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Abstract

The recent liberalisation of cannabis regulation has increased public and scientific
debate about its potential benefits and risks. A key focus has been the extent to which
cannabidiol (CBD) might influence the acute effects of delta-9-tetrahydrocannabinol
(THC), but this has never been reviewed systematically. In this systematic review of
how CBD influences the acute effects of THC we identified 16 studies involving 466
participants. Ten studies were judged at low risk of bias. The findings were mixed,
although CBD was found to reduce the effects of THC in several studies. Some studies
found that CBD reduced intense experiences of anxiety or psychosis-like effects of
THC and blunted some of the impairments on emotion and reward processing.
However, CBD did not consistently influence the effects of THC across all studies and
outcomes. There was considerable heterogeneity in dose, route of administration and
THC:CBD ratio across studies and no clear dose-response profile emerged. Although
findings were mixed, this review suggests that CBD may interact with some acute

effects of THC.



1. Introduction

In the last decade, there have been substantial changes to cannabis regulation, with
many countries adopting a more permissive stance towards medical and recreational
use (Kilmer, 2017). The World Health Organisation recently proposed the
rescheduling of cannabis and its removal from the schedule IV category in light of the
drug's medicinal properties (Mayor, 2019). Cannabis and cannabinoids have the
potential to treat several medical conditions including chronic pain, treatment-resistant
epilepsy, and nausea and vomiting due to chemotherapy (T. P. Freeman, Hindocha,
Green, & Bloomfield, 2019). However, over 60 years of prohibition and associated
regulatory barriers to researching this field (Nutt, 2015) means there are significant
gaps in our knowledge about the clinical benefits and potential harms (Hall, Hoch, &
Lorenzetti, 2019). Recently, there has been renewed interest in whether the
composition of the different cannabinoids within cannabis may improve its safety

profile while enhancing medicinal efficacy (McPartland & Russo, 2014).

The cannabis plant (Cannabis Sativa L.) produces over 140 different
compounds known as phytocannabinoids and terpenoids (Hanu§, Meyer, Mufioz,
Taglialatela-Scafati, & Appendino, 2016), many of which directly modulate the
endogenous cannabinoid system in humans (Lu & Mackie, 2016). The
endocannabinoid system consists of at least two types of cannabinoid receptors (CB;
and CB») and endogenous ligands (endocannabinoids such as anandamide and 2-
arachidonoylglycerol) that bind to these receptors and ligand metabolic enzymes.
Cannabinoid receptors are as abundant as glutamate, gamma-aminobutyric acid
(GABA), or dopamine receptors in the brain (Katona & Freund, 2012), and
consequently are involved in a wide range of functions including regulation of mood,

memory and reward processing (Bossong, Jansma, Bhattacharyya, & Ramsey, 2014;



Curran et al., 2016). CB; receptors are primarily located in central and peripheral
neurons and mediate the release of transmitters at the synaptic terminal, including
acetylcholine, noradrenaline, dopamine, 5-hydroxytryptamine (5-HT), GABA,
glutamate, D-aspartate and cholecystokinin. Inside and outside of the central nervous
system, CB: receptors are predominant in the immune system and have a role in
altering the release of chemical messengers, cytokines, and the modulation of immune

cell migration (Pertwee, 2008).

Two of the most widely researched cannabinoids are delta-9-
tetrahydrocannabinol (THC), and cannabidiol (CBD), which have contrasting
mechanisms of action and effect profiles. THC and CBD concentrations vary across
different types of cannabis products used for recreational (T. P. Freeman et al., 2014)
and medicinal purposes (T. P. Freeman et al., 2019). Although some strains of cannabis
contain both THC and CBD in similar quantities, concentrations of THC in cannabis
doubled over the past ten years (T. P. Freeman, Groshkova, et al., 2018). CBD content,
which may attenuate the effects of THC, has become nearly obsolete in illicit samples
of the drug across Europe and the USA (Chandra et al., 2019; Potter, Hammond,

Tuffnell, Walker, & Di Forti, 2018).

1.1. Pharmacology of THC and CBD

The pharmacology of THC, although reasonably well understood, is complex. THC
interacts with several pharmacological targets (see Pertwee and Cascio (2014) for a
review). THC is a partial cannabinoid receptor agonist acting on both CB; and CB>
and can behave as both an agonist and antagonist at the CB; receptor. Although THC

acts primarily through the neuronal presynaptic CB; receptors to inhibit ongoing



neurotransmitter release. Repeated administration of THC may give rise to tolerance
to its effects and the action of endocannabinoids (Colizzi & Bhattacharyya, 2018;

Pertwee, 2008).

