool in patient registries, was calculated [72,73]. The
presence of an intellectual disability was not recorded.

Tobacco, alcohol, and cannabis consumption were docu-
mented. To quantify prior cannabis consumption, a novel, but
unvalidated metric of ‘gram years’ (mean cannabis consump-
tion per day (grams) x years of use) was calculated [74]. All
CBMP prescriptions met Good Manufacturing Practice (GMP)
standards [75], and were recorded and analyzed for their
administration route, cannabinoid contents, and dosages. If
baseline data were missing post-questionnaire completion
and clinician augmentation, research team members con-
tacted participants to try and collect outstanding data
retrospectively.

As the gold-standard of CP assessment is self-reporting
[76], all participants were prompted to complete validated
pain-specific and general HRQoL PROMs at baseline (except
for the patient global impression of change (PGIC)) and 1,



3, and 6 months. The PROMs utilize numerical rating scales
(NRS) and visual analog scales (VAS) to measure responses
[76,77]. The following PROMs were collected:

2.3.1. Pain-specific

2.3.1.1. Brief pain inventory short-form (BPI). A two-part
NRS which uses 11 descriptors to create a pain severity and
interference subscale with scores from 0 (no pain/interference)
to 10 (worst pain/complete interference) [78].

2.3.1.2. Short-form mcgill pain questionnaire (SF-MPQ-2).
An NRS that evaluates the severity and character of neuropathic
and non-neuropathic pain. The SF-MPQ-2 uses 22 descriptors to
assess pain within four major categories: continuous, intermit-
tent, neuropathic, and affective. Each descriptor is scored 0 (no
pain) to 10 (worst pain). The score for each category is the mean
of the specific descriptors within that category, whilst the overall
pain score is the mean of all 22 descriptors [79,80].

2.3.1.3. VAS-pain. A VAS that evaluates pain intensity using
a 10 cm line, anchored by no pain and worst pain, correspond-
ing to a score between 0 and 10 [76,77]. The minimally impor-
tant clinical difference in pain severity is 1 cm [81].

2.3.2. HRQolL-related

2.3.2.1. EQ-5D-5L. An NRS measuring HRQoL across five
domains (mobility, self-care, usual activity, pain/discomfort,
anxiety/depression) with five severity levels ranging from 0
(no problems) to 5 (extreme problems) [82]. The domains and
accompanying severity levels are combined, generating
a 5-digit code corresponding to 1 of 3125 health states,
which are mapped to EQ-5D-5L index values specific to the
UK [83]. Index scores range from <0 (health status worse than
death) to 1 (full health) [82,83].

2.3.2.2. GAD-7. An NRS that screens for and assesses the
severity of GAD. Participants are asked how often they have
been bothered by the 7 core GAD symptoms in the last two
weeks, on a scale of 0 (not at all) to 3 (nearly every day),
generating an overall score from 0 to 21 [69,70].

2.3.2.3. Single-item sleep quality (SQS). An NRS that
assesses sleep quality over the past week, utilizing a range
from O (excellent) to 10 (terrible) [84].

2.3.2.4. PGIC. A 7-point NRS ascertaining participants’ per-
ception of change following treatment, therefore no baseline
score is calculated. Options range from very much worsened
to very much improved [85,86].

2.4. Oral morphine equivalents (OME)

Patients prescribed opioids at baseline or at any time point
during follow-up were identified. Total OME doses per day
were calculated at baseline and end of follow-up. OME doses
were calculated using the British National Formulary (BNF) and
Royal College of Anesthetists conversion factors [87,88].
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2.5. Adverse events

AEs were self-reported by patients via electronic reporting or
documented by clinicians during routine follow-ups. AEs were
stratified according to The Common Terminology Criteria for
AEs version 4.0 [89].

2.6. Statistical analysis

Normality of continuous variables was tested using Shapiro—
Wilk tests. Parametric data were presented as a mean (+stan-
dard deviation) and nonparametric as a median (interquartile
range (IQR) (Q1-Q3)). Clinicopathological characteristics of
each cohort were compared using two-tailed independent
t-tests for parametric data or Mann-Whitney U-tests for non-
parametric data. When comparing categorical parameters, Chi-
Squared Tests were utilized, and for statistically significant
p-values, Bonferroni-corrected post-hoc analysis (PH) using
adjusted residuals was performed [90].

As all baseline PROMs were nonparametric, Wilcoxon Signed-
Rank tests were used to assess for change from baseline to
follow-up within each cohort. To compare the relative changes
between the two cohorts, Mann-Whitney U tests were used.

The median total OME dose over the studied period was
calculated for each cohort at baseline and end of follow-up
and compared using the Wilcoxon signed-rank test, and
a Mann-Whitney U-test was used to compare the change
between the cohorts. The frequency of AEs was reported
utilizing descriptive statistics, whilst the proportion of patients
who experienced an AE in either cohort was compared using
a Chi-Squared test.

Univariate and multivariate logistic regression models were
conducted to calculate the associated odds ratios (ORs) and
corresponding 95% confidence intervals (95% Cl) for indepen-
dent variables and their association with improved BPI pain
severity and interference, and AE likelihood.

For subgroup analysis according to anxiety severity, cate-
gorical data was analyzed using Chi-Squared Tests with PH
[90]. Nonparametric data utilized Kruskal-Wallis tests with
Dunn’s PH. Continuous parametric data utilized One-Way
ANOVA tests with Tukey’s honestly significant difference PH
and correction [91].

All PROMs analysis was Bonferroni-corrected to reduce the
family-wise error rate.

Statistical significance was defined as p < 0.050. All statis-
tical analysis was conducted using SPSS Statistics (ver-
sion:28.0.0.0 IBM SPSS Inc,, [New York, IL], USA) [92], and
figures were produced using GraphPad Prism 9 (version:8.0.0
for Windows, GraphPad Software, San Diego, California
USA) [93].

