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Abstract

Objectives. This article presents findings from a large prospective examination of Canadian medical cannabis
patients, with a focus on the impacts of cannabis on prescription opioid use and quality of life over a 6-month period.
Methods. The Tilray Observational Patient Study took place at 21 medical clinics throughout Canada. This analysis
includes 1,145 patients who had at least one postbaseline visit, with follow-up at 1, 3, and 6 months. Instruments in-
cluded a comprehensive cannabis use inventory, the World Health Organization Quality of Life Short Form
(WHOQOL-BREF), and a detailed prescription drug questionnaire. Results. Participants were 57.6% female, with a me-
dian age of 52 years. Baseline opioid use was reported by 28% of participants, dropping to 11% at 6 months. Daily
opioid use went from 152 mg morphine milligram equivalent (MME) at baseline to 32.2 mg MME at 6 months, a 78%
reduction in mean opioid dosage. Similar reductions were also seen in the other four primary prescription drug clas-
ses identified by participants, and statistically significant improvements were reported in all four domains of the
WHOQOL-BREF. Conclusions. This study provides an individual-level perspective of cannabis substitution for opioids
and other prescription drugs, as well as associated improvement in quality of life over 6 months. The high rate of
cannabis use for chronic pain and the subsequent reductions in opioid use suggest that cannabis may play a harm
reduction role in the opioid overdose crisis, potentially improving the quality of life of patients and overall public
health.
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Background

Cannabis is widely used around the world, and it is asso-

ciated with both personal and social benefits as well as

harms [1–3]. Possible benefits include a wide range of

medical applications [4, 5]. Evidence from randomized

trials supports the therapeutic use of cannabis-based

medicines in the treatment of chronic pain, pediatric epi-

lepsy, and other conditions [6–12]. Nevertheless, canna-

bis use is not without potential harms. Chronic use has

been associated with potential cognitive deficits, and the

psychoactive effects of use and associated impairment

can lead to increased personal health and public safety

risks associated with driving [1, 13–15].

Although the evidence in regard to associations be-

tween cannabis smoking and cancer is inconclusive and

contradictory [16–21], research suggests that those who

smoke cannabis regularly may be at increased risk of

bronchial issues [19, 20].

A growing body of evidence suggests that cannabis

use can lead to a reduction in the use of prescription

drugs, alcohol, tobacco, and illicit substances such as co-

caine, heroin, and other opioids [22–25], suggesting that

cannabis-related social harms and benefits should be ex-

amined in the context of the public health and safety

effects of other regulated and unregulated substances. In

light of the significant impacts of the opioid overdose cri-

sis in Canada and around the world [26–29], research ex-

amining the potential impact of cannabis on opioid use

may be of particular importance.

Ecological studies examining population-level changes

in opioid use and associated morbidity and mortality fol-

lowing the introduction of more liberal access regulations

to medical and nonmedical cannabis have found contra-

dictory results. Although a significant number of studies

have found evidence of reduced prescription opioid pre-

scriptions and use associated with the passing of state-

level medical cannabis or nonmedical adult cannabis ac-

cess programs [24, 25, 30], a large population-level study

by Shover et al. [31] extended a previous study by

Bachhuber et al. [32] that found that between 1999 and

2010, states with medical cannabis laws experienced

slower increases in opioid analgesic overdose mortality,

with a mean reduction in overdoses of 24.8% per

100,000 people following the introduction of such laws.

The new analysis confirmed the earlier Bachhuber et al.

[32] results but also included data from 2010 to 2017,

finding that the trend ultimately reversed itself, and that

states that passed medical cannabis laws experienced a

22.7% increase in deaths [31]. There may be public

health and policy reasons unrelated to cannabis policy

that explain this change in opioid use and mortality (such

as the shift in opioid users from licit prescription opioids

to an illicit supply contaminated with fentanyl and car-

fentanyl), but the biggest difficulty in interpreting these

findings is the inability to determine causality in

population-level studies.

A large number of observational, individual-level

studies of medical cannabis in Canada and the United

States, Israel, and other jurisdictions have found evidence

suggesting that cannabis reduces the use of opioids and

other prescription drugs, particularly in patients affected

by chronic pain [22, 23, 25, 33–37]. However, a 4-year

observational study in Australia comparing 157 cannabis

users with 1,047 nonusers concluded that there was no

evidence that cannabis improved patient outcomes [38].

Nevertheless, as most participants were not using canna-

bis under the supervision of a physician and the source of

cannabis was neither legal nor regulated for quality or

consistency, it is difficult to draw conclusions from this

study. Subsequently, a systematic review of medical can-

nabis for the reduction of opioid dosage in the treatment

of noncancer pain that included 7,222 participants found

that 32–59.3% reported substituting cannabis for

opioids, resulting in a 64–75% reduction in opioid dos-

age when combined with cannabis, although methodo-

logical issues with the studies and an associated high risk

of bias negated any causal inference [39]. Additionally,

individual-level prospective studies focused on problem-

atic opioid use have found that daily cannabis use was as-

sociated with slower rates of injection drug initiation

among street youth [40] and swifter rates of injection ces-

sation in people who inject drugs in Vancouver [40] and

that cannabis use may lead to reduced opioid withdrawal

and improved treatment outcomes for those enrolled in

pharmacological opioid replacement therapy (ORT) [41–

43].

