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ABSTRACT ARTICLE HISTORY
Osteoarthritis accounts for 0.6% of disability-adjusted life years globally. There is a paucity of Received 12 February 2024
research focused on cannabis-based medicinal products (CBMPs) for osteoarthritic chronic Accepted 30 March 2024
pain management. This study aims to assess changes in validated patient-reported outcome KEYWORDS

measures (PROMs) and CBMP clinical safety in patients with osteoarthritis. A prospective case Arthritis; cannabidiol; chronic
series from the UK Medical Cannabis Registry was analyzed. Primary outcomes were changes pain; medical cannabis;

in the Brief Pain Inventory (BPI), McGill Pain Questionnaire (MPQ2), EQ-5D-5L, Generalized tetrahydrocannabinol
Anxiety Disorder-7 (GAD-7) questionnaire, and Single-ltem Sleep Quality Scale (SQS) at 1-, 3-,

6-, and 12-month follow-ups from baseline. Common Terminology Criteria for Adverse Events

v.4.0 was used for adverse event (AE) analysis. Statistical significance was defined as p <0.050.

Seventy-seven patients met inclusion criteria. CBMP initiation correlated with BPI pain severity

(p=0.004), pain interference (p=0.005), and MPQ2 (p=0.017) improvements at all follow-ups

compared to baseline. There were improvements in the EQ-5D-5L index (p=0.026), SQS

(p<0.001), and GAD-7 (p=0.038) up to 6 and 3months, respectively. Seventeen participants

(22.08%) recorded 76 mild AEs (34.86%), 104 moderate AEs (47.71%), and 38 severe AEs

(17.43%). Though causality cannot be assumed in this observational study, results support

development of randomized control trials for osteoarthritis pain management with CBMPs.

Introduction cognitive function (8, 9). This has a wider eco-
nomic impact, with a microsimulation model
suggesting that 61,000 productive life years will
be lost in 2030 for people aged 45 to 64 owing
to arthritis (10).

Osteoarthritis pain management requires a

Osteoarthritis is characterized by localized loss of
cartilage, inflammation, and bone remodeling (1)
and poses a significant global burden (2). It has
gained priority status from the World Health
Organization (3), accounting for 0.6% of
disability-adjusted life years and 2.2% of global multidisciplinary,  biopsychosocial — approach.
years lived with disability (4, 5). Between 1990  Nonsteroidal anti-inflammatory drugs (NSAIDs)
and 2010, the prevalence of osteoarthritis and opioids are most commonly prescribed for
increased by 64%, and with the aging global pop-  osteoarthritis pain management (11, 12). However,
ulation, the prevalence is set to rise (6, 7). the use of NSAIDs and opioids may be contrain-

Osteoarthritis-associated chronic pain can be  dicated in certain patients with comorbidities or
disabling, affecting a patient’s quality of life  result in unwanted side effects (13). NSAIDs are
through reduced sleep quality, mood disturbance,  associated with increased risk of gastrointestinal
interference with social relations, and diminished  bleeding, myocardial infarction, and stroke (14).
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Opioids have a high side effect profile with par-
ticular concern for dependence (15). Furthermore,
depending on arthritis severity, elective surgery
may be required for affected joints (16). In the
UK, joint replacement waiting lists can exceed 52
weeks (17); hence, a need remains for better
therapeutic options for chronic pain because
many are not appropriate for long-term use or
lack evidence for their effectiveness (18).
Therefore, patients with chronic pain secondary
to osteoarthritis require a safe and effective form
of analgesia (19).

The endocannabinoid system (ECS) is a rela-
tively novel physiological mechanism that has
been implicated in the control of inflammatory
and nociceptive signaling. It is now increasingly
being investigated for the development of thera-
peutics for chronic pain (20).