3. Results

At the time of data extraction, 3546 patients were registered
on the UKMCR. 2292 patients (64.6%) were excluded: those
without a baseline PROM completed (n = 443; 12.5%), enrolled
for <1 month (n = 270; 7.6%), and without CP (n = 1579;
44.5%). Therefore, 1254 participants were included in analysis,
with (n = 711; 56.7%) and without (n = 543; 43.3%) anxiety at
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baseline. The anxiety cohort consisted of participants with
mild (n = 322; 25.7%), moderate (n = 201; 16.0%), and severe
(n = 188; 15.0%) anxiety. The median follow-up of the partici-
pants was 9 months (IQR: 6-12 months).

3.1. Baseline demographics

Table 1 displays baseline demographic details for both
cohorts. The female:male ratio was higher in the no anxiety
(1:1.4) compared to anxiety (1:1.1) cohort (p = 0.026). The
mean age of the no anxiety cohort (47.0 + 14.9 years) was
higher than the anxiety cohort (44.8 + 14.0 years; p = 0.006).
Employment status differed between the cohorts (p < 0.001),
with most of the no anxiety cohort being employed (n = 288;
53.1%) whilst the majority of the anxiety cohort were unem-
ployed (n = 365; 51.3%). The most common indication for
treatment in both cohorts was chronic non-cancer pain
(n = 399; 73.5% and n = 512; 72.0%). For secondary and
tertiary treatment indications (if any), see Appendix A.

The median Charlson comorbidity index was 1.0 (IQR:0.0-
6.0) for both cohorts. There were no differences in comorbidity
incidence between the two cohorts besides depression/anxi-
ety (p < 0.001) and leukemia (p = 0.047) (Appendix B). For
demographics, occupations, and comorbidities according to
anxiety severity, see Appendix C and D.

Table 2 displays tobacco, alcohol, and cannabis consump-
tion for both cohorts. Tobacco status, specifically the propor-
tion of current smokers, differed between the no anxiety
(n = 122; 225%) and anxiety cohort (n = 233; 31.4%;
p < 0.001). Median alcohol consumption was higher in the
no anxiety cohort (1.0; IQR:0.0-6.0 vs 0.0; IQR:0.0-4.0 units,
respectively; p = 0.006). There was no difference between
the proportion of patients in each cohort who were cannabis
users at baseline, previous users, or cannabis naive (p = 0.450).
For analysis according to anxiety severity, see Appendix E.

Table 1. Baseline demographic details of study participants (n = 1254).

3.2. CBMP details

Table 3 displays CBMP details for both cohorts. Most participants in
the no anxiety (n =442; 85.5%) and anxiety (n = 568; 86.7%) cohort
were prescribed both CBD and THC. The most common adminis-
tration route for both cohorts was a combination of sublingual/oral
formulations and vaporized flower (n = 227; 44.4% and n = 330;
50.4%, respectively). There were no significant differences in the
median prescribed dose of CBD (p = 0.082) and THC (p = 0.591)
between either cohort. Across both cohorts, for those prescribed
both sublingual/oral formulations and vaporized flower: the med-
ian THC dose contribution from the sublingual/oral formulations
was 20.0 (IQR:10.0-20.0)mg/day and the median CBD dose con-
tribution was 20.0 (IQR: 20.0-20.0)mg/day, whilst the median THC
dose contribution from the vaporized flowers was 100.0
(IQR:100.0-200.0; 100.0-195.0)mg/day and the median CBD dose
contribution was 0.5 (IQR: 0.0-5.0)mg/day. The most common
CBMP therapies were Adven® 20 THC oil, Adven® 50 CBD oil,
Adven® EMT1 19% THC flower (Curaleaf International, Guernsey,
UK). For analysis according to anxiety severity, see Appendix F.

3.3. Patient-Reported Outcome Measures

1018 participants (no anxiety n = 444; anxiety n = 574) were
included in PROMs analysis, as 236 (18.8%) participants (no
anxiety n = 99; 18.2% and anxiety n = 137; 19.3%) did not
complete any follow-up PROMs.

Table 4 displays paired median baseline and follow-up (1,
3, and 6 months) scores for the BPI, SF-MPQ-2, VAS-PAIN,
EQ-5D-5L, GAD-7, SQS PROMs, and solely follow-up scores
for the PGIC for both cohorts. Significant improvements
from baseline were observed at 1, 3, and 6 months for all
PROMs in the anxiety cohort and most in the no anxiety
cohort (p < 0.050). Whilst the median GAD-7 scores for the
no anxiety cohort were the same at baseline, and 1, 3, and

n (%)/Mean (+ S.D)/Median (IQR)

No Anxiety Anxiety
Baseline Demographic Details (n = 543) (n=711) p-value
Gender 0.026* PH: ns
Female 230 (42.4%) 346 (48.7%)
Male 313 (57.6%) 365 (51.3%)
Age (years) 47.0 (x14.9) 44.8 (£14.0) 0.006**
Body Mass Index (kglmz) 27.3 (£7.1) 27.6 (£6.8) 0.502
Employment Status <0.001*** PH: Unemployed (p < 0.001***), Employed (p < 0.001**¥)
Employed 288 (53.1%) 288 (40.5%)
Unemployed 203 (37.4%) 365 (51.3%)
Undefined 52 (9.6%) 58 (8.2%)
Pain Etiology 0.669
Cancer Pain 5 (0.9%) 10 (1.4%)
Chronic Non-Cancer Pain 399 (73.5%) 512 (72.0%)
Complex Regional Pain Syndrome 3 (0.6%) 9 (1.3%)
Ehlers-Danlos Syndromes 35 (6.4%) 45 (6.3%)
Neuropathic Pain 101 (18.6%) 135 (19.0%)
Charlson Comorbidity Index 1.0 (0.0-6.0) 1.0 (0.0-6.0) 0.769

Abbreviations: IQR = Interquartile Range, n = Number of Participants, ns = Non-Significant, PH = Post-Hoc Analysis, S.D = standard deviation. Missing Data: Body Mass
Index data was missing in the no anxiety (n = 64) and anxiety cohort (n = 68). The employment status category ‘unemployed’ also includes those who were retired, and
the category ‘undefined’ includes students, minors, and those who had occupation data missing. Significant differences are denoted by asterixis (*p < 0.050,

