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ABSTRACT

Objective To establish the prevalence of long-term and
serious harms of medical cannabis for chronic pain.
Design Systematic review and meta-analysis.

Data sources MEDLINE, EMBASE, PsycINFO and
CENTRAL from inception to 1 April 2020.

Study selection Non-randomised studies reporting on
harms of medical cannabis or cannabinoids in adults or
children living with chronic pain with >4 weeks of follow-
up.

Data extraction and synthesis A parallel guideline
panel provided input on the design and interpretation

of the systematic review, including selection of adverse
events for consideration. Two reviewers, working
independently and in duplicate, screened the search
results, extracted data and assessed risk of bias. We used
random-effects models for all meta-analyses and the
Grades of Recommendations, Assessment, Development
and Evaluation approach to evaluate the certainty of
evidence.

Results We identified 39 eligible studies that enrolled
12143 adult patients with chronic pain. Very low certainty
evidence suggests that adverse events are common
(prevalence: 26.0%; 95% Cl 13.2% to 41.2%) among users
of medical cannabis for chronic pain, particularly any
psychiatric adverse events (prevalence: 13.5%; 95% Cl
2.6% t0 30.6%). Very low certainty evidence, however,
indicates serious adverse events, adverse events leading
to discontinuation, cognitive adverse events, accidents
and injuries, and dependence and withdrawal syndrome
are less common and each typically occur in fewer than
1in 20 patients. We compared studies with <24 weeks
and >24 weeks of cannabis use and found more adverse
events reported among studies with longer follow-up (test
for interaction p<0.01). Palmitoylethanolamide was usually
associated with few to no adverse events. We found
insufficient evidence addressing the harms of medical
cannabis compared with other pain management options,
such as opioids.

Conclusions There is very low certainty evidence that
adverse events are common among people living with
chronic pain who use medical cannabis or cannabinoids,
but that few patients experience serious adverse events.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Strengths of this systematic review include a com-
prehensive search for non-randomised studies,
explicit eligibility criteria, screening of studies and
collection of data in duplicate to increase reliabil-
ity, and use of the Grades of Recommendations,
Assessment, Development and Evaluation approach
to evaluate the certainty of evidence.

= QOur review is limited by the non-comparative de-
sign of most studies, which precludes confident
inferences regarding the proportion of adverse
events that can be attributed to medical cannabis
or cannabinoids.

= One-third of studies were at high risk of selection
bias, primarily because they included prevalent
cannabis users. In such studies, the prevalence of
adverse events may be underestimated.

= Our review provides limited evidence on the harms
of prolonged medical cannabis use since most stud-
ies reported adverse events for less than 1year of
follow-up.

= Some studies reported on smoked or vaporised
medical cannabis, which may be associated with
different adverse events (eg, respiratory) than oral or
topical formulations. We performed subgroup analy-
ses based on the type of medical cannabis, but our
findings were of low credibility due to inconsistency
and/or imprecision.

BACKGROUND

Chronic pain is the primary cause of health-
care resource use and disability among
working adults in North America and Western
Europe.'? The use of cannabis for the manage-
ment of chronic pain is becoming increasingly
common due to pressure to reduce opioid
use, increased availability and changing legis-
lation, shift in public attitudes and decreased
stigma, and aggressive marketing.” * The
two most-studied cannabinoids in medical
cannabis are delta-9-tetrahydrocannabinol
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(THC) and cannabidiol (CBD).” THC binds to canna-
binoid receptors types 1 and 2, is an analogue to the
endogenous cannabinoid, anandamide and has shown
psychoactive, analgesic, anti-inflammatory, antioxidant,
antipruritic, antispasmodic and muscle-relaxant activi-
ties. CBD directly interacts with various ion channels to
produce analgesic, anti-inflammatory, anticonvulsant and
anxiolytic activities, without the psychoactive effects of
THC.” Use of cannabis for therapeutic purposes, however,
remains contentious due to the social and legal context
and its known and suspected harms.*”

Though common adverse events caused by medical
cannabis, including nausea, vomiting, headache, drows-
iness and dizziness, have been well documented in
randomised controlled trials and reviews of randomised
controlled trials,’” ' less is known about potentially
uncommon but serious adverse events, particularly events
that may occur with longer durations of medical cannabis
use, such as dependence, withdrawal symptoms and
psychosis.* 1217 Gych adverse events are usually observed in
large non-randomised studies that recruit larger numbers
of patients and typically follow them for longer durations
of time. Further, evidence from non-randomised studies
may be more generalisable, since randomised controlled
trials often use strict eligibility criteria.