CBD differs from THC in several important ways. CBD has no intoxicating
properties at typical doses (Pertwee, 2008). CBD has minimal direct activity at CB;
and CB: receptors, having low affinity for both receptor subtypes (Thomas et al.,
2007). Unlike THC, which acts at the orthosteric site of CB; receptors, CBD is a
negative allosteric modulator that can alter the potency and efficacy of the orthosteric
ligand without activating the receptor (Hayakawa et al., 2008; Laprairie, Bagher,
Kelly, & Denovan-Wright, 2015). This may explain preclinical findings which suggest
that, when administered together, CBD may counteract some of the actions of THC,
while also potentiating other actions of THC (McPartland & Russo, 2014). CBD has
also been shown to modulate SHTa (Ross, 2007; Russo, Burnett, Hall, & Parker,
2005) and PPARy (Campos, Moreira, Gomes, Del Bel, & Guimaraes, 2012) as an
agonist, GPRS55 as an antagonist (Ryberg et al., 2007), and to inhibit the hydrolysis

and reuptake of the Fatty Acid Amide Hydrolase enzyme (Bisogno et al., 2001).

1.2. Acute effects of THC

When acutely administered, THC induces a broad range of transient and dose-
dependent effects. THC causes psychotropic effects of cannabis, inducing the “high”
or “stoned” effect associated with its ingestion (Gaoni & Mechoulam, 1964). THC is
associated with a dose-dependent increase in heart rate (Karniol & Carlini, 1973;
Zuurman et al., 2008). Although many studies have investigated the subjective effects

of THC, there has been considerable variation in doses, routes of administration and



outcomes used. THC induces appetitive effects including wanting more of the drug
and liking the drug’s effects (Curran, Brignell, Fletcher, Middleton, & Henry, 2002).
It reduces anxiety at low doses, but increases anxiety at higher doses (Hunault et al.,
2009) and has been shown to robustly reduce alertness (Zuurman et al., 2008).
However, these effects can vary between individuals and within individuals on
different occasions of use (Green, Kavanagh, & Young, 2003). THC produces
transient psychosis-like effects (D'Souza et al., 2004; Morrison & Stone, 2011;
Morrison et al., 2009), which may be enhanced in individuals prone to psychosis
(Mason et al., 2009). THC also interferes with several behavioural and cognitive
processes impairing episodic memory, attention and working memory (Ranganathan
& D’Souza, 2006; Volkow et al., 2016). Functional imaging studies have shown that
THC disrupts the neural correlates of emotional processes, executive function and

reward function (Bloomfield et al., 2018).

1.3. Acute effects of CBD

Originally believed to have a minimal effect due to its lack of subjective effects, CBD
has recently received renewed interest for its potential therapeutic properties (Khoury
et al., 2019; Zuardi, 2008). Few studies have investigated the acute effects of CBD,
and the results of these studies have been mixed. Some studies report that low doses
of CBD (30mg oral; 25mg IV respectively) has no intoxicating effects (Hollister, 1973;
Perez-Reyes, Timmons, Davis, & Wall, 1973). However, in a small double-blind
crossover study (n=7), Zuardi, Guimaraes, and Moreira (1993) found that CBD
(300mg oral) acutely increased somnolence and reduced anxiety and two studies found
that CBD (200mg oral; 400mg vaporised respectively) produced mood altering and

subjective intoxicating effects (Leweke, Schneider, Radwan, Schmidt, & Emrich,



2000; Solowij et al., 2019). CBD (400-600mg oral) administered alone is also
associated with anxiolytic effects (Crippa et al., 2011; Hundal et al., 2018; Zuardi et
al., 1993), however, in a recent study of emotional processing tasks, CBD (300-900mg
oral) induced minimal behavioural and subjective effects (Arndt & De Wit, 2017).
CBD (32mg vaporised) has been shown to enhance consolidation of fear extinction
learning in humans (Das et al., 2013), which suggests its effects on emotional
processing may be nuanced and related to other cognitive processes. Several studies
have investigated chronic administration of CBD for a range of therapeutic indications
including as an antiepileptic, anxiolytic, antipsychotic and neuroprotective drug (for a

review see White, 2019; and Whiting et al., 2015).

