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Abstract: Cannabinoids are a diverse class of chemical compounds that are increasingly
recognized as potential therapeutic options for a range of conditions. While many studies and
reviews of cannabinoids focus on efficacy, safety is much less well reported. Overall
assessment of the safety of cannabinoid-based medicines is confounded by confusion with
recreational cannabis use as well as different study designs, indications, dosing, and admin
istration methods. However, clinical studies in registered products are increasingly available,
and this article aims to discuss and clarify what is known regarding the safety profiles of
cannabinoid-based medicines, focusing on the medical and clinical safety evidence and
identifying areas for future research. The two most well-studied cannabinoids are Δ9tetrahydrocannabinol (THC), or its synthetic variants (dronabinol, nabilone), and cannabidiol
(CBD). Across diverse indications, dizziness and fatigue are generally the most common
adverse events experienced by patients receiving THC or combined THC and CBD. Patients
receiving THC may experience adverse cognitive effects and impairment in psychomotor
skills, with implications for driving and some occupations, while CBD may help to lower the
psychotropic effects of THC when used in combination. Studies on dependency and addic
tion in a medical context are limited, but have shown inconsistent findings regarding misuse
potential. Generally, the recommended route of administration is oral ingestion, as smoking
medicinal cannabinoid products potentially releases mutagenic and carcinogenic byproducts. There are several potential drug–drug interactions and contraindications for can
nabinoid-based medicines, which physicians should account for when making prescribing
decisions. The available evidence shows that, as with any other class of pharmaceuticals,
cannabinoid-based medicines are associated with safety risks which should be assessed in the
context of potential therapeutic benefits. Each patient should be assessed on an individual
basis and physicians must rely on informed, evidence-based decision-making when deter
mining whether a cannabinoid-based medicine could be an appropriate treatment option.
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Cannabinoids are drugs that are either found in the cannabis plant or made in a laboratory. There
are many cannabinoids but researchers are mostly interested in CBD (cannabidiol) and THC
(Δ9-tetrahydrocannabinol). Cannabinoids can help with several different diseases, but it is
important to know how safe they are. Doctors need to know the facts about the pros and cons
of cannabinoids so they know which patients they may be able to help.
Medicines with cannabinoids in them (cannabinoid-based medicines) either contain THC
or CBD or both. They can be swallowed or inhaled (smoking or vaping). Because there are
so many different types, it is hard to find out how safe they are. This article looks at what we
know now and what researchers still need to find out.
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Many patients taking cannabinoid-based medicines get side
effects, but very few get serious side effects. There are some
groups of patients who should not take cannabinoids because
they are more likely to get serious side effects. The most likely
side effects for patients taking THC are feeling dizzy or tired.
Patients who take THC might not be able to drive as they can
have problems with moving and thinking clearly (cognitive
effects). CBD does not cause these effects. Taking CBD and
THC together might help reduce the cognitive effects of THC.
Cannabinoids can be helpful for treating some diseases, but
we need more information to understand who they can help most
and when it is best to use them.

Note on Terminology
Currently, terminology in this therapy area is nonstandardized, with a variety of terms used interchangeably.
In this article, we have defined and used the terminology
below for clarity.
Cannabinoid-based medicine: medical therapy area
pertaining to the use of cannabinoids with therapeutic
intent.
Cannabinoid-based medicines: standardized products
containing known cannabinoid constituents that are used
under medical supervision with therapeutic intent.
Medical cannabis: cannabinoid-containing products
derived from the cannabis plant used with therapeutic
intent (whether clinically diagnosed or perceived), not
necessarily a medical product nor used under medical
supervision.
Cannabis use: recreational drug use with the aim of
inducing euphoria or other cognitive effects (no therapeu
tic intent).

