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Abstract

Cannabis-based therapeutics have garnered increasing attention in recent years as patients seek alternative treatments for various medical conditions.
This narrative review provides a comprehensive overview of the science behind the medical use of cannabis, focusing on the medical evidence for
commonly treated conditions. In addition, the review addresses the practical considerations of using cannabis as a therapeutic agent, offering insights
into dosing strategies, variations in cannabinoid formulation, and individual patient responses. Precautions, adverse consequences, and drug interactions
are also discussed, with a focus on patient safety and the potential risks associated with cannabis use.

Although cannabis (Cannabis sativa) has had a place
in many cultures since ancient times, its role as a
therapeutic agent in modern times has a convoluted
history.Writings from Egypt, China, and India indicate
its use as a medicinal agent, perhaps as early as 2350
B.C.1 After a brief period in which Western cultures
used cannabis in the treatment of several conditions,
cannabis was essentially prohibited in the United States
in 1938 and made illegal by the Controlled Substances
Act of 1970.2 In 1996, California legalized cannabis
for medical use,3 and since that time, there has been
a growing wave of interest, driven mainly by changing
public opinion, in exploring the pharmaceutical and
clinical science of the cannabis plant. This narrative
review will introduce the pharmacology of the cannabis
plant, summarize the medical evidence evaluating sev-
eral conditions for which patients commonly seek
treatment with cannabis, and provide practical infor-
mation for clinicians working with patients who use
cannabis.

The Endocannabinoid System
The endocannabinoid system (ECS) is an extensive
network of receptors, their endogenous ligands, and
enzymes that synthesize and degrade those ligands.4

The ECS appears to be involved in modulating
many biological functions in mammalian species, in-
cluding sleep, memory, mood, learning, hunger and
feeding, and pain.5,6 The widespread distribution of
2 G-protein-coupled receptors (GPCRs) – cannabi-
noid (CB) 1 and CB2 – throughout the human
body suggests that the role of the ECS has yet
to be fully understood. CB1 receptors are concen-
trated in the central nervous system, but CB1 re-
ceptors have also been identified in the periphery,

including in cardiac tissue, reproductive organs, and
the gastrointestinal tract.7 CB2 receptors are concen-
trated in peripheral tissues, particularly in the immune
system.8

The cannabinoid receptors are modulated by fatty
acid neurotransmitters termed endocannabinoids
or endogenous cannabinoids. The most well-
studied endocannabinoids are anandamide and
2-arachidonylglycerol.9 These lipophilic molecules
are synthesized on demand in the postsynapse
and bind to presynaptic CB receptors, modulating
the release of neurotransmitters. The synthesis of
endocannabinoids results from the activation of other
GPCRs in the central nervous system, including
glutamate and serotonin receptors.10 In addition to
the CB receptors, endocannabinoids appear to interact
with myriad other receptors, including transient
receptor potential (TRP) ion channels, peroxisome
proliferator-activated nuclear receptors, and orphan
GPCRs.7,11 An expanded view of the ECS that includes
the endocannabinoids and related molecules, their
biosynthetic and metabolic pathways, and the many
receptors with which they interact is termed the
endocannabinoidome.12
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The Cannabis Plant and Its Components
The cannabis plant comes from the same botanical
family (Cannabaceae) as the hops plant, which is used
in brewing beer.13 Traditionally, cannabis species were
classified according to morphological characteristics
(ie, Cannabis sativa, Cannabis indica, and Cannabis
ruderalis).1 There are anecdotal claims that sativa and
indica have differing psychoactive effects. However, the
pharmacology of the plant cannot be ascertained by
studying its morphology alone. In the words of Ethan
Russo, a physician and renowned cannabis researcher,
“the sativa/indica distinction as commonly applied in
the lay literature is total nonsense and an exercise in
futility.”14 Additionally, so much crossbreeding, both
inadvertent and purposeful, has occurred that most
cannabis plants grown today are hybrids and difficult
to classify as any specific botanical species.15

Cannabinoids
The cannabis plant contains hundreds of chemicals, in-
cluding CBs, terpenes, flavonoids, and others, many of
which may affect human physiology. CBs are lipophilic
molecules that interact with the CB receptors and
are produced primarily by the cannabis plant, while
terpenes and flavonoids are nonspecific chemicals that
are responsible for the odor, color, and flavor of many
plant species.16,17 CBs may be found in the glandular
trichomes (hairlike structures) on the flowers of fe-
male cannabis plants.13,18 The most well-studied CBs
are delta-9-tetrahydrocannabinol (THC) and cannabid-
iol (CBD). Other predominant, if less well-studied,
cannabinoids include cannabigerol, cannabinol, and
cannabichromene.19 CBs primarily exist in the plant
as acids (eg, tetrahydrocannabinolic acid, cannabidi-
olic acid) and are decarboxylated to their neutral (ie,
nonacid) forms when exposed to heat.19

THC is a partial agonist at CB1 and CB2 recep-
tors and, like the endocannabinoids, may interact with
noncannabinoid receptors. THC is most well known
for its psychoactive effects, which appear to be medi-
ated primarily by the CB1 receptor and downstream
modulation of gamma-aminobutyric acid, glutamine,
and dopamine.20 In this article, the term psychoactive
refers to the pharmacologic alteration of mood, per-
ception, emotion, or cognition. However, THC also
has therapeutic applications, including as an analgesic
and antiemetic, that have been well studied in clinical
trials.13 Additionally, the upregulation of CB recep-
tors in cells and tissues associated with cancer, stroke,
epilepsy, and gastrointestinal inflammation21 suggests a
role for THC in the modulation of these disease states,
although robust supporting clinical data are lacking.
THC is also responsible for several adverse effects of
cannabis consumption, including anxiety, sedation, and

increased risk for cannabis use disorder.19,22 The in-
creasing concentration of THC in cannabis plants and
products over the past several decades23 may be increas-
ing rates of more serious adverse reactions such as acute
psychosis and cannabis hyperemesis syndrome.22,24