The major components of this system are can-
nabinoid receptor type 1 (CB1) and cannabinoid
receptor type 2 (CB2R), as well as their endoge-
nous  ligands, = N-arachidonoyl-ethanolamine
(AEA) and 2-arachindonoylglycerol (2-AG) (21).
Both receptors are G protein—coupled transmem-
brane domain receptors (22). CBI1R is mainly
present on the presynaptic terminals of glutama-
tergic and y-aminobutyric acidergic neurons (23,
24) and on peripheral sympathetic nerves (25).
CB2R is predominantly expressed in immune sys-
tem cells (26-29). Both CB1R and CB2R are
expressed on chondrocytes, osteocytes, osteo-
blasts, and osteoclasts (30). AEA and 2-AG act as
retrograde messengers that are rapidly inactivated
by reuptake mechanisms (22, 31). AEA is hydro-
lyzed by fatty acid amide hydrolase (FAAH) and
2-AG is hydrolyzed by both FAAH and mono-acyl
hydrolases (22, 32). There is growing evidence
that cannabinoids interact with other receptors
implicated in pain transmission and interpreta-
tion such as transient receptor potential vanilloid
subtype 1 (TRPV1) channels and serotonin recep-
tors (22).

Research has implicated ECS dysregulation in
the pathophysiology of osteoarthritis joint pain.
Patients with osteoarthritis demonstrated higher
plasma levels of 2-AG compared to healthy sub-
jects (33). Additionally, AEA and 2-AG have been
detected in the joint synovial fluid of patients
with osteoarthritis (34, 35). These findings

suggest the potential of ECS modulation to alle-
viate pain symptoms due to osteoarthritis.

Cannabis-based medicinal products (CBMPs),
derived from the cannabis plant, have received
growing interest as a therapeutic option for many
conditions (36) owing to their ability to modulate
the ECS. The two most abundant phytocannabi-
noids are A9-tetrahydrocannabinol (THC) and
cannabidiol (CBD) (37). THC is a partial agonist
of CB1R and CB2R (38). CBD inhibits fatty acid
binding proteins and FAAH (39, 40), thereby
inhibiting the degradation of AEA. CBD is also a
negative allosteric modulator of CBIR (41).
Recent pharmacological studies revealed that
nonselective CB1R and CB2R agonists induced
antinociceptive effects (42), whereas the acute
blockade of CB1R or CB2R antagonism produced
pronociceptive effects (43). Casey et al. demon-
strated that a THC:CBD combination alleviated
allodynia in a mouse model of neuropathic pain
(44). In a monoiodoacetate-induced model of
osteoarthritis, the local administration of a CB1R
agonist into the knee joint reduced the hypersen-
sitivity of nociceptors through CBIR and TRPV1
channels (45). In a similar model, Philpott et al.
revealed that prophylactic CBD treatment reduced
later development of pain and nerve damage (46).

A recent meta-analysis by Wang et al. indi-
cated with moderate to high certainty evidence
that noninhaled CBMP treatment was associated
with increased likelihood of reduction in pain
severity and sleep improvement (47). A prospec-
tive, open-label study in patients with chronic
pain administered CBMPs revealed significant
improvements in pain symptoms, severity, and
interference scores (48). Furthermore, an explor-
atory cross-sectional study by Frane et al. reported
a 44% improvement in arthritic pain after CBD
use (49), corroborated by another prospective,
observational study in Australia where patients
with arthritis reported reduced pain intensity
scores (50).

There is growing clinical evidence for the
effects of CBMPs for chronic pain; however, most
clinical analyses have a small sample size and
subject to significant bias. Despite promising pre-
clinical evidence for osteoarthritis, there is a pau-
city of supporting high-quality clinical studies
(47). Specific osteoarthritis-focused data for



CBMP use remain scarce because it is often ana-
lyzed in a heterogeneous population of individu-
als with chronic pain. This study aimed to
perform an analysis of outcomes for patients with
osteoarthritis who were prescribed CBMPs and
enrolled in the UK Medical Cannabis Registry
(UKMCR). The UKMCR prospectively collects
data with respect to clinical efficacy and safety. It
is the largest registry of its kind in Europe. This
study primarily aimed to evaluate pain-specific
and general health-related quality of life (HRQoL)
changes in patients with osteoarthritis using
patient-reported outcome measures (PROMs).
The secondary aim was to assess the incidence of
adverse events to characterize the safety profile of
CBMPs in this patient population.

