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Abstract
Introduction: While there is increasing evidence of the effects of cannabis-based me-
dicinal products (CBMPs) on health-related quality of life (HRQoL), a major limitation 
of the current literature is the heterogeneity of studied CBMPs. This study aims to 
analyze changes in HRQoL in patients prescribed a homogenous selection of CBMPs.
Methods: Primary outcomes were changes in patient-reported outcomes (PROMs) at 
1, 3, 6, and 12 months from baseline. The secondary outcome was an adverse events 
analysis. Statistical significance was defined as p < 0.050.
Results: 1378 patients prescribed Adven® CBMPs (Curaleaf International, Guernsey, 
UK) were included in the final analysis. 581 (42.16%) participants were current users 
of cannabis at baseline. 641 (46.51%), 235 (17.05%), and 502 (36.43%) patients 
were treated with oils, dried flowers, or a combination of the two, respectively. 
Improvements were found in all PROMs in each route of administration at 1, 3, 6, 
and 12 months from baseline (p < 0.010). Those prescribed dried flower only or both 
oils and dried flower experienced greater improvements in GAD-7, SQS, and EQ-
5D-5L index values at 12 months (p < 0.050). There was no difference in outcomes 
between those prescribed dried flower only or dried flower with oils (p > 0.050). 3663 
(265.82%) adverse events were reported by 297 (21.55%) patients.
Conclusion: There was an associated improvement in self-reported anxiety, sleep 
quality, and HRQoL in patients treated with the CBMPs. Those prescribed treatment 
formulations including dried flower were most likely to show a clinical improvement. 
However, these results must be interpreted with caution given the limitations of study 
design.
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1  |  INTRODUC TION

Globally, access to cannabis-based medicinal products (CBMPs) is 
increasing.1 In the UK, while there are three licensed preparations 
of CBMPs, unlicensed CBMPs can only be initiated by doctors on 
the General Medical Council's specialist register in agreement with 
a multidisciplinary team.2 In addition, patients are required to have 
trialed appropriate licensed therapies for the condition, as well 
off-license medications, without sufficient clinical benefit prior to 
consideration of unlicensed CBMPs.2 There is growing pre-clinical 
evidence on CBMPs in chronic conditions. However, there is a pau-
city of high-quality randomized controlled trials due to the limita-
tions of studying their effects in this setting.3

The cannabis plant contains over 400 chemical compounds 
with medical potential,4 of which more than 144 are phytocan-
nabinoids that provide clinical effects through interactions with 
the endocannabinoid system.5 The most prevalent compounds 
by concentration in the cannabis flower are the cannabinoids 
(−)-trans-Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD).6 
However, CBMPs are a heterogeneous group of medicines, includ-
ing isolate formulations of cannabinoids, broad-spectrum prod-
ucts7 containing other compounds from the cannabis flower with 
potential therapeutic properties (minor cannabinoids, terpenes, 
flavonoids),8 and full-spectrum medicines containing the full com-
plement of compounds extracted from the cannabis plant during 
its manufacture.7

Cannabinoids exert most of their actions through G protein-cou-
pled type 1 (CB1) and type 2 (CB2) cannabinoid receptors.9 The 
concentration of CB1 receptors is highest in the central nervous sys-
tem.10 Activation of CB1 receptors results in the blockade of calcium 
and activation of potassium channels, causing the downregulation of 
neurotransmission.11 CB1 receptors are typically found on pre-syn-
aptic terminals and subsequently regulate the release of neurotrans-
mitters, such as glutamate and γ-aminobutyric acid (GABA), in the 
central nervous system resulting in inhibition of excitatory or in-
hibitory signals, respectively.12 CB2 receptors are predominantly 
expressed in peripheral immune cells and the gastrointestinal sys-
tem, regulating the release of inflammatory cytokines, including in-
terleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α.13 THC is a 
partial agonist of CB1 and CB2 receptors.9 The predominant mecha-
nism of action of CBD, however, is inhibition of postsynaptic uptake 
and subsequent fatty acid amide hydrolase-mediated catabolism of 
the endocannabinoid, anandamide. This results in the accumulation 
of anandamide, a CB1 receptor agonist, at synaptic junctions.14 In 
addition, CBD is a negative allosteric modulator of CB1 receptors, 
therefore simultaneously limiting the activation of CB1 receptors by 
agonists.15

Considering the overlapping role of the endocannabinoid sys-
tem in the nervous, immune, and gastrointestinal systems, mod-
ulation of CB1 and CB2 receptor activity has been considered a 
novel target of interest in treating a range of chronic health con-
ditions, particularly those with a psychological or neurological 
component.10–12 With respect to chronic pain, the most common 

condition for which CBMPs are prescribed, cannabinoids have 
shown effects on nociceptive transmission through the peripheral 
and central nervous systems, in addition to affecting the cogni-
tive manifestations of pain.10 Interactions with serotoninergic 
pathways have been implicated in mood and anxiety disorders, 
with cannabinoids producing similar effects in pre-clinical stud-
ies to monoamine reuptake inhibitors.10 Meanwhile, the regula-
tion of GABA and glutamate is implicated in its effects on seizure 
disorders.12

In addition to pre-clinical studies demonstrating an array of ef-
fects of CBD and THC on physiological processes, there is growing 
clinical evidence demonstrating effects on specific conditions.16–19 
An umbrella review encompassing both observational and random-
ized controlled trials has suggested that CBMPs are effective in con-
ditions such as multiple sclerosis and chronic pain.19 With respect 
to chronic pain, Wang and colleagues have previously modeled a 
10% risk difference of individuals prescribed non-inhaled CBMPs 
experiencing a clinically important improvement in pain severity.16 
There is a lack of randomized controlled trials which have examined 
the effects of inhaled CBMPs and considering the heterogeneity of 
chronic pain conditions, there are still unanswered questions with 
respect to the efficacy of CBMPs according to the different etiol-
ogies of chronic pain and the optimum doses of cannabinoids and 
mode of administration.16 Concerns also remain about the use of 
cannabis in young people and people susceptible to severe psychiat-
ric conditions.19 Despite a paucity of randomized controlled trials re-
porting outcomes for CBMPs, there is also evidence of symptomatic 
benefit in conditions, such as sleep disorders and chemotherapy-in-
duced nausea and vomiting.17 For other conditions, such as anxiety, 
where there has been promising pre-clinical or observational data 
on the effects of CBMPs, there is still insufficient evidence to arrive 
at a consensus on its efficacy based on randomized controlled trial 
data.17

