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Cannabidiol (CBD) is widely used and believed to be non-intoxicating, lacking acute performance effects (e.g., non-impairing).
However, a synthesis of data has not evaluated this. This meta-analysis synthesized data from controlled human laboratory studies
that evaluated if acute CBD use impairs performance. Performance on objective and subjective measures of cognitive and
psychomotor function were used as markers for potential performance changes and impairment. Studies were identified through
systematic database searches. Adult clinical trials measuring acute CBD effects (within 0-8 h of administration) were included. The
primary outcome was the peak mean difference in performance measures between CBD and placebo. A secondary analysis utilizing
delta-9-tetrahydrocannabinol (A9-THC) as a positive control for comparison to CBD was completed. Pooled Hedges' g estimates
were calculated using robust variance estimation (RVE) meta-regression. The omnibus RVE meta-analysis indicated a statistically
significant, but small effect size (Hedge's g < 0.2) for impaired performance following acute CBD consumption compared to placebo
(N =16 trials, Hedges’ g =0.122, 95% Cl: 0.023-0.221, p = 0.019). Measure type was a significant moderator with larger mean
differences between CBD and placebo when subjective measures, specifically self-reported sedation, were used versus objective
performance tasks (Hedges' gsupjective = 0.288 versus Hedges' gopjective = 0.048). A9-THC had a significantly greater magnitude of
impairment compared to CBD (N = 8, Hedges’ g = 0.416, 95% Cl: 0.017-0.816, p = 0.043). In summary, acute CBD consumption was
associated with a small increase in subjective ratings of sedation, but no difference from placebo was observed across multiple
domains of objectively assessed cognitive or psychomotor performance. These findings suggest that acute CBD alone is unlikely to
significantly impair daily functioning or workplace performance.

Neuropsychopharmacology (2024) 49:1425-1436; https://doi.org/10.1038/s41386-024-01847-w

INTRODUCTION
The global increase in legal access to cannabis and cannabinoid-
based products for medical and non-medical purposes has been
paralleled by their widespread promotion and use. In particular,
North America has the highest rate of cannabis use in the world,
where some of the first jurisdictions to legalize cannabis exist
[1-3]. In recent years, North America has been reported to have
the highest prevalence of past-year cannabis use compared to
other sub-regions globally at 14.5% [4]. Of the emerging
cannabinoids available, cannabidiol (CBD), a principal cannabinoid
presumed to be non-euphoric and non-intoxicating, has the
highest prevalence of past-year use [5]. Past-year CBD use was
reported to be 26.1% in the United States and 16.2% in Canada [6].
Common reported reasons for use include medical indications
such as the management of pain, anxiety, and depression [6].
This surge in consumption and access to cannabis and
cannabinoid products has sparked concerns regarding their
careful use during ‘safety-sensitive’ work or activities (e.g.,
operating motor vehicles or machinery) [7, 8]. To date, a majority

of research and public policy has focused on identifying and
mitigating cannabis impairment risk related to delta-9-
tetrahydrocannabinol (A9-THC), the main psychoactive cannabi-
noid known to produce acute deficits in cognitive performance
and driving ability [9, 10]. In contrast, little attention has been
given to CBD due to the general belief that it is non-impairing.
Although the available evidence has pointed to a lack of cognitive,
psychomotor, or subjective effects with oral and vapourized CBD
even at high or supratherapeutic doses [11-13], there has yet to
be a comprehensive, systematic review of the literature to
synthesize data on the performance effects of acute CBD
exposure, or evaluation of potential moderating factors that may
impact sensitivity to performance effects.

This lack of clarity surrounding the effects of CBD on daily
functioning presents several concerns. A primary concern is the
potential public health consequences for traffic safety if people
using CBD are operating motor vehicles under the assumption
that it is non-impairing. It is equally as important to consider the
implications of CBD-related impairment on workplace health,
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safety, and policy. At present, many workplaces err on the side of
caution and treat cannabis as a single entity, subjecting CBD to
the same restrictions as A9-THC [14, 15]. These restrictions are
particularly relevant to people who use CBD for medical purposes
to help manage symptoms or a condition, such as chronic pain,
epilepsy, or anxiety when A9-THC cannot be used safely [16, 17]. In
this context, CBD use may afford individuals the ability to engage
in daily activities and workplace duties which they may otherwise
be unable to do. Hence, efforts to clarify the risk of CBD-associated
impairment are greatly needed to inform public health legislation,
as well as workplace policy and practice.