*p < 0,010, ***p < 0.001).
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Table 2. Tobacco, alcohol, and cannabis consumption of study participants (n = 1254).
n (%)/Median (IQR)

No Anxiety Anxiety
Tobacco, Alcohol and Cannabis Consumption (n = 543) (n=711) p-value
Tobacco Status 0.001**
PH: Current Smokers (p < 0.001)
Current Smoker 122 (22.5%) 223 (31.4%)
Pack Years 12.0 (5.0-20.0) 12.0 (6.0-25.0) 0.521
Ex-Smoker 221 (40.7%) 275 (38.7%)
Pack Years 10.0 (4.0-17.0) 10.0 (5.0-20.0) 0.018*
Nonsmoker 200 (36.8%) 213 (30.0%)
Weekly Alcohol Consumption (units) 1.0 (0.0-6.0) 0.0 (0.0-4.0) 0.006**
Cannabis Status 0.450
Current User 278 (51.2%) 381 (53.6%)
Grams Consumed per Day Currently (g/day) 1.0 (0.6-2.0) 1.0 (0.7-2.0) 0.058
Lifetime Quantity of Cannabis Consumed (gram years) 7.0 (2.0-20.0) 10.0 (3.0-22.0) 0.140
Ex-user 71 (13.1%) 100 (14.1%)
Lifetime Quantity of Cannabis Consumed (gram years) 2.0 (1.0-10.0) 3.5 (1.0-10.0) 0.957
Never Used 194 (35.7%) 230 (32.3%)
Frequency of Cannabis Consumption for Current Users 0.930
e Every Day 233 (83.8%) 318 (83.5%)
e Every Other Day 22 (7.9%) 28 (7.3%)
e 1-2 Times per Week 13 (4.7%) 22 (5.8%)
e >0Once per Month 3 (1.1%) 4 (1.0%)
e per Month 4 (1.4%) 3 (0.8%)

Abbreviations: IQR = Interquartile Range, n = Number of Participants, ns = Non-Significant, PH = Post-Hoc Analysis. Missing Data: Pack year data was missing in the no
anxiety (n = 3) and anxiety cohort (n = 3). Alcohol Consumption data was missing in the no anxiety (n = 10) and anxiety (n = 7) cohort. Grams Consumed per Day
Currently data was missing in the no anxiety (n = 1) and anxiety cohort (n = 4). Lifetime quantity of cannabis consumed data was missing in the no anxiety (n = 1)
and anxiety (n = 4) cohort. Frequency of Cannabis Consumption data was missing in the no anxiety (n = 3) and anxiety (n = 5) cohort. Significant differences are
denoted by asterixis (*p < 0.050, **p < 0.010, ***p < 0.001).

Table 3. Details of cannabis-based medicinal product (CBMP) prescribed for study participants (n = 1166).

n (%)/Median (IQR)

No Anxiety Anxiety
CBMP Details (n=511) (n = 655) p-value
Cannabinoid Contents 0.981
Number of Participants Prescribed CBD Only 15 (2.9%) 19 (2.9%)
Number of Participants Prescribed THC Only 54 (10.6%) 68 (10.4%)
Number of Participants Prescribed both CBD and THC 442 (86.5%) 568 (86.7%)
Administration Route 0.117
Number of Participants using Sublingual/Oral Formulations Only 198 (38.7%) 221 (33.7%)
Number of Participants using Vaporized Flower Only 86 (16.8%) 104 (15.9%)
Number of Participants using both Sublingual/Oral Formulations and Vaporized Flower 227 (44.4%) 330 (50.4%)
Dosage
Median (IQR) CBD Dosage (mg/day) 20.0 (15.0-25.5) 20.0 (20.0-30.0) 0.082
Median (IQR) THC Dosage (mg/day) 110.0 (20.0-200.0) 110.0 (20.0-195.0) 0.591

Abbreviations: CBD = Cannabidiol, CBMP = Cannabis-Based Medicinal Product, IQR = Interquartile Range, n = Number of Participants, THC = N Tetrahydrocannabinol.
Missing Data: CBMP prescription data was missing in the no anxiety (n = 32) and anxiety (n = 56) cohorts. Significant differences are denoted by asterixis (*p < 0.050,
**p < 0.010, ***p < 0.001).

6 months (median = 1.0; IQR = 0.0-3.0; p < 0.050) there was mobility and self-care at 1 and 3 months (p > 0.050). The
a statistically significant change, indicating worsening anxi-  results across the pain-specific PROMs were inconsistent.
ety. There were no significant changes in the no anxiety
cohorts’ EQ-5D-5L anxiety/depression score at 3 and
6 months and self-care at 1 and 6 months (p > 0.050). For
analysis according to anxiety severity, see Appendix G.
Subsequently, Table 5 compares median PROM score
changes from baseline to each time point between the
cohorts. Patients with comorbid anxiety displayed greater
improvements in anxiety, sleep, and general HRQoL at all

time points as assessed by the GAD-7, SQS, EQ-5D-5L index
value, and EQ-5D-5 L domains (p < 0.050), except EQ-5D-5L versus moderate groups, and 5 (12.8%) between the no versus

3.3.1. Subgroup Analysis

When comparing median PROM score changes between the no
anxiety and three anxiety severities using post-hoc analysis, 39
statistically significant differences were observed, all favoring
greater PROM improvements in individuals with more severe
anxiety (p < 0.050). 23 (59.0%) of the differences occurred between
the no versus severe anxiety cohorts, 11 (28.2%) between the no
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Table 4. Paired baseline and follow-up patient-reported outcome measures of s

tudy participants at 1, 3, and 6 months (n = 1018).