Although the balance of evidence suggests that canna-

bis may play a role in reducing the use and associated

impacts of opioids on public and personal health, it is ap-

parent that more robust prospective studies with a focus

on the individual-level impacts of medical cannabis on

prescription substance use and associated outcomes

could help clarify some of these ongoing questions and

contradictions.

Medical Cannabis in Canada
Canada’s federal medical cannabis program is governed

by the Cannabis Act and its supporting regulations [44].

These regulations allow patients, with the support of a

physician or nurse practitioner, to register with autho-

rized licensed producers (LPs) to access a tightly regu-

lated supply of medical cannabis flower and extract

products (oils, capsules, vape pens or cartridges, edibles,

topical creams, and so on) that are shipped via mail or-

der. Under the Cannabis Act, a medical recommendation

for cannabis is not product specific but instead requires

health care practitioners to state the maximum amount

of cannabis a patient is authorized to use per day, in

grams. Patients then order cannabis products of their

choice up to the gram limit (or equivalent amounts of ex-

tract products as determined by conversion formulas

established by the LP), trying different products until
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they find one or more that they feel may be relieving their

symptoms and/or improving their well-being. The non-

specific nature of the cannabis recommendations by

health care practitioners presents a unique opportunity to

observe patient patterns of medical cannabis use in a nat-

uralistic setting.

The objectives of this prospective observational study

are to identify the primary characteristics of a large na-

tional cohort of medical cannabis patients in Canada, in-

cluding detailed patterns of cannabis use; to assess the

impacts of regulated, physician-supervised medical can-

nabis access on prescription substance use and quality of

life; and to analyze key variables potentially [45] associ-

ated with changes in prescription drug use and quality of

life over 6 months.

Methods

The Tilray Observational Patient Study was a national,

multisite, prospective examination of the impact of medi-

cal cannabis use on quality of life and prescription drug

use among federally authorized Canadian medical canna-

bis patients. The study used a pretest and posttest

repeated-measures design, with data gathered at baseline,

1 month, 3 months, and 6 months.

The study was ethics reviewed and approved by

Advarra (formerly Institutional Review Board Services)

on January 22, 2016, the University of Victoria on April

7, 2016, and the Health Research Ethics Board of

Alberta October 3, 2016. Patient recruitment took place

at 21 medical clinics across five provinces in Canada,

with a total of 2,055 patients completing a baseline visit.

Of those, 1,145 participants who had completed at least

one follow-up as of October 15, 2018, were included in

this analysis, thereby ensuring that all study participants

had occasion to try medical cannabis.

Clinics and participating physicians were identified

and trained in the administration of the study by the prin-

cipal investigator (PI), and all clinic-based co-investiga-

tors underwent online training in human research ethics

via the Tri-Council Policy Statement: Ethical Conduct for

Research Involving Humans Course on Research Ethics

(TCPS 2: CORE), providing a certificate of completion

as proof. Data were gathered digitally using an iPad

loaned to participating physicians for the course of the

study, and all instruments and data were gathered and

stored on REDCap, an electronic data capture system

that is compliant with the Health Insurance Portability

and Accountability Act and the Personal Information

Protection and Electronic Documents Act, meaning that

it has been found to adequately safeguard the privacy of

digital information gathered via this system.

Participants were federally authorized, English-

speaking, medical cannabis patients aged 18 years and

older with the capacity to consent for themselves who re-

ceived a new cannabis recommendation from a partici-

pating physician, “agreed” to the informed consent form

(ICF), and subsequently registered with Tilray to obtain

their medical cannabis products. As compensation for

their time, participants received a $25 credit toward their

medical cannabis costs after completing each subsequent

set of surveys at 1, 3, and 6 months.

Measures
This study was composed of validated and novel instru-

ments made up of multiple-choice questions—including

single and multiple answers—ratings, visual assessment

scales, Likert scales, and matrix and drop-down menu

questions. Many questions also included an “other” op-

tion and provided a box for a short textual response if

this option was selected.

Demographic data such as age, gender, marital status,

education level, employment status, and geographic loca-

tion (province and postal code) were self-reported and

gathered via multiple-choice questions informed by past

longitudinal and cross-sectional surveys by the PI and

others [23, 46, 47]. To evaluate the patterns of use be-

tween new and existing medical cannabis users, a mea-

sure of patient experience with cannabis was developed

that allowed for a comparison of baseline characteristics

and outcome variables between cannabis-naive and non-

naive participants, with naive patients defined as those

who had used cannabis four times or less in the previous

12 months. Additionally, the study included three instru-

ments: the World Health Organization Quality of Life

Short Form (WHOQOL-BREF) [48], a cannabis use sur-

vey (CUS), and a prescription drug questionnaire (PDQ).

