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ABSTRACT

Background: Treatments for inflammatory bowel disease (IBD) remain limited, and cannabis-based
medicinal products (CBMPs) provide promise in addressing inflammation and pain. However, long-term
data on CBMP efficacy in IBD are scarce. This study examines health-related quality of life (HRQoL)
changes in IBD patients treated with CBMPs.

Research design and methods: Patients with IBD were identified from the UK Medical Cannabis
Registry. Primary outcomes were changes in the short IBD questionnaire (SIBDQ), EQ-5D-5L, single-
item sleep quality scale (SQS), and generalized anxiety disorder-7 (GAD-7), from baseline to 18-months
after CBMP treatment started. Secondary outcomes were adverse event prevalence.

Results: Analysis of 116 patients with IBD included 94 males (81.03%) with a mean age of 39.52 +9.12 years.
There were improvements in the SIBDQ, GAD-7, SQS, and EQ-5D-5L Index (p < 0.001). At 18-months, 30
(25.86%) patients achieved a minimal clinically important difference (MCID) in the SIBDQ. Patients with
severe baseline anxiety and above-median THC doses were more likely to achieve this MCID (p < 0.050).
Twenty (17.24%) patients reported 155 (133.62%) adverse events.

Conclusions: CBMP treatment was associated with improvement in IBD-specific outcomes in patients
and general HRQoL over 18-months. However, causation cannot be inferred. Hence, randomized
controlled trials are still required.
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1. Introduction Cannabis-based medicinal products (CBMPs) present
another therapeutic option for IBD symptom relief [16].
CBMPs are derived from the cannabis plant, which contains
greater than 100 potentially bioactive phytocannabinoids [17].

The most well studied are (-)-trans-A%-tetrahydrocannabinol

Inflammatory bowel disease (IBD) is a chronic disease charac-
terized by repetitive inflammation of the gastrointestinal tract
[1]. In 2019, it was estimated that 4.9 million people are living

with IBD globally [2], with prevalence in the UK estimated to
be 1 in 123 [3]. IBD encompasses Crohn’s disease (CD) and
ulcerative colitis (UC), each with distinct patterns of inflamma-
tion [4,5]. Common symptoms include abdominal pain, diar-
rhea, and bloody stools [6]. IBD can also cause extra-intestinal
manifestations affecting the skin, mouth, eyes, and one or
more joints [4,5]. IBD has a high impact on physical, mental,
social, and financial health and wellbeing [7-9].

Current IBD treatments, both pharmaceutical and surgical,
aim to manage symptoms, reduce inflammation, and promote
healing [9,10]. While effective for many, these treatments have
limitations [11,12]. Biological agents, such as anti-tumor necro-
sis factor (TNF) agents, offer an alternative for those unrespon-
sive to first-line therapies [13,14]. However, up to 40% of
patients are non-responsive to anti-TNF therapy initially, and
a further 23-46% may lose response after 1 year [15].

(THC) and cannabidiol (CBD) [17]. These interact with the
endocannabinoid system (ECS) [16]. The ECS consists of endo-
genous cannabinoids, anandamide and 2-arachindonoylgly-
cerol (2-AG), and the G-protein coupled cannabinoid
receptors 1 and 2 (CB1 and CB2) [16]. 2-AG is a nonselective
agonist for CB1 and CB2 receptors, while anandamide is a
partial cannabinoid receptor agonist with a stronger affinity
for the CB1 receptor [16]. THC is a partial agonist for both CB1
and CB2 receptors [18]. CBD primarily acts by preventing the
breakdown and subsequent reuptake of anandamide [19]. The
ECS plays an important role in regulating the gastrointestinal
system, with CB1 and CB2 receptors found in every layer of the
intestinal section, including the myenteric and submucosal
plexi [16,20]. Cannabinoids also have several other targets
such as transient receptor potential vanilloid type 1 (TRPV1)
channels, peroxisome proliferator-activated receptors, and
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serotonin (5-HT) receptors, all of which have been implicated
in either inflammation or pain [21-23].

Pre-clinical studies have indicated the potential benefits
of utilizing CBMPs to alter the ECS in IBD treatment [24]. In
murine IBD models, ablation of CB1/2 receptors was asso-
ciated with a higher risk of colitis [25], while treatment of
mice with CB1/2 agonists prevented symptoms of colitis
[26]. In several rodent models, CBD treatment reduced
levels of pro-inflammatory cytokines, including TNF-a [27],
an integral cytokine in IBD pathogenesis [28]. Furthermore,
activation of the CB2 receptor inhibited the release of the
pro-inflammatory cytokine IL-8 in human colonic epithelial
cell lines [29] and suppressed the pro-inflammatory
response of macrophages and inhibited neutrophil recruit-
ment in other models [30,31]. CBD may also produce anti-
inflammatory effects through the TRPV1 receptor
[24,32-34].

