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Abstract

Purpose We investigated patients with chronic pain
seeking  medical  cannabis. We  assessed  their
demographics, patterns of cannabis use, and the long-
term effectiveness of cannabis on their pain and functional
domains.

Methods This observational study enrolled patients
between 8 September 2015 and 31 July 2018 from
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community-based cannabis clinics in Ontario, Canada. In
addition to collecting demographic information, the
primary outcomes studied were pain intensity and pain-
related interference scores assessed at baseline, three, six,
and 12 months. Using validated questionnaires, we also
assessed anxiety, depression, quality of life (QoL), general
health symptoms, neuropathic pain, self-reported opioid
consumption, and adverse events.

Results Of the 1,000 patients consented, 757 (76%)
participated at one or more of the study time points. At six
and 12 months, 230 (30.4%) and 104 (13.7%) of participants

J. Fiorellino, MD
Department of Anesthesiology and Pain Medicine, University of
Toronto, Toronto, ON, Canada

Department of Anesthesia, Toronto General Hospital, Toronto,
ON, Canada

Centre For Cannabinoid Therapeutics, Toronto, ON, Canada

Transitional Pain Service, Toronto General Hospital, Toronto,
ON, Canada

A. Huang, MD - A. McClaren-Blades, MD
Department of Anesthesiology and Pain Medicine, University of

Toronto, Toronto, ON, Canada

Department of Anesthesia, Toronto General Hospital, Toronto,
ON, Canada

Transitional Pain Service, Toronto General Hospital, Toronto,
ON, Canada

@ Springer


http://orcid.org/0000-0003-4975-3823
https://doi.org/10.1007/s12630-020-01903-1
https://doi.org/10.1007/s12630-020-01903-1
https://doi.org/10.1007/s12630-020-01903-1
https://doi.org/10.1007/s12630-020-01903-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s12630-020-01903-1&amp;domain=pdf
https://doi.org/10.1007/s12630-020-01903-1

634

H. Meng et al.

were followed up, respectively. Most participants were
female (62%), Caucasian (91%), and sought cannabis for
pain relief (88%). Time was a significant factor associated
with improvement in pain intensity (P < 0.001), pain-related
interference scores (P < 0.001), QoL (P < 0.001), and
general health symptoms (P < 0.001). Female sex was
significantly associated with worse outcomes than male sex
including pain intensity (P < 0.001) and pain-related
interference (P < 0.001). The proportion of individuals
who reported using opioids decreased by half, from 40.8% at
baseline to 23.9% at 12 months.

Conclusion Despite significant challenges to collecting
long-term observational data on patients who attempted a
trial of cannabis products, approximately one-third of patients
in the cohort remained on medical cannabis for six months. In
this cohort, pain intensity and pain-related interference
scores were reduced and QoL and general health symptoms
scores were improved compared with baseline.

Résumé

Objectif Nous avons etudie’ des patients souffrant de
douleur chronique et cherchant a obtenir du cannabis
medical.  Nous  avons  evalu¢  leurs  donnees
demographiques, leurs habitudes de consommation de
cannabis et 'efficacite’ a long terme du cannabis sur leur
douleur et leurs domaines fonctionnels.

Méthode Cette etude observationnelle a recrute’ des
patients entre le 8 septembre 2015 et le 31 juillet 2018
dans des cliniques communautaires de cannabis en Ontario,
au Canada. En plus de recueillir des renseignements
demographiques, les criteres d’évaluation principaux
etudies etaient l'intensite’ de la douleur et les scores
d’interference lies d la douleur evalues au debut de 1’ etude
et d trois, six et 12 mois. A I'aide de questionnaires valides,
nous avons egalement évalue’ ’anxiete, la depression, la
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qualite’ de vie (QdV), les symptomes generaux de sante, la
douleur neuropathique, la consommation d’opioides
rapportee et les effets indesirables.

Résultats Sur les 1000 patients consentants, 757 (76 %)
ont participe’ d un ou plusieurs des points d’analyse de
I’étude. A six et douze mois, 230 (30,4 %) et 104 (13,7 %)
patients ont participe, respectivement. La plupart des
participants etaient des femmes (62 %) d’origine
caucasienne (91 %) et cherchaient a soulager leur
douleur avec du cannabis (88 %). Le temps etait un
facteur important associe a I’amelioration de I’intensite’ de
la douleur (P < 0,001), aux scores d’interference lies d la
douleur (P < 0,001), a la QdV (P < 0,001), et aux
symptomes de sante” generaux (P < 0,001). Le sexe feminin
a ete significativement associe d des pronostics moins bons
que le sexe masculin, y compris en matiere d’intensite de la
douleur (P < 0,001) et d’interferences liees a la douleur (P
< 0,001). La proportion de personnes qui ont declare
utiliser des opioides a diminue de moitie, passant de 40,8
% au debut de I’etude a 23,9 % a 12 mois.