The objective of this systematic review and meta-
analysis is to summarise the evidence on the risks and,
when evidence on risk is not available, the prevalence of
adverse events related to medical cannabis and canna-
binoids from non-randomised studies for a BM] Rapid
Recommendation addressing medical cannabis for chronic
pain.'® This evidence synthesis is part of the BMJ Rapid
Recommendations project, a collaborative effort from the
MAGIC Evidence Ecosystem Foundation (www.magicevidence.
org) and the BMJ."? A guideline panel helped define the
study question and selected adverse events for review. The
adverse events of interestinclude psychiatric and cognitive
adverse events, injuries and accidents, and dependence
and withdrawal. It is one of four systematic reviews that
together informed a parallel guideline.'' ****! A parallel
systenlllatic review addressed evidence from randomised
trials.

METHODS

We report our systematic review in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Harms Checklist.”

Guideline panel involvement

A guideline panel helped define the study question and
selected the adverse events for review. The panel included
nine content experts (two general internists, two family
physicians, a paediatrician, a physiatrist, a paediatric
anaesthesiologist, a clinical pharmacologist and a rheu-
matologist), nine methodologists (five of whom are also
frontline clinicians) and three people living with chronic

pain (one of whom used cannabinoids for medical
purposes).

Patient and public involvement

Three patient partners (two women and one man) were
included as part of the guideline panel and contributed
to the selection and prioritisation of outcomes, protocol,
and interpretation of review findings, and provided
insight on values and preferences. Each of our patient
partners was living with chronic pain and were selected
to represent a range of experiences regarding medical
cannabis. One had tried and discontinued medical
cannabis due to lack of efficacy. One had found success
with use of medical cannabis (primarily oral CBD). The
third had no personal experience with medical cannabis.

Search

A medical librarian searched MEDLINE, EMBASE,
PsycINFO and Cochrane Central Register of Controlled
Trials (CENTRAL) from inception to 1 April 2020, with
no restrictions on language, for non-randomised studies
reporting on harms or adverse events of medical cannabis
or cannabinoids for chronic pain (online supplemental
appendix 1). We scanned reference lists of relevant
reviews to identify any eligible studies not retrieved by our
electronic search and solicited content experts from our
panel for unpublished studies. Search records, and later
full-texts of studies, not reported in English were trans-
lated by a native speaker of the language.

Study selection

Reviewers (DZ, MAC, AA, RWMV, GL, KL, JED, MMA,
BYH, CH and PH), working independently and in dupli-
cate, reviewed titles and abstracts of search records and
subsequently full texts of records found potentially
eligible at the title and abstract screening stage. Reviewers
resolved disagreements by discussion or by adjudication
by a third reviewer (DZ).

We included all non-randomised studies that reported
on any patient-important harm or adverse event associ-
ated with the use of any formulation of medical cannabis
or cannabinoids in adults or children, living with chronic
pain (pain lasting for 23 months) or a medical condition
associated with chronic pain (ie, fibromyalgia, arthritis,
multiple sclerosis, neuropathy, inflammatory bowel
disease, stroke or advanced cancer) or that compared
adverse events associated with medical cannabis or
cannabinoids with another pharmacological or non-
pharmacological intervention. We considered herbal
cannabis consumed for medical reasons as medical
cannabis. Based on input from the guideline panel, we
excluded studies in which patients used cannabis for
less than 4 weeks because we anticipated that 4weeks
would be the minimum amount of time after which we
would reasonably expect to observe potential serious or
long-term harms associated with medical cannabis.” We
looked for explicit statements or evidence that patients
were experiencing chronic pain. We excluded studies in
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which: (1) fewer than 25 patients used medical cannabis
or cannabinoids (to exclude studies that would not appre-
ciably contribute to pooled estimates and studies that
may be too small to reliably estimate the prevalence of
adverse events), (2) patients did not suffer from chronic
pain or a condition commonly associated with chronic
pain or more than 20% of patients reported using
medical cannabis or cannabinoids for a condition other
than chronic pain (to exclude studies in which patients
did not predominantly suffer from chronic pain), (3)
patients were using cannabis for recreational reasons,
(4) only surrogate measures of patientimportant harms
and adverse effects (eg, performance on cognitive tests,
lab values) were reported and (5) systematic reviews and
other types of studies that did not provide primary data.

Data extraction and risk of bias

Reviewers (DZ, MAC, AA, RWMV, GL, KL, JED, MMA,
BYH, CH and PH), working independently and in dupli-
cate and using a standardised and pilot-tested data collec-
tion form, extracted the following information from each
eligible study: (1) study design, (2) patient characteris-
tics (age, sex, condition/diagnosis), (3) characteristics
of medical cannabis or cannabinoids (name of product,
dose and duration) and (4) number of patients that
experienced adverse events, including all adverse events,
serious adverse events and withdrawal due to adverse
events. Reviewers resolved disagreements by discussion
or by adjudication with a third party (DZ). We classi-
fied adverse events as serious based on the classification
used in primary studies. For comparative studies, we
collected results from models adjusted for confounders,
when reported and unadjusted models when results for
adjusted models were not reported.