In addition to inflammation, pre-clinical models show pro-
mise in addressing common symptoms experienced by IBD
patients. CB1 receptors modulated the analgesic effects of
cannabinoids in a rodent model of colorectal distension-
induced visceral pain [35]. CBD may also have analgesic effects
via action at 5-HT receptors and TRPV1 channels [23,34]. CBD
also reduced intestinal hypermotility in a murine model [36],
while both CB1 and CB2 receptor agonists inhibited diarrhea
in experimentally induced colitis mice models [26]. Given the
role of several cannabinoid receptors in modulating the gas-
trointestinal system, inflammation, and pain, the ECS is an
attractive therapeutic target.

Although pre-clinical studies highlight the potential of
CBMPs for the treatment of IBD, there are limited data avail-
able collected from randomized controlled trials (RCTs). The
most recent meta-analysis of RCTs investigating CBMPs in IBD
emphasized this problem, with only six RCTs meeting inclu-
sion criteria [37]. The outcome of this meta-analysis con-
cluded that cannabinoids were not shown to induce disease
remission but were associated with improvements in health-
related quality of life (HRQoL) of IBD patients [37]. However,
this meta-analysis and others are limited by the paucity of
trials available and the low sample size within each RCT
[37,38].

At present, there is uncertainty around the effects of
CBMPs in IBD. However, reported benefits in HRQoL, along-
side high self-reported use of cannabis by IBD patients, high-
light the need for further research [16,39]. Previously, our
group has analyzed the effect of CBMPs on patient-reported
outcome measures (PROMs) in IBD patients using data from
the United Kingdom Medical Cannabis Registry (UKMCR) and
demonstrated an improvement in IBD-specific, anxiety-
related and general HRQoL outcomes up to 3 months [40].
However, conclusions from this study were limited by low
patient numbers which prevented meaningful sub-group
analysis. Further, changes in PROMs were measured over a
period of only 3 months. This is in parallel to many of the
randomized controlled trials which do not assess the long-
term effects of CBMPs [37,38]. Short study periods have
limited conclusions being drawn about the long-term impact
of CBMPs in IBD patients as well as any related long-term
adverse events [38,39,41]. Hence, this study primarily aimed

to evaluate differences in PROMs for patients prescribed
CBMPs for IBD over an 18-month period using data collected
from the UKMCR. Secondary aims included analysis of prog-
nostic factors associated with positive changes in IBD-specific
outcomes and a longitudinal assessment of adverse events
during CBMP treatment.

2. Methods
2.1. Study design and participants

This was a prospective case series of patients from the UKMCR
prescribed CBMPs following a primary diagnosis of either CD
or UC. The UKMCR was the first prospective registry launched
in the UK and has been collecting pseudonymized data since
December 2019 [42]. It is managed by Curaleaf Clinic [42].
Every patient provided written and informed consent during
registration, prior to baseline data collection. Following this,
participants were enrolled consecutively. The UKMCR received
approval from the Central Bristol Research Ethics Committee
(22/SW/0145). This study has been performed in line with the
Strengthening the Reporting of Observational Studies in
Epidemiology guidance [43].

2.2. Data collection

This study analyzed patients who were treated with CBMPs for
a primary indication of CD or UC and were enrolled in the
UKMCR for 18 months or more on the date of data extraction,
13 December 2023. Participants were requested to electroni-
cally provide responses to PROMs at baseline and after 1-, 3-,
6-, 12-, and 18-months of treatment. Participants with incom-
plete baseline PROMs were excluded.

Patient demographic data was also collected and recorded
by clinicians. These data consisted of age, gender, occupation,
and body mass index (BMI). Any comorbidities were noted,
and the Charlson co-morbidity index was calculated for every
patient [44]. Information about alcohol, tobacco, and cannabis
use was recorded which included average weekly alcohol
consumption, smoking status, smoking pack years, cannabis
use status, and method of administration. Cannabis gram
years, a novel metric, was calculated to quantify previous
cannabis use for participants prior to treatment initiation [42].

Records of CBMP prescriptions were maintained through-
out treatment. This included information about cannabis
strains, formulations, route of administration, and CBD and
THC doses per day. Treatment options for patients included
sublingual or oral preparations and vaporized dried flowers.

2.3. Patient related outcome measures

The primary outcomes of this study were the changes in self-
reported PROMs from baseline at 1-, 3-, 6-, 12- and 18-months.
This included the Short Inflammatory Bowel Disease
Questionnaire (SIBDQ) alongside three general HRQoL
PROMs: the EQ-5D-5L, Generalized Anxiety Disorder-7 (GAD-
7) and Single-ltem Sleep Quality Scale (SQS). At each subse-
quent time-point from baseline, Patient Global Impression of
Change (PGIC) values were also collected.