1.4. The interaction between THC and CBD

A much debated question is whether, when administered together, CBD interacts with
THC’s effects. Some researchers have suggested that CBD can influence the effects of
THC, increasing its clinical efficacy and reducing harmful effects (Ben-Shabat et al.,
1998; Bonn-Miller, ElSohly, Loflin, Chandra, & Vandrey, 2018; Russo & McPartland,
2003). Some studies have demonstrated this effect, for example: evidence from survey
data (Schubart et al., 2011), and naturalistic hair analysis studies suggests that
increased CBD content in cannabis may be protective against various memory-
impairing effects and psychosis-like experiences associated with cannabis use
(Demirakca et al., 2011; Morgan & Curran, 2008; Morgan et al., 2011). Another
naturalistic study, where cannabis users smoked their own cannabis which was later
analysed for THC and CBD content, found that high CBD content was associated with

reduced impairment of verbal memory and a reversal of attentional bias towards



cannabis and food cues (Morgan, Freeman, Schafer, & Curran, 2010; Morgan, Schafer,

Freeman, & Curran, 2010).

Evidence from repeated dosing studies is more mixed. One parallel group, randomised
controlled trial (n=177) study in patients with intractable cancer-related pain showed
that a combination of THC (2.7 mg) and CBD (2.5mg) in an oromucosal spray
produced a significant improvement on a pain rating scale compared to placebo,
whereas the THC (2.7mg) group showed no significant change. Twice as many
patients (43% of patients) taking THC and CBD showed a 30% pain reduction (on a
0-10 Numerical Rating Scale) from baseline compared to placebo (21% of patients)
(Johnson et al., 2010). Others, however, have found THC alone to be more clinically
effective than a combination of the two in chronic pain, fibromyalgia and neuropathic
pain (Notcutt et al., 2004; van de Donk et al., 2019; Wade, Robson, House, Makela, &

Aram, 2003).

Much uncertainty also exists around whether CBD alters the pharmacokinetic
profile of THC (Lucas, Galettis, & Schneider, 2018). For example, while Agurell et
al. (1981) found that co-administration of CBD with THC did not alter the
pharmacokinetics of THC, van de Donk et al. (2019) showed that plasma
concentrations of THC were higher than expected when a treatment containing both
THC (13.4mg) and CBD (17.8mg) was administered compared to a treatment

containing THC (22.4mg) and CBD (1mg).

Previous non-systematic reviews have suggested that CBD may attenuate the
acute harmful effects of THC (Colizzi & Bhattacharyya, 2017; Englund, Freeman,

Murray, & McGuire, 2017; Niesink & van Laar, 2013) while potentiating its positive



effects (Russo, 2019; Russo & Guy, 2006). One systematic review investigating
whether CBD has antipsychotic effects found that CBD may offset the psychosis-like
effects of THC (Iseger & Bossong, 2015). Although several narrative reviews have
discussed the question of whether CBD interacts with THC when administered
together acutely, this question has never been reviewed systematically. This systematic

review aimed to establish how CBD influences the acute effects of THC in humans.

2. Methods

2.1. Protocol and registration

This review was conducted according to Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines (Liberati et al., 2009) and a
checklist is provided in Appendix A. The protocol (Appendix B) and registration for
the current systematic review was prospectively registered (PROSPERO:

CRD42019126994) on 28™ February 2019 (A. M. Freeman et al., 2019).

2.2. Eligibility criteria

2.2.1.1.  Inclusion criteria

a) A condition or group in which THC is acutely administered.

b) A matched condition or group where the same dose of THC is acutely
administered together with cannabidiol (CBD), under experimental conditions.

¢) THC must be delivered via the same route of administration in both conditions,
as different routes (e.g., oral THC alone versus intravenous THC combined
with CBD) may lead to a different profile of effects related to different
pharmacokinetics and metabolism of the drug, as well as the interaction

between the compounds.



d)

b)

d)

The studies must include either a placebo condition or a control condition
where there is no drug administered, for example, a pre-drug measurement or
baseline measurement. This is necessary to evaluate the acute effects of THC.
The included papers must be peer-reviewed.

Articles must be published in English.

2.2.2. Exclusion criteria

Conference extracts or abstracts, theses, reviews, supplements, editorial
reports, correspondence, non-peer reviewed material, e.g. books extracts,
notes, and letters.

Studies where there was no matched dose and route of administration for THC,
with and without CBD.

Repeated dosing studies.

Studies where the statistical analysis did not directly compare either 1) THC
alone to a matched dose of THC with CBD, or 2) THC to placebo, and a
matched dose of THC with CBD and placebo.

Studies not including humans.

2.3. Information sources

A systematic search was conducted on 28" February 2019 using the following
electronic bibliographic databases: MEDLINE, EMBASE, PsycINFO, and CINAHL
Plus. The search strategy included only terms relating to or describing the intervention
(THC and CBD). The terms were combined with the Ovid filter for human studies and
studies published in English. The search terms were adapted for use for each

bibliographic database and run in combination with database-specific filters for human

10



trials and peer-reviewed articles, where these were available. The search terms and

results are provided in Appendix C.