CBD does not have psychoactive effects and, un-
like THC, has a very low affinity for CB receptors.13

The pharmacological effects of CBD may be medi-
ated through multiple mechanisms, including inhibit-
ing the degradation of endocannabinoids, interaction
with serotonin receptors, and modulation of adenosine
signaling pathways.13 CBD is effective as an antiepilep-
tic, and limited clinical evidence supports its use in
other conditions such as Parkinson disease, autism, and
smoking cessation.25 Anecdotal evidence suggests that
CBD may attenuate the psychoactive effects of THC,
but clinical evidence does not support this claim.26

Terpenes and Flavonoids
Much attention has been given in recent years to the
terpene component of cannabis plants and products.
Terpenes are phytochemicals that give a plant a dis-
tinct aroma, and it has been postulated that these
molecules may also have the potential to beneficially af-
fect human physiology. Terpenes commonly identified
in cannabis plants include beta-myrcene, alpha-pinene,
limonene, and beta-caryophyllene. Like CBs, terpenes
are lipophilic and cross the blood-brain barrier.19 The
majority of scientific research into the therapeutic
potential of terpenes has been preclinical in nature, with
various terpenes showing anticancer, antimicrobial,
anti-inflammatory, antioxidant, analgesic, neuropro-
tective, and anxiolytic activity.27,28 Clinical studies of
terpenes unrelated to cannabis have yielded interesting
results. Inhalation of limonene, the terpene associated
with a citrus aroma, may be associated with attenuating
depression in hospitalized patients.27 Inhalation of
caryophyllene, the terpene associated with a peppery
or spicy aroma, significantly reduced the craving for
cigarettes.29

The Entourage Effect
The entourage effect is a term coined by iconic
cannabis researcher Raphael Mechoulam and his team
in the 1990s to describe the purported synergistic
effect of whole-plant or full-spectrum formulations
of cannabis versus single cannabinoid compounds.30

These researchers noted that the activity of 2-
arachidonylglycerol at CB receptors was significantly
enhanced by esters that, on their own, had no pharma-
cological activity at the receptor.30 Since this discovery,
many preclinical studies and a few clinical trials have
attempted to elucidate the mechanisms and importance
of this effect. Two preclinical studies determined that
the most common terpenes in cannabis do not affect
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Table 1. Selected Characteristics of Cannabis Dosage Forms93,121

Formulation Onset Duration Pro/con

Inhaled (smoked or vaporized flower) 5-10 minutes 2-4 hours Pro: rapid onset, may be helpful for acute symptoms
Con: combustion and smoking irritants, inconsistent dosing

Oral 1-3 hours 6-8 hours Pro: convenient, discrete, simple dosing
Con: highly variable absorption, effects may be hard to predict

Oromucosal 15-45 minutes 6-8 hours Pro: more rapid onset than oral form, pharmaceutical form with
documented efficacy exists

Con: not widely available, expensive
Transdermal 1-7 hours Up to 24-72 hours Pro: alternative to smoking or oral formulations, less frequent dosing

required
Con: unpredictable absorption and duration of action, not widely

available, expensive

the activity of phytocannabinoids at CB receptors or
TRP channels.31,32 The few published clinical trials
comparing whole-plant to isolated cannabinoid formu-
lations vary in methodology and outcomes.33 Addi-
tionally, data from observational studies and random-
ized controlled trials (RCTs) often conflict, and the
products, concentrations, and administration methods
used in RCTs often are not representative of real-world
conditions, calling the generalizability of such data
into question.33 Questions for future research into the
existence of the entourage effect include the effects of
CBD on THC metabolism, the effects of terpenes on
CB absorption, and further clinical trials comparing
the effects of whole-plant, full-spectrum, or broad-
spectrum formulations to CB isolates.30

The Therapeutic Uses of Cannabis-Based
Medicines
Cannabis-based medicines are available in a wide va-
riety of formulations (Table 1). Cannabis and CB
products available for medical use include whole-plant
products (ie, dried flower), artisanal products (tinctures,
extracts, oromucosal formulations, topical and trans-
dermal formulations, and infused foods or “edibles”),
and synthetic or plant-derived pharmaceutical prod-
ucts. A review of the regulatory landscape pertaining
to cannabis products is beyond the scope of this re-
view, but in summary, pharmaceutical products may
be obtained with a valid prescription at pharmacies
in the United States, while whole-plant and artisanal
formulations are available from stores only in states
that have legalized cannabis for medical or recreational
use since cannabis is largely still illegal at the federal
level at the time of this writing. Individuals who desire
to be registered as a medical cannabis patient must be
certified by a registered health care provider to have
a condition that qualifies them for medical cannabis
use (ie, a “qualifying condition”).34 Providers in the
United States cannot legally prescribe cannabis due to
its Schedule I status (a classification indicating that a

drug has “no currently accepted medical use and a high
potential for abuse”)35; however, they can recommend
its use in states where it is legal.34 The state regulatory
body responsible for implementing cannabis policies
in each state determines which conditions and disease
states are considered qualifying conditions.