Introduction
Cannabinoids are a class of medicines that are increasingly
recognized by global and national guidelines as potential
treatment options for a range of conditions.1–7
Cannabinoids either occur naturally in the human body
(endocannabinoids), are derived from the cannabis plant
(phytocannabinoids), or are synthesized in the laboratory
(synthetic cannabinoids) (Figure 1).8,9 Although approxi
mately 150 cannabinoids have been identified,9,10 the two
most well studied are Δ9-tetrahydrocannabinol (THC)
(responsible for the euphoric effects associated with can
nabis) and cannabidiol (CBD). These have different phar
macologic properties and have shown efficacy in clinical
trials, either alone or in combination with each other.11–14
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The approved indications for specific cannabinoidbased medicines in either North American or European
countries (among other countries) include: spasticity asso
ciated with multiple sclerosis (~1:1 THC:CBD oromucosal
spray, known as nabiximols); AIDS/cancer cachexia or
chemotherapy-induced nausea and vomiting (dronabinol
or nabilone, respectively synthetic THC and a synthetic
THC analog); and Lennox-Gastaut and Dravet syndromes
(CBD).15–20 In addition to those mentioned above, other
quality-controlled products with defined cannabinoid con
stituents are available in some countries and are prescribed
for a range of other conditions, such as chronic pain
(including neuropathic pain).
Cannabinoid-based medicines act on the human endo
cannabinoid system, a network of CB1, CB2, and other
receptors distributed throughout the body. CB1 receptors
are congregated predominantly in the central and periph
eral nervous systems, with a low concentration in the
respiratory center in the brainstem, while CB2 receptors
are found largely in the immune and hematopoietic sys
tems, as well as the brain, liver, endocrine pancreas, and
bone.21–26 First discovered in 1992, endocannabinoids,
such as anandamide or 2-arachidonoylglycerol, are pro
duced naturally in the body and act on these receptors to
regulate a variety of processes, including pain perception
and neuroendocrine-immune pathways.22,27 Although cur
rent understanding of the endocannabinoid system is lim
ited, it remains an important focus for research.
The number of clinical studies assessing the potential
therapeutic benefits of cannabinoids is increasing, espe
cially as cultural and legal barriers to research and access
continue to ease. However, while there are several valu
able reviews and commentaries on the efficacy of canna
binoids for a variety of indications,28–30 both short- and
long-term safety are less well reported, despite these being
critical factors in regulatory and prescribing decisions.
Many guidelines, recommendations, and reviews on
cannabinoids do not differentiate data from studies in
recreational and medical contexts when discussing safety,
and this amalgamation of disparate data has led to confu
sion around the safety profiles of cannabinoid-based
medicines.31–35 Studies of recreational cannabis use are
associated with several confounding factors that may not
be
applicable
to
cannabinoid-based
medicines.
Recreational cannabis use may be associated with uncer
tain product compositions, with potentially a very high
THC (or synthesized equivalent) content, and unknown
impurities. Moreover, dosing may be unknown and
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Endocannabinoids
Naturally produced in the
human body as part of the
endocannabinoid system
• Anandamide
• 2-arachidonoylglycerol

Phytocannabinoids

Synthetic cannabinoids
Analogs of compounds
found in the cannabis plant
• Dronabinol
• Nabilone

Psychoactive
∆9-tetrahydrocannabinol (THC)
∆8-THC
Cannabinol (weak)

Psychoactive but
non-euphoric
Cannabidiol (CBD)

~150 other compounds

The cannabis plant contains >500 isolated chemical compounds, including terpenes and flavonoids
as well as cannabinoids and other substances
Figure 1 Types of cannabinoids.8,9

uncontrolled, and usage may be accompanied by conco
mitant tobacco or other recreational drug use.36
Recreational cannabis users are often aiming to take
a large dose in order to induce euphoria and other psy
choactive effects. In contrast, cannabinoid-based medi
cines are quality-controlled products with defined
cannabinoid composition and standardized dosing, taken
with the aim of achieving symptom relief. These products
are administered under the direction of an informed,
licensed healthcare professional, with appropriate monitor
ing procedures for concomitant medications and adverse
events (AEs).
Although studies of recreational cannabis use can be of
some value when medical literature is sparse, generalizing
findings is challenging, as they are often based on subjec
tive, unverifiable reports along with the associated factors
described above. However, published data from studies in
approved, registered products are increasingly available and
can be leveraged to determine a more accurate picture of the
safety profile of cannabinoid-based medicines in their
intended therapeutic settings and patient populations.
Analyses of the overall safety of cannabinoid-based
medicines are further confounded by variation in dosing
and administration methods across products, study
designs, and indications. While there are standardized
doses for CBD in Lennox-Gastaut and Dravet syndromes,
and in investigational studies,11,19,37 a commonly used
dosing strategy for products containing THC is “start
low, go slow, stay low”.38 Patients, under supervision
from their physician, start with a low dose of the canna
binoid-based medicine and gradually “titrate” until
a balance between satisfactory symptom reduction and
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minimal adverse effects is achieved (this practice is
employed for a variety of approved medications39).
While this personalized approach is helpful for patients
as individuals, lack of standardization, even within the
same indication, represents a challenge for overall analysis
of safety, and more studies to establish appropriate stan
dard doses or dose ranges for each indication are needed.
Additionally, while many cannabinoid-based medicines
are administered orally, inhalation may be deemed appro
priate in some cases and these different administration
methods are associated with different pharmacokinetic
characteristics. Although the general pharmacokinetic and
pharmacodynamic properties of THC and CBD are
broadly known,40,41 more studies are needed to understand
further the effects of specific cannabinoid combinations on
the intended patient populations.
The aim of this article is to discuss and clarify what is
known regarding the safety profiles of cannabinoid-based
medicines, focusing on the medical and clinical safety
evidence and target areas for future research. We do not
aim to comment on the regulations of individual countries,
which vary widely, nor on the safety of recreational can
nabis use.
This review is based on assessment and review of
literature analyses of clinical trials and real-world studies
of cannabinoid-based medicines, including registered pro
ducts and other products used for medical purposes,
together with multidisciplinary expert opinion and discus
sion. As well as ClinicalTrials.gov searches (Table 1), we
qualitatively evaluated the literature based on PubMed
searches including terms related to cannabis AND safety
in the title or abstract.
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(oral)
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NCT01610700
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Product

NCT02224690
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Citation

NCT Number and

MS

MS

(2–55 years)

syndrome

(n=137)

(≥18 years)

Adults

(≥18 years)
(n=160)

Adults

(n=225)