Methods
Study design and participants

The UKMCR, managed by Curaleaf Clinic, began
enrollment in December 2019. It is the first pro-
spective registry collecting longitudinal pseudony-
mised data from patients prescribed CBMPs in
the UK and Channel Islands.

This study investigated the effects of prescribed
CBMPs in patients with chronic pain caused by
osteoarthritis who visited Curaleat Clinic.
Individuals aged >18 with a primary indication
for osteoarthritis-related chronic pain were eligi-
ble for inclusion in this formal, sequential clinical
case series. CBMPs were prescribed by a special-
ist after approval by a multidisciplinary commit-
tee according to standards specified by the
Medicines and Healthcare Products Regulatory
Agency (51). CBMPs prescribed complied with
good manufacturing practice standards. Patients
who had not completed baseline PROMs assess-
ment and were not enrolled on the UKMCR for
a minimum of 12 months were excluded. Data
were extracted on January 9, 2022. This study
followed STROBE reporting guidelines (52).
Ethics approval was provided by the Central
Bristol Ethics Committee (22/SW/0145). All par-
ticipants were enrolled consecutively and pro-
vided written informed consent.

Prescribed CBMPs included dried flower (flos
or granulate) or oil-based formulations (isolate
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phytocannabinoids or full-spectrum products
containing cannabinoids, terpenes, and flavo-
noids). Oils were administered orally or sublin-
gually, and dried flowers were vaped.

Data collection

Data were collected remotely whereby patients
completed PROMs and adverse event question-
naires electronically via an online web-based plat-
form at 1, 3, 6, and 12months.

During the initial consultation, baseline demo-
graphic data were collected: age, gender, occupa-
tion, and body mass index (kg/m?). The primary
indication for treatment with CBMPs, other diag-
noses where applicable, and comorbidities were
recorded. The Charlson Comorbidity Index (a
prognostic tool used to predict 10-year mortality)
was calculated for each participant (53).

Tobacco, alcohol, and cannabis status was also
reported by clinicians at baseline, including smok-
ing status, pack-year history, weekly alcohol con-
sumption (units), cannabis use status, frequency
of cannabis use, and current quantity of cannabis
intake (grams). To quantify the individual history
of prior cannabis use, a metric of “cannabis gram
years’ was used: Cannabis gram years=Mean
cannabis consumption in grams per day x Years
of use (54). Patient medication data were doc-
umented, including drug names, medicine
doses per 24 h, and prescription start/end dates.
To ensure uniformity, medication names were
mapped to SNOMED CT codes (55). Oral mor-
phine equivalents (OMEs) for opioid medicines
were determined using conversion factors from
the British National Formulary (56). At base-
line and follow-up intervals, the following
CBMP prescription details were recorded: com-
pany, formulation, CBD dose per day (mg),
THC dose per day (mg), other active ingredi-
ents, dose of other active ingredients per day
(mg), and strain.

Patient-reported outcome measures

The following PROMs were recorded at baseline
and each follow-up interval for all adult patients:
General Anxiety Disorder Scale (GAD-7),
Single-item Sleep Quality Scale (SQS), EQ-5D-5L,
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Brief Pain Inventory (BPI), the short-form McGill
Pain Questionnaire (SF-MPQ-2), and the Patient
Global Impression of Change.

Pain-specific PROMs

The BPI is a self-reported questionnaire measur-
ing pain severity and interference based on 11 cat-
egories (57, 58). Pain severity and interference are
ranked on a scale of 0 to 10. Pain severity ranges
from 0 = no pain to 10 = pain as awful as you
can imagine and pain interference ranges from 0 =
no interference to 10 = complete interference (58).
A minimal clinically important difference in BPI
pain severity is a 1-point improvement (59).

The SE-MPQ-2 is a self-reported questionnaire
that evaluates both neuropathic and nonneuro-
pathic pain (60). It includes 22 categories to
assess pain within four major domains: continu-
ous, intermittent, neuropathic, and affective. Each
category is rated on a scale of 0 to 10, where 0
= no pain and 10 = worst pain. The overall pain
score is calculated as the mean score of all 22
categories (60, 61).