The current meta-analysis synthesized and critically evaluated
available evidence from human laboratory studies assessing the
potential for CBD to impair cognitive and psychomotor perfor-
mance. These effects were compared to a placebo control group
and a positive control of A9-THC. Moderators were also evaluated
to determine individual difference and product-specific factors
that may alter the magnitude of effect.

METHODS

Search strategy

This review was registered on PROSPERO (The International Prospective
Register of Systematic reviews) (CRD42021247522) and reported in
accordance with PRISMA guidelines (eTable 1) [18]. A systematic search
in AMED, EMBASE, CENTRAL, PsychINFO, CINAHL, Clinicaltrials.gov, Med-
line, MedRxiv, and Web of Science was completed on June 22nd, 2022 and
updated again on January 4th, 2023. Literature searches using the
keywords associated with cannabidiol or CBD paired with cogniti*, or
impair*, or domain-specific keywords (e.g., memory) were independently
conducted by two reviewers. As an example, studies were identified by the
following expression: (cogniti* OR driving OR coordinat* OR processing
speed OR reaction time OR executive function OR memory OR “task
performance and analysis” OR attention OR learn* OR task switching OR
intoxic* OR motor OR impair* OR perform*) AND (cannabidiol* OR CBD OR
Epidiolex OR Epidyolex). The star symbol (*) was used to capture
derivatives of search terms (by suffixation) and enclosed quotation marks
were used to capture exact phrases. See eTable 2 for full search strategies.

Eligibility criteria and study selection

For inclusion, studies had to meet the following criteria: (1) involve adult
participants; (2) placebo-controlled experimental design; (3) report route of
cannabinoid administration and dose schedule; (4) measures of self-report,
researcher observation, or objective neurocognitive or psychomotor
assessments within 0-8 h of CBD administration. CBD administration was
defined as administration of any form of CBD either in isolation or with a THC
content of <1%. Self-reported/subjective measures of neurocognitive
performance were restricted to those with specific constructs (e.g., alert,
sedation). Subjective ratings of drug high or intoxication were excluded due
to lack of specificity. Only full-length, English-language original research
articles were accepted. Studies were excluded if: (1) performance test(s) were
not administered within 8 h of CBD administration; (2) either the dose of CBD
administered, or the length of time between CBD administration and the
performance test(s), was not reported and could not be estimated (e.g., in
regard to dose, reporting the number of ‘puffs’ smoked from a cannabis
cigarette was not considered adequate to estimate dose); (3) there was no
confirmation of a >24-h abstinence period for intoxicating substances (e.g.,
cannabis, alcohol, other recreational drugs) before performance assess-
ments. See eTable 3 for PICOS statement. Three authors (LL, LE, and AC)
assessed study eligibility and quality blinded, and resolved any disagreement
by consensus. Authors LL, CP, and LE screened titles and abstracts. Authors
LL and AC assessed full texts for eligibility and quality.

Data extraction and outcome measures

Studies were required to have measured driving performance, a discrete
cognitive skill (e.g., information processing), and/or subjective cognitive or
psychomotor function. These performance outcomes were used as
markers of potential impairment. Each cognitive test used in the included
studies was categorized into a performance domain (Table 1). Categoriza-
tions of measures by cognitive function/domain were based on previous
meta-analyses, to allow for greater comparability across the literature
[9, 19]. All outcome measures of neurocognitive function or psychomotor
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performance on objective or subjective assessments were extracted for
each domain (e.g., reaction time, accuracy of responses, mean score etc.).
Additional variables were extracted including study participant character-
istics, dose, product type, method of administration, concomitant drugs,
comorbidities, cannabis experience, and type of performance assessment.
The primary outcome was the peak mean difference in acute performance
measures between CBD and placebo, as quantified by Hedges' g. The
secondary outcome was the peak mean difference in acute performance
measures between CBD and A9-THC. Eligible effect estimates for the peak
mean difference in studies with multiple time points were constrained to
0-120 minutes post-inhaled cannabis and 30-240 min post-oral cannabis
consumption given the pharmacokinetics of each route of administration
[13, 20, 21]. See eMethods for further details.