Children and
adults

(2–55 years)
(n=171)

syndrome

LennoxGastaut

Children and
adults

Populationa

Patient

LennoxGastaut

Indication

THC/120 mg
CBD

24 h: 130 mg

Max. dose in

CBD

24 h: 130 mg
THC/120 mg

Max. dose in

day

10 mg/kg/day
or 20 mg/kg/

20 mg/kg/day

Dosing

Other Safety Observations

Comments

increased ALT, increased AST, increased GGT

ity) with epidiolex vs

● 78% vs 97% of AEs

PBO controlled

decreased appetite, diarrhea, upper respiratory
tract infection, pyrexia, nasopharyngitis, vomiting,

● Not available

● Not available

moderate

considered mild or

reported

information

extension)

nausea
balance, diarrhea

● Related serious AEs: seizures, vomiting, impaired

PBO
(open-label
related AEs (>10%): oral pain, dizziness, diarrhea,

arm

● Very limited safety

PBO controlled

● Double-blind,

PBO controlled

● Most common possibly, probably, or definitely ● No

fatigue, application site discomfort

● Common AEs (>10%) with Sativex: dizziness,

cholecystitis

cus, lethargy, constipation, worsening chronic

elevated ALT, elevated GGT, somnolence,
increased seizures, non-convulsive status epilepti

● Related serious AEs with epidiolex: elevated AST,

status epilepticus
● Common AEs (>10%) with PBO: upper respira
PBO group
● 89% of AEs (overall)
tory tract infection, pyrexia, vomiting

epidiolex vs 72% in

in 20 mg epidiolex
group vs 84% in 10 mg

● AEs reported in 94% ● Common AEs (>10%) with epidiolex: somnolence, ● Double-blind,

ate with epidiolex vs
PBO

were mild or moder

69% with PBO

somnolence, pyrexia, decreased appetite, vomiting

● Common AEs (>10%) with PBO: vomiting
● Most common related serious AEs with epidiolex:

(all-cause, any sever

● AEs reported in 86% ● Common AEs (>10%) with epidiolex: diarrhea, ● Double-blind,

Patients with AEs
and Serious AEs

Proportion of

Table 1 Safety Data from Phase 3 Randomized Controlled Trials in Registered, Approved Cannabinoid-Based Medicines
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nolence, muscle spasticity, fatigue, asthenia, nau
sea, dry mouth, urinary tract infection, vertigo
nausea, urinary tract infection
disorders, urinary tract infection

● Related serious AEs with Sativex: psychiatric
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● Most AEs considered

78% in PBO group

in Sativex group vs

spine stenosis (unrelated to treatment)

● Serious AEs with Sativex: pain in hip/thigh, lumbar
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diarrhea
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per

controlled,
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PBO controlled

(Continued)

drawal study
design

● Randomized with

● AEs reported in 83% ● Common AEs (>10%) with Sativex: fatigue, pain, ● PBO

mild or moderate

● Most AEs considered ● Common AEs with PBO (≥10%): dizziness, fatigue,

in Sativex group vs
78% in PBO group

● AEs reported in 93% ● Common AEs (≥10%) with Sativex: dizziness, som ● Double-blind,

esthesia, tremor, nausea, delusion perception, and
paranoia

mal liver function test, convulsions, dizziness, par

spasms
● Related serious AEs: aspiration pneumonia, abnor

urinary tract infection, nasopharyngitis, muscle

headache, nausea, vomiting, diarrhea, fatigue,

PBO
(open-label

NCT01610700

● As

● AEs reported in 95% ● Common AEs (>10%): dizziness, MS aggravated, ● No

● Majority of AEs
130 mg
considered mild or
THC/120 mg
moderate
CBD

per day:

Max. dose

CBD

THC/120 mg

Max. dose in ● As per NCT01610700 ● As per NCT01610700
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spray)

Sativex
(oromucosal

MS:
spasticity

MS:
spasticity

(n=189)

Adults
(≥18 years)

(n=241)

Patients with AEs
and Serious AEs

Proportion of

Other Safety Observations

Comments

in Sativex group vs
71% in PBO group

fatigue, urinary tract infection
● Common AEs (>10%) with PBO: dizziness,

● AEs reported in 82% ● Common AEs (>10%) with Sativex: dizziness,

tract infection, muscle spasms

oral pain
THC/120 mg ● Most AEs considered
● Serious AEs (possibly related) with Sativex:
mild or moderate
CBD
vomiting

129.6 mg

Max. dose in
24 h:

CBD

safety

PBO controlled

● Double-blind,

information

● Limited

double-blind
phase

phase prior to

Max. dose in ● AEs reported in 53% ● Common AEs (≥5%) with Sativex: vertigo, fatigue, ● Patients entered
in Sativex group vs
urinary tract infection, muscle spasms
4-week single24 h: 32.4 mg
● Common AEs (≥5%) with PBO: diarrhea, urinary
49% in PBO group
blind treatment
THC/30 mg