When studies reported the number of events rather
than the number of patients experiencing adverse events,
we only extracted the number of events if they were infre-
quent (the number of events accounted for less than 10%
of the total number of study participants). For studies
that reported on adverse events at multiple time points,
we extracted data for the longest point of follow-up that
included, at minimum, 80% of the patients recruited into
the study. Reviewers resolved disagreements by discussion
or by adjudication with a third reviewer (DZ).tim

Reviewers (DZ, MAC, AA, RWMV, GL, KL, JED, MMA,
BYH, CH and PH), working independently and in dupli-
cate, used the Cochrane-endorsed ROBINS-I tool to rate
the risk of bias of studies as low, moderate, serious or crit-
ical across seven domains: (1) bias due to confounding,
(2) selection of patients into the study, (3) classification
of the intervention, (4) bias due to deviations from the
intended intervention, (5) missing data, (6) measure-
ment of outcomes and (7) selection of reported results.”*
Reviewers resolved discrepancies by discussion or by
adjudication by a third party (DZ). Online supplemental
appendix 2 presents additional details on the assessment
of risk of bias. Studies were considered to adequately
adjust for confounders if they adjusted, at minimum, for

pain intensity, concomitant pain medication, disability
status, alcohol use and past cannabis use. Studies were
rated at low risk of bias overall when all domains were at
low risk of bias; moderate risk of bias if all domains were
rated at low or moderate risk of bias; at serious risk of bias
when all domains were rated either at low, moderate or
serious risk of bias; and at critical risk of bias when one or
more domains were rated as critical.

Data synthesis

In this review, we synthesised data on serious adverse
events and adverse events that may emerge with longer
duration of medical cannabis use. Identified by a parallel
BMJ Rapid Recommendations guideline panel as
important, these patientimportant outcomes included
psychiatric and cognitive adverse events, injuries and acci-
dents, and dependence and withdrawal. Data on all other
adverse events reported in primary studies are available
in an open-access database (https://osf.io/ut36z/) P We
classified adverse events as serious based on the classifica-
tion used in primary studies.

Adverse events are reported as binary outcomes. For
comparative studies, when possible, we present risk
differences and associated 95% ClIs. Since there were
only two eligible comparative studies, each with different
comparators, we did not perform meta-analysis. For
single-arm studies, we pooled the proportion of patients
experiencing adverse events of interest by first applying a
Freeman-Tukey type arcsine square root transformation
to stabilise the variance. Without this transformation,
very high or very low prevalence estimates can produce
confidence intervals that contain values lower than 0% or
higher than 100%. All meta-analyses used DerSimonian-
Laird random-effects models, which are conservative
as they consider both within-study and between-study
variability.***® We also pooled all effect estimates using
fixed-effects models as a sensitivity analysis. We evaluated
heterogeneity for all pooled estimates through visual
inspection of forest plots and calculation of tau-squared
(1%, because some statistical tests of heterogeneity (I* and
Cochrane’s Q) can be misleading when sample sizes are
large and CIs are therefore narrow.” Higher values of 7,
I* and Cochrane’s Q indicate higher statistical hetero-
geneity. For studies that reported estimates for all-cause
adverse events and those deemed to be potentially related
to cannabis use, we preferentially synthesised results for
all adverse events.

For analyses for which we observed high clinical hetero-
geneity (ie, substantial differences in the estimates of
individual studies and minimal overlap in the Cls), we
presented results narratively.

In consultation with the parallel BM] Rapid Recom-
mendations guideline panel, we also prespecified six
subgroup hypotheses to explain heterogeneity between
studies: (1) study design (longitudinal vs cross-sectional),
(2) type of medical cannabis, (3) cancer versus non-
cancer pain, (4) children versus adults, (5) duration of
medical cannabis use (shorter or longer than the median
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Records identified through database
searching (n = 23,260) Additional records identified
through other sources
MEDLINE: 10649; EMBASE: 6382; CENTRAL: (n=3)

2426; Psycinfo: 3801

] l

Records after duplicates removed
(n=17,178)

Records screened Records excluded
(n=17,178) (n=16,744)
Full-text a"t?df’? : d Full-text articles excluded,
for eligibility with reasons
(n=434) (n=395)
l Not a full-text report of a
non-randomized study (n
Studies included in =239)
qualitative synthesis Study did not include
(n=39) patients with chronic pain
l (n=86)
Study did not report on
Studies included in medical cannabis (n = 25)
quantitative synt.hesis Study did not report on
(meta-analysis) harms or adverse events
(n=39) (n=142)

Study included fewer than
25 patients (n =3)

Figure 1 Study selection process.