Assessment of the impact of CBMPs on health-related quality of 
life (HRQoL) has been identified by medical cannabis patients as being 
a key research priority.20 Yet there remains a paucity of high-quality 
clinical data on their effects on HRQoL. This is likely secondary to in-
herent challenges with studying the health effects of CBMPs within 
the context of randomized controlled trials.3 Observational studies 
have therefore sought to bridge the gap in research on this topic. 
Data from the UK Medical Cannabis Registry (UKMCR) was devel-
oped to demonstrate the outcomes in patients prescribed CBMPs, 
with a focus on HRQoL. To date, improvements have been observed 
in patients with chronic pain, generalized anxiety disorder, autism 
spectrum disorder, post-traumatic stress disorders, depression, 
headache disorders, and pediatric epilepsy.21–27 There have also 
been successive evaluations of changes in HRQoL across patients 
with all conditions.28–30 While these have helped to overcome some 
of the limitations of the present literature on CBMPs, they incor-
porate a homogeneous selection of CBMPs, which can affect both 
observational studies and randomized controlled trials.31 As such, 
they are confounded by the effects of different CBMPs, with vary-
ing concentrations of CBD and THC, and routes of administration. 
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The primary aim of the present study is to therefore examine the as-
sociated changes in HRQoL, opioid prescription, and adverse events 
in patients treated exclusively with a homogeneous selection of 
CBMPs (Adven®, Curaleaf International, Guernsey, UK) enrolled in 
the UKMCR. The secondary aim is to evaluate the impact of method 
of administration on the changes in HRQoL, opioid prescription, and 
incidence of adverse events.

2  |  METHODS

This was a prospective cohort study of patients enrolled in the 
UKMCR and prescribed Adven® CBMPs (Curaleaf International, 
Guernsey, UK), including inhaled dried flower, sublingual/oral me-
dium-chain triglyceride-based oil, or a combination of two for any 
indication. All patients signed a formal, written consent form before 
the data collection. The UKMCR received formal ethical approval 
from the Central Bristol Research Ethics Committee (22/SW/0145). 
This study was reported with the following Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines.32

The UKMCR is a patient registry that is privately owned and run 
by Sapphire Medical Clinics. It was established in December 2019 
to gather prospective clinical data from patients prescribed CBMPs. 
An evaluation of the UKMCR has previously shown that over 90% 
of participants found the registry to be important in impacting the 
future of care of patients.20

2.1  |  Patient and data selection

Patient data from those prescribed Adven® CBMPs (Curaleaf 
International, Guernsey, UK) for any indication were extracted from 
the UKMCR on January 9th 2023. Patients who had incomplete 
baseline PROMs data or had been enrolled on the UKMCR for fewer 
than 12 months were excluded. Specific cohorts were determined 
depending on how prescribed CBMPs were administered. There 
were three cohorts, including patients only prescribed oil-based 
products (including reformulated oils in lozenges or capsules) for 
sublingual or oral administration, inhaled dried flower, and patients 
prescribed in a combination of both.

The decision to prescribe was made by consultant physicians 
with the appropriate specialist training in the indication for CBMPs, 
in conjunction with a multidisciplinary team. The choice of product 
was therefore dictated by clinical need on an individual patient basis.

2.2  |  Data collection

During the first appointment with patients, clinicians recorded pa-
tient demographics, medications, comorbidities, occupations, and 
drug and alcohol history. Occupations were categorized using the 
international standard classification of occupations.33 Indications for 

therapy with CBMPs were also documented using primary, second-
ary, and tertiary diagnoses.

Comorbidities were recorded, and the Charlson comorbidity 
index was calculated for each patient. The Charlson comorbid-
ity index is widely used to measure the risk of death and disease 
burden in observational studies.34 Tobacco and alcohol status of 
patients were recorded as units per week and pack-years, respec-
tively. Before receiving a precription for CBMPs, patients were re-
quested to provide the cannabis status for recreational or medical 
use, including ‘never used’, ‘current’, or ‘ex-user’. For ‘current’ and 
‘ex-user’ cannabis status, cannabis grams years were calculated to 
quantify lifetime cannabis use.35 Cannabis gram years are calcu-
lated by multiplying grams consumed per day by years of cannabis 
use.35 Participants were counseled against continued illicit canna-
bis consumption, but they were not required to prove a period of 
abstinence from cannabis via a urine drug screen before receiving 
a prescription.

The concomitant medications patients were prescribed at 
baseline were recorded using the Systematized Nomenclature of 
Medicine – Clinical Terms.36 Patients and/or clinicians recorded 
the dose of the medications being prescribed at the onset of CBMP 
therapy or any changes during follow-up. Opioid medications were 
converted to oral morphine equivalents using conversion factors 
quoted by the British National Formulary and the General Practice 
notebook.37,38

CBMP prescriptions at the end of the follow-up period were re-
corded, including formulation, and THC and CBD doses (mg/24 h).

Patient-reported outcome measures (PROMs) were completed 
electronically at baseline, and 1, 3, 6, and 12 months after initiation 
of treatment with CBMPs in line with clinical consultation frequency. 
Over 90% of patients found the online platform easy to use when 
completing health questionnaires.20

2.3  |  PROMs

The PROMs collected during this study were the General Anxiety 
Disorder (GAD-7), Single-Item Sleep Quality Scale (SQS), EQ-
5D-5L, and Patient Global Impression of Change (PGIC) ques-
tionnaires. In addition to these, each condition collected PROMs 
specific to their respective conditions; however, these measures 
were not included in the present analysis. Patients completed 
PROMs online; if the data were incomplete, electronic remind-
ers were used to prompt patients to fill in any missing information 
until complete.