Dosing

Notes: Search strategy: ClinicalTrials.gov search for: Epidiolex (synonyms: cannabidiol); dronabinol (synonyms: Marinol, Syndros, tetrahydrocannabinol, delta-9-THC); nabilone (synonyms: Cesamet); Sativex (synonyms: marijuana,
cannabis). Note that synonyms were generated automatically by ClinicalTrials.gov. Inclusion criteria: interventional studies; Phase 3 studies; studies in approved product indicationsc; adult or mixed pediatric and adult populations; studies
with published data. Exclusion criteria: observational, registry and expanded access studies; early Phase 1 and 2, Phase 4, and Phase N/A studies; studies in other indications; studies in pediatric-only populations; studies without
a published manuscript. Search date: November 7, 2019. aAccording to inclusion criteria, not analysis set; bSafety listed as primary outcome measure in ClinicalTrials.gov entry; cEpidiolex: Lennox-Gastaut and Dravet syndromes;
dronabinol: anorexia associated with AIDS or cancer; nabilone: anti-emetic or analgesic for neuropathic pain; Sativex: spasticity associated with MS.
Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate aminotransferase; CBD, cannabidiol; GGT, gamma-glutamyl transferase; Max., maximum; MS, multiple sclerosis; PBO, placebo; THC, Δ9-tetrahydrocannabinol.
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Adverse-Event Profiles
Overall analysis of traditional measures of drug safety,
such as number and type of AEs, is challenging for can
nabinoid-based medicines given the substantial differences
between cannabinoids, individual product composition,
study designs (particularly non-standardized dosing and
administration), indications, and populations studied.
Strategy and findings from a ClinicalTrials.gov search for
randomized, controlled, Phase 3 clinical trials of cannabi
noid-based medicines for approved indications are shown
in Table 1, and illustrate that these challenges are apparent
even across major clinical trials. Interestingly, there were
no clinical trials found for dronabinol or nabilone that met
the inclusion criteria for this search (Table 1).12,13,42–48
However, many additional safety data from both ran
domized controlled trials and real-world evidence studies
are available. A pragmatic approach is needed to assess
these data and draw key safety findings, which are outlined
below.
Across clinical trials, the most common AEs reported by
patients receiving THC alone (including plant-derived
THC, dronabinol, and nabilone) were generally dizziness,
drowsiness/somnolence and fatigue, dry mouth, nausea/
vomiting, and effects on cognitive function (eg, perception
disorders, euphoria, confusion); balance and coordination
problems were also commonly reported.14,28,49–57 The most
common AEs remained broadly similar across diverse
patient populations, including those with cachexia due to
AIDS,14 multiple sclerosis,49 chronic pain conditions
including neuropathic pain,28,55,57 chemotherapy-induced
nausea/vomiting,51 medication overuse headache,52 or
sleep in fibromyalgia.53
The AE profile of CBD is different to THC, with
common AEs across clinical trials and real-world studies
including diarrhea, somnolence, pyrexia, decreased appe
tite, vomiting, upper respiratory tract infection, and break
through epilepsy symptoms, noting that randomized
controlled trials and real-world evidence studies of CBD
are almost all in patients with rare forms of epilepsy using
doses of 5–20 mg/kg daily.11,12,58–61 The most notable
serious AE was elevated liver enzymes (ie, alanine transa
minase, aspartate aminotransferase, and gamma-glutamyl
transferase11,12). However, dosing regimens for CBD in
other conditions such as chronic pain have not yet been
determined, with preclinical data suggesting a much lower
therapeutic dose than that required for treating seizures,
accompanied by a more favorable safety profile.62
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The most common AEs reported with nabiximols treat
ment (2.7:2.5 mg THC:CBD oromucosal spray, maximum
of 12 sprays per day18) in patients with multiple sclerosis
include dizziness, fatigue, somnolence, nausea, and appli
cation site discomfort,13 with few patients experiencing
cognitive AEs.48 Elevated liver enzymes did not appear
to be a key safety signal, perhaps due to the relatively low
dose of CBD compared with that used to treat patients
with epilepsy. In patients prescribed other cannabis plant
extracts containing both THC and CBD for other indica
tions, the AE profile appeared generally similar to that
of THC.
Overall, although many patients receiving cannabinoidbased medicines experienced AEs, the incidence of serious
AEs was generally not significantly different compared
with control individuals, with no serious AEs reported in
some studies.28,29,63 AE profiles from real-world studies
broadly correlate with those of clinical trials and are gen
erally dose dependent, with dizziness, dry mouth, and
somnolence commonly reported.64,65
The “start low, go slow, stay low” dosing titration
method may help to mitigate some AEs by finding
a patient-specific balance between efficacy and
tolerability.38 Individual titration will depend on the can
nabinoid combination, indication, concomitant medica
tions, demographic characteristics, and patient’s previous
experience with the medication. However, more studies in
specific indications are needed to establish the frequency
and intensity of AEs, and to optimize dosing for relevant
patient populations.

