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Abstract

Introduction: Cannabinoids are being used by patients to help with chronic pain management and to address the 2 primary chronic pain comorbidities
of anxiety and sleep disturbance. It is necessary to understand the biphasic effects of cannabinoids to improve treatment of this symptom triad.

Methods: A scoping review was conducted to identify whether biphasic effects of cannabinoids on pain severity, anxiolysis, and sleep disturb-
ance have been reported. The search included the Embase, Biosis, and Medline databases of clinical literature published between 1970 and
2021. The inclusion criteria were (1) adults more than 18years of age, (2) data or discussion of dose effects associated with U-shaped or linear
dose responses, and (3) measurements of pain and/or anxiety and/or sleep disturbance. Data were extracted by 2 independent reviewers (with
a third reviewer used as a tiebreaker) and subjected to a thematic analysis.

Results: After the database search and study eligibility assessment, 44 publications met the final criteria for review. Eighteen publications that
specifically provided information on dose response were included in the final synthesis: 9 related to pain outcomes, 7 measuring anxiety, and 2
reporting sleep effects.

Conclusions: This scoping review reports on biphasic effects of cannabinoids related to pain, sleep, and anxiety. Dose-response relationships
are present, but we found gaps in the current literature with regard to biphasic effects of cannabinoids in humans. There is a lack of prospective
research in humans exploring this specific relationship.

Keywords: cannabis; biphasic; dose response; cannabinoids; pain; sleep; anxiety.

Introduction

Chronic pain is widely prevalent in the United States. A
recent US Centers for Disease Control and Prevention (CDC)
National Health Interview Survey (NHIS) data analysis iden-
tified that 20.4% of US adults had chronic pain and 8.0% of
US adults had high-impact chronic pain (ie, pain that fre-
quently causes limitation in function and activities of daily
living).! Emotional distress and sleep disturbance are com-
monly associated with chronic pain, and together they are
accepted as a triad of comorbidity.>® In fact, comorbid
depression and lower baseline function are associated with
poor procedural outcomes.* Thus, common interventional
pain medicine treatments might not always be the most
appropriate for this patient population.

An adjunctive pain treatment is medical cannabis, which
has been available for legal use in the United States since
California passed Proposition 215 in 1996.° The 2 primary
active compounds, delta-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD), are reported to produce anxiolytic, anal-
gesic, sedative, and psychoactive effects upon THC’s binding
to endocannabinoid (CB1 and CB2) receptors and CBD’s

binding to other related receptors (TRPV1, GPRSS5, 5-HT 4,
and adenosine A,,).°” Because of its relatively benign side
effect profile, cannabis has been considered a favorable rem-
edy for chronic pain,® anxiety, and sleep disturbances, with
pain being reported as the most common indication.'®™"3
However, dosing of cannabinoids has been a challenge
because of the heterogeneity of constituents among the avail-
able products, individual differences in pharmacokinetics and
metabolism, differences in mode of consumption (inhaled or
ingested), the role of individual tolerance, and pharmacologi-
cal biphasic effects.!*1°

Biphasic effects of cannabinoids were first suggested in 1973
and include excitatory vs depressant effects, anxiolytic vs anx-
iogenic effects, and hypo- vs hyperalgesia.'® In 1995, Fride
et al. reported that low doses (doses of 0.01 or 0.1 mg/kg) of
anandamide (N-arachidonoylethanolamine [AEA], the first
endocannabinoid to be isolated and structurally characterized)
caused opposing effects in mice when compared with high
doses (10 mg/kg).!” Fride et al. noted that low vs high doses of
AEA oppositely affected ambulation, catalepsy, and analgesia
in mice. These biphasic effects have been seen across other
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experimental paradigms and for other cannabinoids (eg, THC,
CBD)'® throughout the cannabinoid literature,'®1%>°

It is unknown whether research explicitly describing biphasic
effects of cannabinoids in humans, particularly relating to the
symptom triad of pain severity, anxiety, and sleep disturbance,
exists. The present review is intended to provide a comprehen-
sive literature synthesis following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews (PRISMA-ScR) guidelines to map the avail-
able evidence and identify knowledge gaps related to biphasic
effects of cannabinoids in human subjects.”!