GAD-7 consists of seven core symptoms of generalized anxiety 
disorder, and patients choose the frequency of being bothered by 
those symptoms over the last 14 days. Frequency options include 
‘not at all’, ‘several days’, ‘more than half the days’, or ‘nearly every 
day’. Each represents 0, 1, 2, and 3, resulting in a total score from 
0 to 21. The cut-off scores for mild, moderate, and severe anxi-
ety are ≥5, ≥10, and ≥15, respectively. A reduction of 4 points or 
more on the GAD-7 scale from the baseline to the follow-up is 
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clinically significant and indicates an improvement in symptoms 
of anxiety.39

SQS is a validated measure with a rating scale from 0 to 10, with 
0 referring to ‘terrible’, 10 referring to ‘excellent’ sleep quality over 
the preceding week. An increase of 2.6 points is considered a clini-
cally significant improvement.40

EQ-5D-5L is a descriptive system that assesses HRQoL, consist-
ing of 5 aspects: mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression. Every dimension comprises 5 levels, and 
each represents a number: no problems (1), slight problems (2), mod-
erate problems (3), severe problems (4), and extreme problems (5). 
From this, one of 3125 health scores is generated.41 Subsequently, 
the health state is mapped onto a UK-specific index value in line 
with National Institute for Health and Care Excellence recommen-
dations.42 An index value of 1 refers to ‘full health’ while index value 
lower than 0 refers to worse than death.43 There is no value that 
is deemed clinically significant across different medical conditions.

PGIC is a 7-point scale, in which patients determine the differ-
ence in their health status before and after the start of treatment. 1 
indicates ‘no change’ and 7 indicates ‘a great deal better’.44

2.4  |  Missing data

Missing data were dealt with using the baseline observation carried 
forward, to provide a conservative estimate of true effects. Missing 
follow-up values in any PROMs were therefore replaced with the 
value reported by a patient at baseline.35

2.5  |  Adverse events

Adverse events were classified according to Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0. The incidence rate 
of the adverse events for each group was calculated as the percent-
age of adverse events per patient in each group.

2.6  |  Statistical analysis

Extracted patient data were analyzed using IBM Statistical Package 
for Social Sciences (version: 29.0.0.0 SPSS Inc., [New York IL], USA). 
p < 0.050 was determined as being statistically significant. Parametric 
and non-parametric data were presented as mean ± standard devia-
tion (SD) and median and interquartile range (IQR), respectively.

Repeated measures ANOVA was used to compare the mean dif-
ference of the PROMs and change in opioid prescriptions between 
each time period among patients treated with oils, dried flowers, or 
a combination of both. For statistically significant measures, a pair-
wise analysis with Bonferroni correction was performed. A sensitiv-
ity analysis was performed with analysis restricted to cannabis-naïve 
patients. A one-way ANOVA was used to compare the difference 
between each mode of administration at each follow-up period. 

Tukey's honestly significant differences test was used to further 
evaluate any differences between treatments that showed statisti-
cally significant values from the one-way ANOVA.

Univariate binary logistic regression was used to assess the ef-
fects of age, BMI, gender, treatment type, and prior cannabis expo-
sure on adverse event likelihood using odds ratios (ORs) and 95% 
confidence intervals (CI). Additionally, a multivariate binary logistic 
regression model was applied to determine the impact of each vari-
able on adverse event occurrence while considering the other in-
cluded variables.

3  |  RESULTS

3.1  |  Patient demographics, clinical history, and 
prescription information

On January 9, 2023, patient data from the UKMCR were extracted. 
9464 patients were enrolled at the time, of which 3058 were en-
rolled on the UKMCR for a minimum of 12 months and 2717 of these 
had completed the baseline PROM assessment. 1378 patients pre-
scribed Adven® CBMPs were included in the final analysis.

Table 1 shows the patient demographics, clinical history, 
and prescription information. The mean age of patients was 
46.31 ± 15.65 years. 645 (46.81%) patients were male, and 733 
(53.19%) were female. The mean BMI of patients was 27.58 ± 7.21 kg/
m2. The Charlson comorbidity index was 1.00 [0.00–6.00].

641 (46.51%), 235 (17.05%), 502 (36.43%) patients were treated 
with oil, dried flower, and a combination of both CBMPs, respectively. 
The median CBD and THC doses for patients prescribed oils only were 
20.00 [20.00–50.00] mg/24 h and 10.00 [5.00–11.60] mg/24 h, for 
patients prescribed dried flower only were 7.50 [5.00–15.00] mg/24 h 
and 167.50 [100.00–200.00] mg/24 h, and for patients prescribed both 
CBMPs were 27.50 [20.00–55.00] mg/24 h and 112.00 [105.00–195.00] 
mg/24 h respectively. The most frequently prescribed medium-chain 
triglyceride oils were Adven® 50 mg/mL CBD (Curaleaf International, 
Guernsey, United Kingdom) and Adven® 20 mg/mL THC (Curaleaf 
International, Guernsey, United Kingdom). The most commonly pre-
scribed dried flower was Adven® EMT1 200 mg/g THC < 10 mg/g CBD 
(Curaleaf International, Guernsey, United Kingdom).

Table 2 demonstrates the indications for CBMP treatment. There 
were a total of 32 indications reported in the analysis. For the pri-
mary indication, chronic non-cancer pain (n = 394; 28.59%), neu-
ropathic pain (n = 136; 9.87%), fibromyalgia (n = 162; 11.76%), and 
anxiety (n = 120, 8.71%) were the most common reasons for CBMP 
treatment. 528 (38.32%) patients had secondary diagnoses, and 180 
(12.40%) were reported to have a tertiary diagnosis.

Table 3 illustrates the tobacco, cannabis, and alcohol status of the 
patients at baseline. Most patients (n = 805; 58.42%) were currently 
using cannabis at baseline or had previously consumed cannabis, and 
the lifetime cannabis use was 5.00 [1.00–15.00] gram years. For the 
tobacco status, 872 (63.28%) participants were current or ex-smok-
ers, and the median of smoking pack years was 10.00 [3.00–20.00]. 
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The weekly alcohol consumption of the participants in the analysis 
was 0.00 [0.00–5.00] units.

3.2  |  Patient-reported outcome measures

Table 4 displays the PROMs at baseline and each follow-up, with 
mean values presented separately by route of administration. 
Overall, a significant improvement in HRQoL was observed com-
pared to baseline, as indicated by changes in GAD-7, SQS, and 
EQ-5D-5L index values (p < 0.001) (Figure 1). Subscale analysis of 
EQ-5D-5L also revealed improvements (p < 0.001) in all subscales, 
except for self-care, where no improvement was observed in oils 
only (p = 0.193) and dried flower only (p = 0.110) groups.