Real-World Medical Use Patterns
Although the majority of clinical trial data are in the
approved indications, real-world studies show that patients
are using cannabinoid-based medicines to treat a range of
other conditions (Figure 2),64,66 with chronic pain account
ing for approximately 30–80% of patients.64,66–68
Additionally, and despite limited evidence of efficacy, men
tal health conditions were found to account for 27% and
sleep disorders for 9.7% of cannabinoid-based medicine use
in registered Canadian patients.66 Given that almost half
(45.5%) of patients with chronic pain conditions also suffer
from sleep disorders and that alleviation of pain may lead to
improved sleep quality, cannabinoid-based medicines may
have a role in treating both these symptoms.35,69
Although not specifically indicated for chronic pain, some
chronic pain guidelines include cannabinoid-based medicines
in recommended treatment algorithms,3,4 and the common
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Proportion of patients taking cannabinoid-based medicines for
each indication (%)
11.1
2.2
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3.1

29.4

Mental health conditions (n=548)
3.7

Sleep disorders (n=198)
Arthritis/musculoskeletal (n=188)

4.6

Post-traumatic stress disorder (n=93)
Headache (n=75)
Gastrointestinal disorder (n=62)
Multiple sclerosis (n=45)

9.3

Other (n=225)

9.7
27.0
Figure 2 Patient-reported primary indications for cannabinoid-based medicine uptake in Canada. Adapted under the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0/) from Baron EP, Lucas P, Eades J, Hogue O. Patterns of medicinal cannabis use, strain analysis, and substitution effect among patients
with migraine, headache, arthritis, and chronic pain in a medicinal cannabis cohort. J Headache Pain. 2018;19(1):37.66

AEs associated with cannabinoids seem generally comparable
to those seen with other established treatments for chronic
pain (Table 2).4 Although there are no studies that directly
compare the overall safety profiles of cannabinoid-based
medicines with other pain therapies, data from non-clinical
studies indicate that there are potentially clinically meaningful
differences in mortality and dependency (both in favor of
cannabinoids), which warrant further investigation.70,71 This
constitutes an important area for future research.
These findings represent a clear unmet need for clinical
trials to assess the efficacy and safety of standardized
cannabinoid-based medicines in the conditions in which
they are being used and to compare them with existing
standards of care. Meanwhile, existing real-world data
could be leveraged to address urgent questions surround
ing these therapeutic needs.72

Concomitant Medication Use and
Contraindications
There is a theoretical risk of drug–drug interactions
between some cannabinoids and some concomitant
medications.73,74 However, these have not been well
studied in clinical practice and more drug-interaction
studies are urgently needed to establish the extent of
any interactions, including dose-dependent effects,
especially with common medications that patients
may be receiving alongside cannabinoids. Caution
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should be exercised with any concomitant medication
that is metabolized by the CYP450 complex, due to
pharmacokinetic interactions with THC or CBD;75–77
however, the exact mechanisms of these interactions
and their clinical relevance remain unknown. Current
recommendations regarding concomitant medications
are shown in Table 3.73,77,78
Products approved and licensed for specific indications by
national regulatory bodies (Epidiolex®, Sativex®, Marinol®,
Syndros®, and Cesamet®) have clearly defined
contraindications,15,16,18–20 and physicians should check the latest
prescribing information to ensure compliance. For cannabinoidbased medicines that are not licensed for a specific indication,
guidelines recommend contraindications based on currently
available evidence (Table 4).73 It should be noted that some of
these rely on data from recreational cannabis use studies; there
fore, it is not always clear which cannabinoid is relevant for the
contraindication. In addition to regulatory compliance, safety
should always be considered in the light of the specific cannabi
noid and individual risk-benefit evaluation. For example, patients
aged <25 years may be at risk of long-term cognitive effects from
THC; however, for pediatric patients with refractory chemother
apy-induced nausea and vomiting, the potential benefits of THCbased treatments such as dronabinol or nabilone may outweigh
the risks.79 The currently known contraindications do not seem
excessive or severely restrictive in the context of other treatments
for similar indications.80
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Table 2 Common Adverse Effects of Treatment Optionsa for
Neuropathic Pain

Table 3 Current Monitoring Recommendations for Concomitant
Medicationsa,73,77,78

Treatment

Common Adverse Effects

Tricyclic antidepressants

Drowsiness, confusion,

(amitriptyline, nortriptyline,

orthostatic hypotension, dry

Anticholinergics, eg,

Additive tachycardia

desipramine)

mouth, constipation, urinary
retention, weight gain,

amitriptyline

and/or hypertension

CNS depressants, eg,

Additive effects
including cognitive
impairment BUT may
be used in

arrhythmia

Medication Class

Theoretical Effect

Recommendation

Serotonin–noradrenaline

Venlafaxine: nausea, dizziness,

alcohol, barbiturates,
benzodiazepines,

reuptake inhibitors (venlafaxine,

drowsiness, hyperhidrosis,

opioids

duloxetine)

hypertension
Duloxetine: sedation, nausea,

combination with
opioids or

constipation, ataxia, dry mouth

benzodiazepines with

Anticonvulsants (gabapentin,

Gabapentin and pregabalin:

pregabalin, carbamazepine)

drowsiness, dizziness, peripheral
edema, blurred vision

the aim of reducing
reliance on these

CYP1A2 substrates,

Increased serum

dizziness, blurred vision, ataxia,
headache, nausea, rash

eg, acetaminophen,
duloxetine, estrogen

concentration of
substrates

Controlled-release opioid
analgesics (morphine,

Nausea, vomiting, sedation,
dizziness, urinary retention,

CYP3A4 inducers/
inhibitors, eg,

Reduces/increases
(respectively) serum

oxycodone, fentanyl,

constipation

St. John’s Wort,

concentration of

erythromycin

cannabinoids

Ataxia, sedation, constipation,

CYP2C9 inhibitors,

Increases serum

seizures, orthostatic hypotension

eg, fluconazole

concentration of
cannabinoids

Disulfiram

Enhances adverseeffect profile (data

Tramadol

Lidocaine (topical)