No Anxiety Anxiety
Median (IQR) Median (IQR)
Follow Up Scores at Scores at Scores at Scores at
Patient Reported Outcome Measure (month) n Baseline Follow-Up p-value n Baseline Follow-Up p-value
Pain-Specific BPI Pain Interference 1 413 5.6 (3.9-7.3) 47 (29-6.4) <0.001*** 542 7.4 (6.0-8.7) 6.3 (4.6-7.7) <0.0071***
PROMs 3 292 5.4 (3.7-7.0) 3.9 (2.0-6.0) <0.001*** 343 7.4 (6.0-8.7) 6.0 (4.1-7.4)  <0.001***
6 197 5.1 (3.4-6.6) 43 (2.0-57) <0.001*** 186 7.2 (5.4-8.6) 53 (3.7-7.2)  <0.001***
BPI Pain Severity 1 413 5.3 (4.0-6.5) 5.0 (3.3-6.0) <0.001*** 542 6.3 (5.0-7.3) 5.5 (43-6.5) <0.001***
3 292 5.0 (3.8-6.3) 4.5 (2.8-5.8) <0.001*** 343 6.0 (5.0-7.0) 5.0 (3.8-6.3)  <0.001***
6 197 50 (3.5-63) 43(25-58) <0.001*** 186 5.9 (4.5-7.0) 5.0 (3.8-6.1)  <0.001***
SF-MPQ-2 1 403 3.5 (1.5-5.3) 23 (1.0-4.5) <0.001*** 525 5.5 (3.5-7.3) 43 (24-6.3)  <0.001***
Affective Pain 3 282 3.0 (1.3-5.0) 2.0 (0.7-4.0) <0.001*** 337 53 (3.3-7.0) 3.8 (1.8-5.8)  <0.001***
6 189 2.5 (1.0-4.8) 1.8 (0.3-3.6) <0.001*** 183 5.0 (3.3-6.8) 3.3 (1.5-5.0) <0.001***
SF-MPQ-2 1 403 4.7 (3.0-6.7) 3.8 (2.0-5.8) <0.001*** 525 6.0 (4.5-7.5) 5.2 (3.5-6.7)  <0.001***
Continuous Pain 3 282 4.7 (2.7-6.5) 3.7 (1.5-5.7)  <0.001*** 337 6.0 (4.5-7.4) 4.8 (3.0-6.3)  <0.001***
6 189 4.3 (2.3-5.9) 2.7 (1.3-5.3)  <0.001*** 183 6.0 (4.2-7.2) 45 (2.7-6.3)  <0.007***
SF-MPQ-2 1 403 3.7 (1.7-5.8) 3.2 (1.3-5.0) <0.001*** 525 5.2 (3.3-7.0) 43 (2.2-6.0) <0.0071***
Intermittent Pain 3 282 3.5(1.5-5.7) 2.5 (0.8-4.8) <0.001*** 337 5.2 (3.3-6.8) 3.8 (1.8-5.9)  <0.001***
6 189 3.3 (1.3-5.2) 2.2 (0.7-4.7)  <0.001*** 183 5.2 (3.0-6.7) 3.5 (1.7-5.7)  <0.001***
SF-MPQ-2 1 403 2.5 (1.0-4.2) 2.0 (0.7-4.0)  <0.001*** 525 3.7 (2.0-5.5) 3.0 (1.5-4.8)  <0.001***
Neuropathic Pain 3 282 23 (0.8-4.2) 1.7 (0.5-3.7)  <0.001*** 337 3.7 (2.0-5.3) 2.8 (1.1-4.7)  <0.001***
6 189 2.3 (0.8-3.8) 1.5(0.3-3.3)  <0.007*** 183 3.5 (1.8-5.2) 2.7 (1.0-4.2)  <0.001***
SF-MPQ-2 1 403 3.7 (2.0-5.3) 3.0 (1.5-46) <0.001*** 525 5.1 (3.6-6.4) 4.1 (2.7-5.7)  <0.0071***
Overall Pain Score 3 282 3.5(1.9-5.0) 2.5 (1.1-4.5)  <0.001*** 337 50 (3.6-6.3) 3.7 (23-5.3)  <0.001***
6 189 3.3 (1.7-4.7) 2.0 (0.8-43) <0.001*** 183 4.9 (3.5-6.3) 3.5 (2.0-49) <0.001***
VAS-Pain 1 409 7.0 (5.0-8.0) 6.0 (4.0-7.0) <0.001*** 530 8.0 (6.0-8.0) 7.0 (5.0-8.0) <0.001***
3 286 7.0 (5.0-8.0) 5.0 (3.0-7.0) <0.001*** 340 7.0 (6.0-8.0) 6.0 (4.0-8.0) <0.001***
6 191 7.0 (5.0-8.0) 5.0 (3.0-7.0) <0.001*** 184 7.0 (6.0-8.0) 6.0 (4.0-7.0) <0.001***
HRQoL-Related EQ-5D-5L Pain 1 433 3.0 (3.0-4.0) 3.0 (2.0-40) <0.001*** 564 4.0 (3.0-5.0) 3.0 3.0-4.0) <0.001***
PROMs and Discomfort 3 303 3.0 (3.0-4.0 3.0 (2.0-3.0) <0.001*** 358 4.0 (3.0-4.0) 3.0 (2.0-4.0) <0.001***
6 208 3.0 (3.0-4.0) 3.0 2.0-3.0) <0.001*** 201 4.0 (3.0-4.0) 3.0 (2.0-4.0) <0.001***
EQ-5D-5L 1 433 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.007** 564 3.0 (2.0-4.0) 2.0 (2.0-3.0) <0.001***
Anxiety and 3 303 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.415 358 3.0 (2.0-4.0) 2.0 (2.0-3.00 <0.001***
Depression 6 208 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.120 201 3.0 (2.0-3.0) 2.0 (2.0-3.0) <0.001***
EQ-5D-5L 1 433 3.0 (2.0-4.0) 2.0 (1.0-3.0) <0.001*** 564 3.0 (2.0-4.0) 3.0 (2.0-4.0) <0.001***
Mobility 3 303 3.0 (2.0-3.0) 2.0 (1.0-3.00 <0.001*** 358 3.0 (2.0-4.0) 3.0 (2.0-4.0) <0.001***
6 208 3.0 (2.0-3.0) 2.0 (1.0-3.0) 0.002** 201 3.0 (2.0-4.0) 3.0 2.0-3.0) <0.007***
EQ-5D-5L Self 1 433 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.140 564 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.001**
Care 3 303 2.0 (1.0-3.0) 1.0 (1.0-2.0) 0.012* 358 2.0 (1.0-3.0) 2.0 (1.0-3.0) <0.001***
6 208 2.0 (1.0-3.0) 2.0 (1.0-2.8) 0.527 201 2.0 (1.0-3.0) 2.0 (1.0-3.0)  <0.001***
EQ-5D-5L 1 433 3.0 (2.0-4.0) 2.0 (2.0-3.00 <0.001*** 564 3.0 (3.0-4.0) 3.0 (2.0-3.00 <0.007***
Usual Activities 3 303 3.0 (2.0-3.0) 2.0 (1.0-3.00 <0.001*** 358 3.0 (3.0-4.0) 3.0 (2.0-4.0) <0.001***
6 208 2.0 (2.0-3.0) 2.0 (2.0-3.0) 0.002** 201 3.0 (2.0-4.0) 2.0 (2.0-3.00 <0.001***
EQ-5D-5L Index Value 1 433 0.5 (0.3-0.7) 0.6 (0.4-0.7) <0.001*** 564 0.3 (0.0-0.5) 0.5 (0.3-0.6)  <0.001***
3 303 0.6 (0.3-0.7) 0.6 (0.5-0.8) <0.001*** 358 0.3 (0.0-0.5) 0.5 (0.3-0.64 <0.0071***
6 208 0.6 (0.3-0.7) 0.6 (0.5-0.8) <0.001*** 201 0.3 (0.1-0.5) 0.6 (0.3-0.6)  <0.001***
GAD-7 1 438 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.031* 569  10.0 (7.0- 6.0 (4.0-10.0) <0.001***
14.0)
3 304 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.018* 363  10.0 (7.0- 6.0 3.0-9.0) <0.001***
14.0)