Methods

A scoping review (following the Joanna Briggs Institute
guidelines) was conducted with a search strategy developed
by a scientific librarian and included English-language studies
published between 1970 and 2021 in the Embase, Biosis, and
Medline databases. No review protocol was published.
Medical Subject Heading (MeSH) terms are in the
Supplementary Data (Appendix S1). The citations were
directly uploaded to Cadima, an online client-server software
application developed to facilitate review synthesis.** Articles
included in the review met inclusion criteria for the following;:
(1) population—human adults more than 18 years of age; (2)
concept—data or discussion of dose responses associated
with U-shaped (ie, biphasic) or linear dose responses to can-
nabis/cannabinoids; and (3) context—use of either a vali-
dated or nonvalidated tool (eg, self-report) for assessment of
outcomes on pain, anxiety, or sleep. Integral to the synthesis
was a change in magnitude of the effect in either direction,
based on dose. Exclusion criteria were (1) preclinical or ani-
mal studies and (2) use of synthetic enzyme modulators of
endocannabinoid function. For this review, the terms canna-
bis and cannabinoid included all products taken in any form
and mode, including semisynthetic or synthetic cannabinoids

A

Measure of Effect
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(eg, dronabinol). Observational studies that investigated self-
accessed medicinal cannabis products were included.

Specifically, biphasic is defined as low and high doses of a
drug that can have opposite effects. This consists of a rising
and a falling phase, defined for purposes of this scoping
review as “a dose-response phenomenon that has 2 distinct
phases: the ascending limb and the descending limb in which
a chemical compound induces biologically opposite effects at
different doses. As dose decreases, there are not only quanti-
tative changes in measured responses, but also qualitative
changes compared with the control and high-dose level.”%?
Pharmacologically, a biphasic curve contrasts to a sigmoid
curve in that the response peaks as a function of dose and
then flattens, before enacting an opposite dose effect at higher
doses. An inverted U-shaped curve is a nonlinear relationship
where effects of dose increase to a maximum and then effects
decrease. Alternatively, a U-shaped curve is a nonlinear rela-
tionship where effects are maximal at extreme (low and high)
doses (see Figure 1). Finding evidence for biphasic effects in
humans could serve to support existing evidence that “more
is not better” in dosing cannabis for therapeutic effects.”*>°
Similarly, the definition of “therapeutic” (vs recreational)
dosing has lagged behind the growing popularity of medical
cannabis over the past 2 decades.**

Relevant data were extracted and charted with Cadima soft-
ware. The extraction of the data was tabular with some narra-
tive commentary. Independent extraction was performed in
duplicate, and any disagreement was discussed and resolved
through consensus among 3 reviewers. The PRISMA-ScR
checklist was used to guide the reporting of this scoping
review. (See Supplementary Data, Appendix S2). The publica-
tions included are described in Table 1 and Table S3.

Results

Research librarians found 1833 citations before removal of
duplicates. Once duplicate records were removed (n=372),

Opposite Measured
Effect

Low dose

Measure of Effect

High dose

Measure of Effect

Low dose High dose

Figure 1. Dose-response curves. (A) Inverted U-shaped curve. A nonlinear relationship where effects of dose increase to a maximum and then effects
decrease. (B) U-shaped curve. A nonlinear relationship where effects are maximal at extreme (low and high) doses. (C) Biphasic curve. Demonstrates 2
phases, an “ascending” and “descending” limb, where dose response plateaus or flattens, followed by an opposite effect at higher doses.
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1461 citations remained. After exclusion of all preclinical
studies and studies of synthetic endocannabinoid system
modulators (eg, enzyme inhibitors), 516 studies were
screened by title and abstract according to the inclusion/
exclusion criteria. Forty-five publications met the eligibility
criteria for full-text review. The full texts were reviewed in
duplicate, and any disagreement on inclusion criteria was rec-
onciled by a third reviewer (See Figure 2: flow diagram).
Thirty papers were included in the final review, with 18
articles included in the final synthesis of results (Table 1).
Twelve reported insufficient data to determine a dose—
response effect and were excluded. (See Figure 2 and Table
S3). Various dose-response relationships were identified, but
only some qualified as potential biphasic effects on the basis
of the present study’s definition of “biphasic effects”
(Table 2).