Virtually no systemic side effects

Nabiximols (~1:1 THC:CBD

Dizziness, fatigue, nausea,

oromucosal spray)

euphoria

Nabilone (synthetic THC analog)

Dizziness, drowsiness,
dry mouth

Notes: aTreatments included according to the Canadian Pain Society consensus
statement on the pharmacologic management of chronic neuropathic pain. Adapted
under the Creative Commons Attribution Non-Commercial License (http://creati
vecommons.org/licenses/by-nc/4.0/) from Moulin DE, Boulanger A, Clark AJ et al,
Pharmacological management of chronic neuropathic pain: Revised consensus state
ment from the Canadian Pain Society. Pain Res Manag. 2014;19(6): 328–335.4
Abbreviations: CBD, cannabidiol; THC, Δ9-tetrahydrocannabinol.

Cannabis-Use Disorder and
Cannabis-Withdrawal Syndrome
While dependency is a normal physiologic reaction to many
pharmaceutical products, and tolerance and withdrawal symp
toms might be expected in patients on long-term medications for
chronic conditions, substance-use disorder is generally character
ized by continued use despite harm or risky behavior, cravings,
and impaired control.81 Diagnostic criteria for cannabis-use dis
order and cannabis-withdrawal syndrome are clearly defined
elsewhere.81 However, available tools to detect substance-use
disorder designed for recreational drug use may not be suitable
for assessing problematic medication use in patients.82,83
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Monitor

Monitor

medications

Carbamazepine: drowsiness,

hydromorphone)

Clinical

Monitor

Monitor

Monitor

Monitor

from 2 case reports
only)
Nicotine

Additive tachycardia

Monitor

and stimulant effects
Some anti-cancer

Reduces response to

therapies, eg, PD-1/
PD-L1 inhibitors

treatment

Generally avoid

Notes: aMany data supporting these recommendations are in studies of recrea
tional cannabis use and should be interpreted with caution. Individual interactions of
THC and CBD may differ and this list is not exhaustive.
Abbreviations: CBD, cannabidiol; CNS, central nervous system; PD-1/PD-L1,
programmed death-1/programmed death ligand-1; THC, Δ9-tetrahydrocannabinol.

The majority of data on cannabis-use disorder are in
recreational use, with associated confounding factors of con
comitant use of other recreational drugs and smoking. Data
from recreational cannabis use studies indicate a prevalence
of 18–34%.71,84 This is lower than estimated figures for
opioid or alcohol users,71 with a much smaller estimated
global burden.85 Additionally, recreational cannabis use
does not appear to be associated with increased mortality
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Table 4 Recommended Contraindications for CannabinoidBased Medicines Based on the Current State of Evidencea,35,73
Contraindication

THC

Reason
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or
CBDb
Known sensitivity

THC/
CBD

Existing sensitivity to
cannabinoids

Aged <25 yearsc

THC

Increased risk of addiction or
schizophrenia

Hepatitis C

THC/

Linked to progression of

CBD

fibrosis/steatosis

THC/

Various serious/long-term

CBD

adverse effects on offspring

THCd

Increased risk of earlier onset

Pregnant/breastfeeding

Personal or family
history of psychosis or

of psychosis in those already at

schizophrenia

risk of developing
schizophrenia

Previous substanceabuse disorder

Increased risk of developing
cannabis-use disorder

Notes: aTable relates to cannabinoid-based medicines that are not licensed for
a specific indication. Products approved and licensed for specific indications by
national regulatory bodies have clearly defined contraindications and physicians
should check the latest prescribing information to ensure compliance; bNot neces
sarily known which cannabinoid is contraindicated; cIn some cases of strong clinical
need, it may be appropriate to prescribe products containing THC for patients aged
<25 years if the benefits outweigh the risks; dSome preliminary research shows that
CBD may be beneficial in treating schizophrenia.
Abbreviations: CBD, cannabidiol; THC, Δ9-tetrahydrocannabinol.