2.4. Study selection

The titles and abstracts of studies retrieved using the search strategy, and those from
additional sources, were screened independently by two reviewers (AF and RL) to
identify studies that potentially met the inclusion criteria outlined above. The full text
of these potentially eligible studies was retrieved and independently assessed for
eligibility by two review team members (AF and KP). Any disagreement between
them over the eligibility of particular studies was resolved through discussion with a

third reviewer (TF).

2.5. Data collection process and data items

A standardised, pre-piloted form (in Microsoft Excel) was used to extract data from
the included studies for assessment of study quality and evidence synthesis (Appendix
D). This form was adapted from the Cochrane Collaboration’s Data collection form
for intervention review — randomised controlled trials (RCT). Through the
development process, some irrelevant sections were removed from the original form
and new sections added. The extracted information included: study setting; study
population and details of the dose and route of administration for THC and CBD;
THC:CBD ratio; study methodology; recruitment and study completion rates;
outcomes and times of measurement; information for the assessment of the risk of bias.
Two reviewers (AF and KP) extracted the data, and discrepancies were resolved
through discussion with a third reviewer (CH) where necessary. A subset of the
extracted data was randomly checked by another reviewer (CH).

11



2.6. Risk of bias in individual studies

Two reviewers (AF and KP) independently assessed the risk of bias in included studies
by considering the criteria set out by the Cochrane’s Risk of Bias (RoB2) assessment
tools as appropriate for the study design (Higgins et al., 2011). Disagreements between
the reviewers over the risk of bias in particular studies were resolved by discussion,

with the involvement of a third review author (CH) where necessary.

2.7. Risk of bias across studies

This review assessed the risk of publication bias by considering the different types of
bias laid out in the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins & Green, 2008; Higgins et al., 2016).

2.8. Summary measures

It was acknowledged that the included studies would have investigated a variety of
outcome measures and therefore this review planned to take an inclusive approach and
report all outcomes where the effects of THC alone were compared to the effects of

the same dose of THC combined with CBD.

3. Results
The initial search on 28™ February 2019 identified 1808 records, of which 601 were

duplicates and excluded. Four additional articles were identified as they were
published after the initial search. The abstract and title of 1211 articles were reviewed,
and 47 articles were considered potentially relevant and subject to full-text searching.
Study selection procedures yielded 23 published articles reporting on 16 studies which

met the inclusion criteria. A table summarising the excluded studies is provided in

12



Appendix E. Figure 2 displays a flow diagram of the reasons for exclusion at each

stage (Appendix F).

3.1. Study characteristics

Altogether, 16 studies reported in 23 articles were included in this review (Arkell et
al., 2019; Bhattacharyya et al., 2010; Bird et al., 1980; Dalton, Martz, Lemberger,
Rodda, & Forney, 1976; Englund et al., 2013; T. P. Freeman, Pope, et al., 2018; Guy
& Robson, 2003; Haney et al., 2016; Hindocha et al., 2015; Hollister & Gillespie,
1975; Hunt, Jones, Herning, & Bachman, 1981; Juckel, Roser, Nadulski, Stadelmann,
& Gallinat, 2007; Karniol, Shirakawa, Kasinski, Pfeferman, & Carlini, 1974; Lawn et
al., 2016; Morgan et al., 2018; Nadulski et al., 2005; Nicholson, Turner, Stone, &
Robson, 2004; Roser et al., 2009; Roser et al., 2008; Stadelmann et al., 2011; Zuardi,
Shirakawa, Finkelfarb, & Karniol, 1982). Table 1 provides details of each study’s
aims, the participants and their cannabis use history, the intervention groups, and

outcome measures.

All studies were experimental human laboratory studies. Only three studies
(Bird et al., 1980; Englund et al., 2013; Karniol & Carlini, 1974) used parallel group
designs, and the rest used a crossover design. Study sample sizes varied between 4 and
155 participants, with a total of 466 participants. Some studies were explicitly designed
to evaluate drug safety and pharmacokinetics, and were therefore not powered to detect
treatment effects (Guy & Robson, 2003; Hunt et al., 1981). One parallel group study
(Karniol et al., 1974) and five crossover-design studies (Bhattacharyya et al., 2010;

Dalton et al., 1976; Hunt et al., 1981; Nicholson et al., 2004; Zuardi et al., 1982) had