Studies related to pain

Fifteen studies measuring outcomes on pain were identified
that met our search criteria. Nine identified a dose-response
association with pain and were included in this synthesis (see
Table 1). All 9 of the included studies were prospective,
randomized controlled trials (RCTs) assessing the effects of
THC or CBD on pain outcome measures.”*>* Six studies
included a crossover design.?®**=33 Subjects included healthy
volunteers (7=2) and patients with advanced cancer and
opioid-refractory pain (z=1), painful diabetic neuropathy
(n=2), and neuropathic pain from spinal cord injury or com-
plex regional pain syndrome (7 =4). Most of the studies used
inhaled cannabis as the mode of administration/use. Two
studies used novel forms: an oromucosal spray (ie, nabixi-
mols) and a metered aerosol inhalation device.?®*? One RCT
focused exclusively on dronabinol (US Food and Drug
Administration-approved  oral formulation), whereas
another focused exclusively on CBD (oral formulation) for
primary pain outcomes.>”*

In 2007, Wallace et al. suggested evidence of biphasic
effects in an RCT in healthy volunteers, where inhaled vapor-
ized cannabis demonstrated no attenuation of capsaicin-
induced hyperalgesia at any dose according to visual analog
scale (VAS) scores and McGill Pain Questionnaire results.”®
There was a significant reduction in pain at the medium dose
(P=0.011-0.027), no effect at the lowest dose, and increased
pain at the high dose (P = 0.009-0.002).%°

Narang et al. administered 10 or 20 mg of dronabinol in 1
of 6 allocated sequences (single dose) to patients (7= 30)
with chronic noncancer pain who had been on stable doses of
opioid analgesics for 6 months. Effects on pain (numeric rat-
ing scale [NRS], Brief Pain Inventory [BPI]), anxiety
(Hospital Anxiety and Depression Scale [HADS]), and sleep
(Medical Outcomes Study Sleep Scale [MOSSS]) were
assessed. This study was completed in 2 phases (phase 1:
single-dose; phase 2: open-label, 4-week, multidose exten-
sion). In phase 1, total pain relief and pain intensity were sig-
nificantly improved with both doses compared with placebo
(P <0.010). Maximum pain benefit occurred at 4 hours after
administration. In phase 2, both average NRS (P < 0.001)
and BPI (P < 0.05) improved significantly. There was also a
significant improvement in sleep adequacy (P < 0.05) and in
sleep disturbance and sleep problems (P < 0.01) according to
MOSSS. Most commonly, patients experienced increased
anxiety with 20 mg but not 10 mg of dronabinol compared
with placebo.””
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In 2012, Portenoy et al. administered low-dose nabiximols
(THC/CBD combination oromucosal spray) to 360 patients
(263 completed) with advanced cancer and opioid-refractory
pain. Nabixomols was administered as an add-on therapy at
low dose (2.7-10 mg/day THC/CBD), medium dose (16.2—
27 mg/day THC/CBD), or high dose (29.7-43.2 mg/day
THC/CBD) vs placebo. In a treatment paradigm of 1 week of
titration and 4 weeks of stable dose, subjects were on a stable
opioid regimen and self-administered nabiximols across the
day. The 2 lower-dose groups demonstrated significant
reduction in pain (P=0.0008 and 0.038, respectively) and
improvement of sleep disturbance (lowest dose only) com-
pared with placebo. High doses were associated with the
greatest incidence of adverse events. Adverse events did not
differ significantly from placebo at the 2 lower doses.?®

The short-term efficacy of inhaled, vaporized cannabis for
diabetic painful neuropathy was assessed by Wallace et al.
(2015) in 16 subjects in a crossover design. Each subject
received low (1% THC: 4 mg), medium (4% THC: 16 mg),
or high (7% THC: 28 mg) doses and placebo in a single ses-
sion. A dose-dependent reduction in pain intensity (VAS pain
reduction of 30% or greater, significance P < 0.05) for both
spontaneous (more consistent) and evoked (via foam brush
or von Frey methods) pain was observed in patients with
painful diabetic neuropathy. A steep drop in pain occurred in
the first 15 minutes, followed over time by a slower decrease
in pain. Euphoria and somnolence were the reported adverse
events experienced 100% at the high dose.”” More recently
in 2020, a secondary analysis by Wallace et al. was com-
pleted that explored the data and the association between
plasma THC levels and pain response. A U-shaped response
was observed, which suggested a therapeutic window of 16—
31ng/mL. Higher plasma levels of THC correlated with
increased pain.*?