6 210 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.041* 204 9.0 (7.0-14.0) 6.0 (4.0-8.8) <0.001***
SQS 1 424 5.0 (3.0-7.0) 6.0 (5.0-8.0) <0.001*** 553 3.0 (2.0-5.0) 5.0 (3.0-7.0)  <0.001***
3 297 5.0 (3.0-7.0) 7.0 (5.0-8.0) <0.001*** 348 3.0 (2.0-5.0) 5.0 (3.0-7.0) <0.001***
6 204 6.0 (4.0-8.0) 7.0 (5.0-8.0) <0.001*** 194 3.0 (2.0-6.0) 5.0 (3.0-7.0) <0.001***

PGIC 1 419 n/a 6.0 (5.0-6.0) n/a 540 n/a 5.0 (4.0-6.0) n/a

3 294 n/a 6.0 (5.0-6.0) n/a 344 n/a 6.0 (5.0-6.0) n/a

6 206 n/a 6.0 (5.0-7.0) n/a 199 n/a 6.0 (5.0-6.0) n/a

Abbreviations: BPI = Brief Pain Inventory Short Form, GAD-7 = Generalized Anxiety Disorder-7, HRQoL-Health-Related Quality of Life, IQR = interquartile range,
n = Number of Participants, PGIC = Patient Global Impression of Change Score, PROM = Patient-Reported Outcome Measure, SF-MPQ-2 = Short-Form McGill Pain
Questionnaire-2, n/a = Not Applicable, SQS = Sleep Quality Scale, VAS = Visual Analogue Scale. Missing Data: Participants in the no anxiety (n = 99) and anxiety

(n = 137) cohort did complete any follow-up PROMS. Significant differences are
asterixis (*p < 0.050, **p < 0.010, ***p < 0.001).

mild anxiety cohort. Inter-anxiety severity differences were also
observed (Appendix H).

3.4. Opioid Medications

Figure 1 displays daily OMEs for patients concomitantly prescribed
opioids at baseline and final follow-up for both cohorts. The no
anxiety cohort OME decreased from 24.0 (IQR:10.0-52.5) mg/day

denoted by

to 20.0 (IQR:6.9-40.0) mg/day (p < 0.001). The median anxiety
cohort OME remained there same, however was a statistically
significant reduction in OMEs across the cohort, as reflected in
a lower IQR [baseline: 24.0 (IQR:12.0-40.0) mg/day; final follow-up
: 24.0(IQR:10.0-40.0) mg/day; p = 0.007]. However, the median
change in OME for both cohorts was 0.0 (IQR:0.0-0.0) mg/day
(p = 0.090). For analysis according to anxiety severity, see
Appendix |.