13



less than 10 participants (4-8) per treatment cell and therefore may not be powered to

detect smaller effect sizes (Simmons, Nelson, & Simonsohn, 2011).
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treatment order. increase in peak heart rate
or tobacco 12hr before followed by followine THC =
testing. smoked THC &
42 mg
Primary outcomes: CBD
reduced the impairment of
Placebo- o .
trolled. doubl recognition of ambiguous faces
lc)?irrlléo cd, dotble- of 40% intensity associated
To determine the ’ d b K with THC ¥
. effects of THC and crossover study BSS, dot-probe task, iy 410ne and combined
Hindocha et CBD, both alone and 48 heathy volunteers (14 across four Vaporised THC emotional THC+CBD equally increased
al. (2015); i coﬁlbination on women; 34 men) 18-26 treatment 8 mg + CBD 16 processing task, foelings o fbe(iln ‘Ztone P
Morgan et . . years, with either daily (24) conditions. . genotyping, MCQ, g g
emotional facial affect . mg; vaporised Secondary outcomes: Both
al. (2018); recoenition subiective OF recreational (24) self-  Analysed by four THC 8 me- N-back, prose recall, THC al di binati Low
Wall et al. . ffecg‘,cs and me I:l or reported cannabis use. No groups: high vs vaporise dg ’ self-rating of h élgge. andin c(;)m 111? ton
(2019) function. Secon dary alcohol or illicit drug use  low SPQ score; Plscebo subjective wi ; lnci;asgplgesga tve
United anal ses.' To Y 24hr before testing. and frequency of intoxicating effects, Symp (;msl (();'lt et' &’
Kingdom yses: cannabis use: daily trail making task. perceptual distortions

investigate psychosis-
like effects.

vs recreational.
Randomised using
a Latin squares
design.

cognitive disorganisation on the
PSI=

The influence of CBD on THC
may differ according to
variation in endocannabinoid
system genetics.
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Crossover study

ARCI, conjunctival

The onset of effects measured
by a narrative summary of
subjective effects of THC+

i(:ilhster 15 healthy volunteers (men)across three Oral THC 20 ?ﬁiﬁfﬁi’ﬁmg CBD compared to THC alone
Gi . Totestif CBD and 18+ years, with self- treatment mg + CBD 40 Y & was slightly slower 4
illespie CDN interact with the re . . ) pulse rate, self-rating . .. Some
ported cannabis use at  conditions. mg; oral THC . Pulse rate changes were similar
(1975), . . . ) of subjective B concerns
. effects of THC. least once. Abstinence not Randomised using 20 mg; oral . S across treatments =
United . intoxicating effects, oo,
reported. Latin Squares Placebo . . Metabolites in urine samples
States . urinalysis. .
design. were more numerous following
the THC + CBD combination
than after THC alone T
Pre-treatment
(T-480, -300, -
Four healthy volunteers Placebo- 120 mins) oral Blood sample, Pre-treatment with CBD did not
(men) 22-30 years, with  controlled, double- CBD 500 mg  fingertip alter the pharmacokinetic or
self-reported cannabis use blind, crossover  followed by temperature, heart ~ pharmacodynamic effects of
Hunt et al. To investicate the 4-10 times; and cigarettes study across two  intravenous rate THC =
(1981), & per week for an average of treatment THC 2 mg; pre- pharmacokinetics, = There may be minimal effect on Some
. effect of CBD on THC " & pre- p . . .
United harmacokinetics 8.3 years before the study. conditions. treatment (T-  self-rating of the formation and excretion of concerns
States p ' Participants remained on- Participants 480, -300, -120 subjective metabolites. Total (metabolic)
site to ensure abstinence  counterbalanced to mins) oral intoxicating effects, blood clearance of THC
from drugs and medication receive treatments Placebo urinalysis. 17ml/min/kg without CBD and
48hrs before testing. in a different order. followed by 20.9ml/min/kg with CBD T
intravenous
THC 2 mg
. . i - BD lock th
To investigate Whetherso recmltf?d (10 excluded Placebo Oral THC 30 + C : seemed tq block the
before assignment to a controlled, double- anxiety-provoking effects of
THC + CBD would . CBD 15,30 or Pulse rate, self-
. . ne o group) healthy volunteers blind, parallel . . THC 4
Karniol et induce less 'high' or . . 60 mg; oral rating of subjective
. S (men), 21-34 years, 22 with study across eight ) . o CBD was found to attenuate Some
al. (1974)°, psychosis-like effects . THC 30 mg; intoxicating effects,
. self-reported cannabis use treatment . . several effects of THC, such as concerns
Brazil that would be 1 18 h " oral Placebo time production task. . .
expected from THC at least once; 8 had never conditions. Groups pulse rate acceleration, time
alone used cannabis. No alcohol balanced for age production impairment and