In Wilsey et al., vaporized cannabis (2.9% and 6.7% THC
vs placebo, administered in random order) was evaluated for
analgesic efficacy in 42 participants with neuropathic pain
related to disease or injury of the spinal cord. A flexible dos-
ing protocol, with 4 initial inhalations followed by 4-8 inha-
lations 3 hours later, was used in the dosing sessions for
effects on NRS for pain. The 2 doses did not significantly dif-
fer (P=0.0606) with regard to analgesic efficacy, but there
was a significant dose-response effect on pain intensity
(P<0.0001) and immediate responses (within 10—
12 minutes) for pain and burning, cold, itching, and deep and
superficial pain (P < 0.05).>°*! The number needed to treat
for a 30% reduction in pain was 4 patients for the lower dose
and 3 patients for the higher dose.

Using a novel metered inhaled aerosol system, a crossover
RCT was reported by Almog et al., in which THC was
administered in 3 arms over 3 consecutive visits (placebo,
0.5mg THC, and 1mg THC) to 25 patients with chronic
neuropathic pain or complex regional pain syndrome.
Subjects were allowed to continue with stable doses of other
pain medications, including opioids. Both the 0.5-mg and 1-
mg doses were associated with a decline in pain intensity at
15 minutes after inhalation and onward. A larger statistically
significant reduction in VAS was appreciated with the 1.0-mg
dose of THC compared with placebo and the 0.5-mg dose
(P=0.0058 and P=0.0015, respectively). Although a dose
response was appreciated, no high dose was implemented for
comparison (1.0 mg was the maximum dose administered).
Adverse events were mild, requiring no intervention.**
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Figure 2. Study flow diagram. Visual demonstration of systematic
screening and selection of database searches according to inclusion/
exclusion criteria.

Table 2. Potential for biphasic effects.

395

One trial by Arout et al. used various doses of CBD exclu-
sively in  healthy  non-cannabis-using  volunteers.
Experimental pain was induced with the cold pressor test at
varying time points and doses. There was no consistent dose-
dependent analgesia, but low-dose CBD (200 mg) increased
pain threshold, whereas higher doses (400 and 800 mg)
decreased pain threshold, relative to placebo.*

Studies related to anxiety/sleep

Thirteen studies that specifically measured cannabis/cannabi-
noid effects on anxiety and 2 studies that measured effects on
sleep disturbances were identified (Table 1 and Table S3). Of
these, 7 studies that identified a dose-response association
with anxiety and 2 with sleep parameters are included in the
present synthesis.>>™*3 Five of the anxiety studies were pro-
spective, and 2 were retrospective.>> ™! Of the § prospective
studies, 4 were RCTs, of which 2 used inhaled cannabis
(smoked THC or CBD of various of concentrations); 1 RCT
administered oral doses of CBD; and 1 administered semisyn-
thetic THC (dronabinol).***® Two retrospective cohort stud-
ies of cannabis use and 1 prospective observational study of
cannabis were identified.*’~*' Notably, none of the included
studies enrolled a cohort with a formal diagnosis of anxiety
or any anxiety disorder, and 1 study group was subjects with
chronic pain using prescribed opioids.*® Subjects were other-
wise healthy volunteers or experienced cannabis users. Sleep
studies included adults with cannabis use disorder and adults
with moderate to severe obstructive sleep apnea.***?