Table 5. Median change in patient-reported outcome measures from baseline and follow-up of study participants (n = 1018).
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Patient Reported Follow- No Anxiety Anxiety p-value
Out M
e e R 2 Up n Change Between n Change Between
(month) Baseline to Follow-up Baseline to Follow-up
Median (IQR) Median (IQR)
BPI Pain 1 413 -0.7 (-2.0-0.4) 542 -1.0 (-2.2-0.1) 0.015*
Interference 3 292 -0.9 (-2.4-0.1) 343 -1.3 (-2.7--0.1) 0.061
6 197 -0.7 (-2.0-0.6) 186 -1.3 (-2.6-0.0) 0.010*
BPI Pain 1 413 -0.5(-1.5-0.3) 542 -0.5 (-1.5-0.3) 0.176
Severity 3 292 -0.5 (-1.5-0.3) 343 -0.8 (-2.0-0.0) 0.033*
6 197 -0.5 (-2.0-0.3) 186 -0.8 (-1.8-0.0) 0.455
SF-MPQ-2 1 403 -0.5(-1.8-0.3) 525 -0.8 (-2.3-0.3) 0.055
Affective Pain 3 282 -0.5 (-1.5-0.3) 337 -1.0 (-2.6-0.3) <0.001***
6 189 -0.3 (-2.0-0.5) 183 -1.3 (-3.0--0.3) <0.001***
SF-MPQ-2 1 403 -0.8 (-1.7-0.3) 525 -0.7 (-1.8-0.3) 0.845
§ Con;in_uous 3 282 -0.8 (-1.8-0.2) 337 -0.8 (-2.3-0.2) 0.255
ain
8 6 189 -0.8 (-2.3-0.3) 183 -1.2 (-2.3--0.3) 0.046*
8 SF-MPQ-2 1 403 -0.5 (-1.7-0.5) 525 -0.7 (-2.0-0.3) 0.029*
= Intell;m_ittent 3 282 0.7 (-1.9-0.2) 337 -0.8 (-2.3-0.2) 0.299
P ain
8 6 189 -0.7 (-1.8-0.3) 183 -1.0 (-2.5-0.0) 0.029*
D"’._ SF-MPQ-2 1 403 -0.3 (-1.0-0.3) 525 -0.3 (-1.3-0.3) 0.210
Z | Neuropathic 3 282 -0.3 (-1.2-0.2) 337 -0.5 (-1.5-0.2) 0.293
E Pain 6 189 -0.3 (-1.3-0.2) 183 -0.7 (-1.8-0.2) 0.068
SF-MPQ-2 1 403 -0.5 (-1.3-0.2) 525 -0.7 (-1.6-0.2) 0.060
Overall Pain 3 282 -0.6 (-1.4-0.0) 337 -0.9 (-2.0-0.1) 0.041*
Score
6 189 -0.7 (-1.6-0.2) 183 -1.2 (-2.3--0.3) 0.001**
VAS-Pain 1 409 -1.0 (-2.0-0.0) 530 -1.0 (-2.0-0.0) 0.923
3 286 -1.0 (-2.0-0.0) 340 -1.0 (-2.0-0.0) 0.741
6 191 -1.0 (-2.0-0.0) 184 -1.0 (-3.0-0.0) 0.067
EQ-5D-5L Pain 1 433 0.0 (-1.0-0.0) 564 -1.0 (-1.0-0.0) <0.001***
and Discomfort 3 303 0.0 (-1.0-0.0) 358 -1.0 (-1.0-0.0) 0.003**
6 208 0.0 (-1.0-0.0) 201 -1.0 (-1.0-0.0) 0.008**
EQ-5D-5L 1 433 0.0 (0.0-0.0) 564 0.0 (-1.0-0.0) <0.001***
Anxiety and 3 303 0.0 (0.0-0.0) 358 0.0 (-1.0-0.0) <0.001***
Depression
6 208 0.0 (0.0-0.0) 201 0.0 (-1.0-0.0) <0.001***
EQ-5D-5L 1 433 0.0 (-1.0-0.0) 564 0.0 (-1.0-0.0) 0.056
Mobility 3 303 0.0 (-1.0-0.0) 358 0.0 (-1.0-0.0) 0.336
6 208 0.0 (-1.0-0.0) 201 0.0 (-1.0-0.0) 0.048*

(Continued)
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Table 5. (Continued).

EQ-5D-5L Self- 1 433 0.0 (0.0-0.0) 564 0.0 (0.0-0.0) 0.209
Care 3 303 0.0 (0.0-0.0) 358 0.0 (-1.0-0.0) 0.307
2 6 208 0.0 (0.0-0.0) 201 0.0 (-1.0-0.0) 0.027*
8 EQ-5D-5L 1 433 0.0 (-1.0-0.0) 564 0.0 (-1.0-0.0) 0.004**
o Usual 3 303 0.0 (-1.0-0.0) 358 0.0 (-1.0-0.0) 0.034*
§e} Activities
2 6 208 0.0 (-1.0-0.0) 201 -1.0 (-1.0-0.0) B
TJ *kk
ﬁ emneL 1 433 0.0 (0.0-0.2) 564 0.2 (0.0-0.3) <0.001
S Index Value 3 303 0.0 (0.0-0.2) 358 0.2 (0.0-0.3) <0.001***
= 6 208 0.0 (0.0-0.2) 201 0.1 (0.0-0.4) <0.001***
. 1 438 0.0 (-1.0-1.0) 569 -3.0 (-6.0-0.0) <0.001***
3 304 0.0 (-1.0-1.0) 363 -4.0 (-7.0--1.0) B
6 210 0.0 (-1.0-1.0) 204 -3.0 (-7.0--0.3) <0.001***
sas 1 424 1.0 (-1.0-3.0) 553 1.0 (0.0-3.0) 0.002**
3 297 1.0 (0.0-3.0) 348 1.0 (0.0-3.0) 0.023*
6 204 0.0 (-1.0-2.0) 194 1.0 (0.0-3.0) 0.002**

Abbreviations: BPI = Brief Pain Inventory Short Form, GAD-7 = Generalized Anxiety Disorder-7, HRQoL-Health-Related Quality of Life, IQR = interquartile range, n = Number
of Participants, PGIC = Patient Global Impression of Change Score, PROM = Patient-Reported Outcome Measure, SF-MPQ-2 = Short-Form McGill Pain Questionnaire-2, n/
a = Not Applicable, SQS = Sleep Quality Scale, VAS = Visual Analogue Scale. Missing Data: Participants in the no anxiety (n = 99) and anxiety (n = 137) cohort did
complete any follow-up PROMS. Significant differences are denoted by asterixis (*p < 0.050, **p < 0.010, ***p < 0.001). For ease of interpretation, a color key is used for
the 3 outcomes observed: [T] a statistically significantly greater improvement in the anxiety cohort, [T a statistically insignificantly greater improvement in the anxiety
cohort or [] a statistically insignificantly greater improvement in the no anxiety cohort was observed.
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Figure 1. Paired oral morphine equivalent (OME) doses (mg/day) at baseline and
the end of follow-up for study participants (n = 527). An axis break was
introduced between the 75th percentile and the maximum values (between
60.0-4000.0 mg/day) to enable optimal visualization of the box plot. Missing
data: Opioid prescription dose was unavailable in the no anxiety cohort (n = 53)
and the anxiety cohort (n = 71) due to incomplete data inputting or the ‘pro re
nata’ (PRN) nature of the prescription. Significant differences are denoted by
asterixis (*p < 0.050, **p < 0.010, ***p < 0.001).