The 2017 National Academies of Sciences, Engi-
neering, and Medicine (NASEM) report on the Health
Effects of Cannabis and Cannabinoids classified dis-
ease states as having conclusive, substantial, limited,
or no/insufficient evidence supporting cannabis use
(Table 2).13 In states where medical cannabis is le-
gal, chronic pain is by far the most often reported
reason for use; in 2020, it was the most common
qualifying condition for medical cannabis patients in
26 states and the District of Columbia.36 Between 2016
and 2020, the percentage of patients with qualifying
conditions classified as having limited or insufficient
evidence for use increased from 15.4% to 31.4%. Such
conditions include posttraumatic stress disorder, as well
as vague descriptions such as “other” and “psychiatric
condition.”36 A national, online, anonymous survey of
9003 adults in the United States found that of the 591
respondents who reported using cannabis for medical
purposes, the most common reasons for use were anx-
iety (49%), insomnia (47%), chronic pain (42%), and
depression (39%).37 The evidence base for these 4 indi-
cations is discussed below.Of note, use of hemp-derived
CBD products among US adults has skyrocketed since
production of hemp was legalized in the 2018 Farm
Bill, with sales increasing from $108 million in 2014 to
$1.9 billion in 2022.38 The most common reasons for
consuming CBD include anxiety, insomnia, and pain,38

despite little or no evidence supporting the use of CBD
for these indications.

Chronic Noncancer Pain
The ECS is intricately involved in pain perception
and pain modulation, with endocannabinoids and CB
receptors found in peripheral tissues, the spinal cord,
and areas of the brain associated with nociception.39
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Table 2. The Evidence Base for Cannabinoid Therapy13,41,138,139

Formulation(s) associated with therapeutic benefit

Level of evidence Symptom/condition THC CBD THC:CBD (1:1) Inhaled flower

Conclusive or substantial evidence
of effectiveness

� Strong evidence from RCTs
(conclusive)

� Strong evidence from many
(conclusive) or several
(substantial) good-quality studies

� Very few or no credible
opposing findings

Chronic pain x x
Chemotherapy-induced nausea and
vomiting

x

Multiple sclerosis–associated spasticity
(patient-reported symptoms)

x x

Seizures associated with Lennox-Gastaut
and Dravet syndromes

x

Moderate evidence of effectiveness
� Several findings from good- to

fair-quality studies
� Very few or no credible

opposing findings
� Some uncertainty due to chance

or bias

Insomnia x

Limited evidence of effectiveness
� Supportive findings from

fair-quality studies
� Mixed findings, with most

favoring effectiveness
� Substantial uncertainty due to

chance or bias

HIV/AIDS-associated anorexia/cachexia x x
Multiple sclerosis–associated spasticity
(clinician-measured symptoms)

x x

Symptoms associated with:
� Tourette syndrome
� Social anxiety disorder
� Posttraumatic stress disorder

x

x

x

No evidence or insufficient evidence
� Mixed findings or a single

poor-quality study or health
outcomes have not been studied

� No conclusion can be made due
to chance or bias

Cancer Cancer-associated
anorexia/cachexia Anorexia nervosa
Spasticity associated with spinal cord
injury Substance use disorders Dystonia
Schizophrenia Symptoms associated with:
� Huntington disease
� Amyotrophic lateral sclerosis
� Parkinson disease

CBD, cannabidiol; THC, delta-9-tetrahydrocannabinol.

Endocannabinoids and phytocannabinoids have
demonstrated antinociceptive effects in animal models
of acute pain, inflammatory pain, and neuropathic
pain.40

The NASEM systematic review published in 2017
classified chronic pain as being an indication for which
there was substantial evidence supporting the use of
cannabis or synthetic THC.13 A more recent systematic
review, published in 2022, stratified placebo-controlled
RCTs according to their THC:CBD ratios (high, com-
parable, or low), as determined by a panel of experts,
as well as classifying products as plant-derived or
synthetic.41 The meta-analysis of studies included in
this systematic review found that synthetic products
with high THC:CBD ratios (eg, dronabinol, nabilone)
were associated with a moderately beneficial effect on
pain severity asmeasured on a scale of 0-10 as well as an
increased risk for sedation. The authors were unable to
draw conclusions about the effects of high THC:CBD
plant-derived products due to the high degree of hetero-
geneity in those study designs. Comparable THC:CBD
products produced small beneficial effects on pain

severity, with an increased risk for dizziness, sedation,
and nausea. Insufficient evidence was available to draw
conclusions about low THC:CBD products, including
oral and topical formulations.

Given increasing concerns over the past several years
about the use of opioids for the treatment of chronic
pain and the risk for opioid abuse and diversion,42

there has been considerable interest in whether medical
cannabis could replace or reduce opioids for such
patients. A recent systematic review found that low-
level evidence from observational studies suggests that
cannabis-based medicines are associated with a reduc-
tion in opioid use.43 However, RCTs evaluating the
effect of cannabis-based medicine on chronic pain did
not support this association because the methodology
of these studies included requiring patients to maintain
their current opioid dose.43

Anxiety
The role of the ECS in modulating mood is well-
documented in animal studies.44 Anxiolytic effects
are mediated by the CB1 receptor. The effect of CB1
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activation appears to be biphasic, with low doses of
exogenous CBs providing positive benefits and higher
doses being anxiogenic.45 Despite being a common
reason for patients to seek treatment with medical
cannabis, very little clinical evidence exists to support
or refute its therapeutic role. The NASEM report con-
cluded that there is limited evidence supporting the use
of CBD for the treatment of social anxiety disorders.13