SIBDQ is an IBD-specific HRQoL instrument investigating
the impact of IBD on four domains: bowel, systemic, emotion,
and social [45-47]. It is a 10-question measure with each
question scored on a 7-point Likert scale from 1 (severe pro-
blem) to 7 (no problem) [47]. Hence, total scores range from
10 to 70 with a lower SIBDQ score indicating a poor HRQoL,
while scores close to 70 indicate health close to an optimal
level and a 9-point change in the SIBDQ is considered a
minimal clinically important difference (MCID) [45,46].

EQ-5D-5L is a generic health status measure to assess a
patient’s HRQoL and comprises five domains: mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression
[46,48]. Within each domain, patients rate across five levels of
severity, ranging from 1 to 5 (1 = none, 2 = slight, 3 =
moderate, 4 = severe, 5 = extreme) [46,48]. This response is
mapped to country-specific EQ-5D-5L value sets to obtain an
EQ-5D-5L index [48,49]. The highest possible index score is 1,
while a score <0 depicts health states considered worse than
death [48].

GAD-7 is utilized to screen for Generalized Anxiety Disorder
(GAD) and evaluate its severity in a clinical or research setting
[50]. The GAD-7 is a 7-item scale of generalized anxiety symp-
toms, with each item scored from 0 (not at all) to 3 (daily)
[50,51]. With a total possible value of 21, scores of 5, 10, and
15 are considered as cutoffs for mild, moderate, and severe
anxiety, respectively [50].

SQS is a self-reported measure of patients’ sleep quality. It
instructs patients to rate their quality of sleep over the last 7
days on a scale of 0 (‘terrible’) to 10 (‘excellent’) [52].

The PGIC assesses patients’ perception of improvements in
their symptoms following treatment induction [53]. Patients
self-rate their perceived improvement in symptoms on a 7-
point single-item scale from 1 (‘no change’) to 7 (‘a great deal
better) [53].

2.4. Adverse events (AEs)

Adverse events (AEs) were self-reported by patients alongside
PROM completion, at the time of the AE or to clinicians during
follow-ups. AEs were recorded in accordance with the com-
mon terminology criteria for adverse events version 4.0 [54].

2.5. Missing data

Baseline observation carried forward (BOCF) method was uti-
lized to address missing PROM data; hence, any missing PROM
data were replaced by the baseline value even if any post-
baseline PROM values were recorded [55].

2.6. Statistical analysis

Descriptive statistics was used to analyze patient demo-
graphics, co-morbidities, previous alcohol and tobacco use,
cannabis status, and AEs. Data were either presented as
mean + standard deviation (SD) or as median and interquartile
range (IQR). Applying the central limit theorem, a repeated
measures one-way analysis of variance (ANOVA) was utilized
to investigate the mean differences between patients for each
PROM at each timepoint [56]. Pairwise comparison with
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Bonferroni correction was conducted on values which were
statistically significant on repeated measures ANOVA. Further,
sub-group analysis was conducted based on the initial diag-
nosis of CD or UC.

An univariable logistic regression model was utilized to
examine the effect of each independent variable on the pos-
sibility of achieving the MCID in the SIBDQ at 18-months.
Following this, all variables were incorporated into a multi-
variable regression model, which adjusted for other included
variables and assessed the impact of each variable on the
likelihood of achieving the MCID. Data were presented as
the odds ratio (OR) and 95% confidence interval (Cl).

Statistical analysis was conducted using the Statistical
Package for the Social Sciences [IBM Corp. Released 2022.
IBM SPSS Statistics for Macintosh, Version 29. Armonk, NY]
with statistical significance being defined as p < 0.050.

3. Results

3.1. Baseline demographic characteristics and cannabis
exposure

After data extraction, 116 IBD (CD — 78; UC — 38) patients were
included in this analysis (Table 1). The patients comprised 94
males (81.03%) and 22 females (18.97%), with a mean age of
39.52+9.12years and BMI of 25.25 +5.75 kg/m?. In terms of
employment, the most common category was professionals (n
=44; 37.93%), followed by unemployment (n=24; 20.69%).
Anxiety/depression (n=27; 23.28%) was the most prevalent
comorbidity (Supplementary Table S1). Secondary and tertiary
indications for treatment are detailed in full in Supplementary
Table S2. The most common secondary indication was chronic
pain (n =46; 39.66%).

Median weekly alcohol consumption amongst patients was
0.00 [0.00-4.00] units, while 66.38% (n=77) of patients were
either current or ex-smokers (Table 2). At the time of starting
treatment, 78 patients (67.24%) were already utilizing canna-
bis and a further 17 (14.66%) had consumed cannabis in the
past.