Effect size computation

Hedges' g effect estimates were calculated from the standardized mean
difference (SMD) between matched intervention groups (CBD, A9-THC,
placebo). Hedges' g was used to provide a more unbiased estimate for
small sample sizes [22]. All effect sizes were recorded such that positive
Hedges' g values indicated a greater magnitude of impaired performance.
Effect sizes were interpreted using the convention (g=0.2 [small], 0.5
[medium], 0.8 [large]) [23]. In order to compute Hedges’ g, Cohen’s d was
first computed using the formula [24]:

d— Y aire :71 -,

Swil‘hin

Swithin

The standard deviation within groups was imputed from the standard
deviation of the difference using the formula:
Saif

Swithin = m

where r is the correlation between pairs of observations. If r was not
reported or unable to be calculated from raw data, the standard 0.5
assumption was used. Cohen’s d was then converted to Hedges’' g using
the formula:

g=Jxd

The J conversion factor was computed using the formula:

3

I= g

Meta-analytic methods

Omnibus effect estimates and moderation analyses were conducted using a
robust variance estimation (RVE) meta-regression approach. The RVE
approach allows for the incorporation of dependent effect size measure-
ments (e.g., multiple effect sizes from crossover studies or studies with
multiple outcome measures for the same participants) without violating
independence assumptions by using robust standard errors based on
heteroskedasticity-robust estimates and clustered methods (see refs. [25, 26]
for details). This analysis utilized a modified RVE method for small-sample
size adjustments [26]. Moderator analyses were carried out for the primary
outcome of peak mean difference between CBD and placebo in a series of
one-covariate analyses. Model outputs were not interpreted if the degrees of
freedom were <4, as recommended by Hedges et al., 2010.

Sensitivity analyses were conducted using a standard random-effects
meta-regression approach. In studies with multiple effects, effect estimates
were averaged to produce a single effect. Traditional publication bias
measures (e.g., Egger’s plot for funnel asymmetry) were conducted on the
average effect size model as they have not yet been widely validated for
RVE models.

All analyses were carried out in R using the robumeta [27] and Metafor
packages [28].

Risk of bias and quality assessment

All studies were assessed for risk of bias using the revised Cochrane Risk of Bias
(RoB) tool [29]. The RoB 2.0 comprises five domains, including the
randomization process, deviation from intended interventions, missing data,
measurement of the outcome, selective outcome reporting, and “other
sources of bias”. Two independent assessors (LL and AC) performed the risk of
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Table 1. Cognitive performance tests and associated domains.

Test
Digit Symbol Substitution Task (DSST)

Divided Attention Task (DAT)

On road or simulated driving

Driving Under the Influence of Drugs
(DRUID®) app

Tower of London (TOL)

Paced Auditory Serial Addition Task (PASAT)

Visual Analog Mood Scale (VAMS)

Visual Analog Scale (VAS)

Digit Span Task (DST)
Hopkin's Verbal Learning Test (HVLT)
Spatial N-back Task

Prose recall (immediate and delayed)
Cancellation test

Differential aptitude test

Time production task

Finger tap test

Delayed discounting
Psychomotor vigilance test (PVT)
Trail-making test A/B

Letter-Number Sequencing task
D-2 Test of Attention

Verbal/semantic/language fluency task
Visual Oddball Detection Paradigm (VODT)
Verbal Paired Associative Learning (VPAL)
Go/No-Go

Neurocognitive performance domains

Information processing®
Psychomotor function
Attention

Divided Attention®
Psychomotor function

Driving performance®

Psychomotor impairment
Psychomotor vigilance
Divided attention

Spatial perception
Visuomotor coordination

Decision-making
Executive function - cognitive flexibility
Working memory?