A systematic review identified 5 small, prospective
RCTs evaluating the use of cannabis-based medicine
in people with generalized anxiety disorder or social
anxiety disorder.46 Of these, CBD was evaluated as
a treatment for social anxiety disorder in 3 studies
(N = 71), and the synthetic THC analog nabilone
was evaluated in the treatment of generalized anxiety
disorder (N = 28). Once-weekly nabilone (0.5-5 mg)
over a 5-week period did not result in improvements
in anxiety symptoms, while daily nabilone (3 mg) over
a 1-month period significantly improved mild anxiety
symptoms compared to placebo.47 Single-dose CBD
(600 mg) was effective in reducing social anxiety symp-
toms when given prior to a simulated public speaking
test,48 and CBD 300 mg daily given for 4 weeks signifi-
cantly improved social anxiety symptoms compared to
placebo.49 Adverse effects from nabilone included dry
mouth, sedation, increased heart rate, and orthostatic
hypotension; adverse effects were not evaluated in any
of the CBD studies.46 Some studies evaluating the use
of cannabis-based medicine or synthetic cannabinoids
for chronic pain also assessed the effect on anxiety as
a secondary outcome.50 These studies suggested that
dronabinol, nabilone, and nabiximols improved anxiety
symptoms in patients with chronic pain to a greater
extent than placebo.50

Insomnia
Although it is well known that cannabis use is as-
sociated with somnolence,51 the role of CBs and the
ECS in the regulation of sleep has yet to be fully
elucidated. Preclinical studies suggest that the diurnal
nature of endocannabinoid levels may influence the
sleep-wake cycle.51 In animal models, manipulating the
ECS by administering endocannabinoids or by mod-
ulating enzyme levels may promote or inhibit sleep.51

A systematic review of studies evaluating the effect of
cannabis on sleep found that 38% of RCTs and 58% of
nonrandomized trials had positive results (ie, improved
sleep quality or quantity, shorter sleep onset, higher
percentage of time in rapid eye movement sleep).52 The
studies included in this review evaluated CBD, THC,
dronabinol, nabilone, and formulations that combined
CBD and THC; no significant difference in effective-
ness was found between CBD and THC formulations.52

Heterogeneity of included studies precluded perform-
ing ameta-analysis.52 Chronic use of cannabis may lead

to tolerance to sleep-promoting effects, necessitating
dose titration to maintain effectiveness, and abrupt
cessation of cannabis in chronic users may lead to sleep
disruption.51,53

Depression
Although depression is one of the most common symp-
toms for which people obtain medical cannabis, there
is very little data, either preclinical or clinical, giving
insight into the therapeutic uses or mechanisms of
purported effects. Though preclinical studies do suggest
relationships between mood, CB receptor density, and
endocannabinoid levels, it is hard to draw conclusions
about these associations, since such studies indicate
that modulation of the ECS may have either pro- or
antidepressant effects.54 In humans, phytocannabinoids
may be used to manage depressive symptoms; however,
individuals with cannabis use disorder are at greater
risk for developing mood disorders such as unipolar
and bipolar depression.55 Some of the most compelling
data came from clinical trials of the failed antiobesity
drug rimonabant.44 Rimonabant is a CB1 receptor
antagonist developed as an anorectic agent. Although
the drug performed well as a weight-loss therapy, it
significantly increased the risk of adverse psychiatric
effects such as depression and anxiety, including 2
deaths from suicide, and was never approved by the
USFood andDrugAdministration (FDA).56 In clinical
trials, cannabis did not have any effect on depressive
symptoms in patients with chronic pain or spasticity,
and no RCTs published have evaluated cannabis for
depression as a primary outcome.13,57

The Clinician’s Approach to the Patient
Using Cannabis
The clinician’s role in caring for patients using medical
cannabis to manage a chronic health condition remains
perplexing due to the evolving landscape of federal
cannabis policies, the wide variety of individual
state programs governing cannabis access, and the
paucity of professional education and training.58

This phenomenon is contrary to the current evidence
of clinician perceptions of cannabis’ efficacy and
support for its use. A recent survey of primary care
physicians by Abo Ziad et al in 2022 illustrates the
paradoxical attitudes and practices of US clinicians. In
the survey, more than 78% of physicians supported the
use of medical cannabis and about 63% supported its
legalization.59 About 84% of the physicians believed
that medical cannabis helped patients with cancer, and
82% believed it helped chronic pain. However, in the
same group, only 28.3% believed that family physicians
should recommend the use of medical cannabis.59

The resulting knowledge gaps and conflicting practice
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approaches present ongoing challenges for clinicians
caring for patients using medical cannabis.

As the legal framework around cannabis access con-
tinues to shift, modern clinicians must independently
cultivate competence and scientific understanding of
the ECS and its modulators as they relate to the clinical
use of CBs, topics not traditionally taught in health
professions education programs. Rapidly increasing
numbers of patients are using medical cannabis prod-
ucts to manage their pain and symptoms from chronic
illness. At the time of this writing, medical cannabis
is legal in some form in 47 states, 3 US territories,
and the District of Columbia.60 An estimated 3 million
Americans use cannabis for relief of a variety of
illnesses, and this figure is expected to growwith further
policy changes.60 The 2021 National Survey on Drug
Use and Health revealed that 18.7% of people aged
12 years or older (about 52.5 million people) reported
using cannabis in the past 12 months.61

A proposed clinician approach to caring for patients
using medical cannabis should address widespread
knowledge gaps aroundmedical cannabis science, along
with cultivating cautious and informed interpretation
of clinical evidence.58,59 Clinicians should also bemind-
ful of local and federal policy changes affecting their
patient population and state. In addition, clinicians
must feel empowered to provide quality education
about cannabis science while minimizing stigma, fears
of liability, and perceived professional risk.