Conclusion Malgre des defis importants dans la collecte
de données observationnelles d long terme concernant les
patients qui participent d une etude sur les produits du
cannabis, environ un tiers des patients de la cohorte ont
continuée’ d prendre du cannabis medical pendant six mois.
Dans cette cohorte, l'intensite de la douleur et les scores
d’interference lies a la douleur ont ete reduits, et les scores
de QdV et de symptomes generaux de sante se sont
ameliores par rapport au debut de la periode d ['etude.

One in five Canadian adults suffers from chronic pain,
amounting to estimated annual related costs to the
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Canadian economy of $50-60 billion.' Nevertheless, since
the likelihood of experiencing chronic pain increases with
age, the prevalence as well as the social and economic
burden of chronic pain are expected to rise substantially as
the Canadian population ages.” Chronic pain is often
associated with reduced quality of life, diminished mental
health, and increased long-term disability.>™* Historically,
opioids have been prescribed for treating chronic pain and
their use has increased four-fold in North America from
1997 to 2007, followed by years of stabilization between
2010 and 2017.>° Opioid use is associated with serious
adverse events and has limited improvements in
functionality and mood, and long-term opioid utilization
increases the probability of opioid diversion, abuse, and
addiction.”® Given the North American opioid crisis and
the publication of the Canadian opioid guideline for
chronic non-cancer pain (CNCP),9 utilizing effective
alternatives to opioids for the treatment of both CNCP
and cancer pain has become a priority.”'°

The routine use of cannabis for a medical condition has
been reported in 10-15% of patients with the majority
consuming it as an adjunct to help manage their chronic
pain symptoms.''"'® Different cannabis chemotypes are
composed of distinct concentrations of delta-9-
tetrahydrocannabinol (THC) and cannabidiol (CBD) that
are typically consumed through smoking, inhaling/vaping,
or by oral ingestion. Tetrahydrocannabinol is known to
induce a psychotropic effect whereas CBD may have more
of an analgesic and anti-inflammatory role.'*'> Recent
systematic reviews and meta-analyses have found
conflicting results of cannabis-based products for
treatment of chronic pain.'®"'® In addition to its disputed
analgesic effects, studies have also shown conflicting
results with regards to cannabis use and sleep quality,
anxiety, opioid consumption, and its potential as an opioid-
sparing agent.'>!?7%3

Cannabis has been touted as a solution to the opioid
crisis as it has shown opioid-sparing effects in preclinical
and clinical studies.”* Nevertheless, further research is
needed to identify the optimal make-up, ratio, and dosage
of cannabinoids to minimize harms and maximize benefits.
Critical methodological problems exist with the clinical
studies to date, with the most salient being the short follow-
up windows (hours or days) that limit conclusions. Given
the paucity of large-scale, longitudinal clinical studies
investigating the effects of cannabis products in patients,
we undertook a prospective observational study of patients
enrolled in Ontario, Canada community cannabis clinics.
The aim of the study was to assess the impact of cannabis
on pain intensity and pain-related interference for patients
consuming cannabis for up to 12 months. Secondary aims
were to identify associated changes in opioid consumption,
mental health, quality of life, and general health symptoms.

Methods

This was a prospective observational cohort study that
enrolled patients between 28 September 2015 and 31 July
2018. Ethics review board approval was obtained on 9
September 2015 from Veritas IRB Inc. (Saint-Laurent, QC,
Canada) (IRB#15040-13:32:119-09-2015). An a priori
sample of 1,000 adult patients with chronic diseases that
received their medical cannabis document at Ontario Canvas
Rx Cannabis Clinics (Toronto, Canada) were enrolled. These
clinics operated as for-profit entities; however, the Ontario
Health Insurance Plan, a government funded healthcare plan,
covered the cost of patient assessments. Patients first saw the
physician, and having received their medical cannabis
authorization document, were subsequently recruited for
this study by cannabis counsellors. The recruitment process
involved discussion with patients of the risks, benefits, and
logistics of the study, and written informed consent was
obtained. Patients did not receive compensation for
participation in this study and enrollment into the study did
not affect their care at the clinic.