3.2. CBMP dosing

A large proportion of patients were prescribed both oils
and dried flower at baseline (n =52,44.83%) and 18-months
(n=56,48.28%, Table 3). The number of patients prescribed
oils only decreased at 18-months, but the number of
patients treated with dried flower only or both increased.
Median CBD and THC doses of these patients at 18-months
were 35.00 [21.88-75.00] and 195.00 [106.20-230.00] mg/
day, respectively. At 18-months, median CBD and THC
doses of those prescribed oils only were 45.00 [20.00--
68.75] and 10.00 [5.40-13.00] mg/day. Patients prescribed
dried flower only, had median CBD and THC doses of 15.00
[10.00-60.00] and 210.00 [122.50-315.00] mg/day.

3.3. Patient-reported outcome measures (PROMs)

Across each PROM, there was a significant difference across all
time periods (p < 0.050, Supplementary Table S3). On pairwise
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Table 1. Baseline demographic Information.

CD (n=78) UC (n=38) Total (n=116)
Age 39.37 £847 39.82 +£10.44 39.52+9.12
Body Mass Index (kglmz) 25.20 £ 6.01 2535+5.23 25.25+5.75
Gender
Male 61 (78.21%) 33 (86.84%) 94 (81.03%)
Female 17 (21.79%) 5 (13.16%) 22 (18.97%)
Occupation

Crafts and Related TradesWorkers

Elementary Occupations

Managers

Other Occupations

Plant and MachineOperators, and Assemblers
Professional

Service and Sales Workers

Skilled Agricultural, Forestryand Fishery Workers
Technicians and AssociateProfessionals
Unemployed

3 (3.85%) 2 (5.26%) 5 (4.31%)

0 (0.00%) 1 (2.63%) 1 (0.86%)

3 (3.85%) 2 (5.26%) 5 (4.31%)

6 (7.69%) 5 (13.16%) 11 (9.48%)
2 (2.56%) 1 (2.63%) 3 (2.59%)
29 (37.18%) 15 (39.47%) 44 (37.93%)
6 (7.69%) 2 (5.26%) 8 (6.90%)

0 (0.00%) 1 (2.63%) 1 (0.86%)

9 (11.54%) 5 (13.16%) 14 (12.07%)

20 (25.64%) 4 (10.53%) 24 (20.69%)

Demographic data collected by clinicians of patients prescribed CBMPs for a primary diagnosis of CD or UC. Data are presented
as either mean + SD or n(%). n=116. SD - standard deviation; CD — Crohn’s disease; UC - ulcerative colitis.

Table 2. Tobacco, alcohol and cannabis Consumption.

CD (n=78) UC (n=38) Total (n=116)

Tobacco Status
Current Smoker 17 (21.79%) 7 (18.42%) 24 (20.69%)
Ex-Smoker 38 (48.72%) 15 (39.47%) 53 (45.69%)
Never Smoked 23 (29.49%) 16 (42.11%) 39 (33.62%)

Tobacco Pack Years
Weekly Alcohol Consumption (units)
Cannabis Status

5.00 [3.00-12.00]
0.00 [0.00-4.00]

5.00 [3.00-12.00]
0.00 [0.00-4.00]

4.50 [1.00-12.75]
0.00 [0.00-5.75]

Current User 59 (75.64%) 19 (50.00%) 78 (67.24%)
Ex-User 6 (7.69%) 11 (28.95%) 17 (14.66%
Never Used 13 (16.67%) 8 (21.05%) 21 (18.10%
Cannabis Gram Years 6.00 [2.75-12.00] 4.00 [1.75-10.00] 5 [2.00-10.00

Clinicians collected information about patients’ tobacco, alcohol and cannabis history at baseline. Data are presented as n(%

median[igr]. n=116. IQR - interquartile range; CD - Crohn’s disease; UC — ulcerative colitis.

or

Table 3. Cannabis-Based Medicinal Products (CBMPs) Prescription.

Prescription Baseline 1-Month 3-Months 6-Months 12-Months 18-Months
Oils 37 (31.90%) 31 (26.96%) 24 (20.87%) 20 (17.39%) 20 (17.39%) 18 (15.65%)
CBD, mg/day 20.00 20.00 40.00 38.75 20.00 45.00
[20.00-40.00] [20.00-50.00] [20.00-50.00] [20.00-81.25] [18.75-42.50] [20.00-68.75]
THC, mg/day 1.00 [1.00-1.50] 5.00 [5.00-10.00] 5.00 [5.00-10.00] 6.50 [5.00-10.75] 10.00 [5.00-10.23] 10.00 [5.40-13.00]
Dried Flower 27 (23.28%) 21 (18.26%) 23 (20.00%) 24 (20.87%) 35 (30.43%) 41 (35.65%)
CBD, mg/day 1.00 5.00 [0.00-70.00] 5.00 [0.00-65.00] 37.50 [5.00-63.75] 20.00 15.00
[0.00-12.00] 102.50 110.00 182.50 [10.00-77.50] [10.00-60.00]
THC, mg/day 20.00 [95.00-180.00] [100.00-187.50] [110.00-228.13] 200.00 210.00
[19.25-20.75] [146.25-272.50] [122.50-315.00]
Both 52 (44.83%) 63 (54.78%) 67 (58.26%) 70 (60.87%) 60 (52.17%) 56 (48.70%)
CBD, mg/day 20.00 25.00 25.00 27.50 30.00 35.00
[15.50-21.00] [20.00-50.00] [20.00-55.00] [20.00-70.00] [19.38-78.88] [21.88-75.00]
THC, mg/day 21.00 105.00 110.00 176.00 152.50 195.00
[20.00-21.00] [100.00-110.00] [105.00-174.00] [106.04-209.38] [105.00-212.75] [106.20-230.00]
All Patients 116 115 115 115 115 115
CBD, mg/day 20.00 20.00 25.00 30.00 25.00 30.00
[8.00-20.00] [20.00-50.00] [20.00-52.50] [20.00-72.50] [11.88-75.88] [13.75-70.00]
THC, mg/day 20.00 100.00 105.00 122.00 150.00 142.50
[1.50-21.00] [12.00-105.00] [30.00-151.25] [100.00-203.75] [85.00-210.00] [97.50-247.05]