The WHOQOL-BREF is a 26-item questionnaire de-

rived from data collected using the WHOQOL-100. It

produces scores for four domains related to quality of

life: physical health, psychological health, social relation-

ships, and environment. It also includes one facet on

overall quality of life and general health. It has been

found to be a sound, cross-culturally valid assessment of

quality of life [49].

The CUS is a 17-question self-administered patient

questionnaire designed to gather cross-sectional and/or

prospective information on medical cannabis patient pri-

mary conditions, symptoms, and patterns of medical can-

nabis use. This includes amounts used per day, per week,

and per use session (in incremental gram amounts via a

drop-down list); primary methods of use (via a drop-

down list of common methods of use and an “other” text

box option); and cannabis varietal preferences (via drop-

down menu options of sativa, indica, hybrid—all of

which were subclassified as “high THC” [tetrahydrocan-

nabinol] for binary analysis—and high cannabidiol

[CBD] or “other” with a text box option). For the pri-

mary condition, patients could check only one box from

a list of 17 common conditions associated with medical

cannabis use, and an “other” text box allowed patients

to enter any condition not listed. For primary symptoms,

patients could check multiple boxes from a list of 13
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common symptoms associated with medical cannabis

use, as well as “other” prompting a text box.

Additionally, this survey included questions specific to

Tilray chemovars and medical cannabis products, and

versions of this questionnaire were included in the 2017

Tilray Patient Survey and the Medical Cannabis in Older

Patients Study.

The PDQ was designed to produce an accurate inven-

tory of current prescription drug use by patients and was

completed by physicians and/or medical clinic staff in co-

operation with the patient during a scheduled medical

visit. It gathers information on daily and nondaily pre-

scription drug use in milligrams per dose and doses per

day or week (where applicable) and has an autofill func-

tion connected to the National Drug Data File (NDDF),

a US-based national prescription drug database, to ensure

that consistent generic prescription drug names are used

across participants to facilitate the analysis of prescrip-

tion drug use over 6 months.

The ICF, demographic data, and first two measures

were self-administered by the patient, and the PDQ was

filled out by the physician and/or clinic staff. This battery

was administered at four different time periods: at base-

line after a patient had received a medical cannabis rec-

ommendation from the participating physician and then

at 1 month, 3 months, and 6 months.

Data Analysis
Analysis was focused on 1,145 patients enrolled on or be-

fore October 15, 2018, who had completed at least one

postbaseline visit. For demographics, summary statistics

were presented by mean, median, standard deviation

(SD), and interquartile range (IQR) and then additionally

divided into naive and non-naive participants. For the

quality of life analysis, the four domains of the

WHOQOL-BREF were summarized at each study visit,

as well as the change from baseline at each visit. Change

scores were based on patients who had both the baseline

visit and the indicated follow-up visit. Mixed-effects lin-

ear regression was used to model the time trend of the

four domains of the WHOQOL-BREF over the 6-month

period for all patients and to model different levels of de-

mographic variables (e.g., past cannabis usage, age, pri-

mary illness or symptoms).

Changes in prescription drug use included descriptive

summaries of the number and percentage of patients who

used each medication, stratified by baseline use of the

particular medication and by patient characteristics.

Formal analyses were only considered for opioids, non-

opioid pain medications, antidepressants, antiseizure

drugs, and benzodiazepines, as there were few patients

who used the other medication types in any study visits

(i.e., sleep aids or muscle relaxants [n¼68, 5.9%], stimu-

lants [n¼10, 0.9%], antiemetics [n¼35, 3.1%], and anti-

psychotics [n¼34, 3.0%]).

To assess the dosage and usage frequency data among

those who used the medication at baseline, milligrams

per dose was first converted to milligrams per day by

multiplying milligrams per dose by the frequency per

day. For opioids, dosages were converted to the mor-

phine milligram equivalent (MME) [50]. For non-opioid

pain medications, antidepressants, antiseizure drugs, and

benzodiazepines, the observed dosage was divided by its

defined daily dose (DDD) to facilitate the summary of

dosage data across patients [51]. DDD is defined by the

World Health Organization (WHO) as “the assumed av-

erage maintenance dose per day for a drug used for its

main indication in adults” [52]; therefore, the converted

dosage would be interpreted as the number of DDDs

used per day. As a sensitivity analysis of the MME data,

this analysis was also repeated for opioids.

Given the substantial reduction in the proportion of

patients using these medications during follow-up, mixed-

effects logistic regression was used to examine the change

in likelihood of using a particular medication, resulting in

an odds ratio (OR) for using the medication at each visit

relative to baseline. The change in dosage (milligrams per

day) and usage frequency (times per day) was also for-

mally assessed over time. Because very few participants

who did not use medication at baseline went on to initiate

use postbaseline, only those who used the medication at

baseline were included in the analysis of dosage and fre-

quency. Due to the large number of patients who stopped

using prescription medication post-baseline, there was an

excessive amount of “zero” responses; therefore, quantile

regression was done separately for each study visit to ex-

amine the median change in dosage and frequency relative

to baseline. A pharmacoeconomic analysis of the changes

in monthly prescription drug costs for the top five medica-

tion classes reported by participants (opioid and non-opi-

oid pain medications, antidepressants, benzodiazepines,

and antiseizure drugs) was conducted by obtaining the

price of medications via drug formularies used by publicly

funded insurance programs in British Columbia and

Ontario and then calculating the 30-day cost as the drug

unit price multiplied by daily dosage and 30 days. The

same was done with cannabis-related costs, using the as-

sumption of a mean cost of $9 per gram.