We collected demographic information and baseline
questionnaires on each patient’s initial visit. We did not
collect detailed information regarding prior cannabis use,
such as the indication for use, form of cannabis consumed,
THC/CBD content, nor about reimbursement for cannabis
products used. The patients completed questionnaires at
their initial visit, and at three, six, and 12 months. These
questionnaires were to assess pain severity (average pain
over the last week on a numerical rating scale); average
score on pain interference (from the Brief Pain
Inventory)”; anxiety and depression subscores based on
an average of the two questions (Personal Health
Questionnaire [PHQ4])*®; general quality of life based on
the last question, out of 100 (EuroQol 5 Dimensions/3
Level Questionnaire [EQ-SD-SL])27; Edmonton Symptom
Assessment System (ESAS) based on the average score
across all items>®; Self-administered Leeds Assessment of
Neuropathic Symptoms and Signs (S-LANSS)?’; opioid
consumption (not form or dosage); and symptoms and
adverse events. We provided each patient with a personal
unique identifier to access a secure online survey hosted by
Survey Monkey (San Mateo, California, USA).

Statistical analysis

Descriptive statistical methods were used to summarize
characteristics of individuals seeking medical cannabis and
patterns of cannabis use over time, including mean
(standard deviations [SD]) and frequencies. Linear mixed
effect models were used to examine the effectiveness of
cannabis use on core outcomes. At each time-point, data
from individuals who reported they did not use cannabis
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since the previous time-point were excluded. Non-normally
distributed variables (Shapiro—Wilks and Kolmogorov—
Smirnov tests P < 0.05, Fischer skewness coefficient and
Fischer coefficient of kurtosis more than + 1.96) were

addressed by selecting appropriate transformation.
Separate models were run for the following core
outcomes: average pain intensity, pain interference,

anxiety, depression, quality of life, and general health
symptoms. For each model, a first-order auto-regressive
covariance type was specified and fixed-effects included
baseline cannabis use status (cannabis naive vs user),
reason for seeking medical cannabis (pain vs other; except
for pain intensity and pain-related interference that were
answered only by those seeking medical cannabis for pain),
time, and their interactions. Interaction terms were
removed if non-significant (P > 0.01). Alpha was set at
0.01 to account for potential type-I errors associated with
testing multiple models. Given the high proportion of
missing data at 12 months, sensitivity analysis was
conducted by re-running the above-mentioned model by
excluding the last follow-up time-point (12-month) and
comparing the models.

Results
Characteristics of individuals seeking medical cannabis

A total of 1,000 patients consented to the study and 757
participants completed baseline questionnaires and
provided demographic information (Figure). Of the
remaining 243 participants that provided consent for
enrollment, 215 participants completed the baseline
questionnaire but did not complete any of the follow-up
questionnaires and 28 participants consented but did not
complete either baseline or follow-up questionnaires. As
shown in Table 1, the majority of patients (n = 466; 61.6%)
were female, predominantly Caucasian (n = 688; 90.8%),
and all age groups were well represented; the > 65 yr age
group was the smallest (n = 102; 13.5%) and the 45-54 yr
age group was the largest (n = 199; 26.3%). Approximately
half (n = 384; 50.8%) had at least some college education
and one-third (n = 263; 34.7%) were employed full-time.
More than one-third (n = 297; 39.2%) of participants were
already using cannabis at baseline. The vast majority
sought cannabis for pain relief (n = 673; 88.9%). Other
reasons for seeking medical cannabis were diverse and
included common conditions such as anxiety (n = 20;
2.6%) and insomnia (n = 11; 1.5%). There were no
significant differences in sex among individuals seeking
cannabis for pain (P = 0.42). There were significantly more
men (n = 345; 45.6%) using cannabis at baseline than
women (n = 268; 35.4%) (P = 0.047); however, our

1000 participants enrolled

243 participants did not

v

v

complete baseline

baseline

757 participants completed

361 participants did not

\4

v

complete any of the 3 follow-
ups

396 completed > 1 follow-ups

- 166 completed 1 follow-up
- 128 completed 2 follow-ups
- 102 completed 3 follow-ups

394 completed 3-
month follow-up

230 completed 6-
month follow-up

104 completed 12-
month follow-up

Figure Patient response flow chart
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Table 1 Demographic, pain type and psychosocial characteristics of participants seeking medical cannabis and for those who completed at least

one follow-up

Total sample (n = 757)

Sample included in the longitudinal analyses

Cannabis naive (n = 241)

Cannabis users (n = 155) Total (n = 396)

Gender, n (%)