Patients were prescribed either oils, dried flower or a combination of both. Cannabidiol (CBD) and (—)-trans-89-tetrahydrocannabinol (THC) doses were calculated in

mg/day and presented as median[iqr]. n=116. IQR - interquartile range.

comparison at each follow-up compared to baseline, there
were improvements in the SIBDQ, GAD-7, SQS, EQ-5D-5L
index value, and pain and discomfort domain of the EQ-5D-
5L (p < 0.050, Figure 1 and Table 4). There were improvements
in the mobility, self-care, and usual activities domains at var-
ious time-points (p < 0.050, Table 4). Whilst there was a differ-
ence in the repeated measures one way ANOVA of the EQ-5D-

5L anxiety and depression domain (p =0.032), there was no
difference in pairwise comparisons between any follow-ups
after Bonferroni correction (p>0.050). Furthermore, the
mean PGIC value at the 1-month follow-up was 5.22 +1.55
and increased at each follow-up to a mean score of 5.62 + 1.44
after 18-months. PROM completion rate decreased at each
follow-up time-point and is shown in Supplementary Table S4.
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Figure 1. Repeated measures one way ANOVA with post-hoc pairwise comparison with Bonferroni correction comparing patient reported short inflammatory bowel
disease questionnaire (SIBDQ) scores at baseline (0 months) to 1-month, 3-months, 6-months, 12-months, and 18-months of treatment with CBMPs to identify
patient improvement in inflammatory bowel disease (IBD) symptoms. (a) All IBD patients: n = 116. (b) Crohn'’s disease patients: n = 78. (c) Ulcerative colitis patients:

n=38. Data is presented as mean + standard deviation. ***p < 0.001, **p < 0.010,

Table 4. Repeated measures one way ANOVA.

*p < 0.050.

PROM Baseline 1-Month 3-Months 6-Months 12-Months 18-Months
SIBDQ Score 39.38+10.82 45.02 +10.99 45.77 +11.04 4432+ 11.34 4511+11.63 4417 +11.27
p-value - <0.007*** <0.007*** <0.007%** <0.0071%** <0.0071%**
GAD-7 Score 5.95+5.82 4.03 +4.60 3.89+4.28 439+478 462 +5.11 493 +5.09
p-value - <0.0071*** <0.0071*** 0.005** 0.023* 0.025*
SQS Score 493+248 5.99 +2.52 6.18 +2.35 6.09 +2.32 5.90 +2.45 5.86 +2.50
p-value - <0.007*** <0.007*** <0.007%** <0.0071%** <0.0071%**
EQ-5D-5L Index Score 0.60 +0.28 0.68 £ 0.24 0.68 £ 0.24 0.65+£0.28 0.66 +0.28 0.66 +0.28
p-value - <0.0071*** <0.0071*** 0.004** <0.0071%** <0.0071%**
EQ-5D-5L Mobility Score 1.77 £0.94 1.58+0.78 1.54 £ 0.80 1.66 +0.92 1.61+0.86 1.66 + 0.94
p-value - 0.008** <0.007*** 0.783 0.047* 0.176
EQ-5D-5L Self-Care Score 144+0.78 1.24+0.55 1.32+0.69 141+0.78 1.36+0.74 1.41+0.76
p-value - 0.016* 0.285 1.000 0.736 1.000
EQ-5D-5L Usual Activities Score 213+£1.15 1.87 £ 1.04 1.87 £ 1.06 1.94 +1.07 1.88+1.12 1.97+1.10
p-value - 0.020* 0.003** 0.071 <0.007*** 0.168
EQ-5D-5L Pain & Discomfort Score 2.86 +1.04 2.46 +1.00 2.39+0.97 2.50 +1.09 2.45+1.07 2.55+1.08
p-value - <0.007*** <0.0071%** <0.0071%** <0.0071%** <0.0071%**
EQ-5D-5L Anxiety Depression Score 1.98.£1.12 1.78£0.95 1.81+0.96 1.82+1.00 1.84+1.03 1.79+0.98
p-value - 0.081 0.198 0.092 0.474 0.052
PGIC Score - 522+1.55 550+ 1.39 5.56 +1.38 5.60 £ 1.44 5.62+1.44