Finally, in light of the high lost to follow-up (LTFU)

rate, a sensitivity analysis was conducted that compared

the WHOQOL-BREF at each visit between patients who

dropped out after that particular visit and patients who

remained in the study to assess the potential role that

poor outcomes may have had on retention.

All analyses were conducted in SAS version 9.4 (SAS

Institute, Cary, NC). All statistical tests were two sided,

with significance levels of 0.05 unless otherwise indicated.

Results

Of the 1,145 patients who were enrolled on or before

October 15, 2018, and who completed at least one
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postbaseline visit, 1,067 completed a 1-month visit

(M1¼93.2%), 764 completed a 3-month visit

(M3¼66.7%), and 419 of the remaining 1,011 com-

pleted a 6-month visit (M6¼41.4%).

Table 1 highlights the primary patient baseline charac-

teristics. Study participants were 57.6% female (n¼659)

and well educated, with 55.8% (n¼639) reporting at

least a college certificate or higher. The median age was

52 (IQR, 38.0–62), and 56.1% (n¼642) were married or

equivalent. Additionally, cannabis-naive patients in-

cluded a significantly greater proportion of women

(61.4% vs 51.8%; P¼0.002) and a greater proportion of

married people (61.8% vs 47%; P<0.001) and on aver-

age were significantly older (56.0; IQR, 45.0–66.0) com-

pared with non-naive patients (43.0; IQR, 33.0–54.0)

(P<0.001) (Table 1).

Table 2 highlights the primary conditions and symp-

toms reported by participants. Chronic pain was the

most common condition (68.8%; n¼787), followed by

anxiety disorder (9.5%; n¼109), arthritis (7.1%; n¼81),

insomnia (5.0%; n¼57), and headache (2.2%; n¼25),

and these top five conditions accounted for 92.5% of

participants (n¼1,059). Similarly, the top five primary

symptoms cited by patients involved pain, insomnia, or

mental health conditions: chronic pain (79.9%; n¼915),

insomnia (33.5%; n¼384); anxiety (28.6%; n¼327), de-

pression (19.1%; n¼219), and stress (19.1%; n¼219).

The naive group had a greater proportion of patients

with pain symptoms, whereas the non-naive group, in

contrast, had a greater proportion of patients with men-

tal health conditions, insomnia, appetite loss or nausea,

or gastrointestinal symptoms (P<0.001; Table 2).

Table 3 highlights methods of baseline cannabis use as

well as changes in use over 6 months. In regard to canna-

bis use, flower use was reported by 38.3% of participants

at baseline (n¼438), increasing to 93.6% (n¼392) by

M6. Mean flower cannabis use per week at M1 was 6.2 g

(SD¼6.2), increasing to 6.9 g at M6 (SD¼6.5) or just be-

low 1 g per day, therefore remaining quite stable over the

first 5 months of use. Despite the prevalence of flower

use, 51.3% (n¼201) of participants reported that oral in-

gestion was their primary method of use at M6, which

was greater than inhalation via smoking (joint þ pipe þ
bong ¼ 24.5%; n¼96) or vaporization (22.9%; n¼90)

combined. Further analysis revealed a significant linear

association between older age and a preference for oral

ingestion of CBD, with participants below 25 years of

age citing a significant preference for the inhalation of

THC, which was gradually replaced with oral ingestion

of CBD in older participants, resulting in very little inha-

lation of THC in patients over 55 years old (P<0.001;

Figure 1). There were also significant differences between

THC and CBD preferences by primary condition, with

those affected by chronic pain conditions citing a prefer-

ence for CBD products, whereas those affected by mental

health issues or insomnia cited a significant preference

for THC products (P<0.001).

In regard to prescription drug use, baseline opioid use

was reported by 28.1% (n¼313) of participants, declin-

ing to 11.3% (n¼47) of participants at M6. As a result,

the OR of using opioids at M6 was 0.07 relative to base-

line (95% confidence interval [CI], 0.04–0.12; P<0.001).

Significant declines in actual opioid doses were also ob-

served: the mean MME daily dose at baseline was

152 mg (SD¼387.4), declining to MME 32.2 mg

(SD¼116.1) at M6, a 78% reduction over 6 months

(Figure 2). Notably, the most significant change was in

those reporting previous experience with cannabis, who

went from a mean MME of 256.9 mg at baseline to

46.2 mg per day at M6 compared with naive users, who

saw a more modest decline from 89.5 to 25.7 mg MME.

The changes in median MME opioid use were also signif-

icant, with participants reporting 27 mg MME at base-

line (IQR, 10.7–98.0), declining to 0.0 mg per day MME

at M6 (IQR, 0.0–4.5) (Figure 3).