Female 466 (61.6) 160 (66.4) 88 (56.8) 248 (62.6)
Male 290 (38.3) 80 (33.2) 67 (43.2) 147 (37.1)
Transgender 1(0.1) 1(0.4) 0 (0.0) 1 (0.3)
Age, yr, n (%)
25-34 106 (14.0) 22 (9.1) 30 (19.4) 52 (13.1)
35-44 175 (23.1) 52 (21.6) 44 (28.4) 96 (24.2)
45-54 199 (26.3) 59 (24.5) 37 (23.9) 96 (24.2)
55-64 174 (23.0) 64 (26.6) 33 (21.3) 97 (24.5)
65+ 102 (13.5) 44 (18.3) 11 (7.1) 55 (13.9)
Prefers not to answer 1(0.1) 0 (0.0) 0 (0.0) 0 (0.0)
Ethnicity n (%)
White/Caucasian 688 (90.9) 219 (90.9) 140 (90.3) 359 (90.7)
Other 69 (9.1) 22 (9.1) 15 (9.7) 37 (9.3)
Education n (%)
Less than grade 12 59 (7.8) 9 (3.7) 10 (6.5) 19 (4.8)
Graduated high school 135 (17.8) 42 (17.4) 25 (16.1) 67 (16.9)
Associate or technical degree 179 (23.6) 50 (20.7) 53 (34.2) 103 (26.0)
Some college, no degree 195 (25.8) 59 (24.5) 31 (20.0) 90 (22.7)
Bachelor’s degree 131 (17.3) 52 (21.6) 27 (17.4) 79 (19.9)
Master’s degree or higher 58 (7.7) 29 (12.0) 9 (5.8) 38 (9.6)
Employment n (%)
Full-time 263 (34.7) 72 (29.9) 60 (38.7) 132 (33.3)
Part-time 55 (7.3) 18 (7.5) 11 (7.1) 29 (7.3)
Unemployed or unable to work 175 (23.1) 39 (16.2) 36 (23.2) 75 (18.9)
Retired 123 (16.2) 59 (24.5) 15 (9.7) 74 (18.7)
Self-employed 74 (9.8) 25 (10.4) 19 (12.3) 44 (11.1)
Other 67 (8.9) 28 (11.6) 14 (9.0) 42 (10.6)
Seeking cannabis for pain n (%)
Yes 673 (88.9) 199 (82.6) 155 (100.0) 354 (89.4)
No 84 (11.1) 42 (17.4) 0 (0.0) 42 (10.6)
Neuropathic pain n (%)*
Yes 213 (28.1) 63 (26.1) 56 (36.1) 119 (33.6)
No 460 (60.8) 136 (56.4) 99 (63.9) 235 (66.4)

*Neuropathic Pain questionnaire answered only by those reporting seeking cannabis for pain relief.

analyses showed that there was no difference in outcomes
between baseline cannabis users and cannabis naive users.
There were also no significant sex differences in terms of
daily grams used (P = 0.35).

There were no significant differences in sex, age,
ethnicity, indication for cannabis use (pain), or baseline
cannabis user status in participants who completed at least
one follow-up (n = 396) vs those who did not (n = 361).
Nevertheless, those who did not complete any follow-up
were more likely to be unemployed or unable to work (P =

0.01), more likely to have < grade 12 education (P <
0.001), and reported higher mean levels of depressive
symptoms (2.3 vs 2.0; P = 0.02), anxiety (2.4 vs 1.8; P <
0.001), common symptoms (ESAS, 3.6 vs 3.2; P = 0.002),
and lower mean levels of quality of life (54.8 vs 58.6; P =
0.01) compared with those who completed one or more
follow-ups.

The number of participants who completed three, six,
and 12-month follow-ups were 394 (52.0%), 230 (30.4%),
and 104 (13.7%) respectively. There were no significant
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Table 3 Opioid consumption status over time among those reporting baseline pain and included in the longitudinal analyses.

Participant seeking cannabis for pain and who are included in the longitudinal analyses

Cannabis naive (n = 199)

Cannabis users (n = 155) Total (n = 354)

Opioid consumption status at baseline, n (%)

Yes 82 (42.49)
No 111 (57.51)
Missing data 6

Opioid consumption status at 3 months, 1 (%)
Yes 55 (30.56)
No 125 (69.44)
Missing data 19

Opioid consumption status at 6 months, n (%)
Yes 27 (26.47)
No 75 (73.53)
Missing data 97

Opioid consumption status at 12 months, n (%)
Yes 14 (29.79)
No 33 (70.21)
Missing data 152

60 (38.71) 142 (40.80)
95 (61.29) 206 (59.20)
0 6

36 (26.09) 91 (28.62)
102 (73.91) 227 (71.38)
17 36

18 (20.00) 45 (23.44)
72 (80.00) 147 (76.56)
65 162

7 (17.07) 21 (23.86)
34 (82.93) 67 (76.14)
114 266

*Missing data were not included in the calculation of the percentages of individuals reporting having stopped opioids.

differences in age, ethnicity, work status, education level,
indication for cannabis use (pain), or baseline cannabis user
status between those who completed all three follow-ups
(n = 102) and those who did not (n = 655). Nevertheless,
those who completed all three follow-ups were more likely
to be male (P = 0.001) and reported lower mean levels of
anxiety (1.6 vs 2.1; P = 0.01).