duration of follow-up across studies) and (6) risk of bias
(low/moderate vs serious/critical). We also performed
two post hoc subgroup analyses: (1) duration of follow-up
(shorter or longer than the median duration of follow-up
across studies) and (2) selection bias (studies at moderate,
serious or critical risk of selection bias vs studies at low risk
of selection bias). We anticipated that studies reporting
on shorter use of medical cannabis, as well as cross-
sectional studies, studies on patients with cancer, studies
including adults, studies with active comparators, studies
at high risk of bias would report fewer adverse events. We
anticipated that studies at moderate, serious or critical
risk of selection bias that included prevalent cannabis
users (ie, people who were using medical cannabis before
the inception of the study) or were preceded by a run-in
period or clinical trial during which patients that expe-
rienced adverse events or found medical cannabis intol-
erable could discontinue would report fewer adverse
events because prevalent of medical cannabis are likely
to represent populations that have self-selected for toler-
ance to cannabis. We performed tests for interaction
to establish whether subgroups differed significantly
from one another. We assessed the credibility of signifi-
cant subgroup effects (test for interaction p<0.05) using
published criteria.*’?!

We performed all analyses using the ‘meta’ package in
R (V.3.5.1, R Foundation for Statistical Computing) 2

Certainty of evidence

We used the Grades of Recommendations, Assessment,
Development and Evaluation (GRADE) approach to
rate the certainty of evidence.” ** Based on GRADE

3

guidance for using the ROBINS-I tool, evidence starts at
high certainty and is downgraded by one level when the
majority of the evidence comes from studies at moderate
risk of bias, two levels when the majority of the evidence
comes from studies at high risk of bias, and three levels
when the majority of the evidence comes from studies
rated at critical risk of bias.”® We additionally considered
potential limitations due to indirectness if the population,
intervention, or adverse events assessed in studies did not
reflect the populations, interventions or adverse events
of interest, inconsistency if there was important unex-
plained differences in the results of studies, and impre-
cision if the upper and lower bounds of CIs indicated
appreciably different rates of adverse events. For assessing
inconsistency and imprecision for the outcome all adverse
events, based on feedback from the guideline panel, we
deemed a 20% difference in the prevalence of all adverse
evidence to be patientimportant; a 10% difference for
adverse events leading to discontinuation, serious adverse
events and psychiatric, cognitive, withdrawal and depen-
dence, injuries; and a 3% difference for potentially fatal
adverse events, such as suicides and motor vehicle acci-
dents. We followed GRADE guidance for communicating
our findings.”” Guideline panel members interpreted
the magnitude of adverse events and decided whether
the observed prevalence of adverse events was sufficient
to affect patients’ decisions to use medical cannabis or
cannabinoids for chronic pain.

RESULTS

Study selection

Our search yielded 17178 unique records of which
434 were reviewed in full. We excluded more than half
of references because they did not describe a non-
randomised study, a quarter because they did not include
patients with chronic pain, and a small minority because
they did not report on adverse events. Of these records,
39 non-randomised studies were eligible for review
(online supplemental appendix 3).36_74 Figure 1 pres-
ents additional details related to study selection. Online
supplemental appendix 4 presents studies excluded at
the full-text screening stage and accompanying reasons
for exclusion.

Description of studies

One study was published in German and the remainder
in English. Studies included 12143 adults living with
chronic pain and included a median of 100 (IQR 34-361)
participants (table 1). Most studies (30/39; 76.9%) were
longitudinal in design. Eighteen studies (46.2%) were
conducted in Western Europe, 14 (35.9%) in North
America, 6 (15.4%) in Israel and 2 (5.1%) in the UK. Ten
studies (25.6%) were funded by industry alone or industry
in combination with government and institutional funds;
the remainder were funded either by governments, insti-
tutions, or notfor-profit organisations (n=9; 23.1%), did

4
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not receive funds (n=3; 7.7%) or did not report funding
information (n=17; 43.6%).

Thirty studies (76.9%) reported on people living with
chronic non-cancer pain, eight (n=20.5%) with mixed
cancer and non-cancer chronic pain, and one (2.6%)
with chronic cancer pain. All studies reported on adults.
Sixteen studies reported on mixed types of herbal
cannabis (eg, buds for smoking, vaporising and ingesting,
hashish, oils, extracts, edibles), nine on palmitoyletha-
nolamide (PEA), four each on nabiximols and dronab-
inol, two on nabilone, one each on Trokie lozenges and
extracts, and four did not report the type of medical
cannabis used. Herbal cannabis, lozenges, extracts and
nabiximols are mixed CBD and THC products whereas
nabilone and dronabinol only contain THC. One study
reported on three types of medical cannabis (dronabinol,
nabiximols, and mixed herbal) separately. The median
duration of medical cannabis use was 24 weeks (IQR
12.0-33.8 weeks). Two studies were comparative: one
study compared nabilone with gabapentin and another
compared herbal cannabis with standard care.**’ Studies
reported a total of 525 unique adverse events.