Similar statistically significant declines in prescription

drug use between baseline and M6 were also found in the

four other primary prescription drug classes reported by

Table 1. Patient baseline characteristics of 1,145 participants and comparison of cannabis-naive with non-naive participants

Characteristic All (N¼1,145) Naive (n¼691) Non-Naive (n¼438) P Value

Gender, n (%) 0.002

Male 485 (42.4) 266 (38.5) 211 (48.2)

Female 659 (57.6) 424 (61.4) 227 (51.8)

Other 1 (0.1) 1 (0.1) 0 (0.0)

Education, n (%) 0.991

High school or lower 506 (44.2) 310 (44.9) 190 (43.4)

College or higher 639 (55.8) 381 (55.1) 248 (56.6)

Marital status, n (%) <0.001

Single, divorced, widowed, or separated 503 (43.9) 264 (38.2) 232 (53.0)

Married or living as married 642 (56.1) 427 (61.8) 206 (47.0)

Age <0.001

Mean, n (%) 51.2 (15.4) 55.6 (14.9) 44.3 (13.5)

Median (IQR) 52.0 (38.0, 62.0) 56.0 (45.0, 66.0) 43.0 (33.0, 54.0)

Range 18–95 19–95 18–88

IQR ¼ interquartile range.

Medical Cannabis Reduces Prescription Opioid Use 731



participants. Over 6 months, the percentage of patients

using non-opioid pain medications went from 21.6%

(n¼241) to 7.7% (n¼32), use of antidepressants declined

from 16.4% (n¼183) to 10.1% (n¼42), use of antisei-

zure medications went from 16% (n¼178) to 10.6%

(n¼44), and benzodiazepine use decreased from 6.7% of

participants at baseline (n¼75) to 3.1% at M6

(Figure 4).

As a result of these sharp declines in use, the odds of

using these medications at M6 relative to baseline

Table 2. Primary conditions and symptoms of 1,145 participants and comparison of cannabis-naive with non-naive participants

Variable All (N¼1,145) Naive (n¼691) Non-Naive (n¼438) P Value

Primary illness or medical condition you currently

treat with medical cannabis

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

Unknown 1 1 0

Anxiety disorder 109 (9.5) 31 (4.5) 74 (16.9) <0.001

Arthritis 81 (7.1) 53 (7.7) 27 (6.2) 0.333

Brain injury 3 (0.3) 3 (0.4) 0 (0.0) 0.287

Cancer or leukemia 17 (1.5) 10 (1.4) 7 (1.6) 0.841

Chronic pain 787 (68.8) 523 (75.8) 257 (58.7) <0.001

Crohn’s disease 6 (0.5) 2 (0.3) 4 (0.9) 0.215

Diabetes 2 (0.2) 2 (0.3) 0 (0.0) 0.525

Eating disorder 2 (0.2) 0 (0.0) 2 (0.5) 0.151

Epilepsy 5 (0.4) 4 (0.6) 1 (0.2) 0.654

Gastrointestinal disorder 6 (0.5) 2 (0.3) 4 (0.9) 0.215

Headache 25 (2.2) 15 (2.2) 10 (2.3) 0.903

Insomnia 57 (5.0) 26 (3.8) 28 (6.4) 0.044

Movement disorder 9 (0.8) 9 (1.3) 0 (0.0) 0.016

Osteoporosis 1 (0.1) 0 (0.0) 1 (0.2) 0.388

Psychiatric or mental health disorder 4 (0.3) 1 (0.1) 3 (0.7) 0.305

PTSD 8 (0.7) 2 (0.3) 6 (1.4) 0.062

Seizures 1 (0.1) 1 (0.1) 0 (0.0) 1.000

Other 21 (1.8) 6 (0.9) 14 (3.2) 0.004

Primary symptoms you currently treat with medical cannabis

Anxiety 327 (28.6) 124 (17.9) 189 (43.2) <0.001

Appetite loss 105 (9.2) 24 (3.5) 79 (18.0) <0.001

Chronic pain 915 (79.9) 581 (84.1) 325 (74.2) <0.001

Depression 219 (19.1) 82 (11.9) 129 (29.5) <0.001

Gastrointestinal disorder 60 (5.2) 26 (3.8) 32 (7.3) 0.009

Headache 166 (14.5) 67 (9.7) 98 (22.4) <0.001

Insomnia 384 (33.5) 189 (27.4) 189 (43.2) <0.001

Intraocular eye pressure 14 (1.2) 11 (1.6) 3 (0.7) 0.180

Memory loss 43 (3.8) 22 (3.2) 17 (3.9) 0.532

Nausea 95 (8.3) 33 (4.8) 60 (13.7) <0.001

Seizures 11 (1.0) 6 (0.9) 5 (1.1) 0.649

Spasms 118 (10.3) 76 (11.0) 39 (8.9) 0.257

Stress 219 (19.1) 75 (10.9) 133 (30.4) <0.001

Other 24 (2.1) 12 (1.7) 12 (2.7) 0.255

PTSD ¼ posttraumatic stress disorder.