Patterns of cannabis consumption over time

Few individuals who completed follow-ups reported that
they did not use cannabis (21/394 at three months, 13/230
at six months, and 5/104 at 12 months). Common reasons
for not using cannabis included financial reasons and
difficulty accessing supplies.

The dosage of cannabis and number of daily grams
consumed over time based on baseline cannabis status
(users vs naive) are shown in Table 2. While nearly a
quarter of existing cannabis wusers consumed oil
formulations at three months (n = 32; 22.1%) and at 12
months (n = 10; 23.8%), about one-half of cannabis naive
individuals did at three months (n=130; 57.0%) and at 12
months (n = 27; 47.1%). Fewer individuals used only dried
cannabis over time (n = 116, 31.1% at three months; n =
21; 21.2% at 12 months) and more individuals reported
using a combination of dried cannabis and oil-based
cannabis over time (n = 63; 16.9% at three months; n =
39.4; 39.4% at 12 months). At the 12-month time-point, 21

of the 104 the patients reported that they exclusively
consumed dried cannabis. There was an overall gravitation
towards oil-based products, not only for the overall sample,
but also in both cannabis naive and cannabis users at
baseline (Table 2).

Patterns of opioid consumption

Patterns of opioid consumption as a function of cannabis
consumption was also examined. Among all participants
who reported seeking cannabis for pain (n = 673), 283
(42.1%) reported being on opioid therapy at baseline.
Among those who completed at least one follow-up, 142
(40.8%) were on opioid therapy at baseline and this
proportion dropped to 23.9% at 12 months (Table 3). When
only considering individuals who were on opioid therapy at
baseline, 83 of 125 (66.4%) who completed the three-
month follow-up were still on opioids. This proportion
decreased to 53.5% (n = 38/71) at six months and to 50.0%
(n = 19/38) at 12 months.

Effectiveness of cannabis consumption

As shown in Table 4, scores on pain intensity, pain-related
interference, quality of life, and general health symptoms
significantly improved over time. Baseline cannabis status
was not significantly associated with any of the outcomes
(all P > 0.01). Seeking cannabis for pain was associated
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Table 4 Validated questionnaires for functional outcomes of participants seeking medical cannabis and for those who completed at least one

follow-up

Total sample n = 757)

Sample included in the longitudinal analyses

Cannabis naive (n = 241)

Cannabis users (n = 155)

Total (n = 396)

Pain interference (BPI), mean (SD)*

Baseline 6.29 (2.0) 6.23 (1.8)
3-month follow-up - 491 (2.5)
6-month follow-up - 4.45 (2.6)
12-month follow-up - 4.73 (2.6)
Average pain intensity-NRS11, mean (SD)*
Baseline 5.89 (1.6) 5.93 (1.6)
3-month follow-up - 4.83 (1.8)
6-month follow-up - 4.77 (1.8)
12-month follow-up - 4.79 (1.6)
Worst Pain Intensity-NRS11, mean (SD)*
Baseline 7.89 (1.5) 7.92 (1.5)
3-month follow-up - 6.81 (1.9)
6-month follow-up - 6.43 (2.3)
12-month follow-up - 6.92 (2.0)
Anxiety (PHQ4-anxiety subscore), mean (SD)
Baseline 2.05 (1.9) 1.72 (1.9)
3-month follow-up - 2.63 (2.7)
6-month follow-up - 2.10 (2.0)
12-month follow-up - 1.39 (1.6)
Depression (PHQ4-depression subscore), mean (SD)
Baseline 2.11 (1.8) 1.96 (1.8)
3-month follow-up - 1.91 (2.1)
6-month follow-up - 1.21 (1.6)
12-month follow-up - 1.95 (2.1)
ESAS, mean (SD)
Baseline 3.36 (1.7) 3.17 (1.7)
3-month follow-up - 2.48 (1.5)
6-month follow-up - 2.42 (1.4)
12-month follow-up - 2.41 (1.5)
Quality of life (EQ-5D-global score) mean (SD)
Baseline 56.79 (20.3) 58.55 (20.2)
3-month follow-up - 64.90 (20.3)
6-month follow-up - 67.52 (18.5)
12-month follow-up - 67.91 (20.6)