compared with the general population.85 However, these data
should be interpreted cautiously and cannot be extrapolated
to standardized, quality-controlled products administered
(often orally) under medical supervision.
Although studies on cannabis-use disorder and canna
bis-withdrawal syndrome in a therapeutic context are lim
ited, available data seem to show that incidence of
cannabis-use disorder in patients receiving cannabinoidbased medicines is generally low.65,86 A review of nabilone
found no concerns with abuse potential86 and long-term
registry data for nabiximols showed no signals of depen
dence or abuse.65 A recent study showed that nabiximols
may be effective in treating existing cannabis dependence,87
while preliminary research indicates a potential role for
CBD in treating heroin withdrawal.88
Withdrawal symptoms in patients with neuropathic pain
treated with dronabinol (sleep disturbance, excitability, ner
vousness, and increase of neuropathic pain) were found to
be mild and transient.57 Withdrawal symptoms with canna
binoids generally start within 1–2 days and resolve within
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1–2 weeks of treatment discontinuation.73 It is important to
note that the presence of withdrawal symptoms does not
necessarily constitute a diagnosis of cannabis-withdrawal
syndrome.81
In addition, patients receiving cannabinoid-based medi
cines generally do not increase their dose over time, once the
therapeutic dose has been achieved.89 This is in contrast to
opioid use, where dose escalation and addiction are not
uncommon.38,80 In terms of toxicity, one model found that
the estimated ratio of toxicologic threshold (based on median
lethal dose [LD50] values) to standard daily human intake for
THC was much higher than for many other substances, includ
ing all opioids studied,90 which may partly explain why can
nabis use is not associated with increased mortality. Indeed,
official statistics for England and Wales in 2018 showed that
opiates were a factor (not necessarily directly attributable) in
2208 deaths registered in 2018, compared with 210 for para
cetamol and 22 for cannabis, noting that these values do not
differentiate medical from recreational use (Figure 3).70 Based
on data in recreational cannabis use (with unknown product
composition), acute overdose is associated with agitation,
hyperemesis, tachycardia, drowsiness, and psychological dis
turbances that can include psychosis.91,92
More high-quality medical research is needed to deter
mine the incidence of cannabis-use disorder in patients
treated with cannabinoid-based medicines, including identi
fying which combinations of cannabinoids, doses, and indi
vidual-use patterns cause these effects in which patients.
This will decrease reliance on recreational cannabis use
data in this area, with its associated confounding factors.

Psychiatric and Cognitive Effects
While both THC and CBD are psychoactive (ie, they act on
the central nervous system to alter brain function), CBD
does not induce euphoria or measurably impair psychomotor
skills.73,93,94 CBD exhibits anxiolytic and neuroprotective
properties,93,95 and is approved in some countries to treat
children with Lennox-Gastaut or Dravet syndromes.19
Current evidence indicates that THC is anxiolytic at
low doses and anxiogenic at higher doses, with unique
dose–response curves.35,73,96–98 Interestingly, CBD (and
other cannabis plant constituents such as cannabinol, ter
penes, and flavonoids) may help to lower the psychotropic
effects
of
THC
when
used
in
particular
combinations35,99–101 and understanding this important
interaction between these two cannabinoids should be
a priority for further clinical research.
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benzodiazepine

Tramadol
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Codeine

Dihydrocodeine

Fentanyl

Cannabis

Figure 3 Number of deaths related to selected drugs, where the drug name was listed on the death certificate, England and Wales, 2018. aData from the Office for National
Statistics, accessed February 20, 2020: all deaths relating to drug poisoning in England and Wales registered in 2018, where a drug was mentioned on the death certificate.
Any opiate includes unspecified opiates and excludes paracetamol compounds. Codeine and dihydrocodeine not from compound formulations (eg, co-codamol).
Paracetamol includes paracetamol compounds. Office for National Statistics. Deaths related to drug poisoning, England and Wales. 2019. Available from: (https://www.
ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsrelatedtodrugpoisoningenglandandwalesreferencetable). Public sector informa
tion licensed under the Open Government Licence v3.0 (http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/).70

Studies in recreational cannabis use show that early,
frequent, and heavy use of high-potency THC may have
long-term effects in the developing brain and is linked
with earlier onset of psychosis in those with an individual
or familial risk of psychosis or schizophrenia.35,73,96,102
Some synthetic cannabinoids produced illicitly for recrea
tional use that bind to the same receptors as THC are
associated with atypical psychosis and long-term cognitive
impairment. However, other evidence suggests no associa
tion between adolescent cannabis use and structural brain
differences in adulthood.103 Currently, products containing
THC or its analogs should not be prescribed for patients
aged <25 years73 unless there is a strong clinical need that
cannot be met by other treatment options and the benefits
outweigh the risks.35,79
Due to a short-term decrease in psychomotor skills
alongside potential cognitive and motor reflex impair
ments, patients may not be safe to drive or operate
heavy machinery after taking medicines containing
THC, with one review recommending abstinence from
driving for 8 hours.104,105 Although the extent of impair
ment may depend on the dose, individual patient, route
of consumption, concomitant medications, and rate of
metabolism, a study in recreational cannabis use showed
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that long-term cannabis users were impaired even when
they had not consumed cannabis for at least 12 hours.106
In addition to respective national laws, the patient’s
occupation and location are, therefore, important consid
erations when assessing whether a cannabinoid-based
medicine is a suitable option. Further studies are needed
to clarify the risk of prolonged psychomotor impairment
in the therapeutic setting and establish any dosedependent relationships.