A sensitivity analysis where analysis was restricted to canna-
bis-naïve patients is detailed in Table S1. Similar to the all-patient 
analysis, statistically significant improvements were noted in GAD-
7, SQS, and EQ-5D-5L index values (p < 0.050). Subscale analysis of 
EQ-5D-5L similarly revealed improvements (p < 0.050) in most sub-
scales, except for self-care (p > 0.050) or mobility (p > 0.050).

Overall, the number of patients with clinically significant im-
provements was 406 (29.46%) and 410 (29.75%) in GAD-7 and SQS 
at 12 months respectively (Table 5). For GAD-7, the number of pa-
tients experiencing clinically significant improvements was as fol-
lows: oils (n = 138; 21.53%), dried flower (n = 93; 39.57%), and dried 
flower and oils (n = 175; 34.86%; p < 0.001). Similarly, for SQS, the 
numbers were: oils (n = 154; 24.02%), dried flower (n = 80; 34.04%), 
and dried flower and oils (n = 176; 35.06%; p < 0.001).

3.3  |  Effect of CBMP treatment type

Comparison of the mean difference for each PROM according to 
treatment group at the follow-up intervals relative to baseline is de-
tailed in Table 6. Differences were observed between groups at 1, 
3, 6, and 12 months follow-up in GAD-7 (p < 0.001), SQS (p < 0.001), 
the EQ-5D-5L index value (p < 0.001), and EQ-5D-5L subscales, in-
cluding usual activities (p < 0050), pain and discomfort (p < 0.001), 
anxiety and depression (p < 0.001), and the EQ-5D-5L index value 
(p < 0.001), at all timepoints. At 6 and 12 months, differences were 
observed in the EQ-5D-5L subscale for mobility (p < 0.050).

Table 7 displays the results of statistically significant mean dif-
ferences obtained from the one-way ANOVA, which were assessed 
using Tukey's honestly significant difference post hoc test.

3.4  |  Change in opioid medications

Table 8 illustrates the change in opioid medication following CBMP 
treatment in 427 (30.99%) patients who were prescribed opioids 
either at baseline or at other time periods in the present analysis. 
Overall, there was a reduction in opioid prescriptions at 1 month 

TA B L E  1  Patient baseline demographics, clinical history, and 
prescriptions.

Demographic details
n (%)/mean ± SD/
median [IQR]

Gender

Female 733 (53.19)

Male 645 (46.81)

Age, years 46.31 ± 15.65

Body mass index, kg/m2 27.58 ± 7.21

Occupations

Unemployed 579 (42.02)

Professional 171 (12.41)

Other occupations 162 (11.76)

Undisclosed 117 (8.49)

Technicians and associate 
professionals

77 (5.59)

Managers 68 (4.93)

Elementary occupations 65 (4.72)

Service and sales workers 47 (3.41)

Craft and related trades workers 41 (2.98)

Clerical support workers 35 (2.54)

Plant and machine operators, and 
assemblers

8 (0.58)

Skilled agricultural, forestry, and 
fishery workers

4 (0.29)

Armed forces occupations 4 (0.29)

Charlson comorbidity index 1.00 [0.00–6.00]

Anxiety/depression 610 (44.27)

Arthritis 337 (24.45)

Hypertension 185 (13.43)

Endocrine dysfunction 113 (8.20)

Epilepsy 48 (3.48)

Venous thromboembolism 48 (3.48)

Prescription information

Oils 641 (46.52)

CBD, mg/24 h 20.00 [20.00–50.00]

THC, mg/24 h 10.00 [5.00–11.60]

Dried flower 235 (17.05)

CBD, mg/24 h 7.50 [5.00–15.00]

THC, mg/24 h 167.50 [100.00–200.00]

Oils and dried flower 502 (36.43)

CBD, mg/24 h 27.50 [20.00–55.00]

THC, mg/24 h 112.00 [105.00–195.00]

Note: Demographic details, clinical history, and prescription of patients 
were collected at baseline by clinicians. Route of administration was 
reported as ‘oils’, ‘dried flower’, and ‘oils and dried flower’. The median 
CBD to THC dose was presented in mg/24 h.
Abbreviations: CBD, cannabidiol; IQR, interquartile range; 
n, number of patients; SD, standard deviation; THC, 
(−)-trans-∆9-tetrahydrocannabinol.
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(140 .53 mg/24 h ± 616.97 mg/24 h), 3 months (133.65 mg/24 h ± 5
94.06 mg/24 h), 6 months (132.07 mg/24 h ± 594.13 mg/24 h), and 
12 months (132.91 mg/24 h ± 594.61 mg/24 h) compared to the base-
line (140.89 mg/24 h ± 616.60 mg/24 h; p = 0.039). This represents a 
total reduction in mean opioid dose of 0.25%, 5.14%, 6.26%, and 
5.66% at 1, 3, 6, and 12 months, respectively.

3.5  |  Adverse events

Table 9 provides a comprehensive overview of the quantity and se-
verity of adverse events. Overall, 3663 (265.82%) adverse events 

were reported by 297 (21.55%) patients. The incidence of adverse 
events for patients prescribed oils only (n = 2008; 313.26%) and 
dried flower only (n = 687; 292.34%) was higher than the incidence 
of patients prescribed oils and dried flower (n = 968; 192.83%).

Most adverse events were moderate (n = 1584; 43.24%) or mild 
(n = 1560; 42.59%). The most common adverse events were fatigue 
(n = 271; 19.67%), somnolence (n = 250; 18.14%), dry mouth (n = 246; 
17.85%), lethargy (n = 221; 16.04%), and headache (n = 205; 14.88%). 
There was one reported episode of psychosis (0.07%) and two 
(0.15%) incidences of euphoria.