HRQolL-specific PROMs

The GAD-7 is a self-reported questionnaire
designed to screen and measure severity of symp-
toms of generalized anxiety disorder (GAD) (62).
Participants are asked how frequently they have
been affected by the seven core symptoms of
GAD over the last 2 weeks. The options are not
at all, several days, more than half the days, and
nearly every day, with each option receiving
scores of 0, 1, 2, and 3, respectively. The score
ranges from 0 to 21, with =5, 210, and 215 sig-
nifying mild, moderate, and severe anxiety symp-
toms, respectively (62-64).

The SQS questionnaire is used to assess sleep
quality. Participants rate overall sleep quality over
the past 7 days (65) using a scale of 0 to 10. The
following sleep quality categories are formed: ter-
rible (0), poor (1-3), fair (4-6), good (7-9), and
excellent (10, 65, 66).

The EQ-5D-5L is a self-report questionnaire
that evaluates general HRQoL (67). Patients rate
their quality of life on a scale from 1 to 5 across
five domains: mobility, self-care, usual activities,

pain/discomfort, and anxiety/depression (1 = no
problems to 5 = extreme problems). The resulting
health state is mapped to EQ-5D-5L index values
validated for a UK population by van Hout et al.
(67, 68). Optimum health is assigned an index
score of 1, and an index score <0 represents a
health state worse than death (67).

The Patient Global Impression of Change is a
7-point scale reflecting the patient’s rating of
overall improvement (69).

Adverse events

Adverse events (AEs) were collected at baseline
and each follow-up interval through self-reporting,
routine clinician follow-up, or direct questioning
by the research team. These events and their
severity were recorded following the Common
Terminology Criteria for Adverse Events v4.0 (70).

Missing data

Missing data during the follow-up period were
handled using the baseline observation carried
forward approach (71).

Statistical methods

Descriptive statistics were used to assess clinico-
pathological, drug, and alcohol data. Demographic
data were reported as the mean+standard devia-
tion (SD), median (interquartile range [IQR]), or
frequency (%), as appropriate.

Longitudinal changes in PROMs were analyzed
using repeated measures one-way analysis of vari-
ance. PROMs from 1-, 3-, 6-, and 12-month
follow-ups were compared with baseline scores of
participants included in each of the follow-up
dates using post hoc pairwise comparisons with
Bonferroni correction.

Changes in OMEs between baseline and 12
months were assessed using a paired t-test. The
Statistical Package for Social Sciences v29.0.0.0
was used for statistical analysis of the data (72).
Statistical significance was defined as p<0.050.
Graphs were created using GraphPad Prism v9.5.1
(528) for macOS (73).



Results
Patient data

After application of inclusion and exclusion crite-
ria, 77 patients were included in this study
(Figure 1).

Baseline demographic details for all patients
included in the analysis are presented in Table 1.
Though most patients were female (n=40,
51.95%), the gender distribution of patients was
relatively equal. The mean age of patients was
60.04 +14.27 years. The mean body mass index
was 30.18 + 6.22 kg/m? and the most frequent
occupation was “unemployed” (n=45, 58.44%).

Table 2 displays the baseline tobacco, alcohol,
and cannabis status of patients. Baseline analysis
revealed that half the patients were current

Figure 1. A flow diagram displaying the inclusion and exclu-
sion of patients.
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cannabis consumers (n=39, 50.65%), with the
majority consuming cannabis daily (n=34,
87.18%). The median daily quantity of cannabis
consumed was 1.00 (IQR = 0.50-2.00) g/day. The
median lifetime cannabis consumption of current
cannabis users was 17.00 (IQR = 6.00-35.00)
gram-years. Remaining patients were either
ex-users (n=9, 11.69%) or cannabis naive (n=29,
37.66%).

CBMP dosing

CBMP dosing is presented in Table 3. Most
patients (n=73; 94.81%) were prescribed both
CBD and THC. Of the remaining patients, 3

Table 1. Demographic details of patients at baseline

assessment.