In Hunault et al. (2014), inhaled cannabis acutely and sig-
nificantly increased anxiety at higher compared with lower
doses of THC relative to placebo. Subjective effects were
measured in 24 experienced cannabis users in a crossover
model on 4 separate test days (comparing 29, 49, and 65 mg
THC [0.003%, 9.75%, and 23% THC], administered with
tobacco) vs placebo. Actual milligram doses are difficult to
ascertain because of the potential loss of THC via side-stream
smoke and other factors.*® Side effects were measured on the
VAS, with dizziness, impaired memory, and sedation
increased with all doses. The most pronounced effects were

First author, year Diagnosis Response Potential for biphasic effect Effect
Pain
Wallace, 2007 Healthy U-shaped Yes Pain
Narang, 2008 Chronic noncancer pain Dose No Anxiety
Portenoy, 2012 Cancer Biphasic Yes Pain
Wallace, 2015 Diabetic neuropathy U-shaped Yes Pain
Wilsey, 2016 Neuropathic Dose Yes Pain
Almog, 2019 Neuropathic, nociplastic Dose No Pain
Wallace, 2020 Diabetic neuropathy U-shaped Yes Pain
Arout, 2021 Healthy None No Pain
Anxiety
Liguori, 2003 Healthy Dose No Anxiety
Hunault, 2014 Healthy Dose No Anxiety
Linares, 2019 Healthy U-shaped Yes Anxiety
Childs, 2017 Healthy Dose Yes Anxiety
Casarett, 2019 Various Dose Yes Anxiety
Wildes, 2020 Chronic pain Dose No Anxiety
Steeger, 2021 Healthy None No N/A
Sleep
McClure, 2012 Cannabis use disorder Dose No Sleep
Carley, 2018 Apnea Dose No Sleep

GZ0Z UoselN 01 uo 1senb Aq 288885/ //8€/9/Gz/a10n e aupIpaWUIed/WOoo"dno"olwapese/:sdpy woly papeojumod


https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnae004#supplementary-data

396

in the first 2 hours after smoking with the highest THC dose.
Nicotine might have influenced the outcomes.

A 2003 double-blind, randomized, within-subject study
design by Liguori et al. used an overnight sleep study in rec-
reational cannabis users (z=31) to test cannabis use and
impairment after partial sleep deprivation. Subjective effects
were measured after sleep deprivation, comparing inhaled
cannabis at THC concentrations of 2% and 3.5% smoked 6
hours after waking from either a typical night of sleep or par-
tial sleep deprivation. Drug effects measured on VAS at
2 minutes after smoking revealed that ratings of “anxious”
were increased significantly at 3.5% THC compared with
2% THC and placebo (P < 0.0001).%°

In Childs et al., dose-related effects of dronabinol in
healthy volunteers were explored, compared with placebo, in
the experimental setting of a psychosocial stress task (Trier
social stress test) compared with a nonstressor. Subjective
distress was measured by 3 items on a 100-mm line. The
12.5-mg dose significantly increased VAS ratings of subjec-
tive distress compared with 7.5mg or placebo (P <0.01;
P<0.001). Low dose was found to mitigate the negative
emotional effects of a psychosocial stressor in young
people.®®

CBD was administered to 57 healthy male volunteers in a
2019 trial by Linares et al. investigating anxiolytic effects in
the experimental setting of simulated public speaking. The
Visual Analog Mood Scale measured anxiety and showed
lower induced anxiety levels in the 300-mg dose group than
in the placebo group (P =0.042). Overall, the Visual Analog
Mood Scale results revealed a U-shaped response curve effect
on subjective effects of anxiety. At the time the speech was
performed, anxiety was worse at the low and high doses than
at the middle dose, which indicates a potential therapeutic
window.>”

Three studies provided data on self-reported cannabis use:
a 2019 retrospective cohort study by Casarett et al., a 2020
cross-sectional survey by Wildes et al., and a 2021 prospec-
tive observational study by Steeger et al.**=*! A retrospective
survey approach queried 2431 medical cannabis users to
compare relative contributions of THC and CBD for effects
on palliative care symptoms (THC/THC + CBD). Data from
a cannabis use tracking app (Strainprint) were used. Adults
with persistent pain (by self-report) provided information on
cannabis constituents, use, and symptoms. A THC:CBD ratio
>1 was associated with reduced effectiveness for anxious-
ness. Palliative care symptoms, affect, and health metrics
related to potency or frequency of use were measured.®” In
general, for subjects who endorsed chronic pain, higher con-
centrations of both THC and CBD (by percentage weight) or
higher frequency of use (not based on potency) correlated
with increased anxiety and depression.***!