24hr before testing. and weight.

psychological disturbances
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Primary outcomes: CBD did
not affect reduced motivation
for high-effort choice
associated with THC to make a

To examine acute to earn rewards =
T.p effects of THC + CBD 17 healthy volunteers (nine Placebo- Blood pressure CBD altered increased
C and THC alone on women; eight men) 18-70 pressure, sensitivity to monetary value
Freeman, .. . controlled, double- . EEfRT, fMRI, heart . l
effort-related decision-years, with self-reported . Vaporised THC . following THC
Pope, et al. . . . . blind, crossover rate, SDS Snaith e
making. Secondary  cannabis use (>4 times in 8 mg+ CBD 10 . Secondary outcomes: Higher
(2018); aims: Investigate the last year, <3 study across four mg; vaporised Hamilton pleasure enhanced sound perception
Lawn et al. : gate . year, = - treatment g vap scale, self-rating of pereep
response to music in  times/week; one participant . THC 8 mg; L after THC+CBD than THC 4  Low
(2016); . . o\ . conditions. . subjective
brain regions sensitive excluded in T.P. Freeman et . vaporised . S THC alone dampened the
Wall etal. to reward and al. 2018. Urine drug screen Randomised to Placebo intoxicating effects, response to music in several
(2019), emotion, and at.each éession no ilcohol treatment order temporal re\xlf)ard and emotion brain
%Ete;om subjective ratings or illicit drugs 24hr before ;lsgﬁeas Iazt;n e)l?;rlﬁ:zzzlz f regions, THC+CBD did not
& following THC and  each testing session. d &n- p ' differ from placebo and showed
test if offset by CBD. greater connectivity
THC alone reduced
connectivity within the salience
network when compared to
THC + CBD
To investigate the 28 healthy volunteers .
! X . P t :CBD
Juckel et al. effects of CBD on the recruited?, 20-24 included AlR-scales, auditory . Tmary outcomes: 1
(2007); e . . inhibits the metabolic
. pharmacokinetics of depending on the analysis evoked MMN . .
Nadulski et Placebo- . hydroxylation of THC; but the
THC. Secondary (up to 12 women; 12 men). recorded via ERP .
al. (2005); . g .. controlled, double- . effect is small 4
analyses: investigate Three participants had a . Oral THC 10 recording, blood )
Roser et al. . . blind, crossover Secondary outcomes: Greater
psychotic states and  panic attack. For others mg + CBD 5.4 plasma levels, DNA .
(2009); . . L study across three . . auditory evoked MMN Some
schizophrenic there were technical issues mg; oral THC genotyping, eye- ) .
Roser et al. . . . treatment amplitude following concerns
conditions; acute with ERP recording or " 10 mg; oral movement finger
(2008); . . conditions. . THC+CBD but not THC alone
effects of quality of recording. . Placebo tapping asymmetry,
(Stadelmann S . Randomised to . N
cannabinoids on P300 Participants were 18-45 inter-manual . .
et al,, . ) . treatment order. L No difference in P300
d amplitude; years with self-reported coordination. .
2011Y%, psychomotor cannabis use at least once amplitudes under THC and
Germany ’ THC+CBD =

performance by using but never regular use. Urine
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a finger tapping test  screen for illicit drugs THC+CBD but not THC alone

series; if (AAT)n before each testing session, reduced right-hand tapping

polymorphism self-report no cannabis one frequencies T

differentially month; no alcohol, caffeine, >10/>10 genotypes showed a

modulates 48hrs before; no nicotine decrease of P300 amplitude and

cannabinoid effect on 12hrs. prolongation of P300 latency

P300 generation under THC alone but not

during an auditory THC+CBD 4

choice reaction task. Correlation between AAT
repeats and P300 variables for
THC alone.