Risk of bias

Online supplemental appendix 5 presents the risk of
bias of included studies. We rated all results at critical
risk of bias except for the comparative results from two
studies,40 % \Wwhich were rated at serious and moderate risk
of bias. The primary limitation across studies was inade-
quate control for potential confounding either due to the
absence of a control group or inadequate adjustment for
confounders. A third of studies were rated at serious risk
of bias for selection bias, primarily because they included
prevalent users of medical cannabis. Such studies may
underestimate the incidence of adverse events since
patients that experience adverse events are more likely
to discontinue medical cannabis early. Such studies may
also include adverse events that may have been present at
inception and that are unrelated to medical cannabis use.

All adverse events

Twenty longitudinal and two cross-sectional studies,
including 4108 patients, reported the number
of patients experiencing one or more adverse
events, 744 474855 5761 6365 6070 7174 Gy pudies reported
on PEA, five on mixed herbal cannabis, three each on
nabilone and nabiximols, two on dronabinol and one
each on extracts and Trokie lozenges. The median dura-
tion of medical cannabis use was 24 weeks (IQR 12-32).
We observed substantial unexplained heterogeneity and
so summarise the results descriptively (table 2; online
supplemental appendices 6-9). The prevalence of any
adverse event ranged between 0% and 92.1%. Studies
with less than 24 weeks of cannabis use (the median dura-
tion of cannabis) typically reported fewer adverse events
than those with more than 24 weeks. Patients using PEA
experienced no adverse events. The evidence was overall
very uncertain due to risk of bias and inconsistency.

One study suggested that nabilone may reduce the risk
of adverse events compared with gabapentin (-13.1%;
95% CI -26.2% to 0%), but the certainty of evidence was
very low due to risk of bias and imprecision (table 3).

Adverse events leading to discontinuation

Twenty longitudinal studies, including 6509 patients,
reported on the number of patients that discontinued
medical cannabis or cannabinoids due to adverse
events.? 10 42715 47-50 53 55 57 58 60 63 64 66 71 74 pioh udies
reported on PEA, four studies on mixed herbal cannabis,
three on nabiximols, two on nabilone, and one each on
dronabinol and extracts, and one study did not report the
type of medical cannabis used by patients. The median
duration of cannabis use was 24 weeks (IQR 8.6-32).
We observed substantial unexplained heterogeneity and
so summarise the results descriptively (online supple-
mental appendices 10-12). The prevalence of discontin-
uations due to adverse events ranged between 0% and
27.0%. Studies with less than 24 weeks of cannabis use
typically reported fewer discontinuations than those with
more than 24 weeks. Patients using PEA experienced no
adverse events. The evidence was overall very uncertain
due to risk of bias and inconsistency.

One study suggested herbal cannabis may increase
the risk of adverse events leading to discontinuation
compared with standard care without cannabis (4.7%;
95%CI 1.8% to 7.5%). Another study suggested that
nabilone may reduce the risk of adverse events leading
to discontinuation compared with gabapentin (-9.4%;
95% CI -18.5% to —0.2%). The certainty of evidence was
low to very low due to risk of bias and imprecision.

Serious adverse events

Twenty-two longitudinal and two cross-sectional studies,
including 4273 patients, reported on the number of
patients experiencing one or more serious adverse
events, 7638 40-41 47 49 50 53 55-61 63 66 71 72 74 Eight studies
reported on mixed herbal cannabis, eight on PEA, two
each on nabilone and nabiximols each, and one study
each on dronabinol, extracts and Trokie lozenges, and
one study did not report the type of cannabis used. The
median duration of medical cannabis or cannabinoid use
was 24 weeks (IQR 12-32), and few patients experienced
serious adverse events (1.2%; 95%CI 0.1% to 3.1%;
’=91%) (figure 2) (online supplemental appendices
13-15). There was a statistically significant subgroup
effect across different types of medical cannabis though
serious adverse events appeared consistently uncommon
(low credibility). The certainty of evidence was very low
overall due to serious risk of bias.

One study suggested use of herbal cannabis may make
little to no difference in the risk of serious adverse events
compared with standard care without cannabis (1.5%;
95% CI -8.3% to 20.2%). Another study found use of
nabilone versus gabapentin may make little to no differ-
ence in the risk of serious adverse events. The certainty of
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Study Cases Total Prevalence (%) 95% C.I
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Lynch, 2006 0 30 0.0 [0.0; 5.7]%
Ware, 2003 0 32 0.0 [0.0; 53]%
Fiz, 2011 0 28 0.0 [0.0; 6.1] ’
Ware, 2015 28 215 13.0 [8.8;17.9] ; W
Haroutounian, 2016 2 206 1.0 [0.0; 2.9](5
Fanelli, 2017 0 31 00 [0.0; 05]'!
Habib, 2018 0 26 0.0 [0.0; 6.5]8
Anderson, 2019 21 1120 19 [12 28]
Rog, 2007 32 63 50.8 [38.4;63.1] ——
Ueberall, 2019 4 800 05 [01; 118

| ———
Bestard, 2011 0 49 0.0 [0.0; 3.5]%
Bestard, 2011 0 55 0.0 [0.0; 3.1]l,‘
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Dominguez, 2012 0 64 0.0 [0.0; 27]%
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Del Giorno, 2015 0 35 0.0 [0.0; 49]1—
Paladini, 2017 0 35 0.0 [00; 49]%
Passavanti, 2017 0 30 0.0 [0.0; 57]
Chirchiglia, 2018 0 100 0.0 [0.0; 1.7]8
Cenvigni, 2019 0 32 0.0 [0.0; 53]
Loi, 2019 0 28 0.0 [0.0; 6.1]%
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evidence was low to very low for both studies due to risk
of bias and imprecision.