6.26 (2.2) 6.24 (2.0)
5.40 (2.3) 5.1 (2.4)
512 (2.5) 4.75 (2.6)
4.51 (2.8) 4.63 (2.7)
575 (1.8) 5.85 (1.7)
521 (1.8) 4.99 (1.8)
4.79 (1.8) 4.78 (1.8)
471 2.1) 4.76 (1.8)
7.88 (1.5) 7.91 (1.5)
7.05 (2.0) 6.91 (2.0)
6.94 (2.1) 6.66 (2.2)
6.41 (2.3) 6.69 (2.1)
1.83 (1.8) 1.76 (1.9)
2.81 (2.5) 2.70 (2.6)
222 (2.0) 2.15 (2.0)
1.22 (1.3) 1.32 (1.5)
1.97 (1.7) 1.96 (1.7)
1.86 (2.0) 1.89 (2.0)
1.46 (1.7) 1.31 (1.6)
1.22 (1.3) 1.90 (2.1)
3.20 (1.6) 3.18 (1.6)
2.66 (1.5) 2.55 (1.5)
2.84 (1.7) 2.60 (1.5)
2.44 (1.7) 242 (1.6)
58.61 (19.8) 58.57 (20.0)
64.28 (20.2) 64.65 (20.2)
65.23 (20.9) 66.54 (20.0)
68.30 (22.1) 68.07 (21.1)

*Questionnaire answered only by those reporting seeking cannabis for pain relief.

EQ-5D = EuroQol 5 Dimensions Questionnaire; ESAS = Edmonton Symptom Assessment System; NRS = numerical rating scale; PHQ4 =

Personal Health Questionnaire; SD = standard deviation.

with worse mean general health symptoms based on the
EQ-5D-3L compared with those seeking medical cannabis
for other reasons (2.9 vs 2.1, respectively; P = 0.004); this
variable was not significantly associated with any of the
other measured outcomes. Neuropathic pain status was
significantly associated with average pain intensity and
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pain interference; individuals with neuropathic pain had
significantly higher overall mean levels of average pain
(5.6) and pain interference (6.0) compared with those
without neuropathic pain (5.1, P = 0.001; pain interference,
5.2; P = 0.001). Sex was significantly associated with all
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Table 5 Gender differences across pain intensity, pain-related interference, anxiety, depression, quality of life and general health symptoms

Females, mean (SD) Males, mean (SD) P value Cohen’s d
Pain intensity 5.57 (1.8) 4.74 (1.7) <0.001 0.48
Pain-related interference 5.80 (2.4) 4.88 (2.3) <0.001 0.40
Anxiety (log) 0.50 (0.3) 0.42 (0.3) <0.001 0.30
Depression (log) 0.41 (0.3) 0.34 (0.3) 0.009 0.27
Quality of life 60.09 (20.5) 67.64 (19.4) <0.001 0.38
General health symptoms 3.17 (1.6) 2.18 (1.4) <0.001 0.65

*P value obtained in the linear mixed-models; anxiety and depression means are for the logged variable that was used in the linear mixed-

models.

outcomes of interest with females
outcomes than males did (Table 5).

Results of the linear mixed-models, which are
summarized in eAppendix (available as Electronic
Supplementary Material [ESM]), showed that after
adjusting for age and sex, time was a significant
predictor of pain intensity (P < 0.001), pain-related
interference (P < 0.001), quality of life (P < 0.001), and
general health symptoms (P < 0.001). This was the case
irrespective of baseline cannabis status (naive vs already
using; all interactions, P > 0.01) but also reasons for
seeking medical cannabis (P > 0.01).

Sensitivity analyses (running the linear mixed-models
by excluding the 12-month time-point) led to similar
results in all models (in terms of significant predictors)
except anxiety. In anxiety models, removing the last time-
point led to a significant main effect of time (P < 0.001)
and seeking cannabis for pain vs other reasons (P = 0.01).

reporting worse

Discussion
Patterns of cannabis consumption over time

Dried cannabis was the predominant product used at
baseline; however, over time the combination of dried
cannabis and cannabis oil became the most common forms
of cannabis being consumed. Physicians have shifted to
recommending and preferentially authorizing oil-based
products. Over the course of the current study, patients
who were predominantly using dried cannabis received
cannabis oil and integrated oils into their regimen or
switched to cannabis oil altogether. This change was
echoed by Health Canada market data that also shows a
significant shift to oil-based products from cannabis
consumers.”’ Interestingly, following legalization of
cannabis for recreational purposes in Canada in 2018,
cannabis oil sales for non-medical (i.e., recreational)
purposes has surpassed sales for medical purposes in