A 2012 observational study by McClure et al. and a 2018
RCT by Carley et al. on cannabis effects on sleep were identi-
fied.*>*? The observational study was in adults with cannabis
use disorder who used ad libitum smoked cannabis (3%
THC) for 2 days followed by 3 days of abstinence. Dose-
dependent effects were reported on sleep with the Pittsburg
Sleep Quality Index. Sleep efficiency, or time asleep, was neg-
atively correlated with greater puff volume after withdrawal,
reinforcing that sleep disturbance was associated with with-
drawal.** The RCT tested dronabinol in subjects with moder-
ate to severe sleep apnea at doses of 2.5 or 10 mg for up to 6
weeks, with the primary outcome being the apnea—hypopnea
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index. Dronabinol significantly and dose-dependently
reduced the Epworth Sleepiness Scale scores and significantly
improved apnea-hypopnea index as well as total time spent
in non—rapid-eye-movement sleep.*?

Discussion

The results of this scoping review demonstrate a small num-
ber of available studies that report dose-dependent responses
of THC on pain, anxiety, and sleep-related measures. CBD
alone did not elicit consistent dose-dependent analgesia, and
the literature is weak for any effect on anxiety. Among the
studies selected for synthesis, dose responses were present for
THC on pain severity and anxiety but not sleep.

When the triad components are reviewed individually, the
pain domain has the strongest evidentiary support for a
potential biphasic effect of THC (Table 2). One study specifi-
cally commented on the biphasic response to escalating doses
of THC.?® This was a secondary analysis of data observing
effects of THC for painful diabetic neuropathy (original
study also part of the present synthesis).”” A negative linear
relationship of plasma THC with pain reduction was
observed up to a point, until rising THC levels began to dem-
onstrate a positive linear relationship.>> CBD alone did not
elicit consistent dose-dependent analgesia and conversely was
shown to exacerbate experimental pain on some measures.”*
Similarly, an inverted U-shaped response was observed for
anxiolysis, with the medium dose of CBD being effective
(300 mg). However, that study was small (n=12), was con-
ducted in healthy subjects, and used only 3 doses with wide
interdose variability (100 mg, 300 mg, and 900 mg).>” Still
unsubstantiated is whether CBD at any dose could be effec-
tive for chronic pain, anxiety, or sleep. For subjects from the
included studies who endorsed chronic pain, higher dosages
of both THC and CBD or higher frequency of use correlated
with increased anxiety and depression.**:

Across all domains of the symptom triad, higher ratios of
THC:CBD are associated with increased pain, anxiety, and
sleep disturbance.?®27-36¢=43:28-35 [t is important to note that
even semisynthetic THC (dronabinol) in patients with
chronic noncancer pain demonstrated a similar dose
response, with 20 mg (high dose) eliciting anxiety. Total pain
relief and pain intensity were significantly improved with all
doses compared with placebo (P < 0.010), and both average
NRS (P <0.001) and BPI (P < 0.05) scores improved in the
longer-term phase 2 study by Narang et al. There was also a
significant improvement in sleep adequacy (P < 0.05) based
on improved MOSSS. Patients experienced deleterious effects
more frequently with the higher dose.”

Soon after THC was isolated in 1964, human dose studies
on intoxication commenced.**** A study in healthy volun-
teers found that subjective intoxication varied with the dose
of THC. CBD was reported early in the human literature to
have “blocking” effects on THC intoxication when they were
given together.*® However, mixed results on any counteref-
fects of CBD on THC add to confusion about dosing and
cannabinoid ratios.*”*® THC 5mg is a standard oral dose
unit defined by the US National Institutes of Health (NIH).*’
There is no standard potency for inhaled cannabis (measured
by percentage THC of total weight of the plant or extract).
The NIH recognizes that “the same quantity of THC may
have different effects based on route of administration, other
product constituents, an individual’s genetic make-up and
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metabolic factors, prior exposure to cannabis, and other
factors.”*°

In a classic review of endocannabinoid system function in
2006, Pacher wrote, “Many of the psychological effects of
cannabis and THC are biphasic and bidirectional, depending
on mode of administration, dose, personality, time frame,
degree of tolerance, and various other environmental and
individual factors.”'” Accordingly, studies have noted benefi-
cial effects with low or medium doses of cannabinoids and
adverse effects with high doses, including increased anxiety,
hyperalgesia, and somnolence.?®***173 It is important to
note that the heterogeneity of study designs and their respec-
tive data makes it difficult to generalize these findings to
patients with pain, as well as to the general population.