The Clinician-Patient Relationship
The protective mechanism of the clinician-patient rela-
tionship provides a framework for clinicians to counsel
patients on the expected effects of medical cannabis.
Dispelling myths and clarifying appropriate language
and terminology around clinician practices are vital
in moving forward. As described above, doctors can
recommend medical cannabis in states where cannabis
is legal after determining and certifying that the patient
suffers from one of the conditions the state’s law
deems to warrant medical cannabis.35 The US Court of
Appeals upheld the protection of this recommendation
practice for the Ninth Circuit in Conant v. Walters,
which ruled that a physician’s discussing the potential
benefits of medicinal marijuana and making such rec-
ommendations constitute protected speech under the
First Amendment reinforcing that unrestricted com-
munication is vital in preserving the clinician-patient
relationship and ensuring proper treatment.62

Based on this precedent, clinicians should move
forward more confidently with activities such as coun-
seling, educating their patients on the ECS, and explain-
ing the scientific evidence available to guide medical
cannabis use. Increased professional risk comes with
clinicians who pursue financial involvement and rela-

tionships in the cannabis industry, such as owning a
dispensary or facilitating the sale of cannabis, which
may be considered “aiding and abetting.”62

Harm Reduction
A primary concern for clinicians is the potential for
harm related to cannabis use. Recent research has
more clearly defined some specific areas of risk and
vulnerability around cannabis use.

Risk of Addiction
Cannabis use disorder (CUD) is a concerning occur-
rence among cannabis users. While the true prevalence
varies, recent surveys indicate that in 2021, an estimated
5.8% (or about 16.3 million people) reported a CUD
in the past 12 months. Other estimates indicate rates
of CUD approaching 10%.63 CUD is characterized
similarly to other substance use disorders. It is often
associated with dependence – in which a person feels
withdrawal symptoms when not taking the substance,
along with continued cannabis use despite negative
consequences.63 People who use cannabis daily or fre-
quently report a withdrawal syndrome including ir-
ritability, mood, sleep difficulties, decreased appetite,
cravings, restlessness, or various symptoms of physical
discomfort that peak within the first week after quitting
and last up to 2 weeks.64

Cannabis potency (ie, THC concentration) appears
to be a clear factor in the development of CUD. A
recent systematic review of observational studies ex-
amined the association between cannabis potency and
addiction.Use of high-potency cannabis was associated
with a 7-times increased risk of dependence syndrome
in a sample of Japanese patients and a 4-times increased
risk of problematic use in a sample of patients in the
UnitedKingdom compared with those who used lower-
potency cannabis.65 A 2022 systematic review showed
that the risk of CUD increases as the frequency of
cannabis use increases. The risk of CUD was 4 times
more likely in monthly cannabis users, 8 times more
likely in weekly users, and 17 times more likely in daily
users.66 While further high-quality data are needed,
it appears that specific cannabis use patterns may in-
crease the risk of CUD, namely, increased frequency
of cannabis consumption and high-potency THC use,
which should encourage clinicians to monitor for these
parameters and counsel patients to avoid high-potency
cannabis.63

Risk of Psychosis
The occurrence of psychosis and psychotic disorders
is another concerning effect of cannabis use. The psy-
choactive properties of cannabis and THC create a
dose-dependent degree of impairment and intoxication
that can precipitate temporary or chronic psychosis
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in vulnerable users.67 A recent study of a large in-
ternational sample of cannabis users (N = 233,475)
found that 0.47%of cannabis users reported lifetime oc-
currence of cannabis-associated psychotic symptoms,
requiring emergency medical treatment following the
use of cannabis.68 Risk was elevated in those using pre-
dominantly high-potency resin, those mixing cannabis
with tobacco, and those with a preexisting diagnosis
of psychosis, bipolar disorder, anxiety, or depression.68

Patients with first-episode psychosis are more likely to
use higher-potency cannabis,69 with younger age of first
cannabis use.70 Genetic influences appear to increase
the risk of psychosis in vulnerable groups. Carvalho
et al. demonstrated associations with genetic polymor-
phisms and modulations of genes involved directly
or indirectly with dopamine pathways.67 While this
warrants further investigation with ongoing studies,
genetic influences, young age, family history of psy-
chosis, schizophrenia, or other mental health diagnosis,
and frequent use of high-potency THC appear to be
risk factors for the development of cannabis-associated
psychosis.

Risk During Pregnancy
Cannabis use during pregnancy remains a polarizing
topic. The self-reported prevalence of cannabis use
during pregnancy ranges from 2% to 5%. Notably,
34%-60% of cannabis users continue to use during
pregnancy, with many women believing that it is rela-
tively safe to use during pregnancy and less expensive
than tobacco.71 Cannabis use has a negative effect on
fetal development and pregnancy outcomes. In recent
large systematic reviews, prenatal cannabis use was
associated with greater odds of preterm birth, small-
for-gestational-age, and perinatal mortality even after
accounting for prenatal tobacco use.71,72 THC crosses
the placenta and can result in fetal blood levels of
THC comparable to maternal blood levels.73 The fetal
ECS plays a key role in regulating and signaling the
embryonic development of neural cells in functional
areas such as the forebrain and hippocampus.74 THC
exposure appears to influence axon morphology and
development, which may increase the incidence of limi-
tations in higher cognitive functioning and an increased
risk of neuropsychiatric disorders.75 Infants born by
mothers using cannabis appear to have increased body
movements, stronger startle reflexes, and decreased
quality sleep cycles.43,76 Research on the later impacts
of cannabis on child and adolescent cognition, IQ,
and psychological health remains conflicting77,78 and
warrants further long-term studies. Cannabis use re-
mainsmedically contraindicated during pregnancy, and
pregnant women should be counseled on the risks and
discouraged from using cannabis.79