Demographic details n (%) or mean (+SD)

Gender

Male 37 (48.05)

Female 40 (51.95)

Age (years) 60.04+14.27

Body mass index (kg/m?) 30.18+6.22

Occupation

Clerical support workers 0 (0)

Craft and related trades workers 1 (1.30)

Elementary occupations 5 (6.49)

Managers 4 (5.19)

Plant and machine operators and 0 (0)
assemblers

Professional 7 (9.09)

Service and sales workers 0 (0)

Technicians and associate 1 (1.30)
professionals

Other occupations 11 (14.29)

Unemployed 45 (58.44)

Table 2. Tobacco, alcohol, and cannabis status of study
participants.

n (%) or median

(IQR)
Tobacco status Current smoker 20 (25.97)
Pack-years 17.50 (10.50-32.50)
Ex-smoker 42 (54.55)
Pack-years 16.00 (9.25-25.50)
Nonsmoker 15 (19.48)
Weekly alcohol consumption (units) 0.00 (0.00-5.50)
Cannabis status Current user 39 (50.65)
Current quantity of 1.00 (0.50-2.00)
cannabis consumption
(g/day)

Lifetime quantity of 17.00 (6.00-35.00)
cannabis consumption
(gram-years)

Ex-user

Lifetime quantity of
cannabis consumption
(gram-years)

9 (11.69)
4.00 (1.50-12.50)

Non-user 29 (37.66)

Frequency of cannabis Every day 34 (87.18)
use for current Every other day 2 (5.13)
users Once or twice per week 2 (5.13)
Less than once per month 1 (2.56)
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Table 3. Details of CBMPs prescribed for study participants
(n=159).

n (%) or median (IQR)

CBMP dosing

Cannabinoid contents

Number of patients prescribed CBD alone 3 (3.90)

Number of patients prescribed THC alone 1 (1.30)

Number of patients prescribed both CBD and 73 (94.81)
THC

Administration route

Number of patients using sublingual/oral 33 (42.86)
formulations only

Number of patients using vaporized flower 9 (11.69)
only

Number of patients using both sublingual/ 35 (45.45)

oral formulations and vaporized flower
Dosage
CBD dosage (mg/day)
THC dosage (mg/day)

25.50 (20.00-47.50)
105.00 (10.00-220.00)

were prescribed CBD only (3.90%) and 1 was
prescribed THC only (1.30%). The median dose
of CBD and THC was 25.50 (IQR = 20.00-
47.50) mg/day and 105.00 (IQR = 10.00-222.00)
mg/day, respectively. The most commonly pre-
scribed treatments were Adven 20 and 50 sub-
lingual oils and Adven EMT1 flos.

Patient-reported outcome measures

Figure 2 outlines the paired results comparing the
pain-specific PROMs at baseline to 1, 3, 6, and
12months. Improvements were observed in BPI
pain severity and interference scores as well as the
SE-MPQ-2 in all patients (p<0.010). For specific p
values across follow-up months, see Appendix A.

Table 4 displays HRQoL PROMs at all
follow-up intervals (1, 3, 6, and 12 months).
Significant improvements were observed in
GAD-7, SQS, and the EQ-5D-5L index value.
Patients reported statistically significant improve-
ment in GAD-7 at 1- and 3-month follow-ups
only (p<0.050), and patients showed improve-
ment in SQS up to 6-month follow-up (p<0.001).
There was improvement in EQ-5D-5L index up
to 6-month follow-up (p<0.050).

Oral morphine equivalents analysis

Thirty-four patients were regularly prescribed opi-
oid medications at the time CBMP treatment was
commenced (44.16%). There was no significant
change in OME doses between baseline and

12-month follow-up after initiation of CBMP treat-
ment (123.97+490.04mg vs. 116.35+491.09mg;
p=0.136).

Adverse events

Figure 3 displays the incidence of AEs reported.
A total of 218 adverse events (283.12%) were
recorded by 17 patients (7.80%). The most
common AE was fatigue (7.80%). There were
76 mild AEs (34.86%), 104 moderate AEs
(47.71%), and 38 severe AEs (17.43%). No
life-threatening AEs were reported by any of
the study participants. For specific AEs
reported, see Appendix B.