2019.>" What is needed as the cannabis industry moves
forward, are several large-scale observational real-world
evidence studies for which we know the inputs (i.e., what
people are actually consuming from chemical composition
standpoint—i.e., verified strains/ final products), which
would then lead to meaningful randomized-controlled trials
informed by the products being consumed in the real world.
The favourable response to oil-based cannabis may be due
to a slower onset of effect compared with smoked or
vaporized cannabis, as well as easier dose titration and
achieving a therapeutic effect with less adverse events (i.e.,
the feeling of being high).>*> We suggest this may also
reflect a desire for safer practice to ingest rather than be
subjected to the harmful effects of smoking and the cost of
purchasing a vaporizer. If the observational cohort was
repeated today, it is conceivable that the majority of
patients being authorized for medical cannabis would
consume oil-based rather than inhaled products at the
outset.

Effectiveness of cannabis consumption

In four of the six linear mixed-models, time was significant
(i.e., the longer patients continued on medical cannabis, the
greater the reported improvement of the symptom being
investigated). Over time, individuals who continued
consuming cannabis within this longitudinal study
reported lower pain severity and pain interference scores,
as well as improved quality of life and general health
symptoms scores. It is worth noting that there was
significant attrition in the analyses of these models and
caution needs to be applied. Nevertheless, the results of the
trajectory analyses are novel and have not been presented
in the literature to date (see eAppendix, ESM). In previous
studies, reductions in pain intensity were largest in one-day
acute pain studies, and small and sometimes non-
significant in studies of 12-week duration or longer,
suggesting that the effectiveness of cannabinoids for
CNCP may diminish over time.'® On the contrary, one
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controlled (open label) study has evaluated the safety and
tolerability of cannabis used for one year in 215 patients.”
The authors of this study concluded that cannabis is
tolerated well and relatively safe when used long-term.
They suggest that the beneficial effects of cannabis appear
to persist long-term and tolerance may not become a
significant issue for patients on a stable regimen. Future
studies are needed to determine whether tolerance becomes
a significant issue for patients consuming cannabis long
term.

Depression scores from the PHQ-4 initially improved
and then worsened in our cohort. Data examining
depression, stress, and anxiety were collected using a
commercially available mobile application. It was found
that cannabis users’ ratings of anxiety and stress remained
stable over time; however, depression scores significantly
increased over time from baseline.** This is consistent with
recent evidence that using cannabis to cope with distress is
associated with more cannabis-related problems and
increased symptoms of depression.

In the current cohort, the proportion of patients using
opioids at each follow-up was decreased (40.8% at baseline
vs 23.9% at 12 months) suggesting an opioid-sparing effect
with cannabis use. Interplay between opioid and
cannabinoid receptors have been described as having
overlapping neuroanatomical distribution of receptors,
especially in the dorsal horn, locus ceruleus, and dorsal
striatum.”> Co-activation of cannabinoid receptor type 1
and mu/kappa opioid receptors may also play a role in the
exogenous opioid-sparing effect of medical cannabis.*
Preclinical studies have shown robust evidence for an
opioid-sparing effect of cannabis, but these findings have
not yet been replicated in human randomized clinical trials.
Our data speaks to the need for robust clinical trials, given
the overall increase in opioid cessation for those that
remained on cannabis.

Sex differences among patients consuming cannabis

To date, the literature cites that men are more likely to use
cannabis for recreational purposes, whereas the majority of
women tend to use cannabis for medical purposes.’” In the
current study, sex differences were seen with women
having significantly higher pain severity, pain-related
interference, anxiety, depression, quality of life, and
general health symptoms outcomes (Table 5). Cuttler
et al. reported that greater proportions of females use
cannabis in smaller quantities and less frequently compared
with males.”” Men were significantly more likely than
women to report using joints, vaporizers, and concentrates,
while women were significantly more likely than men to
report using pipes and oral methods of administration.
Women were significantly more likely than men to report
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using cannabis to treat anxiety, nausea, anorexia,
irritable bowel syndrome, and headaches/migraines.