Table 3. Primary method of use over 6 months for 1,145 participants

Primary method of use, n (%) Baseline M1 M3 M6

n¼438* n¼1,067 n¼764 n¼419

Unknown 1 88 61 27

Vaporizer—cannabis flowers or bud 85 (19.5) 140 (14.3) 125 (17.8) 86 (21.9)

Vaporizer or nail—cannabis extracts 8 (1.8) 10 (1.0) 7 (1.0) 4 (1.0)

Joint 206 (47.1) 172 (17.6) 106 (15.1) 72 (18.4)

Oral ingestion 72 (16.5) 588 (60.1) 401 (57.0) 201 (51.3)

Pipe 27 (6.2) 30 (3.1) 23 (3.3) 11 (2.8)

Water pipe or bong 39 (8.9) 29 (3.0) 27 (3.8) 13 (3.3)

Topical ingestion 0 (0.0) 9 (0.9) 7 (1.0) 2 (0.5)

Other 0 (0.0) 1 (0.1) 7 (1.0) 3 (0.8)

M1 ¼ month 1; M3 ¼ month 3; M6 ¼ month 6.

*Baseline number of participants reporting primary methods of use is lower due to the high number of naive users who would not have answered this question.
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declined significantly for non-opioid pain medications

(OR ¼ 0.12; 95% CI, 0.07–0.20; P<0.001), antidepres-

sants (OR ¼ 0.17; 95% CI, 0.09–0.30; P<0.001), anti-

seizure medications (OR ¼ 0.11; 95% CI, 0.06–0.22;

P<0.001), and benzodiazepines (OR ¼ 0.33; 95% CI,

0.17–0.65; P¼0.001).

Additionally, the DDD decreased significantly be-

tween baseline and M6. For non-opioid pain medica-

tions, the mean DDD dropped from 0.69 (SD¼0.75) to

0.11 (SD¼0.34) at M6; for antidepressants, from 1.29

(SD¼0.92) to 0.29 (SD¼0.55); for antiseizure medica-

tions, from 0.63 (SD¼0.52) to 0.19 (SD¼0.39); and for

benzodiazepines, from 1.31 (SD¼2.76) to 0.10

(SD¼0.33) (Figure 5). Results from the pharmacoeco-

nomic analysis suggest that mean 30-day prescription

drug costs for patients reporting baseline use of one or

more of the five primary drug classes fell from $106.00

(SD¼348.5) at baseline to $18.40 (SD¼54.1) at M6, an
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Figure 1. Age-related preferences for THC vs CBD and oral vs inhaled cannabis products in 1,145 participants. THC ¼ tetrahydrocan-
nabinol; CBD ¼ cannabidiol.

Month 0
(N=232)

Month 1
(N=251)

Month 3
(N=175)

Month 6
(N=92)

0

100

200

300 All users at baseline
Naïve
Non-naïve

Do
sa

ge
 (M

M
E)

Mean MME 
Opioid Dosage

Baseline
(n=232)

M1
(n=251)

M3
(n=175)

M6
(n=92)

All users at baseline 152 70.2 76.3 32.2
Naïve 89.5 36 33.3 25.7
Non-naïve 256.9 138.1 163.8 46.2

Figure 2. Changes in mean MME opioid dosage over 6 months in naive and non-naive cannabis users. MME ¼morphine milligram
equivalent.

Medical Cannabis Reduces Prescription Opioid Use 733



83% decline. However, when comparing the change in

combined prescription drug and medical cannabis costs

between baseline and M6, mean 30-day costs increased

slightly from $238.80 (SD¼425.4) to $275.10

(SD¼255.4), suggesting that although there may be addi-

tional costs associated with the regulated use of medical

cannabis under the care of a physician or nurse practi-

tioner, some of these costs could be mitigated by subse-

quent reductions in prescription drug costs.

With regard to quality of life, statistically significant

improvements were noted in the mean scores for the four

domains of the WHOQOL-BREF at all follow-up visits

relative to baseline, with the biggest changes seen in

physical health (13.9 points [36% increase]; 95% CI,

11.7–15.0) and psychological health (9.2 points [17% in-

crease]; 95% CI, 6.6–9.7) (Figure 6).

In general, there was no consistent difference in the

magnitude of the change in quality of life across sub-

groups defined by demographic variables, and the magni-

tude of these changes was generally similar between the

naive and non-naive patients for all study visits and

domains of the WHOQOL-BREF (all P values for homo-

geneity greater than or equal to 0.058). However, greater

improvements in psychological health were found among

participants with mental health issues (11.85 points;

95% CI, 7.99–15.71) compared with those with pain

issues (7.86 points; 95% CI, 6.52–9.21) (P�0.009 at M1

and M3; P¼0.056 at M6).

Spearman correlation analysis was conducted using

the changes in quality of life and changes in medication

dosage relative to baseline to examine the potential rela-

tionship between reductions in prescription drug use and

improvements in quality of life, but no strong evidence

was found to suggest a consistent relationship between

these variables over time.