Discussion

In this prospective observational study utilizing
UKMCR data, the reported outcome of osteoar-
thritis patients prescribed CBMPs was evaluated.
Results demonstrate improvements in pain-specific
PROMs in osteoarthritis patients at 1, 3, 6, and
12months of follow-up. CBMPs were well toler-
ated during follow-up, with the majority of patients
(77.92%) reporting no adverse events or experi-
encing mainly mild to moderate adverse events.

Patient-reported outcome measures

Commencement of CBMP treatment was associ-
ated with reductions in pain-specific PROMs at
all time points in patients with osteoarthritis.
Similar reductions in BPI were observed in a
prospective observational study by Meng et al.
(74) that reported improvements in pain severity
and interference at 12-month follow-up. Though
study participants were prescribed both oils and
flowers, the ratios of THC and CBD used were
unknown and could be different from levels used
in the present study. The results of this study
were further corroborated by Frane et al. (49),
who demonstrated a 43.1% pain reduction in
patients with osteoarthritis after CBD administra-
tion. Of note, Frane et al. only looked at the
effects of CBD, whereas the present study inves-
tigates effects of both CBD and THC individually
and combined.
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Figure 2. Paired baseline and follow-up scores for BPl and McGill Pain Questionnaire for patients with osteoarthritis at 1-, 3-, 6-,
and 12-month follow-up. Scores presented as mean=+SD. **p <0.01, ***p <0.001.

Table 4. Paired baseline and follow-up scores for HRQoL PROMs for patients with osteoarthritis at 1, 3, 6, and 12 months.

Follow-up

PROMs Baseline 1 month 3 months 6 months 12 months

GAD-7 Score 6.12+0.66 4.55+0.60 4.97 +0.62 5.40+0.62 5.65%+0.61
p — 0.028 0.038 0.952 1.00

SQs Score 3.80£0.29 5.30%+0.30 4.88+0.31 5.04+0.33 4.47+0.31
p — <0.001 <0.001 <0.001 0.078

EQ-5D-5L mobility Score 3.14£0.12 3.00+0.11 3.01£0.12 2.94+0.12 3.03£0.12
p — 1.00 1.00 0.126 0.601

EQ-5D-5L self-care Score 2.18%0.11 2.26%0.11 2.18+0.12 2.18+0.12 2.20+0.11
p — 1.00 1.00 1.00 1.00

EQ-5D-5L usual activities Score 3.17£0.13 2.84+0.11 295+0.12 2.96+0.12 3.12£0.12
p — 0.037 0.648 0.588 1.00

EQ-5D-5L pain and discomfort Score 3.69+0.09 3.25+£0.10 3.23£0.11 3.21£0.11 3.36+0.11
p — 0.001 <0.001 <0.001 0.002

EQ-5D-5L anxiety and depression Score 2.20+0.13 1.92+0.13 1.99+0.12 2.10£0.12 2.14£0.13
p — 0.040 0.380 1.00 1.00

EQ-5D-5L index value Score 0.35+0.03 0.44+0.03 0.43+0.03 0.42+0.03 0.39+0.03
p — 0.006 0.006 0.026 0.189

Scores presented as mean+SD.

CBMP treatment resulted in improvements
in general HRQoL PROMs, including a signifi-
cant improvement in GAD-7 for up to 3-month
follow-up (p=0.038), indicating an improve-
ment in anxiety. The results of the present
study did not corroborate the sustained
improvement in anxiety as reported by Vickery
et al. (75), who demonstrated a decrease in
anxiety at 24 months. This could be because
the study conducted by Vickery et al. had a
much larger sample than the present study.

Furthermore, the GAD-7 used in this study is
known to classify more individuals as having
above-threshold symptoms of anxiety compared
to Depression, Anxiety and Stress Scale (DASS)-
Anxiety, which was used by Vickery et al (76).

Significant improvements in SQS were observed
up to 6-month follow-up (p<0.001), indicating a
general enhancement in sleep quality. These find-
ings align with a prospective observational study
by Moreno-Sanz et al. (77) in which patients
reported significant improvement in sleep quality
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Figure 3. Adverse event frequency separated by severity for
study participants from baseline to 12months. The total num-
ber of adverse events is also displayed.

up to 6 months. However, in the study conducted
by Moreno-Sanz et al, a different scale was used
for measuring sleep quality, preventing direct
comparison of sleep improvement between studies.