With post-hoc pairwise comparison with Bonferroni correction comparing patient-reported outcome measures (PROMs) at baseline to 1-month, 3-months, 6-months,
12-months, and 18-months of treatment with CBMPs to identify patient improvement. n=116. Data is presented as mean * standard deviation. SD - standard
deviation; SIBDQ - short inflammatory bowel disease questionnaire; GAD-7 - generalized anxiety disorder-7; SQS - sleep quality scale; PGIC — patient global
impression of change. For the GAD-7, a lower score indicated reduced anxiety, but for all other PROMs, a higher score signified an improved outcome. ***p <

0.001, **p < 0.010, *p < 0.050.

When PROM data was analyzed in CD or UC subgroups,
improvements were seen in the SIBDQ score, GAD-7, SQS, and all
the domains and index of the EQ-5D-5L in CD patients (p < 0.050;
Supplementary Table S5A). In the UC patient cohort, improve-
ments were seen in the SIBDQ, SQS, and EQ-5D-5L pain and
discomfort domain (p < 0.050), but not in the GAD-7 and all other
EQ-5D-5L parameters (p > 0.050) (Supplementary Table S5B).

3.4. Logistic regression

Univariable and multivariable logistic regression models
assessed the effect of independent variables on achieving a
MCID in the SIBDQ after 18-months of CBMP treatment. Thirty
patients (25.86%) reported an improvement in SIBDQ score
equal to or above the MCID (Supplementary Table S6).

In the univariable analysis, baseline sleep quality and base-
line anxiety levels were associated with an increased likelihood
of achieving the MCID in the SIBDQ at 18-months
(Supplementary Table S7). ‘Poor/Terrible’ sleep (OR=5.28,
95% Cl=1.57-17.75, p=10.007) and severe anxiety (OR=5.58,
95% Cl=1.60-19.39, p = 0.007) were associated with achieving
the MCID in the SIBDQ. Additionally, patients treated with THC
doses above the median were more likely to achieve the MCID
in the SIBDQ (OR=3.11, 95% Cl=1.27-7.60, p =0.013).

When all variables were included in a multivariable regres-
sion model, severe baseline anxiety (OR=6.78, 95% Cl=1.37-
-33.57, p=0.019) and above median doses of THC (OR=7.22,
95% Cl=1.58-33.00, p=0.011) were associated with a greater
likelihood of achieving the MCID, but this was no longer the
case for baseline sleep quality (p > 0.050) (Table 5).
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Table 5. Multivariable regression analysis examining impact of independent factors on achieving the minimal
clinically important difference (MCID) in the short inflammatory bowel disease questionnaire (SIBDQ) at 18-months.

Variable n OR [95% Cl] p-value
Age

18-30 14 -1.16 [0.18-7.42] Ref

31-40 55 1.20 [0.15-9.38] 0.877

31-50 28 1.46 [0.13-15.97] 0.863

51+ 14 0.758
Gender

Male 920 -0.50 [0.11-2.36] Ref

Female 21 0.383
BMI (kg/m?)