Psychiatric adverse events

Eleven longitudinal and two cross-sectional studies,
including 6600 patients, reported on any psychiatric
adverse events, including psychiatric disorders, suicide,
suicidal thoughts, depression, mania, hallucinations,
delusions, paranoia, anxiety and euphoria (online
supplemental appendices 16-25) 7078 #4148 49 61 64 68 69 71
Five studies reported on mixed herbal cannabis, four on
nabiximols, one each on dronabinol, nabilone, and mixed
types and one study did not specify the type of medical
cannabis. The median duration of cannabis use across

studies was 52 weeks (IQR 20-52). Approximately one in
seven medical cannabis users experienced one or more
psychiatric disorders or adverse events (13.5%; 95% CI
2.6% to 30.6%; 1°=98%). The most frequently occurring
psychiatric adverse events were paranoia (5.6%; 9% CI
0% to 19.2%; 1°=85%) and anxiety (7.4%; 95% CI 0% to
26.9%; 1°=99%). The certainty of evidence was very low
due to risk of bias, inconsistency (for psychiatric disorders
and paranoia) and imprecision (for psychiatric disorder,
paranoia and anxiety).

One study suggested that herbal cannabis may result
in a trivial to moderate increase in the risk for psychi-
atric disorders, mania, hallucinations, depression, para-
noia, anxiety, and euphoria and a reduction in the risk
for suicides and delusions, compared with standard care
without cannabis, though the certainty of evidence was
low to very low due to risk of bias and imprecision.

Cognitive and attentional adverse events

Eleven longitudinal studies, including 6257 patients,
reported on cognitive adverse events, including
memory impairment, confusion, disorientation and
impaired attention (online supplemental appendices
96-29) 2698 41 48 49 61 64 68 69 71 pive studies reported on
herbal cannabis, three on nabiximols, three on mixed
types of cannabis, and one each on dronabinol and nabi-
lone. The median duration of cannabis use was 52 weeks
(IQR 24-52). The prevalence of cognitive adverse events
ranged from 1.6% (95% CI 0.6% to 3.0%; 1°=88%) for
disorientation to 5.3% (95% CI 2.1% to 9.6%; 1=96%)
for memory impairment. The certainty of evidence was
very low due to risk of bias.

One study suggested herbal cannabis may slightly
increase the risk for memory impairment and distur-
bances in attention compared with standard care without
cannabis, but reduce the risk for confusion, though the
certainty of evidence was low to very low due to risk of bias
and imprecision.

Accidents and injuries

One longitudinal study, including 431 patients, reported
on accidents and injuries in patients using mixed herbal
cannabis for 52 weeks (online supplemental appendices
30 and 31).* This study suggested herbal cannabis used
for medical purposes may slightly increase the risk of
motor vehicle accidents (0.5%; 95% CI -0.4% to 1.4%)
but may not increase the risk of falls (0%; 95% CI -2.8%
to 2.9%). The certainty of evidence was low due to risk
of bias.

Dependence and withdrawal

Four longitudinal and one cross-sectional study, including
2248 patients, reported on dependence-related adverse
events, including dependence (one study reported on
‘abuse’ based on unspecified criteria, one study reported
on ‘problematic use’ using the Alcohol Use Disorder and
Associated Disabilities Interview Schedule-Diagnostic
and Statistical Manual of Mental Disorders-Fourth
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Edition,” and one study reported on ‘dependence’
using the Alcohol, Smoking and Substance Involvement
Screening Test,” withdrawal symptoms (defined as one
or moderate or severe withdrawal symptoms including
sleep difficulties, anxiety, irritability and appetite distur-
bance), and withdrawal syndrome (two studies that
used unspecified criteria) (online supplemental appen-
dices 32-34).* %7 %7 Ty studies reported on herbal
cannabis, one each on nabiximols and nabilone, and one
did not specify type of medical cannabis used by patients.
Follow-up ranged from 12 to 52 weeks. The pooled prev-
alence of dependence was 4.4% (95% CI 0.0% to 19.9%;
1*=99%) and 2.1% (95% CI1 0% to 8.2%; 1°=89%) for with-
drawal syndrome; however, withdrawal symptoms were
much more common (67.8%; 95% CI 64.1% to 71.4%).
The certainty of evidence was very low due to risk of bias,
inconsistency, imprecision (for dependence) and indi-
rectness due to vagueness of definitions in studies that
precluded confident distinguishment between depen-
dence, addiction, withdrawal symptoms and withdrawal
syndrome.