Table 10 presents the findings from a univariate logistic re-
gression, which examined factors contributing to the likelihood 

Diagnosis

Primary Secondary Tertiary

n (%) n (%) n (%)

Agoraphobia 0 (0.00) 3 (0.22) 3 (0.22)

Anxiety 120 (8.71) 111 (8.06) 25 (1.81)

Attention-deficit/hyperactivity disorder 22 (1.60) 14 (1.02) 3 (0.22)

Autistic spectrum disorder 19 (1.38) 8 (0.58) 12 (0.87)

Cancer pain 11 (0.80) 7 (0.51) 0 (0.00)

Chemotherapy-induced nausea and 
vomiting

6 (0.44) 1 (0.07) 1 (0.07)

Chronic non-cancer pain 394 (28.59) 80 (5.81) 1 (0.94)

Cluster headaches 3 (0.22) 1 (0.07) 0 (0.00)

Complex regional pain syndrome 8 (0.58) 3 (0.22) 2 (0.15)

Crohn's disease 27 (1.96) 5 (0.36) 2 (0.15)

Depression 54 (3.92) 50 (3.63) 34 (2.47)

Eating disorder 1 (0.07) 3 (0.22) 4 (0.29)

Ehlers-Danlos Syndrome 42 (3.05) 23 (1.67) 9 (0.65)

Endometriosis 1 (0.07) 1 (0.07) 0 (0.00)

Epilepsy adult 26 (1.89) 1 (0.07) 1 (0.07)

Fibromyalgia 162 (11.76) 73 (5.30) 7 (0.51)

Headache 2 (0.15) 8 (0.58) 2 (0.15)

Inflammatory arthritis 52 (3.77) 0 (0.00) 0 (0.00)

Insomnia 30 (2.18) 31 (2.25) 22 (1.60)

Migraine 38 (2.76) 20 (1.45) 8 (0.58)

Multiple sclerosis 36 (2.61) 3 (0.22) 0 (0.00)

Neuropathic pain 136 (9.87) 49 (3.56) 7 (0.51)

Obsessive-compulsive disorder 2 (0.15) 3 (0.22) 1 (0.07)

Osteoarthritis 51 (3.70) 5 (0.36) 4 (0.29)

Palliative care 55 (3.99) 1 (0.07) 0 (0.00)

Parkinson's 12 (0.87) 1 (0.07) 0 (0.00)

Post-traumatic stress disorder 54 (3.92) 3 (0.22) 10 (0.73)

Rare and challenging skin condition 5 (0.36) 13 (0.94) 0 (0.00)

Tourette's syndrome 2 (0.15) 3 (0.22) 0 (0.00)

Trigeminal neuralgia 1 (0.07) 3 (0.22) 1 (0.07)

Ulcerative colitis 6 (0.44) 3 (0.07) 0 (0.00)

Note: The indications for cannabis-based medicinal product treatment and the number of patients 
with the corresponding indication were recorded.
Abbreviation: n, number of patients.

TA B L E  2  Primary, secondary, and 
tertiary diagnoses of patients.
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of adverse events. The analysis revealed that both cannabis-naïve 
users (OR = 2.406; 95% CI: 1.792–3.230; p < 0.001) and canna-
bis ex-users (OR = 1.769; 95% CI: 1.198–2.611; p = 0.004) exhib-
ited a higher incidence of adverse events compared to current 
users. Moreover, male patients (OR = 0.426; 95% CI: 0.324–0.559; 
p < 0.001) and those prescribed with dried flower (OR = 0.679; 95% 
CI: 0.466–0.989; p = 0.044), as well as a combination of oils and dried 
flower (OR = 0.717; 95% CI: 0.539–0.954; p = 0.022), demonstrated a 
reduced likelihood of experiencing adverse events.

Table 11 demonstrates the results of the multivariate analysis ex-
amining factors contributing to adverse event incidence. Compared 
to current users, cannabis-naïve individuals (OR = 2.290; 95% CI: 
1.583–3.313; p < 0.001) and ex-users (OR = 1.760; 95% CI: 1.158–
2.674; p = 0.008) displayed higher probabilities of experiencing ad-
verse events. Furthermore, males (OR = 0.477; 95% CI: 0.352–0.645; 
p < 0.001) exhibited a reduced likelihood of adverse events.

4  |  DISCUSSION

The results of this study show an associated improvement in self-
reported anxiety, sleep quality, HRQoL, and a reduction in opioid 
prescription in patients treated with oil-based, dried flower, and a 
combination of both CBMPs at 1, 3, 6, and 12 months from base-
line. The magnitude of the improvements was static following the 
changes seen at 1 month, with no statistically significant differences 
in each primary outcome noted between each follow-up on post 
hoc analysis, except in comparison to baseline. Patients prescribed 
CBMP treatment formulations with dried flower were more likely 
to show statistically significant improvements in GAD-7, SQS, and 
EQ-5D-5L index value. Moreover, there was no significant differ-
ence in the PROMs between patients prescribed dried flower and 
both oils and dried flower. Individuals who were not already consum-
ing cannabis at baseline were found to have a higher likelihood of 

experiencing adverse events than current users. Meanwhile, males 
exhibited a reduced likelihood of reporting adverse events.

The study revealed significant improvement in anxiety symp-
toms for all patients, with approximately one-third experiencing clin-
ically significant improvements at 12 months. Among these patients, 
the cohort prescribed dried flower exhibited the most substantial 
improvement. Improvements were also observed in a study of 5075 
patients from Canada, but only 3.7% of the patients experienced 
a clinically significant decrease in GAD-7 scores.45 Conversely, 
another study did not find a significant change in the anxiety sub-
scale of the DASS-21.46 The evidence regarding CBMPs' efficacy in 
treating anxiety symptoms is unclear, possibly due to heterogeneity 
in the studies conducted.47 Moreover, self-reported sleep quality 
significantly improved among patients prescribed CBMPs via any 
route of administration, with the dried flower and oils/dried flower 
routes demonstrating greater improvements compared to oils alone. 
Improvements in sleep quality with the use of cannabis have also 
been shown in randomized clinical studies.48–50 These have, how-
ever, been affected by small sample sizes, limited follow-up or both. 
This study, which focused on a homogeneous selection of CBMPs 
(Adven®), demonstrates associated improvements up to 12 months, 
with the greatest improvements seen in those prescribed dried 
flower preparations. While the limitations of study design limit di-
rect inferences of effectiveness to be made, these results support 
the further evaluation of Adven® CBMPs in randomized controlled 
trials.