Clinically Significant Drug-Drug
Interactions
Clinicians must be increasingly aware of the potential
for drug-drug interactions between cannabis products
and common pharmaceuticals. Many patients with
chronic illness are taking multiple prescription med-
ications, and there have been limited data to inform
recommendations or monitoring. THC and CBD are
metabolized in the liver by the cytochrome P450 (CYP)
family of enzymes.80 The effects of THC and CBD
can be additive, synergistic, or antagonistic in the
presence of other medications.80 Generally, the inter-
actions reported in the literature are explained by a
pharmacokinetic mechanism due to changes in the
activity of the CYP enzyme glycoprotein P or other
drug transporters.81 Currently, most reported cannabis-
drug interactions lack clinical trial results, and are
challenging to generalize due to variable routes of
administration and recreational use.80

A significant clinical interaction is seen between
warfarin and cannabis. Case reports described gas-
trointestinal bleeding and increased international nor-
malized ratio with concomitant use of CBD or recre-
ational cannabis.82 Recommendations include regular
monitoring of international normalized ratio in the
presence of CBD or medical cannabis use and dis-
couraging recreational cannabis use by patients taking
warfarin.83,84

Cannabis acts as a CYP3A4 inhibitor, potentially
resulting in increased circulating levels of buprenor-
phine and its metabolites. A retrospective analysis of
32 patients reported concentrations of buprenorphine
170% higher for those who consume recreational
cannabis concomitant with buprenorphine.85 Two case
reports and 1 clinical trial reported increases of 358%,
200%, and 77% in the plasma level of tacrolimus with
concomitant use of CBD.86 Cannabis smoking induces
CYP1A2 activity.87 In 1 case report, plasma levels of
clozapine increased by 230% after a patient stopped us-
ing cannabis and tobacco, and the patient experienced
hallucinations.88 Cannabis may increase methadone
concentrations, possibly by inhibiting hepatic enzymes
responsible for its metabolism. In 1 case report,
methadone concentration increased by 117%, and
somnolence and fatigue were reported in a patient using
CBD oil.89 Patients using these medications should
avoid using cannabis products. Otherwise, clinicians
should consider closely monitoring drug concentra-
tions or adjusting doses of prescription medications to
avoid potential toxicity. In 3 clinical trials of CBD oil
used to treat refractory seizures, clobazam concentra-
tion was increased in patients receiving various doses
of clobazam and CBD oil, leading to somnolence.80,90

Recommendations include adjusting clobazam
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dosage and, if it is possible, monitoring plasma
levels.91,92

Modes of Administration and
Pharmacokinetic Considerations
In general, there are 4 typical routes of administration
for medical cannabis, with widely varying pharma-
cokinetic properties that influence each formulation’s
onset and duration of action (Table 1).93 Inhaled, orally
ingested, and topical or transdermal preparations are
the primary delivery routes for CB therapies. The
absorption, distribution, and metabolism of each for-
mulation and dosage determine the onset and duration
of action of cannabis products.94 Of these, absorption
is the most variable due to the highly lipophilic nature
of CBs and the different organ systems involved in
consumption.93,94

Pulmonary
Inhalation is a highly favored route of administration,
with 86.6% of cannabis users in 1 international survey
indicating a preference for this method.93 Absorption
of THC is rapid when inhaled, reaching mean peak
concentrations at 6-10 minutes after smoking, with
bioavailability ranging from 10% to 35%.95 Inhaled
THC reaches maximum physiologic effect within 15-30
minutes, then reduces gradually over 2-3 hours.96

It is essential to differentiate between the effects of
smoking versus vaporizing cannabis. Smoking involves
heating cannabis flower using combustion, converting
the acidic form of THC into the active form via
decarboxylation.94 This process generates combustion
by-products, carcinogens, and carbon monoxide, which
can contribute to respiratory irritation, coughing, and
bronchitis when used chronically.97 Cancer and chronic
obstructive pulmonary disease risk does not appear to
be elevated in people who smoke only cannabis but
may be elevated in people who combine tobacco and
cannabis smoking.98

The process of heating and inhaling dried cannabis
flower or cannabis oils using a noncombustive device
is known as vaporizing, or “vaping.” When dried
cannabis flower is vaporized and inhaled, there is re-
duced production of combustion by-products, resulting
in reduced respiratory irritation. This is seen as a
more favorable method of consuming inhaled cannabis
flower.99,100 The term vaping also refers to heating and
inhaling concentrated cannabis oils using a portable
cartridge and battery.101 In contrast to cannabis flower,
these oils are highly concentrated with THC (70%-90%)
and can contain additives and contaminants due to
lack of regulation.102 In 2019, THC-containing vape
cartridges were associated with an outbreak of lung

disease due to vitamin E acetate, which is toxic when
inhaled.103,104

Oral
While inhaled cannabis may be popular among users
overall (medical and nonmedical), orally adminis-
tered preparations are commonly used by patients.
This method of administration remains the most un-
predictable in terms of dosing and effects. Ingested
cannabinoids take 1-6 hours to reach maximal plasma
THC concentrations, with bioavailability ranging from
4% to 12%.94 When taken orally, THC is absorbed
through the gastrointestinal tract and transported to
the liver, where it is metabolized into 11-OH-THC,
a potent metabolite with increased psychoactivity. A
second metabolite, 11-COOH-THC, which is not psy-
choactive, is stored in the lipid tissues for 30-90 days
and gradually excreted in the urine.105 The onset of
physiologic effects from orally ingested cannabis takes
place over 2-3 hours, with effects lasting 4-12 hours.96

The plasma half-life of THC appears to be biphasic,
with an initial half-life of about 4 hours, followed by
additional metabolism over 1-3 days.106 CBD is also
highly lipophilic, with an oral bioavailability of 6%. It
is rapidly distributed in the body and has an elimination
half-life of 1-32 hours.107