Information processing
Working memory?®

(1) Subjective feelings of sedation: alert vs. drowsy, attentive vs. dreamy?®

(2) Subjective feelings of Cognitive impairment: quick-witted vs. mentally slow, proficient vs.
incompetent, energetic vs. lethargic, clear headed vs. muzzy, gregarious vs. withdrawn, well-

coordinated vs. clumsy, strong vs. feeble
(1) Subjective feelings of Sedation: alert vs. drowsy, attentive vs. dreamy?®

(2) Subjective feelings of internal perception: internal feelings that do not correspond with reality
(3) Subjective feelings of external perception: misperception of external stimuli or changes in the

awareness of the environment
Working memory?®
Episodic memory?

Working memory® - spatial working memory (0-back=attention, 1-back=working memory, 2-

back=working memory)
Episodic memory?

Attention
Concentration
Information processing®

Attention
Concentration
Information processing®

Perception? - internal perceptual function
Undirected upper limb motor speed
Executive function® - impulsivity
Sustained attention®

Working memory?
Information processing®
Task sequencing and shifting

Working memory?

Sustained attention®
Concentration

Fluency®
Perception® - sensory discrimination
Episodic memory?

Executive function® - conflict control

#Primary domain for analysis based on previous literature.

bias assessments, with any disagreement resolved by consensus. A decision
around the interpretability of the available evidence was made by categorizing
studies by the research question and rating them based on their quality.

RESULTS

Study characteristics

Figure 1 shows the PRISMA flowchart of study selection. Given the
limited literature base, a broad search strategy was adopted in an

Neuropsychopharmacology (2024) 49:1425 - 1436

attempt to capture all possible studies (See eMethods for more
details). A total of 15,990 records were identified from database
searches. After the removal of duplicates, 11,355 records were
screened, of which 508 documents were reviewed for eligibility by
full text. A total of 20 studies were included, where 16 studies
were included in the quantitative analysis [12, 13, 30-43] and an
additional four studies were included in the qualitative synthesis
due to insufficient data for quantitative synthesis [44-47]. Among
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w No full text available for retrieval (n
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Unclear dosing protocol (n = 43)
— Trial protocol or preliminary
processing with insufficient results
available (n = 64)
Studies included in Wrong/unclear study design (n = 31)
li . hesi Wrong assessments and/or
qualitative synthesis outcomes (n = 25)
(n= 20) Wrong intervention (n = 21)
g Protocol for already included study
© (n=14)
% Non-acute testing schedule (n = 12)
c Duplicate paper or patient sample (n
. . =11)
Studies included in Wrong patient population (n = 3)
guantitative synthesis No English text (n = 1)
(n — 16) Unclear testing schedule (n = 1)
——
Fig. 1 PRISMA flow diagram.

the 16 studies included in the quantitative analysis, there was
minimal missing outcome data, with only one timepoint of an
outcome missing in a single study. Additionally, supplementary
and/or raw data were received from eight of the 16 studies.

The characteristics and key findings of the 20 included studies
are presented in Table 2 and eTable 3. Outcome measures and
dependent variables for each study included in the quantitative
synthesis are presented in eTables 4 and 5. Seventeen studies
were double-blind, randomized, placebo-controlled cross-over
designs and three were double-blind, randomized, placebo-
controlled parallel-group trials. Of the eligible studies, 14
included healthy adult participants [12, 13, 30-36, 38, 39,
42, 46, 47]; one study included adults with social anxiety
disorder [44]; one study was comprised of participants with
psychosis [41]; one study was comprised of participants at high-