In addition, improvements in HRQoL were evident across all ad-
ministration routes, as demonstrated by the EQ-5D-5L index value. 
The dried flower and the oils and dried flower cohorts exhibited 
superior improvements to the oils-only cohort. These findings align 
with those of QUEST Initiative51 and are substantiated in a study 
involving 3184 patients treated at Emerald Clinics, Australia, where 
CBMPs were associated with an improved HRQoL across a spectrum 
of medical conditions.52 The differences between products may be 
secondary to the pharmacokinetic differences associated with each 
method of administration. Moreover, the dose of THC was higher in 
those prescribed dried flower in isolation or in combination with oils. 
This may have contributed to both objective and subjective improve-
ments in specific symptoms and HRQoL.53 Moreover, as the assign-
ment to each treatment was not randomized these differences may 
reflect underlying patient characteristics. In contrast, other studies 
have reported a reduced HRQoL in patients prescribed CBMPs.54 
The variability in the outcomes regarding HRQoL through CBMPs is 
likely due to the heterogeneity of the studied population, emphasiz-
ing the need for further investigation using a homogenous sample 
of CBMPs within separate populations to determine the most ap-
propriate medications to take forward into randomized controlled 
trials.55

The study observed a decrease in daily opioid consumption of 
0.25%, 5.14%, 6.26%, and 5.66% after 1, 3, 6, and 12 months re-
spectively. A recent study indicated a clinically significant reduc-
tion required a 28.2% decrease.56 However, findings from pooled 
observational studies reported a much higher reduction of 78% 

TA B L E  3  Cannabis, tobacco, and alcohol status.

Cannabis, tobacco, and alcohol status n (%)/median [IQR]

Cannabis status

Current user 581 (42.16)

Cannabis-naïve 573 (41.58)

Ex-user 224 (16.25)

Cannabis use, gram years 5.00 [1.00–15.00]

Smoking status

Ex-smoker 532 (38.61)

Non-smoker 506 (36.72)

Current smoker* 340 (24.67)

Smoking pack years 10.00 [3.00–20.00]

Weekly alcohol consumption, units 0.00 [0.00–5.00]

Note: *Frequency of use: Every day (n = 478; 82.27%), every other day 
(n = 48, 8.27%), 1–2 times per week (n = 41, 7.06%), >1 per month (n = 7; 
1.20%), <1 per month (n = 7; 1.20%). Mean use per day 1.00 [0.50–2.00] g.
Abbreviations: IQR, interquartile range; n, number of patients.
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in oral morphine equivalents compared to the results reported 
here.57 Multiple factors contribute to the relatively low decrease 
in opioid consumption within the study. Notably, 42.16% of pa-
tients were current cannabis consumers at the point of enrolment, 
suggesting they might have already utilized cannabis in reducing 
their opioid consumption. Furthermore, patients might have re-
duced their regular opioid use after starting CBMP treatment, yet 
this alteration might not have been accurately recorded. Indeed, a 
patient and public evaluation of the data collection platform used 
by participants in the UKMCR highlighted ‘difficulty adding as re-
quired medication’.20 This is most likely to affect pain medications, 
such as opioids, which may be used for breakthrough pain, in ad-
dition to chronic use.58

Most reported adverse events were mild to moderate, consis-
tent with prior assessments of safety.59 The highest incidence of ad-
verse events was observed among patients prescribed oils (n = 2008; 
313.26%), with a similar rate observed among patients prescribed 
the combination of oils and dried flowers (n = 687; 292.34%). These 
results may be attributed to the fact that most patients prescribed 
with oils were cannabis-naïve.60,61 On multivariate analysis, indi-
viduals who were cannabis-naïve were demonstrated to have an 
increased likelihood of experiencing an adverse event, while differ-
ing routes of administration of CBMPs were not associated with the 
incidence of adverse events. This finding may be secondary to in-
creased pharmacological tolerance in prior users.62

This study has several limitations. The most crucial limitation 
of an observational study is that it is not possible to determine 
whether CBMPs were responsible for the observed effects or 
whether they were secondary to confounding factors and/or re-
gression to the mean. There is a sampling bias associated with the 
present cohort. A higher proportion of participants were currently 
consuming or had previously consumed cannabis at baseline. 
These individuals may be self-selecting as responders to CBMPs 
through previous consumption and therefore their inclusion could 
lead to an enhanced response rate. For these individuals, there 
may also be an expectancy bias considering their knowledge of 
the effects of cannabis, which could lead to reporting greater 
improvements in symptoms or HRQoL and reduced reporting of 
adverse events. However, a sensitivity analysis including only can-
nabis-naïve patients demonstrated similar results to the primary 
analysis suggesting these effects are still seen in patients who 
had not previously been exposed to the effects of cannabis. All 
prescriptions for CBMPs were obtained privately, which may en-
hance responder bias. Moreover, the vasoactive and psychoactive 
effects of CBMPs have been demonstrated to cause an enhanced 
placebo effect. CBD and THC doses were calculated from prescrip-
tions, rather than patient-reported data to ensure completeness of 
data, so this may not represent the doses administered in all cases. 
These doses were also calculated from the optimally titrated dose 
at the end of the study period, rather than the dose prescribed 
throughout and therefore may be higher than those prescribed 
at earlier time points. There is loss of participants to follow-up, 
leading to attrition bias. To counteract this, the present analysis Pa
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uses a baseline observation carried forward approach to manage 
missing data, which likely leads to a more conservative estimate 
of the actual effect of CBMPs, with the results being biased to-
wards a null finding. There is a significant amount of heterogeneity 
among CBMP formulations studied; however, to mitigate this, the 
studied population was only prescribed products from one man-
ufacturer. Finally, while the length of the present analysis helps 
identify short-term outcomes, future studies should aim to have 

longer follow-up periods to determine long-term adverse events 
and if patients develop tolerance to the effects of CBMPs.

In conclusion, the CBMPs studied in this analysis were associ-
ated with an improvement in self-reported anxiety, sleep quality, and 
HRQoL, consistent with existing literature on CBMPs. Patients pre-
scribed treatment formulations, including dried flowers, were most 
likely to show clinical improvement, although caution must be taken in 
interpreting these results due to the study's limitations. Furthermore, 

F I G U R E  1  Baseline and follow-up EQ-5D-5L in individuals receiving treatment with cannabis-based medicinal products (CBMPs). 
Paired data were analyzed using repeated measures ANOVA. *p < 0.050, **p < 0.010, ***p < 0.001 on pairwise analysis against baseline with 
Bonferroni correction.