Oromucosal
Oromucosal cannabis preparations are gaining popu-
larity as an alternative to smoking or oral ingestion.
Nabiximols is an oromucosal formulation developed
for the treatment of pain and spasticity in patients with
multiple sclerosis.108 The oral mucosa facilitates direct
absorption of cannabinoids into the bloodstream, by-
passing the hepatic first-pass effect and resulting in a
more rapid onset of action.94 In Phase I studies of high
THC formulations and balanced formulations with
equal parts THC:CBD, traces of both formulations
were detectible in blood within 30-45 minutes of ad-
ministration, with an estimated bioavailability of 11%-
13%.109 One limitation of the oromucosal route is the
requirement of the presence of a moderate amount of
saliva for successful absorption. Oromucosal cannabis
preparations have significant therapeutic potential due
to their more rapid onset and simple dosing. Nabixi-
mols is currently available in Europe and Canada, with
US FDA approval pending.

Topical and Transdermal
Topical cannabinoid preparations have therapeutic
interest due to their anti-inflammatory, antioxidative,
antiacne, anti-UVA/UVB damage, and antimicrobial
properties in multiple studies.110,111 When applied
topically, cannabis preparations exert their effects by
targeting the components of the ECS in the skin,
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Sera and Hempel-Sanderoff 9

including epidermal keratinocytes, cutaneous nerve
fibers, dermal cells, melanocytes, eccrine sweat glands,
and hair follicles.112 By interacting with numerous re-
ceptors, including CB1, CB2, peroxisome proliferator-
activated nuclear receptors, and TRP channels,
cannabinoids modulate vital processes to support the
skin barrier, including anti-inflammatory, analgesic,
and neuroprotective cellular effects.113 Cannabis-based
topical compounds have been helpful in the treatment
of seborrheic keratitis, psoriasis, eczema, skin cancer,
and pruritus.111,114–116 There are increasing reports of
successful treatment of various skin conditions using
THC and CBD topical preparations.117 Another area
of therapeutic promise for topical cannabinoids is
wound healing. Multiple components of the skin ECS,
including CB receptors, cytokines, and TRP channels,
influence wound healing.118 A recent small study of a
topical CBD preparation in addition to compression
dressings for complex venous leg ulcers resulted in
complete wound healing in 79% of the patients and
81% of the wounds after 34 days.119

Transdermal drug delivery (TDD) targets systemic
circulation and aims to provide systemic dosing and
steady therapeutic plasma drug levels. The highly
lipophilic nature of CBs is advantageous in the realm of
TDD and can provide an effective alternative to the low
bioavailability of the oral route.120 The dermal route
is attractive because it allows a steadier infusion of
CBs over a more extended time period.113 Transdermal
patches can provide systemic delivery of cannabinoids
for symptom relief when methods like smoking or oral
ingestion are not an option, such as in patients with can-
cer experiencing nausea and vomiting while undergoing
chemotherapy.121 Optimizing skin permeability and ab-
sorption of CBs is a significant focus of research, with
interest in liposomes, nanoparticles, and microneedles
as examples of common permeability enhancers being
explored with transdermal preparations.122,123 Topi-
cal and transdermal cannabis preparations hold great
therapeutic promise due to their local applications,
avoidance of hepatic first-pass metabolism, and steady
drug delivery. Further focused studies are needed to
optimize TDD systems and standardize formulations.

Dosing and Administration
Due to a lack of traditional double-blind RCTs for
guidance, there are limited disease- or condition-
specific dosing or formulation recommendations for
medical cannabis products. Several recent publica-
tions of expert guidelines provide generalized dosing,
titration, and monitoring recommendations for med-
ical cannabis products. Current recommendations are
based mainly on pharmacokinetics and observational

studies, with data from pharmaceutical studies where
applicable.124

For inhaled or vaporized cannabis, recommenda-
tions are limited. This is due to the wide variety
of cannabis flower potency, CB content, and indi-
vidual patient inhalation styles. There are thousands
of cannabis chemovars (strains) available to patients,
with highly variable potency and CB content.125 THC
potency in cannabis flower has risen from 8.9% in
2008 up to 17.1% in 2017.126 Recently, cannabis flower
types have been categorized relative to their propor-
tions of THC:CBD, making broad recommendations
possible. Type 1 cannabis is rich in THC, with low
proportions of CBD. This cannabis is the predomi-
nant type sold in dispensaries across North America
and consumed recreationally. Type II cannabis has a
balanced proportion of THC:CBD and is of greater
interest and medicinal usefulness due to its reduced
impairing properties and efficacy in pharmaceutical
studies. Type III cannabis contains high proportions of
CBD with low amounts of THC. Type III cannabis is
considered ideal for initiating medical cannabis due to
its low risk of impairment and tolerability.127,128 From
a clinical perspective, inhaled cannabis use is often
discouraged due to respiratory symptom concerns and
inconsistent dosing, but it remains a highly popular
method of consumption andmay be beneficial for some
patients in whom a rapid onset of action is desired
(eg, breakthrough cancer pain). Counseling and harm
reduction strategies include advising patients on using
minimum effective dosing, with the strategic phrase
“start low, go slow, and stay low.”93,124 A proposed
strategy for dosing would be to take 1 inhalation and
wait 15 minutes to observe the effects, with repeated
doses of 1 inhalation every 15-30 minutes until relief
is achieved.93