SPRINGER NATURE

risk of psychosis [45]; one study was participants with nicotine
dependence [37]; one study included healthy adults with low
and high Schizotypy Personality Questionnaire scores, but no
clinically diagnosed schizophrenia or psychosis [40]; and one
study included adults with chronic pain and fibromyalgia [43].
The majority of study populations were cannabis-naive or had
few lifetime exposures. Only three studies included participants
who had a recent history of occasional or frequent cannabis use
[40, 42, 45]. Cannabinoids were primarily administered through
an oral route (N=14, 70%) or via vapourization (N=5, 25%)
alone, with one study administering both oral and vapourized
cannabinoids (N =1, 5%) [13]. Doses of oral CBD ranged from
15 mg to 4500 mg and from 12.5 to 400 mg for vapourized CBD.
Doses of oral A9-THC ranged from 10mg to 30mg and
vapourized doses ranged from 8 mg to 30mg A9-THC. All

Neuropsychopharmacology (2024) 49:1425-1436
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- - § ks included studies used a single-dose regimen. Qualitative
9] ] = . .
5 5 ~ 3 findings are presented in the eResults.
& 2 g ol 8
£ W= gl g . . .
5 3383 33T sg Quantitative findings
> ?“ng g §S~g g £g Omnibus meta-analysis of peak performance effects of acute CBD
* zfde zEde ER exposure compared to placebo. The omnibus RVE meta-analysis
83 indicated a significant, but small effect size for impaired
g!; 88 performance following acute CBD consumption compared to
£a L placebo (Hedges' g=0.122, 95% Cl: 0.023-0.221, p=0.019).
=5 = ;%g £ Moderate heterogeneity was observed among studies
52 g ;g E L; (P = 38.24%). A consistent omnibus estimate was observed when
o 5 ag Pl R . R . .
5 3 El - 3 collapsing effect sizes into a single average estimate for each
$ 5 g% 8> study, Hedges’ g =0.113, 95% Cl: 0.014-0.212, p = 0.026. Model
£ = Lo ) ’ . ’ 1
e8E ¢ g E- 83 results are presented in Table 3.
§%E %, S E Q=
2988 g5 2628 S 9
348 3% 88%% ] Moderator analyses. Results of moderator analyses are presented
T o in Table 3. A significant moderator effect was observed for
5 % 2 measure type. This effect reflected larger mean differences
5 58 between CBD and placebo when subjective measures were used
o 28 (Hedges' gsupjective = 0.288 versus Hedges' gopjective = 0.048).
9. _ _ 9 32 - - Subjective g .ObJectlve .
gs & g o> Objective measures were not found to be significantly different
c
£ than 0 when changed to the reference group to test the
- 5o significance of the intercept.
S ,Iu-g A significant moderation effect was observed for cognitive
}‘E @ €3 function. This reflected a significantly larger mean difference for
§§ < 3 o' measures of subjective sedation/tiredness (Hedges' g = 0.329)
- B £ g compared to episodic memory (Hedges’ g =0.066) and working
_ - oo® §'9 memory (Hedges’ g =0.026). Information processing measures
R = EEESoRoo = 3 were not observed to have a significantly different mean
gz 82§ 8 < 8%5 R65 S5 difference compared to subjective sedation/tiredness measures
g g %§§ @i%:égéé T (p =0.157). However, only subjective sedation/tiredness was
%3 observed to be significantly different from 0. Comparisons to
c g measures of divided attention, driving, executive function and
£ ¢ £ ¢ -% o subjective alertness could not be made due to insufficient
2 _E o E
° 5£F 5,8 £z degrees of freedom.
§_ 8 gn g é%g o 2 E CBD dose and route of administration were not significant
23 T EELS < moderators (ps > 0.5).
£E5 o928 gl -
£ £7 3 Eu .
B a5 Comparisons to A9-THC. Two secondary analyses were con-
g,';. ducted to assess the difference in peak performance effect
- " 'E = between CBD and A9-THC (Table 4). The first analysis compared
2 = = Q2 peak mean difference in performance measures between
S 4 cannabis and placebo, with cannabinoid (CBD or A9-THC) as a
§ 3 S g9 moderator. Eight studies that had a CBD and a A9-THC arm were
; cx included. Cannabinoid type was a significant moderator of
O ©
ZE effect sizes. This effect reflected larger mean differences
= S .5 2= ’
g S0 88 o¢F between A9-THC and placebo (Hedges’ g=0.356, 95% Cl:
8¢ 33 8852 ° < 0.059-0.398, p = 0.016) compared to CBD and placebo (Hedges'’
%)
Qs g=0.128).
. —;g'_; The second analysis provided a direct comparison of the peak
3 . . c £ mean difference in performance measures between A9-THC
3 e £ 8w consumption compared to CBD consumption. Eight studies that
& R TR g § had a CBD and A9-THC arm were included. The omnibus RVE
® 9 meta-analysis indicated a significantly greater effect on perfor-
. g:ﬁ mance for A9-THC compared to CBD. This effect reflected a
.E E = =g moderate effect size for impaired performance following A9-
3 = § ;; 8 THC consumption compared to CBD (Hedges’' g = 0.416, 95% Cl:
. qx 0.017-0.816, p = 0.043).
M= '
o v
c kel ° =, . .
% . E JBE é’ o3 28 = Quality of evidence
- = 355882 83598822 g § € The quality of available evidence was deemed moderate-to-high
3 c 9 3 c 9 W . .. .
3 858885 8588888 § %ﬁ (See eFig. 1 and eResults). Of the 20 clinical trials analyzed, three
= s & (15%) were deemed to have an overall ‘low risk’ of bias, 16 (76%)
S g z S were assessed as having ‘some concerns’, and one (5%) was
g = £243 identified as ‘high risk’ of bias.
';‘; - s = %9 3 Egger's test for funnel plot asymmetry was not statistically
= 3 £° EN Q2= significant, consistent with the funnel plot visual (See eFig. 2 and
o | == Bdd eResults)
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Table 3. Summary of primary meta-analytic findings.
Measure Effect estimates (n) Coefficient Estimate of Robust Variance Estimation (RVE) Meta-Analysis Hedges’' g
n =354
Studies =16
Effect Size
Omnibus SMD (95% Cl, /) 154 0.122 (0.023-0.221, P = 38.24%)* 0.122
Moderators (95% Cl)
Measure type
Objective? 122 0.048 (—0.028-0.124) 0.048
Subjective 33 0.24* (0.028-0.455) 0.288
Cognitive functions
Subjective® sedation/tired 22 0.329 (0.089-0.570) 0.329
Episodic memory 15 —0.263* (—0.499 to —0.027) 0.066
Working memory 18 —0.303* (—0.526 to —0.08) 0.026
Divided attention 38 NA
Driving NA
Executive function NA
Information processing 25 —0.260 (—0.655 to 0.1347) n.s.
Subjective alertness 9 NA
Dose
Intercept 144 0.116 (0.018-0.215) n.s.
Dose (Continuous) 144 0 (0-0) ns.
Route of administration
Oral® 112 0.155 (—0.106 to 0.417) n.s.
Inhaled 43 —0.056 (—0.291 to 0.179) n.s.