PROM
Follow-up 
interval

Oils Dried flower
Oils and dried 
flower

p-Valuen (%) n (%) n (%)

GAD-7 1 month 142 (22.15) 94 (40.00) 169 (33.67) <0.001***

GAD-7 3 months 143 (22.31) 92 (39.15) 178 (35.46) <0.001***

GAD-7 6 months 143 (22.31) 90 (38.30) 181 (36.06) <0.001***

GAD-7 12 months 138 (21.53) 93 (39.57) 175 (34.86) <0.001***

SQS 1 month 144 (22.46) 75 (31.91) 161 (32.07) <0.001***

SQS 3 months 153 (23.87) 76 (32.34) 170 (33.86) <0.001***

SQS 6 months 155 (24.18) 84 (35.74) 180 (35.86) <0.001***

SQS 12 months 154 (24.02) 80 (34.04) 176 (35.06) <0.001***

Note: Clinically significant improvements in GAD-7 and SQS were assessed at regular intervals, and 
the data were analyzed using the chi-squared test.
Abbreviations: GAD-7, generalized anxiety disorder-7; n, number of patients; PROM, patient-
reported outcome measures; SQS, Single-Item Sleep Quality Scale.
*p < 0.050; **p < 0.010; ***p < 0.001.

TA B L E  5  Reported proportion of 
patients experiencing clinically significant 
improvements in anxiety and sleep quality 
after receiving treatment with cannabis-
based medicinal products (CBMPs).
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TA B L E  6  One-way ANOVA analysis comparing patient-reported outcome measures (PROMs) at follow-up intervals relative to baseline 
for each treatment type.

PROM
Follow-up 
interval

Oils Dried flower Oils and dried flower

p-ValueMean difference SD
Mean 
difference SD

Mean 
difference SD

GAD-7 1 month 1.41 4.08 3.00 5.34 2.35 4.85 <0.001***

GAD-7 3 months 1.25 4.32 3.12 5.70 2.44 5.39 <0.001***

GAD-7 6 months 1.20 4.47 3.22 5.72 2.50 5.60 <0.001***

GAD-7 12 months 1.15 4.43 3.49 5.98 2.48 5.56 <0.001***

SQS 1 month −0.92 2.36 −1.57 2.42 −1.43 2.58 <0.001***

SQS 3 months −1.04 2.40 −1.62 2.53 −1.55 2.63 <0.001***

SQS 6 months −0.97 2.47 −1.61 2.71 −1.61 2.63 <0.001***

SQS 12 months −1.01 2.44 −1.55 2.86 −1.61 2.63 <0.001***

EQ-5D-5L mobility 1 month 0.10 0.68 0.13 0.68 0.16 0.74 0.347

EQ-5D-5L mobility 3 months 0.10 0.74 0.12 0.65 0.17 0.77 0.297

EQ-5D-5L mobility 6 months 0.09 0.75 0.11 0.79 0.21 0.83 0.021*

EQ-5D-5L mobility 12 months 0.06 0.77 0.07 0.82 0.20 0.81 0.012*

EQ-5D-5L self-care 1 month 0.05 0.63 0.11 0.67 0.06 0.72 0.543

EQ-5D-5L self-care 3 months 0.02 0.72 0.02 0.64 0.12 0.74 0.057

EQ-5D-5L self-care 6 months 0.04 0.72 0.06 0.69 0.12 0.76 0.218

EQ-5D-5L self-care 12 months 0.03 0.74 0.05 0.70 0.14 0.78 0.051

EQ-5D-5L usual activities 1 month 0.22 0.88 0.44 0.90 0.33 0.93 0.004**

EQ-5D-5L usual activities 3 months 0.22 0.92 0.42 0.93 0.34 1.00 0.009**

EQ-5D-5L usual activities 6 months 0.24 0.95 0.42 0.94 0.37 1.08 0.019*

EQ-5D-5L usual activities 12 months 0.19 0.91 0.40 1.00 0.34 1.02 0.004**

EQ-5D-5L pain and 
discomfort

1 month 0.31 0.85 0.50 0.91 0.52 0.91 <0.001***

EQ-5D-5L pain and 
discomfort

3 months 0.36 0.87 0.48 0.88 0.58 0.94 <0.001***

EQ-5D-5L pain and 
discomfort

6 months 0.35 0.85 0.54 0.94 0.56 0.94 <0.001***

EQ-5D-5L pain and 
discomfort

12 months 0.34 0.85 0.52 0.93 0.54 0.94 <0.001***

EQ-5D-5L anxiety and 
depression

1 month 0.18 0.79 0.44 0.89 0.36 0.87 <0.001***

EQ-5D-5L anxiety and 
depression

3 months 0.15 0.85 0.46 1.04 0.37 0.97 <0.001***

EQ-5D-5L anxiety and 
depression

6 months 0.16 0.85 0.46 1.02 0.39 1.02 <0.001***

EQ-5D-5L anxiety and 
depression

12 months 0.14 0.87 0.51 1.06 0.37 1.03 <0.001***

EQ-5D-5L index value 1 month −0.08 0.20 −0.13 0.21 −0.12 0.23 <0.001***

EQ-5D-5L index value 3 months −0.08 0.22 −0.12 0.21 −0.13 0.24 <0.001***

EQ-5D-5L index value 6 months −0.08 0.22 −0.14 0.22 −0.14 0.26 <0.001***

EQ-5D-5L index value 12 months −0.07 0.22 −0.14 0.23 −0.14 0.25 <0.001***

Note: A one-way ANOVA compared the difference in means at follow-up intervals relative to baseline for each treatment type to analyze differences 
between the route of administration and PROM scores in all patients treated with cannabis-based medicinal products.
Abbreviations: GAD-7, generalized anxiety disorder-7; PROM, patient-reported outcome measure; SD, standard deviation; SQS, Single-Item Sleep 
Quality Scale.
*p < 0.050; **p < 0.010; ***p < 0.001.
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the study highlights the low incidence of severe or disabling adverse 
events linked to extended use of CBMP. It demonstrates a higher oc-
currence of adverse events among females and individuals who are can-
nabis-naïve. Therefore, future studies with active comparators should 
investigate the effect of CBMPs on HRQoL, account for confounders, 
and assess long-term safety. This study does however provide support 

TA B L E  8  Reported opioid medications in patients across all conditions following the cannabis-based medicinal products (CBMP) 
treatment.