3.5. Adverse Events

91 (16.8%) participants in the no anxiety and 138 (19.4%)
participants in the anxiety cohort experienced at least 1 AE
(p = 0.229). The most common AEs in the no anxiety
cohort were fatigue (n = 78; 14.4%) and somnolence
(n = 61; 11.4%) opposed to fatigue (n = 117; 16.5%) and
dry mouth (n = 104; 14.6%) in the anxiety cohort. For
specific AEs reported, according to anxiety severity, see
Appendix J.

Figure 2 displays the frequency of AEs in both cohorts,
separated into AE severity, throughout the study. Total AEs
experienced was higher in the anxiety (n = 1473, 207.2%)
cohort compared to the anxiety (n = 879; 161.9%) cohort.

3.6. Univariate and multivariate analysis

The univariate analysis for variables analyzed for their effect
on BPI pain interference found no significance, but the multi-
variate analysis found those with anxiety (OR = 2.016, 95%
Cl = 1.203-3.379; p = 0.008) to have an increased odds of
observing an improvement. The univariate and multivariate
analysis for BPI pain severity found BMI <20 (OR = 0.362;
95%Cl = 0.154-0.849; p = 0.020 and OR = 0.298; 95%
Cl = 0.115-0.775; p = 0.013 respectively) to reduce the like-
lihood of improvement.
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Figure 2. Adverse event frequency separated into severity for study participants
(n = 1254) from baseline to 6 months. The total number of all adverse events is
also displayed.

The univariate analysis for variables analyzed for their effect
on AE likelihood found female gender (OR = 2.325; 95%
Cl = 1.731-3.125; p < 0.001) was associated with increased
AE likelihood. Current cannabis consumption at baseline
(OR = 0.376; 95%CI = 0.274-0.516; p < 0.001), vaporized flower
only administration of CBMPs (OR = 0.556; 95%CI = 0.346-
0.892; p = 0.015) and both sublingual/oral and vaporized
flower administration of CBMPs (OR = 0.694; 95%Cl = 0.503-
0.956; p = 0.026) were associated with reduced AE likelihood.
On multivariate analysis female gender (OR = 2.075; 95%
Cl = 1.455-2.960; p < 0.001) was associated with increased
AE likelihood whilst current cannabis consumption at baseline
(OR = 0.406; 95%CI = 0.261-0.631; p < 0.001) was associated
with decreased AE odds.

For full analyses, see Appendix K-P.

4. Discussion
4.1. Summary

This UKMCR cohort study of CP patients with and without
anxiety demonstrated improvements in all pain-specific
PROMs in both cohorts and HRQoL PROMs in the anxiety
cohort and most in the no anxiety cohort at 1, 3, and 6 months.
The anxiety cohort achieved greater improvements in anxiety,
sleep, and HRQoL at 1, 3, and 6 months compared to the no
anxiety cohort.

However, the results across all pain-specific PROMs were
inconsistent, as although the anxiety cohort generally
achieved greater pain reductions, these were not always sta-
tistically significant. Both cohorts achieved significant reduc-
tions in opioid consumption, but no difference was observed
in the magnitude of reduction between cohorts. There was no
difference in the proportion of patients in each cohort experi-
encing an AE.
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4.2. Patient-reported outcome measures

Initiation of CBMPs was associated with reductions in pain-
specific PROMs at all timepoints in both cohorts. This is corro-
borated by two prospective open-label observational studies
by Safakish et al [21]. and Haroutounian et al [22]., in which BPI
pain severity and interference were reduced following
6-months of CBMPs. However, the reductions were generally
greater in both studies than the present analyses. Possible
explanations include the lower CBMP dosages used and larger
sample size in this study, as well as differences in baseline
demographics and pain parameters [21,22]. Conversely,
Campbell et al [30]. concluded that no relationship existed
between initiating treatment with cannabis and pain severity
or interference. Importantly, illicit cannabis was utilized, thus
cannabinoid and non-cannabinoid compound contents and
dosing were unpredictable between patients and for each
patient. Moreover, illicit cannabis can contain contaminants
that can be deleterious to health [94-96], potentially contri-
buting to the lack of observed improvements [21,30]. This
contrasts the GMP manufactured CBMP prescriptions used in
this study, in which consistency was ensured [75].

When comparing both cohorts, the anxiety cohort mostly
achieved greater reductions in pain-specific PROMs, but statis-
tical significance was not always reached. Additionally, multi-
variate analysis of BPI pain interference revealed anxiety to
increase the odds of improvement independently of other
considered variables. Together this indicates CP patients with
co-morbid anxiety may achieve better pain-specific outcomes,
but the magnitude and reliability of this finding is uncertain.
Potential reasons for the anxiety cohort achieving greater
overall pain improvements include concomitant improve-
ments in central sensitization [47] and pain catastrophizing
[53], which are more prevalent in those with anxiety cohorts
[42-46,49,53-55,57-59].

There were associated reductions in anxiety, as assessed by
the GAD-7, in the anxiety cohort. However, anxiety marginally
increased in the no anxiety cohort. The reduction in anxiety in
the anxiety cohort is consistent with the clinical studies also
showing reductions in anxiety following CBMP treatment,
however these limited studies focused on only social anxiety
and used different PROMs compared to this study, so direct
comparison is difficult [35,37]. Moreover, it may be expected
for anxiety to have decreased for over 50% of the participants
who were illicit cannabis users through accessing legal CBMP
treatment, due to a reduction in the potential stress and
stigma analogous with illicit drug use [21,97,98].