Finally, the results of the sensitivity analysis compar-

ing the WHOQOL-BREF results at each visit between

patients who dropped out after that particular visit and

patients who remained in the study showed no
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statistically significant differences in quality of life out-

comes between these two groups (Table A1).

Discussion

This study adds to the growing body of evidence that

medical cannabis use is associated with reductions in the

use of prescription drugs [23–25, 33, 34, 39, 53] and

improvements in quality of life [54, 55]. Due to its pro-

spective individual-level design, detailed gathering of

both cannabis and prescription drug use data, and diver-

sity of patient characteristics and medical conditions in

this large cohort, these findings provide a more granular

understanding of the variables associated with reductions

in prescription drug use and improvements in quality of

life associated with medical cannabis in a number of dif-

ferent contexts.

The novel findings that significant substitution for

prescription drugs occurred and that quality of life im-

proved whether patients were new to medical cannabis

(naive) or experienced users (non-naive) suggests that ac-

cess to a regulated, quality-controlled source of cannabis

with known dosages could play a part in reducing pre-

scription substance use and improving quality of life

above and beyond the use of unregulated cannabis of un-

known quality, safety, and potency. The finding that can-

nabis use did not increase significantly over a 6-month

period is encouraging from both a therapeutic and a pub-

lic health perspective and adds to the growing body of

evidence suggesting that although patients appear to de-

velop a tolerance to some of the side effects of cannabis-

based medicines, they do not seem to develop a tolerance

to many of the primary therapeutic effects [56–58].

Research suggests that older patients are among the

fastest-growing demographics reporting medical canna-

bis use [59, 60], and with a median age of 52 years, this

cohort certainly reflects this trend. The finding of signifi-

cant age-related differences in patterns of use—with

younger patients preferring to inhale high-THC cannabis

and older patients preferring oral ingestion of CBD ex-

tract products—may be due to a number of factors, in-

cluding the following:

1. Younger individuals are more likely to use cannabis recreation-

ally [61, 62], and therefore younger patients may have a prefer-

ence for products that can also lead to impairment.

2. Older patients may be more concerned about the risks of impair-

ment, including potential falls, and therefore may find orally

ingested, high-CBD products more predictable and less likely to

lead to impairment than inhaled high-THC products.

3. Conditions associated with aging (such as arthritis, cancer, gas-

trointestinal tract issues, and even trauma, depression, and anxi-

ety) may respond better to orally ingested CBD than inhaled

THC.

4. Oils and capsules may seem more like traditional pharmaceuti-

cal drugs than cannabis in flower form and therefore may appeal

to an older, more conservative demographic.

Regardless why older patients use medical cannabis

differently than younger patients, at this time very little is
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known about the impacts of medical cannabis on condi-

tions related to aging and on older populations, and

more research on this patient demographic is warranted.

The reductions in prescription drug use and related

costs associated with medical cannabis observed in this

study have significant public and personal health implica-

tions. In light of the current opioid overdose crisis affect-

ing North America and many other parts of the world

[26–29], this study adds to a growing body of individual-

level observational research suggesting that medical can-

nabis can lead to reductions in opioid use in patient pop-

ulations [23, 33, 36, 63]—particularly in the treatment of

chronic pain [35, 37]—and could therefore play a harm

reduction role in addressing the opioid overdose crisis

around the globe. However, from a medical standpoint,

the data suggesting significant reductions in the use of

antiseizure drugs may be a cause for concern if this was

not done as part of a deliberate tapering program guided

by the health care provider (HCP). Both these cases sug-

gest that health care practitioners should be aware of po-

tential changes in pharmaceutical drug use following the

prescription of cannabis-based medicines and that health

care practitioners may in fact see opportunities to intro-

duce a deliberate tapering strategy for medications that

may have a high rate of side effects, dependence, or mor-

tality. These positive effects could also be enhanced by

providing cost coverage for medical cannabis via

Canada’s private insurers and/or provincial public health

systems, similar to the coverage of potentially more dan-

gerous prescription drugs. Results from the pharmacoe-

conomic analysis showing that 30-day prescription drug

costs declined by 83% over 6 months while quality of life

improved significantly during the same period may help

inform such considerations. In light of these findings,

studies should be conducted using validated pharmacoe-

conomic measures and taking into consideration the im-

pact of medical cannabis on doctor and emergency

department visits, hospitalizations, and other aspects of

health care utility.

This study has several strengths and limitations. This

was a convenience sample recruited at 21 medical clinics

throughout five Canadian provinces, and this sample

may not be representative of the general Canadian medi-

cal cannabis patient population. As many of the clinics

specialize in the treatment of chronic pain, patients af-

fected by chronic pain may be overrepresented in this co-

hort; however, our results are consistent with those of

other large observational studies of cannabis patients

conducted in Canada and other jurisdictions [33, 34, 64,

65]. Data regarding the use of cannabis were self-

reported by patients, and the study did not benefit from

biological drug detection to confirm use or nonuse of

cannabis, resulting in a potential recall bias.