Baseline 1 month 3 months 6 months 12 months p-Value F-value

Oils 140.16 ± 656.68 139.74 ± 656.74 133.90 ± 618.97 133.22 ± 619.08 133.47 ± 619.18 0.374 0.82

Dried flower 102.19 ± 436.83 102.23 ± 436.82 100.96 ± 437.09 96.22 ± 436.02 98.67 ± 435.57 0.316 1.07

Oils and dried flower 151.27 ± 607.30 150.90 ± 607.37 141.38 ± 599.67 139.51 ± 599.87 140.64 ± 600.96 0.223 1.51

Total 140.89 ± 616.60 140.53 ± 616.97 133.65 ± 594.06 132.07 ± 594.13 132.91 ± 594.61 0.039* 2.52

Note: Paired patient opioid usage in oral morphine equivalents was analyzed using repeated measures ANOVA. Opioid medications were reported as 
mean ± standard deviation.
*p < 0.050; **p < 0.010; ***p < 0.001.

TA B L E  9  Incidence of adverse events and the list of top five 
most common adverse event incidence in each category.

Treatment type Adverse event n (%)

Adverse event category

Mild

Oils 826 (41.14)

Dried flower 268 (39.01)

Oils and dried flower 466 (48.14)

All treatments 1560 (42.59)

Moderate

Oils 898 (44.72)

Dried flower 306 (44.54)

Oils and dried flower 380 (39.26)

All treatments 1584 (43.24)

Severe

Oils 283 (14.09)

Dried flower 112 (16.30)

Oils and dried flower 122 (12.60)

All treatments 517 (14.11)

Life threatening/Severe

Oils 1 (0.05)

Dried flower 1 (0.15)

Oils and dried flower 0 (0.00)

All treatments 2 (0.05)

Adverse event incidence

Oils 2008 (313.26)

Dried flower 687 (292.34)

Oils and dried flower 968 (192.83)

All treatments 3663 (265.82)

Patients with adverse events

Oils 159 (11.54)

Dried flower 42 (3.05)

Oils and dried flower 96 (6.97)

All treatments 297 (21.55)

Treatment type Adverse event n (%)

Top five most common adverse event incidence

Oils Dizziness 117 (18.26)

Dry mouth 121 (18.88)

Lethargy 125 (19.50)

Somnolence 131 (20.44)

Fatigue 151 (23.56)

Dried flower Headache 38 (16.17)

Fatigue 42 (17.87)

Concentration 
impairment

50 (21.28)

Somnolence 50 (21.28)

Dry mouth 55 (23.40)

Oils and dried flower Headache 54 (10.76)

Lethargy 62 (12.35)

Somnolence 69 (13.75)

Dry mouth 69 (13.75)

Fatigue 78 (15.50)

All treatments Headache 205 (14.88)

Lethargy 221 (16.04)

Dry mouth 246 (17.85)

Somnolence 250 (18.14)

Fatigue 271 (19.67)

Note: Adverse event incidence was the division of the total number 
of adverse events experienced by the number of patients in the 
corresponding treatment groups.
Abbreviation: n, number of patients.

TA B L E  9  (Continued)
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for the further examination of Adven® CBMPs (Curaleaf International, 
Guernsey, UK) in randomized controlled trials.
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TA B L E  1 0  Univariate logistic regression model assessing factors 
contributing to the likelihood of experiencing adverse events.

Variable
Odds ratio [95% 
confidence interval] p-value

Age, years

18–30 – Ref

31–40 0.736 [0.480–1.126] 0.158

41–50 0.846 [0.558–1.285] 0.434

51–60 1.193 [0.777–1.833] 0.420

61–70 1.307 [0.806–2.120] 0.277

71–80 1.067 [0.591–1.926] 0.830

80+ 1.224 [0.516–2.904] 0.646

BMI, kg/m2

<20 0.839 [0.517–1.361] 0.477

20–25 – Ref

25–30 0.735 [0.521–1.036] 0.079

30–35 0.845 [0.559–1.276] 0.423

35+ 1.046 [0.685–1.597] 0.835

Cannabis status

Current users – Ref

Ex-users 1.769 [1.198–2.611] 0.004**

Naïve 2.406 [1.792–3.230] <0.001***

Gender

Female – Ref

Male 0.426 [0.324–0.559] <0.001***

Treatment type

Oils – Ref

Dried flower 0.679 [0.466–0.989] 0.044*

Oils and dried flower 0.717 [0.539–0.954] 0.022*

Note: A univariate logistic regression model assessed the relationship 
of age, body mass index (BMI), cannabis status, gender, and treatment 
type on the probability of experiencing adverse events by the 
calculation of odd ratios and 95% confidence intervals.
Abbreviation: Ref, reference group.
*p < 0.050; **p < 0.010; ***p < 0.001.

TA B L E  11  Multivariate logistic regression model assessing 
factors contributing to the likelihood of experiencing adverse 
events.

Variable
Odds ratio [95% 
confidence interval] p-Value

Age, years

18–30 – Ref

31–40 0.771 [0.490–1.212] 0.259

41–50 0.894 [0.571–1.398] 0.622

51–60 0.978 [0.611–1.565] 0.926

61–70 1.039 [0.604–1.789] 0.889

71–80 0.776 [0.395–1.523] 0.461

80+ 1.270 [0.489–3.304] 0.624

BMI, kg/m2

<20 0.670 [0.402–1.117] 0.124

20–25 – Ref

25–30 0.794 [0.556–1.133] 0.204

30–35 0.762 [0.498–1.166] 0.211

35+ 0.834 [0.538–1.293] 0.417

Cannabis status

Current users – Ref

Ex-users 1.760 [1.158–2.674] 0.008**

Naïve 2.290 [1.583–3.313] <0.001***

Gender

Female – Ref

Male 0.477 [0.352–0.645] <0.001***

Treatment type

Oils – Ref

Dried flower 1.486 [0.940–2.349] 0.090

Oils and dried flower 1.193 [0.847–1.680] 0.314

Note: A multivariate logistic regression model was used to assess the 
relationship between age, body mass index (BMI), cannabis status, 
gender, and treatment type on the likelihood of experiencing adverse 
events by the calculation of odd ratios and 95% confidence intervals.
Abbreviation: Ref, reference group.
*p < 0.050; **p < 0.010; ***p < 0.001.
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