There may be biological and hormonal reasons that
underlie differing sex responses to cannabis-derived
compounds such as THC.*® In assessing sex differences
for analgesics, Cooper and Craft reviewed animal and
clinical studies. Six of seven studies using rat models
assessing the effect of synthetic THC on a combination of
tail pressure, paw pressure, complete Freund’s adjuvant,
mechanical allodynia, and heat hyperalgesia showed a
significantly more potent response in female rodents.*® In
an experimental heat model, nabilone (a synthetic THC
product) was given at doses of 0.5 mg and 1.0 mg.
Nabilone did not reduce pain intensity relative to placebo,
but at the higher dose, hyperalgesia was reduced in women
but not in men.*’ In a double-blind, placebo-controlled
study of healthy volunteers who smoke cannabis daily, the
cold pressor test, a laboratory pain assay, was performed
after participants smoked cannabis with THC vs cannabis
without THC.** Smoked cannabis with THC showed a
greater analgesic effect than cannabis without THC in men
more than women. The variability of results associated
with cannabis stems from the variability in the products
tested. Current cannabis products are plant-derived with
variable chemical compositions, so commercial products
invariably carry these variations to the point of sale.
Nabilone and plant-derived cannabis products vary
significantly with respect to active ingredients. There are
minimal data looking at differences in adverse effects with
sex, and this would be an area for future research.

Limitations

We acknowledge that there are several limitations to the
current work. Most medical cannabis literature to date
lacks findings on optimal make-up, ratio of THC:CBD, and
appropriate dosing of cannabis products. Our study did not
close that major gap. Future designs must fill this void.
Another limitation was our higher than anticipated attrition
rate. Our study protocol called for 1,000 patients to be
enrolled in the study. This goal was met, but a large
number of enrolled patients did not complete their baseline
survey, thereby leading to a smaller sample size (starting
with only 757 patients). Patients were enrolled by
counsellors and subsequently given a unique identifier to
complete the survey either onsite or at their convenience
from home. Over 243 patients were lost at this point, likely
because there was no coordinator follow-up. Given the
length of time taken to recruit the current cohort and
turnover in the cannabis industry, three different study
coordinators spanned the duration of the study, which
likely affected the robustness of patient follow-ups.
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The number of participants who completed three-, six-,
and 12-month follow-ups were 394 (52.0%), 230 (30.4%),
and 104 (13.7%), respectively. Given the attrition, the
retention rate was 52%, 58%, and 45% at three-, six-, and
12 months respectively relative to the previous time-point.
This sequential retention rate combined to nearly 90%
(89.6%) attrition rate from baseline. A possible explanation
for the attrition is that patients who tried cannabis and did
not find it helpful for their symptoms subsequently
withdrew from the study (i.e., stopped participating in the
longitudinal questionnaires). There was no incentive
(financial or otherwise) for patients to complete
questionnaires as is typical for these types of longitudinal
studies. Caution needs to be exercised when interpreting
the linear mixed-model of time being a significant predictor
of pain intensity, pain-related interference, quality of life,
and general health symptoms. The positive effects of
cannabis over time on the aforementioned domains may be
in part due to selection bias. Patients who completed
follow-up surveys tended to be patients still using cannabis
because it was helpful to them. Unfortunately, it is difficult
to ascertain the rationale for dropout. We did not capture
adverse effects in our validated questionnaires or other
survey questions. It is conceivable that adverse effects
related to cannabis use played a role in the significant drop
out of this observational cohort.

Finally, those who did not complete any follow-up were
more likely to be unemployed or unable to work, have less
than grade 12 education, higher levels of depressive
symptoms, anxiety and common symptoms (based on
ESAS), and lower quality of life than those who completed
one or more follow-ups. This raises two significant
questions regarding the use of cannabis for the domains
studied herein. First, the above dropout might suggest that
a higher severity of symptoms at baseline leads to an
increased likelihood of dropout. These dropouts might be
associated with a lack of effectiveness of cannabis in
reducing severe symptoms. The other possibility is that
cost is often a barrier to access cannabis. Patients who are
more likely to be unemployed or have lower levels of
education, would likely have more financial burden and
thus seek cannabis from cheaper sources.

Conclusions

Two-hundred and seventeen (28%) from an initial cohort
of 757 patients who filled their assessment completed the
six-month questionnaire and reported continuing the
consumption of cannabis. Pain intensity scores and pain
interference scores were significantly reduced and quality
of life and general health symptoms were improved
compared with baseline in the patients that continued

using cannabis for six months. The attrition rate of patients
was significant and the considerations for dropout are
articulated above. Only one-third (230/757) of patients that
trialed medical cannabis remained on the drug six months
later. This clearly refutes the claim that cannabis is a
panacea treatment for pain, and shows that cannabis may
help a subset of patients. The positive signal from the
trajectory analyses performed herein suggests that it is
imperative that we begin to study the use of cannabinoid
plant-based products with more rigorously designed
studies. Nevertheless, we must first ensure that we
understand the chemistry of products being consumed by
patients in the real world and then utilize validated
products in future randomized-controlled trials.
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