Additionally, participants could have used other sources

of cannabis in addition to those provided by Tilray,

which could bias results. Perhaps most significantly, as

participants were compensated with Tilray credits to as-

sist with covering the cost of medical cannabis, there is

the possibility of a retention bias in this population. In re-

sponse to this concern, a sensitivity analysis was con-

ducted comparing changes in WHOQOL-BREF results

for participants lost to follow-up with those that

remained in the study and found no significant differen-

ces, suggesting that LTFU was not likely associated with
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study outcomes. Furthermore, recruitment and data gath-

ering for this study took place during a time period when

Canada formally legalized the nonmedical use of canna-

bis for adults (legalization officially began on October

17, 2018), which may have affected retention in longitu-

dinal studies examining the medically supervised use of

cannabis by patients. In order to address the high LTFU

rate, mixed-effects regression—which assumes missing at

random data—was used to provide unbiased results.

Finally, in light of the high LTFU rate in this study and in

other Canadian prospective medical cannabis studies

[12], a formal survival analysis of this population was

conducted to identify potential baseline participant char-

acteristics associated with retention that will be the focus

of a separate publication and that could inform recruit-

ment and retention strategies in future longitudinal can-

nabis studies. Future studies could also consider

including control groups and the tracking of adverse

events to better understand variables that may be affect-

ing retention and other outcomes in prospective medical

cannabis studies. However, these limitations are counter-

balanced by several methodological strengths, including

the large number of participants (to the best of our

knowledge, this is the largest national prospective survey

of Canadian medical cannabis patients to date), longitu-

dinal pretest and posttest repeated-measures design, and

data entry of prescription drug use by physicians rather

than relying on patient self-reporting.

Conclusions

With the goal of recruiting and following a highly hetero-

geneous population, the present study was not designed

to assess overall changes in specific health conditions,

and instead used quality of life as a proxy of changes in

overall health and happiness. Nonetheless, the overall

improvements in quality of life suggest that cannabis may

be effective at treating a diverse number of conditions

and symptoms and at subsequently reducing the use of

prescription drugs as well as the associated costs and po-

tential harms.

Although cannabis use is not without potential risks

in certain individuals and/or vulnerable populations, if its

medical use can provide a relatively safe and effective al-

ternative to prescription drugs with far greater morbidity

and mortality such as opioids and benzodiazepines, then

perhaps cannabis should also be viewed as a potential

harm reduction tool that may prove to be effective in

addressing the opioid overdose crisis. Data from the pre-

sent study could inform current and future opioid reduc-

tion strategies, particularly in patient populations

addressing chronic pain, and certainly suggest that fur-

ther observational and clinical studies examining the im-

pact of cannabis on the use of prescription drugs and

other substances are warranted.
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Appendix

Table A1. Sensitivity analysis comparing WHOQOL-BREF outcomes between participants lost to follow-up and those who remained
in the study at M3 and M6

Has follow-up at M3? Has follow-up at M6?

Change from baseline to month 1 No Yes P Value* No Yes P Value*

WHOQOL—Physical Health 0.270

n 329 730 297 400 0.466

Mean (SD) 10.9 (15.6) 9.8 (14.3) 12.3 (17.2) 13.2 (15.2)

Median (IQR) 10.7 (0.0, 21.4) 7.1 (0.0, 17.9) 10.7 (0.0, 25.0) 10.7 (3.6, 21.4)

Range –35.7 to 64.3 –42.9 to 67.9 –39.3 to 67.9 –28.6 to 75.0

WHOQOL—Psychological 0.420 0.978

n 329 730 297 400

Mean (SD) 6.3 (13.6) 5.5 (14.0) 7.3 (16.7) 7.3 (13.6)

Median (IQR) 4.2 (–4.2, 12.5) 4.2 (–4.2, 12.5) 4.2 (0.0, 16.7) 4.2 (0.0, 14.6)

Range –29.2 to 54.2 –62.5 to 45.8 –50.0 to 75.0 –37.5 to 54.2

WHOQOL—Social Relationships 0.111 0.171

n 329 730 297 400

Mean (SD) 4.6 (17.5) 2.8 (16.5) 5.4 (19.9) 3.5 (17.2)

Median (IQR) 0.0 (–8.3, 16.7) 0.0 (–8.3, 8.3) 0.0 (–8.3, 16.7) 0.0 (–8.3, 16.7)

Range –66.7 to 58.3 –41.7 to 66.7 –75.0 to 91.7 –50.0 to 83.3

WHOQOL—Environment 0.175 0.409

n 329 730 297 400

Mean (SD) 3.4 (11.4) 2.4 (11.5) 2.6 (14.2) 3.4 (12.2)

Median (IQR) 3.1 (–3.1, 9.4) 0.0 (–3.1, 9.4) 3.1 (–6.3, 12.5) 3.1 (–3.1, 9.4)

Range –28.1 to 43.8 –46.9 to 50.0 –50.0 to 50.0 –28.1 to 53.1

WHOQOL-BREF ¼ World Health Organization Quality of Life Short Form; SD ¼ standard deviation; M3 ¼ month 3; M6 ¼ month 6; IQR ¼ interquartile

range.

*P values based on t test.
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