Moderator values represent the meta-regression results and are described by the coefficient estimates. Effect estimates (Hedges' g) are displayed for significant
covariates. The highest dose of 4500 mg CBD administered in one study was excluded from this analysis in order to reduce data skewness and allow for model

interpretability.

NA insufficient degrees of freedom to interpret results, n.s. not significant, SMD standardized mean difference.

*p < 0.05.
?Reference group (intercept).

Table 4. Summary of secondary meta-analyses.
Measure Effect estimates (n) Coefficient Estimate of Robust Variance Estimation (RVE) Meta-Analysis Hedge’s g
n=200
Studies =8
Effect Size comparison between CBD-PLA vs A9-THC-PLA
Omnibus SMD (95% Cl, /) 102 0.237 (0.019-0.456, > = 69%)** 0.237
Cannabinoid type moderation (95% Cl)
CBD? 62 0.128 (—0.059-0.316) 0.128
A9-THC 40 0.228 (0.059-0.398)** 0.356
Effect Size comparison between A9-THC vs CBD
Omnibus SMD (95% Cl, ) 66 0.416 (95% C| 0.017-0.816, I* = 83.77%)** 0.416

Moderator values represent the meta-regression results and are described by the coefficient estimates. Effect estimates are displayed as Hedges' g. Larger

positive effect estimates indicate a greater impairing effect.