Respiratory and Cardiovascular
Safety
Smoking cannabinoid-based medicines is not recom
mended, as many by-products of pyrolysis are mutagenic
and carcinogenic, and may exacerbate existing asthma or
chronic obstructive pulmonary disease;35 however, one
large pooled analysis found no overall association between
cannabis smoking and lung cancer.107
Vaporization carries less respiratory risk, as the product
is heated to a lower temperature (without combustion) than
smoking and, therefore, does not produce the same level of
toxic by-products.73 Oral ingestion carries the least
respiratory risk, with no known association between inges
tion of cannabinoids and respiratory adverse effects. In

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

1327

International Journal of General Medicine downloaded from https://www.dovepress.com/ by 3.227.235.183 on 15-Apr-2021
For personal use only.

Gottschling et al

contrast to opioids, cannabinoids carry a low risk of
respiratory depression due to the lack of endocannabinoid
CB1 receptors in the respiratory control centers in the
medulla.23,80
The existing literature assessing cardiovascular risk is
in recreational cannabis use and shows conflicting
findings.108,109 Recreational cannabis use is associated
with a variety of cardiovascular effects such as tachycardia
and dose-dependent peripheral vasodilation;32,110,111 how
ever, it is unknown whether these effects are experienced
by relevant medical populations receiving controlled doses
and this is an important area for future research.

Reproductive Safety
Men and women are known to exhibit different endocan
nabinoid responses.35 Although the majority of available
data on the reproductive safety of cannabinoids in humans
are in recreational cannabis use, there is ample evidence
that cannabinoid-based medicines may impact on both
male and female reproductive systems.
In women, while data on sexual behavior and repro
ductive diseases are limited, use of cannabinoid-based
medicines in pregnancy and breastfeeding may be asso
ciated with a variety of serious and long-term adverse
effects in the offspring.35,73,112,113 Although no currently
approved cannabinoid-based medical products have been
studied in pregnant women, preclinical studies of CBD,
nabilone, and dronabinol found dose-related developmen
tal toxicity, noting that some findings were at much higher
exposure levels than the human therapeutic dose.15,16,19,20
Although pregnancy is not specifically listed as
a contraindication in the prescribing information for
these products,15,16,19,20 guidelines currently contraindi
cate all cannabinoid-based medicines in pregnant and
breastfeeding women.73 However, some real-world studies
in recreational cannabis use suggest that it is not an inde
pendent risk factor for adverse neonatal outcomes.114 As
an estimated 12% of pregnant women in the US use
cannabis or cannabinoid-containing products in the first
trimester115 many to treat severe nausea and
vomiting116,117 informed patient–practitioner conversa
tions are needed to discuss and educate on the risks and
benefits of cannabinoid-based medicines compared with
other lifestyle and pharmacologic options.
In men, recreational cannabis use may be associated
with increased risk of testicular cancer, and has also been
linked to reduced sperm count, motility, and libido, and to
erectile dysfunction.35,118–120 However, preclinical studies
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of nabilone in rats showed no effect on fertility or repro
ductive performance.16
As the majority of data on reproductive safety are in
recreational cannabis use, more preclinical and highquality long-term clinical studies are needed to assess
fully the risks, including which cannabinoids are respon
sible for specific adverse effects.

Potential as Adjunctive Therapy
Cannabinoids and opioids used in combination may aug
ment the analgesic effects of opioids.121 In patients with
chronic pain, some open-label and real-world studies have
found that initiation of cannabinoid-based medicines may
lead to a reduction in opioid use, which could have impli
cations for opioid sparing.64,122–124 In real-world studies,
97% of patients with chronic pain reported that they were
able to decrease their opiate dose and 92% found the side
effects more tolerable with cannabinoids compared with
opiates123 while 14.4% of elderly patients ceased to use
opioid analgesics within 6 months.64 Another study found
that initiation of cannabinoid-based medicines was asso
ciated with 17-fold higher odds of ceasing opioid prescrip
tions within 21 months.125 Due to the synergy between
cannabinoids and opioids, patients receiving both therapies
should be closely monitored for increased adverse effects.
There is also evidence that prescribing cannabinoidbased medicines may reduce the use of benzodiazepines
and non-steroidal anti-inflammatory drugs.52,64,126

Conclusions and Future Directions
Robust analysis of the safety of cannabinoid-based medi
cine is challenging due to disparities in formulation, dos
ing, administration method, indication, and confusion with
recreational cannabis use. Further high-quality research is
needed to establish the safety profile of each individual
cannabinoid formulation for the indications in which it is
being used, from which treatment guidelines and algo
rithms based on credible and validated medical evidence
can follow.
However, while the evidence base continues to evolve,
the existing safety data can be leveraged to draw some key
conclusions.72 As cannabinoid-based medicines are cur
rently used to treat a range of conditions, ongoing pharma
covigilance and real-world studies provide important data
sources that complement randomized controlled clinical
trials.
The available evidence shows that, as with any other
class of pharmaceuticals, cannabinoid-based medicines are
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associated with risks, which need to be assessed in the
context of potential therapeutic benefits. Individual, evi
dence-based decision-making is required by physicians to
determine whether a cannabinoid-based medicine could be
an appropriate treatment option for their patients.
Healthcare professionals should always bear in mind their
local legal framework and access procedures when recom
mending or prescribing cannabinoid-based medicines.

Abbreviations
AE, adverse event; CBD, cannabidiol; THC, Δ9tetrahydrocannabinol.
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