Oral Dosing
Much of the evidence and guidance for medical
cannabis dosing is focused on oral and mucosal for-
mulations. Initial dosing recommendations can be de-
rived from clinical studies of several cannabinoid-based
pharmaceutical preparations that have been approved
by the FDA. In the United States, these FDA-approved
medications include dronabinol and nabilone, which
are synthetic THC formulations approved for cancer,
chemotherapy, and HIV-related nausea, vomiting, and
cachexia,129,130 and a purified botanical CBD prepara-
tion approved for pediatric seizure disorders.131 Out-
side of the United States, nabiximols is a botanically
derived THC:CBD preparation approved as an oro-
mucosal spray for pain and spasticity related to multi-
ple sclerosis.108,109 Dosing strategies for oral cannabis
preparations should seek to optimize the analgesic,
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Table 3. Proposed Oral Cannabis Dosing and Titration124

Routine protocol Conservative protocol Rapid protocol

Initial cannabis type CBD dominant (Type III) Balanced THC:CBD (Type II)
Initial dose CBD 5 mg 1-2 times daily 2.5-5 mg each of THC and CBD 1-2

times daily
Initial titration Increase CBD daily dose by 10 mg every 2-3 days Increase THC and CBD daily doses

each by 2.5 mg every 2–3 days
When to add THC If treatment goals not met at CBD dose >40 mg/day
Starting dose of THC 2.5 mg THC daily 1 mg THC daily
Continued titration Increase THC daily dose by 2.5 mg

every 7 days
Increase THC daily dose by 1 mg
every 7 days

Consider discontinuing cannabis If treatment goals not met at THC
dose >40 mg/day, or if adverse
effects exceed benefit

If treatment goals not met at THC
and CBD doses >40 mg/day, or if
adverse effects exceed benefits

CBD, cannabidiol; THC, delta-9-tetrahydrocannabinol.

antispasmodic, and anxiolytic properties of cannabis
while minimizing psychoactivity and impairment risks.

A 2022 consensus recommendation from an in-
ternational panel of experts has proposed a series
of protocols for initiating and titrating oral cannabis
formulations for general symptom relief. The initial
products and dosing should be CBD dominant, with a
starting dosage of 5 mg CBD once or twice daily. Once
the CBD dose exceeds 40 mg daily, and if symptoms
remain persistent, adding THC can be considered. The
initial dose of recommended THC is 1-2.5 mg/day.
Titration may continue until symptoms are relieved
or there is impairment, with a maximum THC dose
of 40 mg daily.93,124 An example titration protocol is
included below (Table 3). Daily high-dose THC use of
greater than 20-40 mg should prompt further screening
for tolerance or misuse.93,124

Monitoring
Following the initiation of medical cannabis products,
patients must be monitored for symptom response,
impairment, and adverse effects. In studies examining
lethal dosing following oral administration, the median
lethal dose of THC is 800 mg/kg in rats, 3000 mg/kg
in dogs, and up to 9000 mg/kg in monkeys.124 A
lethal THC dose for a 70-kg human is estimated at
approximately 4000 mg/kg (280,000 mg THC), which
is unlikely to be achieved using standard consumption
methods.132 THC alone does not cause cardiorespi-
ratory suppression and fatal overdose due to a lack
of CB receptors in the central respiratory centers and
brain stem.133 Additionally, patients tend to develop
tolerance for the psychoactive effects of THC without
developing tolerance to the therapeutic effects on pain,
anxiety, and sleep.134 Once patients achieve the desired
symptom relief, many can maintain stable doses for
years.

The most commonly reported side effects of
cannabis-based medications include drowsiness, dry
mouth, dizziness, cognitive effects, and respiratory
symptoms if smoking.135 Dose-dependent adverse ef-
fects tend to increase with higher amounts of THC, in-
cluding blurred vision, orthostatic hypotension, ataxia,
tachycardia, diarrhea, nausea, and psychosis.136 One
concerning effect is the development of cannabis
hyperemesis syndrome, a cyclic vomiting condition
that may lead to dehydration, electrolyte imbal-
ance, and hospitalization. This appears to be in-
creasing among younger, regular users of high-
potency THC products and can be very debilitating.137

The risk of adverse effects increases with higher
THC doses, so the recommended approach to harm
reduction, counseling, and monitoring is to ad-
vise using CBD-rich cannabis products, with low
daily THC dosing, avoiding high-potency cannabis
use.

Monitoring is imperative during the first weeks of
initiation and titration of medical cannabis products.
Follow-up visits should correlate with the patient’s
degree of cannabis experience and active titration of
products. During the early phases of using medical
cannabis, biweekly ormonthly follow-up is appropriate;
however once symptoms and dosing are stable, mon-
itoring can be less frequent, based on individualized
patient need and regulatory requirements. An essential
part of monitoring patients using medical cannabis is
deciding when it may be appropriate to discontinue
use. In general, if a patient has reached maximal
recommended dosages of THC (ie, greater than 40 mg)
without relief or has persistent impairment, symptom
worsening, or signs of a CUD, a recommendation
should be made to discontinue cannabis.124 Keeping
track of symptoms using a journal may help pa-
tients monitor their individual responses to cannabis
formulations.93,124
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Summary
Although most currently practicing health care
providers in the United States. have not received formal
training related to the pharmaceutical and clinical
science of the cannabis plant, patients increasingly wish
to discuss CBs as a therapeutic option. Understanding
the pharmacology of the cannabis plant and the
evidence base for cannabis-based medicines may
help providers feel more confident discussing these
topics with patients. The standard of care for medical
cannabis should be no different than any other
specialty of medical care. A bona fide patient–provider
relationship, a thorough review of medical records,
medications, and history, along with a comprehensive
physical examination, documentation, and effective
communication with clinicians and caregivers, are
all essential components of caring for patients using
medical cannabis.
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