One study suggested that herbal cannabis compared
with standard care may slightly increase the risk of with-
drawal syndrome (0.5%; 95% CI -0.4% to 1.4%) but the
certainty of evidence was low due to risk of bias.

DISCUSSION

Main findings

Our systematic review and meta-analysis suggests that
adverse events are common among people living with
chronic pain who use medical cannabis or cannabinoids,
with approximately one in four experiencing at least
one adverse event—though the certainty of evidence is
very low and the true prevalence of adverse events may
be substantially different. In contrast, serious adverse
events, adverse events leading to discontinuation, cogni-
tive adverse events, accidents and injuries, and depen-
dence and withdrawal syndrome are less common. We
compared studies with <24 weeks and >24 weeks cannabis
use and found more adverse events reported among
studies with longer follow-up. This may be explained
by increased tolerance (tachyphylaxis) with prolonged
exposure, necessitating increases in dosage with conse-
quent increased risk of harms. PEA, compared with
other formulations of medical cannabis, may result in the
fewest adverse events. Though adverse events associated
with medical cannabis appear to be common, few patients
discontinued use due to adverse events suggesting that
most adverse events are transient and/or outweighed by
perceived benefits.

Our review represents the most comprehensive review
of evidence from non-randomised studies addressing
adverse events of medical cannabis or cannabinoid use
in people living with chronic pain. While several previous
reviews have summarised the evidence on short-term and
common adverse events of medical cannabis reported in
randomised trials, such as oral discomfort, dizziness and

headaches, our review focuses on serious and rare adverse
events—the choice of which was informed by a panel
including patients, clinicians, and methodologists—and
non-randomised studies, which typically follow larger
numbers of patients for longer periods of time and thus
may detect adverse events that are infrequent or that are
associated with longer durations of cannabis use.'” 7' A
parallel systematic review of evidence from randomised
controlled trials found no evidence to inform long-term
harms of medical cannabis as no eligible trial followed
patients for more than 5.5 months."" One previously
published review that included non-randomised studies
searched the literature untl 2007, included studies
exploring medical cannabis for any indication (excluding
synthetic cannabinoids) of which only two enrolled
people living with chronic pain.'® This review did not
synthesise adverse event data from non-randomised
studies.'” Unlike previous reviews, we focused exclusively
on medical cannabis for chronic pain and excluded
recreational cannabis, because cannabis used for recre-
ational purposes often contains higher concentrations
of THC than medical cannabis. We focused on chronic
pain because this patient population may be susceptible
to different adverse events. Depression and anxiety, for
example, are commonly occurring comorbidities of
chronic pain, which may be exacerbated by cannabis.'*"’

Strengths and limitations

Strengths of this systematic review and meta-analysis
include a comprehensive search for non-randomised
studies, explicit eligibility criteria, screening of studies
and collection of data in duplicate to increase reliability,
and use of the GRADE approach to evaluate the certainty
of evidence.

Our review is limited by the non-comparative design
of most studies, which precludes confident inferences
regarding the proportion of adverse events that can be
attributed to medical cannabis or cannabinoids and the
magnitude by which medical cannabis may increase or
decrease the risk of adverse events compared with other
pain management options. Though adverse events appear
common among medical cannabis users, it is possible that
other management options for chronic pain, particularly
opioids, may be associated with more (and more severe)
adverse events.*” Partly due to the non-comparative design
of most studies, nearly all results included in our review
were at serious or critical risk of bias for confounding
and Simpson’s paradox,” either due to the absence of
a control group or due to insufficient adjustment for
important confounders. Further, one-third of studies
were at high risk of selection bias, primarily because they
included prevalent cannabis users. In such studies, the
prevalence of adverse events may be underestimated. Our
review provides limited evidence on the harms of medical
cannabis beyond 1year of use since most studies reported
adverse events for less than 1year of follow-up.

We observed some inconsistency for many adverse
events of interest and substantial inconsistency for all
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adverse events and adverse events leading to discontinu-
ation. We downgraded the certainty of evidence when we
observed important inconsistency and we did not present
estimates from meta-analyses for all adverse events and
adverse events leading to discontinuation due to substan-
tial inconsistency. Further, some analyses included too
few studies or participants, due to which estimates were
imprecise.

Sixteen of 39 studies reported on herbal medical
cannabis, some of which were consumed by smoking or
vaporising, and may be associated with different adverse
events (eg, respiratory) than other formulations of
medical cannabis. We attempted to perform subgroup
analyses based on the type of medical cannabis. Results
for subgroups, however, lacked credibility due to incon-
sistency and/or imprecision.