Blood plasma levels,
choice reaction time,

delayed and THC alone and in combination
Placeb immediate word with CBD increased sleepiness
Eight healthy volunteers acebo- Oromucosal recall, digit symbol, 30Ominutes after waking,

To assess the effects controlled, double-

Nicholson . (four women; four men) 18- spray THC 15 heart rate, letter and negatively affected mood =
of cannabis extracts on blind, crossover pray .
et al. nocturnal sl o 35 years, with self-reported stud ,across four  ME* CBD 15 digit memory recall, THC+CBD but not THC alone
(2004), n?ocrnin a Se.:reff) I; ;;;nc}é cannabis use at least once, trlela t}rlnent """ mg; oromucosal multi-attribute task ~ decreased stage 3 sleep and Low
United memorg I; nd > but never regular use. No conditions spray THC 15  battery, pulse rate,  increased time spent awake T
Kingdom oL cannabis for a month; no L mg; oromucosal self-rating of THC decreased latencies to
sleepiness. Randomisation not L .
alcohol 48hrs. . spray Placebo  subjective early morning sleep and
indicated. . S . . o
intoxicating effects, impaired episodic memory, not
sleepiness, sustained present with THC + CBD {
attention, sleep
latency.
To investigate whether . healthy volunteers Placebo- Oral THC 0.5 ARCI-Ma, THC increased pulse rate, CBD
CBD diminished the ( tw%) women'ysix men) 20- controlled, double- mg/kg + CBD 1 interviews of did not alter this effect =
Zuardi et al. anxiety produced by 38 vears. wi t’h selforeported blind, crossover ~ mg/kg; oral subjective effects, =~ When combined with CBD Some
(1982), THC in healthy years, p across six THC 0.5 pulse rate, Scale of  blocks the anxiety provoked by
. cannabis use at least once, ] . l concerns
Brazil volunteers, and to three had never used treatment mg/kg; oral Bodily Symptoms, THC
verify whether this cannabis. 15 davs conditions. Placebo self-rating of CBD blocks subjective effects
effect occurs through a ’ Y Participants subjective measured on the ARCI-Ma 4
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general block of the  abstinence of cannabis received intoxicating effects;

actionof THC ora  before testing. treatments in a STAI, self-rating of
specific effect on the different order. subjective
anxiety. intoxicating effects.

Notes. effect: T increases effects of THC; 4 decreases effects of THC, = no difference of effect; *interventions — only interventions relevant to the review are reported;
Risk of bias tool: Cochrane’s risk of bias tool (either for parallel/crossover study design); Where multiple publications for single study first publication reported as
primary outcomes, all subsequent as secondary outcomes. AIR-scale: visual Analogue Intoxication Rating Scales; ARCI-Ma: Addiction Research Center Inventory for
Marihuana Effects; BSS: Bodily Symptoms Scale; CBD: cannabinol; CMI: Cornell Medical Index; CPT Continuous Performance Task; DAF: Delayed Auditory
Feedback; DAT: Divided attention task; DSST: Digit Symbol Substitution Task; DSST: Digit Symbol Substitution Task; ECG: electrocardiogram; EEfRT: Effort
expenditure for rewards task; ERP: event-related brain potential; fMRI: functional magnetic resonance imaging; hr: hours; HVLT-R: Hopkins Verbal Learning Task-
Revised; iv: intravenous; MCCB: MATRICS Consensus Cognitive Battery; MCQ: Marijuana Craving Questionnaire; MMN: mismatch negativity; n: total number of
participants; NAB: Neuropsychological Assessment Battery; PANSS: Positive and Negative Syndrome Scale; PASAT: Paced Auditory Serial Addition Task; SDS:
Severity of Dependence Scale;; SPSS The State Social Paranoia Scale, STAI: Spielberger's State-Trait Anxiety Inventory; THC: delta-9-tetrahydrocannabinol; UMACL:
University of Wales Mood Adjective Checklist; VDA: Vienna Determination Apparatus; a. 166 divided into 16 groups; b. placebo n= 22 CBD n=26, c. 8 groups of 5;
d. not all participants completed all measures in this study 2 men, and 2 women did not complete ERP recording due to technical issues and three women had a panic
attack. Therefore Roser et al. (2008) and Stadlemann et al. (2011) included 20 participants; Nadulski et al. (2005) and Roser et al. (2009) included 24 participants;
Juckel et al. (2007) included 22 participants. Underlined study is first publication of the study.




3.2. Participants

All studies included healthy volunteers, and all except two (Karniol et al., 1974; Zuardi

et al., 1982) included only participants with previous experience of cannabis use.

3.3. Treatment characteristics

Table 1 shows the treatment characteristics of each study. There was considerable
variability in the doses of both THC and CBD, and in the ratio of THC to CBD. There
was also heterogeneity in the route of administration used across treatments and
studies. For CBD administration, eight studies used oral doses (5.4mg-800mg), one
intravenous (5mg), two vaporised (4mg-16mg), two smoked (0.150-0.320mg/kg), and
two used an oromucosal spray (10mg-15mg). For THC administration, six studies used
oral (10mg-40mg), three intravenous (1.25mg-2mg), three smoked (42mg or 0.215-
0.025mg/kg), two vaporised (8mg), and two used an oromucosal spray (10mg-15mg).
Five studies used a design where a dose of CBD or placebo was administered as a pre-
treatment before THC administration. These were administered either orally (200-
1500mg) 480 to 90 minutes before, via a smoked joint (0.150mg/kg), 30 minutes
ahead, or intravenously immediately before THC. Where studies used a design that
included a pre-treatment, they did not include a pure placebo condition and used
baseline measurements which were administered before any drug. The remaining
studies all used a design which included a treatment condition where participants

received placebo only.