There were improvements in the EQ-5D-5L
index up to 6 months (p=0.006), implying an
overall increase in patients’s HRQoL. This improve-
ment is likely attributable to reductions in pain
and discomfort because the mean improvement
in EQ-5D-5L pain and discomfort score was 0.33
(p=0.002 at 12-month follow-up). However,
EQ-5D-5L mobility and self-care scores showed
no improvements over the follow-up period.
These findings are similar to a prospective
open-label study by Haroutounian et al. (78),
where no difference from baseline for improve-
ments in upper and lower limb disability were
observed but overall patient satisfaction was
increased owing to pain improvement.

Overall, there was a general trend across the
PROMs where greater improvements in pain and

general HRQoL were seen in earlier months of
follow-up compared to 12 months. This trend
may be attributed to a considerable portion of
the patient population being lost to follow-up at
12 months, and baseline observation carried for-
ward analysis results in a trend toward baseline.
Secondly, the development of tolerance to CBMP
treatment effect could explain the plateau in pain
alleviation after initiating CBMP treatment (23,
79). Furthermore, osteoarthritis is primarily a
degenerative condition (80), and because CBMPs
are prescribed for symptomatic relief rather than
disease modification (81), this could be indicative
of the progressive nature of the condition.

Adverse events

AEs were mainly mild or moderate in severity
(82.57%), aligning with findings from similar
studies (54, 82, 83). Fatigue was the most com-
mon AE in this study, which differed from other
studies (54, 82, 83), where dry mouth, drowsi-
ness, and constipation were most common.
Though these were common in the present study,
variations in AE profile could be attributed to
variations in formulations and administration of
CBMPs between different studies, because the
proportion of THC, CBD and other active phyto-
cannabinoids in the CBMP prescription is known
to influence the AE profile (84). Furthermore,
patients in this study had different baseline char-
acteristics compared to participants in other stud-
ies, and given that certain formulations can
exacerbate preexisting psychological factors (85),
this could explain this study’s AE profile.

Limitations

Several study limitations exist. The observational
design prevents establishing causality, and it is
uncertain whether improvements in pain and
HRQoL were solely due to CBMPs and not con-
founding factors, such as interactions with other
medications. The study was open-label and there-
fore susceptible to recall bias because patients
might overstate CBMP treatment benefits. PROMs
are subjective scores, and patients may interpret
them differently (86), reducing the study’s inter-
nal validity. The absence of a placebo control



group hindered assessing CBMPs true effect
given the potential placebo effect (87). CBMPs
are considered to have enhanced placebo effects
secondary to their vasoactive and psychoactive
effects (88). There is an enhanced expectancy
bias of people receiving CBMPs due to positive
media attention on their potential effects (89)
and because medical care received during this
study was self-funded. It has been demonstrated
that the cost of medical products has been shown
to increase their perceived effectiveness and qual-
ity (90).

This study was subject to significant selection
bias because patients received treatment from the
same private clinic; hence, inclusion was limited
to those who could afford treatment. However,
the most commonly reported occupation was
unemployed (58.44%), perhaps indicating that
socioeconomic status may not affect access to
treatment. Moreover, there was a high propor-
tion of current cannabis users at baseline
(50.65%), who could be more likely to report
positive outcomes owing to a higher expectancy
of CBMP treatment. However, current and
ex-users of cannabis may have built up tolerance
to CBD and THC (79), which could reduce the
impact of CBMP treatment.

There was considerable loss to follow-up, rea-
sons for which were not collected; however, due
to the clinic’s private nature, patients no longer
being able to afford treatment may have been a
significant factor. Though Bar-Lev Schleider
et al. showed high patient compliance with
CBMP treatment with 77.7% of patients remain-
ing in active treatment at 6-month follow-up
(91), their study was conducted in Israel, where
CBMPs are licensed for more conditions com-
pared to the UK, so this study accounted for all
uses of CBMPs rather than just chronic pain,
which could have influenced the compliance
percentage.