<20 16 0.52 [0.09-3.04]-0.22 [0.05-1.11] 0.470

20.01-25 47 1.37 [0.35-5.31] Ref

25.01-30 28 0.067

> 30 20 0.652
Primary Diagnosis

75 -2.04 [0.59-7.14] Ref

uc 36 0.263
Cannabis Status

Naive 20 -2.93 [0.39-21.99] Ref

Ex-User 15 1.04 [0.18-6.06] 0.295

Current User 76 0.968
Treatment Type

Qils 17 -1.06 [0.13-8.75] Ref

Dried Flower 39 1.04 [0.14-7.70] 0.958

Both 55 0.970
CBD Dose

< median (<30.00 mg/day) 56 -2.61 [0.81-8.39] Ref

> median (>30.00 mg/day) 55 0.108
THC Dose

< median (<136.25 mg/day) 55 -7.22 [1.58-33.00] Ref

> median (>136.25 mg/day) 56 0.011*
Baseline Sleep Quality

Good/Excellent 35 -4.58 [0.94-22.36] Ref

Fair 36 2.22 [0.47-10.40] 0.060

Poor/Terrible 40 0.313
Baseline Anxiety

Sub-clinical 56 -0.83 [0.19-3.64] Ref

Mild 27 3.80 [0.70-20.48] 0.805

Moderate 14 6.78 [1.37-33.57] 0.121

Severe 14 0.019*

A multivariable regression model determined the effect of age, gender, BMI, primary diagnosis, cannabis status,
treatment type, cannabidiol (CBD) dose, (—)-trans-89-tetrahydrocannabinol (THC) dose, baseline sleep quality,
and baseline anxiety on the likelihood of achieving the MCID in the SIBDQ at 18-months. For baseline sleep
quality, terrible/poor, fair, and good/excellent sleep were defined as scores of 0-3, 4-6, and 7-10 on the single-
item sleep quality scale (SQS), respectively. For baseline anxiety, mild, moderate, and severe anxiety were defined
as scores of =5, 210, and =15 on the generalized anxiety disorder-7 (GAD-7). n=111. Results are presented as
the odds ratio (OR) and the 95% confidence intervals (Cl). *p < 0.050.

3.5. Adverse events

Figure 2 outlines the total incidence and severity of AEs
experienced and recorded by patients during the CBMP treat-
ment period. Twenty patients (17.24%) reported 155
(133.62%) AEs, which were largely mild (n=71; 61.21%) or
moderate (n=66; 56.90%) in severity, and no life-threaten-
ing/disabling AEs were reported (Figure 2 & Supplementary
Table S8). Fatigue (n=15, 12.93%) and dry mouth (n=11,
9.48%) were the AEs with the highest incidence
(Supplementary Table S8).

4. Discussion

Results from this study suggest CBMP treatment was associated
with improvements in IBD-specific, anxiety, sleep and general
HRQoL PROMs. There were consistent improvements in symp-
toms perceived by patients over the 18-month period.

Furthermore, patients treated with above median doses of
THC and with severe baseline anxiety were more likely to
achieve the MCID in the SIBDQ. Sub-group analysis based on
primary diagnosis showed improvements in IBD-specific mea-
sures in both CD and UC patient groups, however, improve-
ments in anxiety and general HRQoL were only seen in the CD
group. Sleep quality improvements were seen at all time-points
from baseline in the CD group and at 3-, 6- and 12-months in
UC patients. CBMPs were tolerated well in this study with only
20 patients reporting a total of 155 adverse events.

CBMP treatment was associated with improvements in the
SIBDQ at all time-points in both CD and UC patients. A similar
trend was observed in a previous study by our group from the
UKMCR, however the treatment period was only 3-months, the
sample size was smaller, and after sub-group analysis UC
patients did not see a statistically significant improvement
[40]. A post-hoc power analysis was conducted, with B set at
0.1. This indicates that the study was adequately powered, as a
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Figure 2. Frequency of adverse events categorized by severity of adverse events
(AEs) during 18-month treatment and number of total adverse events. AEs were
categorized as mild, moderate, severe, or life-threatening/disabling.

sample size of 56 was determined to be sufficient for detect-
ing a statistically significant difference between baseline and
18-month SIBDQ scores. There is a lack of available data from
similar long-term observational studies or RCTs on changes in
IBD-specific measures; however, short-term benefits of CBMPs
on HRQoL have been demonstrated in meta-analyses of RCTs
[37,39]. However, there is heterogeneity between available
RCTs with respect to CBMPs. In one recent RCT, the interven-
tion was smoked cannabis, which is not an approved route of
administration in the UK [39]. These results add to the growing
evidence of CBMPs on IBD-specific HRQoL outcomes, however
there is still a lack of evidence regarding its long-term impact
on active inflammation. Previous RCTs have been conducted
for short periods of time with a maximum study period of 10
weeks, showing no significant changes in inflammation; how-
ever, future studies should assess inflammatory changes using
endoscopy over longer time periods [37,39,57]. Recent obser-
vational studies have attempted to study the effects of canna-
bis in IBD, which have failed to find any significant
improvements and in some cases found that cannabis use
was associated with worse outcomes [58-61]. However,
these studies did not collect data prospectively.
Consequently, these outcomes may be more reflective of
cannabis use being more common in individuals with more
severe disease attempting to provide symptomatic relief,
rather than cannabis contributing to worsening of IBD [61].
At the 18-month follow-up, there was an improvement
in the EQ-5D-5L Index Value. This was mainly driven by
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improvements in the pain and discomfort domain which
had the greatest mean change of 0.31 from baseline to 18-
months. This was an important finding as IBD patients
have previously reported worse health in this domain
than the other domains [62]. These findings align with
Wang et al’s meta-analysis which demonstrated an
increased likelihood of patients, with chronic pain report-
ing a MCID when treated with cannabinoids compared to
placebo [63].