23



3.4. Risk of bias within studies

Only ten studies were found to be at low risk of bias (Arkell et al., 2019; Bhattacharyya
et al., 2010; Dalton et al., 1976; Englund et al., 2013; Guy & Robson, 2003; Haney et
al., 2016; Hindocha et al., 2015; Lawn et al., 2016; Nicholson et al., 2004); some
concerns were found for six studies (Bird et al., 1980; Hollister & Gillespie, 1975;
Hunt et al., 1981; Karniol et al., 1974; Nadulski et al., 2005; Zuardi et al., 1982); none
were evaluated as high risk of bias. A table summarising the findings from the risk of

bias assessment can be found in Appendix G.

3.5. Risk of bias across studies

Indicators for risk of bias across studies were assessed (Boutron et al., 2019). Overall
this area of research has low risk of publication bias as many studies report a mixture
of significant and non-significant findings. This review only included studies
published in the English language and therefore may have missed important findings
reported in different languages. Some studies were funded by an industry sponsor and
therefore present a potential conflict of interest (Guy & Robson, 2003; Nicholson et
al., 2004). One possible bias across studies is recreational use of cannabis external to
the study, which may have resulted in residual drug effects, and could have affected
participants’ performance. Another bias across studies may have been that individuals
were able to identify the placebo condition over active treatment conditions, although
this would not be expected to be a concern for the comparison between the THC versus

THC+CBD conditions.
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3.6. Synthesis of results

Table 1 summarises the findings of comparisons between THC with and without CBD
for the studies included in this review. A narrative synthesis of the findings from the
review was conducted because the heterogeneity of outcomes used across studies

precluded meta-analysis.

3.6.1. Pharmacokinetic effects

Pharmacokinetics were assessed in eight studies. Overall, typically studies reported
that CBD did not significantly alter the pharmacokinetic profile of THC. Although
three studies suggested that CBD may have a small effect on the metabolism of THC,
findings were inconsistent. Three out of the eight studies were rated as having some
concerns in at least one domain of the risk of bias assessment (Hollister & Gillespie,

1975; Hunt et al., 1981; Nadulski et al., 2005).

In a study of 14 participants, the combination of vaporised THC (13.75mg) and
vaporised CBD (13.75mg) was associated with significantly increased peak plasma
concentrations of THC when compared to vaporised THC (13.75mg) alone (Arkell et
al., 2019). Although not statistically significant, the area under the curve (0-3 hours)
for plasma THC was higher for the combined THC+CBD treatment than THC alone.
Nadulski et al. (2005) showed that co-administration of oral CBD (5.4mg) altered the
metabolism of oral THC (10mg) by partially inhibiting the cytochrome P450 enzymes,
which hydroxylate THC to its metabolite 11-hydroxy-THC. The authors suggest this
may lead to a slight rise and earlier peak in THC concentration when THC is combined
with CBD. However, in this study of 24 participants there was wide inter-participant

variability. In a later publication of the same study, Roser et al. (2009) report

25



significantly higher levels of 11-OH-THC and THC-COOH in women compared to
men following THC with CBD, but not following THC alone. In a study of 24
participants, Guy and Robson (2003) found the time taken to reach the maximum
plasma concentration for THC was significantly later following oromucosal spray of
THC (10mg) and CBD (10mg) combined when compared to oromucosal spray of THC
(10mg) alone. The authors concluded that CBD might delay the absorption of THC.
However, this study also reported wide inter- and intra-participant variability in
pharmacokinetic parameters. There were no other significant differences in the

pharmacokinetic profiles between the two test treatments.

In a study of only four participants, Hunt et al. (1981) concluded that pre-treatment
with three doses of oral CBD at eight, six and two hours (total dose 1500mg) before
intravenous THC (2mg) had no significant effect on the pharmacokinetics of THC
when compared to pre-treatment with placebo. The authors report, however, that there
may be a “real but slight” effect of CBD on the metabolism of THC, where total
(metabolic) blood clearance of THC averaged 17ml/min/kg without