Sleep efficiency was negatively correlated with inhalation
volume after withdrawal, reinforcing the association of sleep
disturbance with cannabis withdrawal. However, this sheds
little light on any biphasic effects of inhaled cannabis on sleep
outside of the withdrawal paradigm.** Doses of dronabinol
up to 10mg could benefit sleep without interrupting
rapid-eye-movement sleep,” but this has not yet been dem-
onstrated in patients with pain who present with sleep dis-
turbance. Similarly, it is unclear whether specific doses are
associated with dose-response effects on sleep architecture or
rapid-eye-movement sleep. Nonetheless, this might suggest
an underlying biphasic phenomenon. There is a need for pro-
spective dose-ranging studies on the effects of cannabis or
THC for sleep efficiency.

Among the studies included in the present synthesis, heter-
ogeneity of the study populations, methods, exposures, and
measurements of effect is evident and represents a limitation
of the review. Across the studies, study populations included
healthy volunteers, patients with chronic pain, and patients
with neuropathic and cancer-related pain.*>* One could
argue that this mixed cohort generally represents patients
presenting to pain departments with co-occurring anxiety
and sleep disturbances.

This scoping review has several additional limitations.
Inherent to the study design, there could be a selection bias,
as included studies strictly followed the proposed inclusion/
exclusion criteria. The search was limited to adult human
studies that reported a dose response and were indexed in the
Embase, Biosis, and Medline databases. Other studies might
have reported biphasic effects, but articles could have been
excluded if one of the search terms was not in the title or
abstract. Preclinical studies were not included in this synthe-
sis, which was intentional for analysis of effects in humans.
However, previous animal studies have described biphasic
effects of cannabinoids.'>'?**3% Another notable limitation
is the relatively small populations in the included studies, in
addition to the variety of the populations studied (not neces-
sarily in patients with pain). Except for Portenoy et al.
(n=360), the studies included in this synthesis had modest
participant sizes.”® Many studies use isolated cannabinoids vs
the cannabis plant, which introduces potential confounding
factors, as there are thousands of cannabis chemovars avail-
able to users. Short-term or single-dose studies also cannot
account for tolerance to effects or for side effects than might
occur with regular use.

However, despite these limitations, this review found some
literature for dose responses for pain and anxiety that have
the potential to be biphasic (Table 2). This scoping review
highlights the limitations of cross-sectional studies and
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reports from self-selected populations, as well as the lack of
well-characterized or standardized dosing on biphasic effects
in humans. With the progressive wave of medical and recrea-
tional legalization throughout the United States, unrestricted
and unfounded marketing claims, including a perceived need
for high-potency cannabis for medical purposes, could harm
patients.

Conclusions

Despite the fact that biphasic effects of cannabinoids have
been reported in preclinical literature, this scoping review
found no studies prospectively probing this concept in
humans. Although dose responses have been reported for
THC on anxiety and pain, the literature lacks data on oppo-
site effects of low vs high dose. Research designed to specifi-
cally look for biphasic effects in humans for pain, anxiety, or
sleep is needed. A key concept for future prospective research
would be to specifically measure both increases and decreases
in outcomes related to the dose. Dosing on a continuous vs
dichotomous basis is needed to further define whether the
biphasic concept applies to humans. As many patients could
be self-referring to medical cannabis use for pain, anxiety,
and sleep, there is a need to explore optimal patient outcomes
in this symptom triad. Given the lack of clarity in the litera-
ture on the dose-response relationship, there are likely
knowledge gaps in health care providers’ understanding of
cannabinoid dosing. This has implications for the safety and
efficacy of cannabis in patients with chronic pain.
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