Conclusion

These results suggest an improvement in
pain-related outcomes for patients with osteoar-
thritis following the initiation of CBMP treat-
ment. Furthermore, there was an improvement in
general HRQoL metrics across the follow-up
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period. CBMPs also appeared to be well-tolerated
at 12-month follow-up. However, due to this
study design, a causal effect cannot be estab-
lished. Hence, this study supports the develop-
ment of RCTs for CBMP use in osteoarthritis.
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Appendix A. Paired baseline and follow-up scores for pain-related PROMs in patients with osteoarthritis at 1-, 3-, 6-, and 12-month
follow-up.

Follow-up

PROMs Baseline 1 month 3 months 6 months 12 months

BPI Pain Severity Score 6.32+£0.20 552+0.23 542+0.22 545+0.24 5.79+0.21
p — 0.001 <0.001 <0.001 0.004

BPI Pain Interference Score 6.92+0.24 5.71+0.28 5.73+0.27 5.69+0.30 6.20+£0.28
p — <0.001 <0.001 <0.001 0.005

McGill Score 453+0.23 3.86+£0.24 3.86+£0.25 3.75+£0.24 413+0.24
p — <0.001 <0.001 <0.001 0.017

Scores presented as mean = SD.

Appendix B. Frequency of AEs, separated by severity.

Severity of AE

AEs Mild Moderate Severe Total (%)
Abdominal pain 1 1 2 4 (1.83)
Agitation 0 0 1 1 (0.46)
Amnesia 1 0 0 1 (0.46)
Anorexia 0 0 0 0 (0)
Anxiety 0 0 1 1 (0.46)
Ataxia 3 3 0 6 (2.75)
Bloating 0 0 0 0 (0)
Blurred vision 5 0 2 7 (3.21)
Chest pain cardiac 0 0 0 0 (0)
Cognitive disturbance 1 5 1 7 (3.21)
Concentration impairment 3 8 0 11 (5.05)
Confusion 4 1 0 5(2.29)
Constipation 7 6 0 13 (5.96)
Cough 0 0 0 0 (0)
Delirium 0 0 0 0 (0)
Depression 0 1 0 1 (0.46)
Diarrhea 0 1 0 1 (0.46)
Dizziness 2 8 0 10 (4.59)
Dry mouth 10 1 0 11 (5.06)
Dysgeusia 1 0 0 1 (0.46)
Dyspepsia 7 1 1 9 (4.13)
Fall 4 0 0 4 (1.83)
Fatigue 3 7 7 17 (7.80)
Fever 0 0 2 2 (0.92)
Flu-like symptoms 0 0 1 1 (0.46)
Generalized muscle weakness 2 4 4 10 (4.59)
Headache 3 2 5 10 (4.59)
Increased appetite 0 0 0 0 (0)
Insomnia 1 8 5 14 (6.42)
Lethargy 3 1 0 14 (6.42)
Mucositis oral 0 0 0 0 (0)
Muscle cramps 0 0 0 0 (0)
Nausea 7 4 0 11 (5.06)
Otitis externa 0 1 0 1 (0.46)
Palpitations 0 0 0 0 (0)
Pharyngitis 0 2 1 3(1.38)
Post-COVID-19 syndrome 0 0 1 1 (0.46)
Rash 2 1 0 3(1.38)
Somnolence 0 14 1 15 (8.26)
Spasticity 2 1 1 4 (1.83)
Stevens-Johnson syndrome 0 0 0 0 (0)
Tremor 0 1 0 1 (0.46)
Urinary tract infection 0 3 1 4 (1.83)
Uveitis 0 0 0 0 (0)
Vertigo 2 5 0 7 (3.21)
Vomiting 1 1 0 2 (0.92)
Weight gain 0 0 0 0 (0)
Weight loss 1 0 0 0 (0)
Total (%) 76 (34.86) 104 (47.71) 38 (17.43) 218 (100)

AEs were recorded throughout the study, from baseline to 12months. No life-threatening or disabling AEs were reported by any participants in this study.
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