Clinicians and patients may be more inclined to
use medical cannabis or cannabinoids for pain relief
if adverse events are mild; however, the evidence on
whether adverse events are transient, life-threatening, or
the extent to which they impact quality of life is limited.
While more than half of studies reported on the propor-
tion of adverse events that were serious, criteria for
ascertaining severity were rarely reported. None of the
included studies reported the duration for which patients
experienced adverse events. Further, most primary
studies did not report adequate details on methods for
the ascertainment of adverse events, including definitions
or diagnostic criteria. The two studies that reported on
withdrawal syndrome, for example, did not provide diag-
nostic criteria.* ® However, the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition (DSM-5)
requires >3 of 7 withdrawal symptoms to be present within
a week of stopping cannabis use to meet a diagnosis of
cannabis withdrawal syndrome.** It is therefore reason-
able that people living with chronic pain that use medical
cannabis would be more likely to experience withdrawal
symptoms vs withdrawal syndrome.

While children and youth account for approximately
15% of all chronic pain patients, we did not identify any
evidence addressing the harms of medical cannabis in
this population.*” As such, the extent to which our find-
ings are generalisable to paediatric populations is uncer-
tain. Although there is evidence that cannabis use during
youth is associated with increased risk of acute psychotic
disorders, particularly acute psychosis,* such studies have
focused on use of recreational cannabis that contains
greater amounts of THC than is typically seen in medical
preparations. Further, the population of patients with
chronic pain included in the studies we reviewed may
not be representative of all patients with chronic pain—
particularly rare conditions that cause chronic pain.

We used the DerSimonian and Laird method for meta-
analysis.”” A growing body of evidence, however, suggests
that this model has important limitations that may be
addressed by alternative models®—though there is
limited evidence on the performance of these models for
meta-analyses of proportions and prevalence.

Finally, we excluded studies from meta-analyses when
they did not explicitly report the adverse events of
interest to our panel members. This may have overes-
timated the prevalence of adverse events if the adverse
events of interest were not observed in the studies in
which they were not reported. This was, however, not
possible to confirm because methods for the collection
and reporting of adverse event data across studies were
variable (eg, active monitoring vs passive surveillance;
collecting data on specific adverse events vs all adverse
events) and poorly described in study reports.

Implications

Our systematic review and meta-analysis shows that
evidence regarding long-term and serious harms of
medical cannabis or cannabinoids is insufficient—an
issue with important implications for patients and clini-
cians considering this management option for chronic
pain. While the evidence suggests that adverse events are
common in patients using medical cannabis for chronic
pain, serious adverse events appear less common, which
suggests that the potential benefits of medical cannabis or
cannabinoids (although modest) may outweigh potential
harms for some patients."' '®

Clinicians and patients considering medical cannabis
should be aware that more adverse events were reported
among studies with longer follow-up, necessitating long-
term follow-up of patients and re-evaluation of pain treat-
ment options. Our findings also have implications for the
choice of medical cannabis. We found PEA, for example,
to consistently be associated with few or no adverse events
across studies, though the evidence on the efficacy of PEA
is limited."!

We found very limited evidence comparing medical
cannabis or cannabinoids with other pain management
options. Other pharmacological treatments for chronic
pain, such as gabapentinoids, antidepressants and
opioids, may be associated with more (and more serious)
adverse events."™ To guide patients’ and clinicians’
decisions on medical cannabis for chronic pain, future
research should compare the harms of medical cannabis
and cannabinoids with other pain management options,
including opioids, ideally beyond 1year of use, and adjust
results for confounders.

Our review highlights the need for standardisation of
reporting of adverse events in non-randomised studies
since such studies represent a critical source of data on
long-term and infrequently occurring harms. To enhance
the interpretability of adverse event data, future studies
should also report the duration and severity of adverse
events and whether adverse events are life-threatening,
since these factors are critical to patients’ decisions.

A valuable output of our systematic review is an open-
source database of over 500 unique adverse eventsreported
to date in non-randomised studies of medical cannabis or
cannabinoids for chronic pain with corresponding assess-
ments of risk of bias (https://osf.io/ut36z/). This data-
base was compiled in duplicate by trained and calibrated
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data extractors and is freely available to those interested
in further analysing the prevalence of different types
of adverse events or to those interested in expanding
the database to include adverse events in patients using
medical cannabis or cannabinoids for other indications.

CONCLUSION

Our systematic review and meta-analysis found very
low certainty evidence that suggests adverse events are
common among people living with chronic pain using
medical cannabis or cannabinoids, but that serious
adverse events, adverse events causing discontinuation,
cognitive adverse events, motor vehicle accidents, falls,
and dependence and withdrawal syndrome are less
common. We also found very low certainty evidence that
longer duration of use was associated more adverse events
and that PEA, compared with other types of medical
cannabis, may result in few or no adverse events. Future
research should compare the risks of adverse events of
medical cannabis and cannabinoids with alternative pain
management options, including opioids and adjust for
potential confounders.
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