Potential explanations for the unexpected anxiety increase
in the no anxiety cohort may include how participants were
divided into their respective cohorts. This was based solely on
baseline GAD-7 scores, which only considers anxiety status
over the last two weeks [69,70], as opposed to a clinical
diagnosis which requires anxiety symptoms to be present for
at least six months [99]. Hence, it cannot be certain the anxiety
cohort represented those with trait anxiety (a more stable
personality feature) and not state anxiety (a transient reaction
to adverse life events) only, or that the no anxiety cohort did
not contain participants with trait anxiety whose anxiety level
was low at the time of baseline GAD-7 collection [100].
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Moreover, those with and without anxiety at baseline would
have been subject to scale attenuation effects due to con-
straints of the range of GAD-7 scores. Furthermore, despite the
median dosages of CBD and THC being identical for both
cohorts, the THC IQR was higher, and CBD IQR was lower in
the no anxiety cohort, so it is possible the anxiogenic effects
of THC were increased whilst the protective and anxiolytic
effects CBD were decreased [16,101-103]. Furthermore, the
median GAD-7 value and IQR remained unchanged at each
follow-up, so the clinical relevance of this likely to be small, if
not negligible. Importantly, it must be acknowledged that only
four adverse events of ‘anxiety’ were recorded in the no
anxiety cohort (n = 543), of which two were mild, one mod-
erate, and one severe in severity. Nevertheless, further robust
research is required.

The HRQolL-related PROM improvements in the anxiety
cohort were consistently greater than the no anxiety cohort,
with the exception of the EQ-5D-5L mobility and self-care
scores and the pain-specific PROMs, which yielded less con-
clusive results. Therefore, it is possible that CBMPs predomi-
nantly improved HRQoL through associated changes in
psychological domains rather than direct anti-nociceptive
effects. Hence implying the anxiety cohorts’ greater improve-
ments are more related to CBMPs’ psychoactive properties as
opposed to functional improvements [74]. Interestingly, a pre-
clinical study found that THC may not significantly impact the
sensory aspect of pain but instead the affective perception of
pain [48]. Furthermore, the PROMs subgroup analysis accord-
ing to anxiety severity revealed individuals with more severe
anxiety have larger associated PROM improvements compared
to the no anxiety cohort. This is corroborated by
a retrospective study that only observed improvements in
those with moderate-to-severe pain or anxiety symptoms,
potentially due to the larger margin for symptom improve-
ment [104].

4.3. Adverse events and opioid consumption

Opioid consumption reduced for both cohorts, consistent with
existing literature [21,22,105-108], but the reductions were
not clinically significant [109]. There was no difference
between the proportion of patients in each cohort experien-
cing an adverse event in the no anxiety (16.8%) and anxiety
(19.4%) cohorts, and in both cohorts over 80% of AEs were
mild or moderate in severity. Similarly, the COMPASS study
found 13.0% of participants prescribed CBMPs experienced an
AE, and most were also mild or moderate [19]. The larger
proportion observed in this study’s anxiety cohort could be
due to increased health anxiety, linked to generalized anxiety
[110,111], and hence greater AE perception and self-reporting
[112]. Univariate and multivariate analysis of AE likelihood
revealed that cannabis use at baseline was associated with
reduced AE likelihood, supporting existing studies that sug-
gest tolerance to cannabinoids develops with long-term use,
an important consideration when starting therapy [113].

4.4. Limitations and the future

The inherent limitation of this study is the inability to deter-
mine causality due to its observational design [114]; thus, it
cannot be certain that observed improvements or AEs were
due to CBMPs and not another confounding factor. To combat
this, multivariate analyses were conducted; albeit not all fac-
tors were accounted for, including concomitant non-opioid
analgesia or non-pharmacological therapy use. Furthermore,
there was no placebo control, thus the true magnitude of
CBMPs' effects cannot be ascertained due to potential placebo
effect. The open-label design further compounds this as
unblinded self-reporting participants often exaggerate per-
ceived benefits [115].

There were various sources of bias, including selection bias,
as all patients were from the same private clinic, limiting
inclusion to those who can afford treatment. To gain insight
into participants’ socioeconomic status, occupation status data
was collected, which revealed high unemployment (37.4% and
51.3%), suggesting a bias toward the wealthy was not definite.
Although a more comprehensive index of present socio-
economic status would better evaluate this. Over 50% of
participants were current cannabis users prior to enrollment
in the UKMCR who may be more likely to report positive
outcomes due to expectancy of effect. Moreover, there is an
additional selection bias as these individuals are more likely to
have experienced improvements in their symptoms whilst
consuming cannabis purchased illicitly in the past, whilst
those who have consumed cannabis previously and found it
to have no effect on their symptoms would be less likely to
explore treatment with CBMPs. Conversely, participants with
previous illicit consumption may have developed tolerance to
the effects of CBD and THC [116], reducing the magnitude of
changes in HRQoL experienced when initiating CBMPs. PROMs
are subject to recall bias, further affecting the applicability of
the results. In comparison, clinician outcome measures pro-
vide more objective measurement of disease [117]. PROMs, do,
however, benefit from being blinded to clinicians, therefore
reducing any additional expectancy bias. Moreover, as they
are less resource intensive to collect, they may have resulted
in improved follow up, compared to a comparative dataset
where PROMs were substituted for clinician assessment [118].
Considerable loss to follow-up, however, was observed, and
the reasons for this were not collected, so attrition bias may
have played a role, and it cannot be certain that the ongoing
improvements at up to 6 months was due to CBMPs and not
the reduction in sample size.

Future studies could stratify outcomes based on chronic
pain etiology and severity, anxiety disorder type and cannabis
formulation and administration route. Despite the present
study being longer than most CBMP studies, longer studies
are still required to evaluate longer term outcomes and safety.
Additional pre-clinical studies are necessary to reveal the exact
underlying mechanism behind the greater improvements
observed in CP patients with co-morbid anxiety. However,
standardized high-quality randomized control trials are ulti-
mately required [119].



5. Conclusion

A potential association between initiation of CBMPs and
improvements in pain and HRQoL, as well as reductions in
opioid consumption and an acceptable AE profile in both
cohorts was found, complimenting previous UKMCR studies.
Moreover, CP patients with co-morbid anxiety may achieve
better HRQoL outcomes and potentially pain outcomes due
to CBMPs' peripheral and central effects.

Due to the pertinent limitations of this study, namely its
observational nature, its results should be interpreted with cau-
tion. More research is ultimately required to determine that the
changes observed were not secondary to confounding factors
beyond the control of the study design. As this is the first study
assessing the effects of CBMPs in patients with co-morbid anxi-
ety, hopefully it will act to guide further assessment within RCTs.
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