In the sub-group analysis based on primary diagnosis,
there were no improvements in the GAD-7 or EQ-5D-5L
Index Value in the UC group. Conversely, in the CD group
there were improvements in the GAD-7 at 1-, 3-, and 6-
months, and at all follow-up time points in the EQ-5D-5L
index. These differences might be due to differences in
baseline health between each cohort. The UC sub-group
had lower baseline GAD-7 values and higher EQ-5D-5L
index values (Supplementary Tables S4A & S4B). Since
only 38 UC patients were part of the study compared to
78 CD patients, the size of the UC sub-group may have
influenced the research outcomes and made it more sen-
sitive to drop-outs [64]. It is important to note here that
baseline observation carry forward (BOCF) was used to
adjust for dropouts which biased analysis toward the null
hypothesis. These outcomes, however, do align somewhat
with a previous meta-analysis which concluded there were
no benefits of cannabinoid therapy for UC patients for
HRQoL versus placebo, but improvements were seen in
CD patients [37].

Following univariable and multivariable analyses, severe
baseline anxiety had a statistically significant association with
achieving the MCID in the SIBDQ, while poor/terrible sleep
was deemed significant in the univariable analysis only. This
finding could be explained by the fact that CBMPs may cause
larger improvements and have a greater efficacy in patients
with moderate-to-severe symptoms, including anxiety, as
shown by a retrospective observational study [65]. It was likely
that patients with severe anxiety had worse scores on the
SIDBQ initially. However, it is also possible that the main
benefit to patients was in anxiety and sleep, and those people
continued treatment to receive these benefits, while patients
with good baseline sleep and anxiety dropped out due to a
reduced clinical effect on IBD-specific symptoms. Since the
SIBDQ also comprises an emotional domain, this effect may
also be reflective of the effects on psychological symptoms
[66]. Finally, patients treated with above median THC doses
were more likely to achieve the MCID. This could result from
higher THC doses producing greater psychotropic effects,
leading to improved patient outcomes [67]. Further studies
are needed to tease out the precise symptom burden CBMPs
are most effective in addressing.

Only 20 patients (17.24%) reported a total of 155 adverse
events (133.62%). The majority of AEs were mild or moderate
in severity, and none were disabling/life-threatening. The most
common AEs were fatigue and dry mouth, which was similar
to other studies conducted on the UKMCR [40,68]. Further,
these results were similar to the observational cross-sectional
study of Australian IBD patients utilizing CBMPs, as well as an
RCT conducted by Naftali et al., both of which reported low
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number of patients affected by AEs as well as very few severe
AEs [39,69].

This study does have significant limitations which must be
considered. Firstly, this is a case series without a placebo
control or comparator arm. Although associations between
CBMP therapy and improved HRQoL outcomes can be seen,
causality cannot be determined. The lack of blinding and
randomization means the study is affected by other confound-
ing variables. Only 16.67% of the patients were cannabis naive,
creating a selection bias as these patients could see improved
HRQoL outcomes due to the expectation of success of CBMP
therapy, given their experience utilizing illicit cannabis.
Conversely, these patients may have built tolerance to canna-
binoids, biasing the results to the null [70]. The majority of
patients were males, again not representative of the general
IBD population [71]. Furthermore, PROMs are subjective and
open to recall bias from the patient and the responses over
time are subject to attrition bias. These limitations restrict the
generalizability of the study to a broader patient population.

Conversely, this study had a relatively large sample size and is
the longest known longitudinal assessment of CBMP use in IBD
patients. Due to the distinct aroma and taste of CBMPs and its
vasoactive effects, it is difficult to conduct double-blinded RCTs,
hence this study adds important real-world evidence [72]. The
UKMCR consists of patients from across the UK and Channel
Islands, making this a geographically diverse study [42]. Lastly,
by utilizing BOCF, which is conservative in nature, to account for
missing data, analysis was biased toward the null hypothesis,
making any statistically significant finding more robust.

Future work assessing CBMP efficacy in IBD patients should
focus on conducting double-blinded RCTs, utilizing innovative
approaches to developing placebo. These should use objective
measures to assess local and systemic inflammation, such as
endoscopy, c-reactive protein, and a full blood count. This will
help assess the anti- inflammatory effects of CBMPs in IBD.
Limitations of this study should be used to inform these RCTs,
especially to ensure study samples are representative of the IBD
population. Continued longitudinal assessment through the
UKMCR is integral to increase real-world evidence and comple-
ment findings from RCTs.

5. Conclusion

To conclude, the findings suggest an association between CBMP
treatment and improved outcomes in both IBD-specific and
general HRQoL measures. This highlights the potential of
CBMPs as an alternative treatment for IBD patients, especially
those non-responsive to traditional therapy and biologics. The
effect of CBMPs seemed to vary slightly in CD patients versus UC
patients, while baseline anxiety levels and THC dose affected the
likelihood of achieving a minimal clinically important difference
in an IBD-specific measure at 18-months. However, conclusions
need to be treated with caution regardless of statistical signifi-
cance due to limitations. There remains a lack of evidence of
CBMP efficacy in IBD, especially on the underlying disease, hence,
results from this study can inform future RCTs.
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