PLA placebo, SMD standardized mean difference.

**p <0.01.
?Reference group (intercept).

DISCUSSION

The results of this meta-analysis indicate that acute CBD
consumption had a small but statistically significant effect on
performance as assessed by all outcomes in aggregate, compared
to placebo. Moderator analyses revealed this effect was significant
only for subjective ratings of sedation/drowsiness, and no

Neuropsychopharmacology (2024) 49:1425 - 1436

significant effects were observed for objective task performance
on domains including memory, psychomotor ability, driving
performance, information processing, attention, or higher order
cognitive functioning. Dose and route of administration were not
significant moderators in this analysis. As expected, acute doses of
A9-THC produced significantly greater impaired performance than

SPRINGER NATURE
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CBD relative to placebo and in direct comparison to CBD under
the same experimental conditions. It is important to note that this
sample was composed of primarily naive or infrequent cannabis
users. It is unknown if these findings would translate to individuals
with consistent cannabis product use, generally, or CBD use,
specifically (e.g, medical cannabis patients). Additionally, the
small, statistically significant effect size for the primary comparison
of performance on cognitive and psychomotor measures between
CBD to placebo may not translate to functional impairment,
particularly given that these differences were limited to subjective
feelings of sedation or tiredness.

This evidence synthesis supports that acute CBD consumption
does not negatively impact neurocognitive function, as assessed
by objective neurocognitive measures, consistent with findings
from earlier trials and reviews [11, 48, 49]. It is important to note
that these findings are from a sample of primarily infrequent
cannabis consumers and may not represent the actual population
of individuals who use CBD chronically. Infrequent cannabis
consumers would most likely have the highest risk of impairment
compared to individuals who use CBD chronically. Additionally,
this sample was primarily in healthy adults. The effect of CBD may
be different in different clinical populations. The small effect of
subjective sedation noted in the current study has been reported
inconsistently within previous literature. Somnolence and sedation
are noted as potential side effects in Epidiolex prescribing
information [50]. However, it has been proposed that CBD-
related sedation in the context of the treatment of epilepsy may
be due to drug interactions rather than CBD itself [51, 52].

Discrepancies between subjective and objective indicators of
impairment have been noted previously. Some evidence suggests
that people who use cannabis may overestimate their level of
sedation and other indicators of impairment [53, 54], while others
may compensate for expected impairment-related effects [55].
Drug expectancy may also contribute to this phenomenon. The
expectation of receiving a certain drug can produce subjective
and behavioral effects similar or opposite to those related to the
drug, even in the absence of the drug itself. Such expectations can
be formed by verbal information about the content and supposed
effects of the drug, prior experience, and observational learning
[56]. Metrik et al. [55, 57] have shown that the expectancy of
receiving A9-THC produces greater subjective effects, including
euphoria and sedation. CBD expectancy may also impact
subjective and drug effect ratings [58]. Given that cannabis
expectancy seems to affect self-reported reactions and drug
responses, this calls into question the level of functional
impairment associated with the small effect size obtained from
this synthesis.

As expected, A9-THC produced significantly higher magnitudes
of impaired performance compared to CBD. This adds validation
for detecting and examining impaired cognitive and psychomotor
performance for CBD and THC using the same experiments and
designs. However, the question of whether concurrent CBD and
A9-THC consumption increases or decreases the magnitude of
impairment remains. Many cannabis products contain both CBD
and A9-THC, including whole-plant CBD-dominant products.
Additionally, CBD may be co-administered with A9-THC prepara-
tions with the expectation that CBD can ameliorate A9-THC-
related cognitive impairment, anxiety, and sedation while also
offering a range of therapeutic benefits [59-61]. Evidence from
both experimental and naturalistic studies suggest that the
addition of CBD to A9-THC produces differential dose-
dependent effects, which may depend on the ratio of CBD:A9-
THC and route of administration [30, 42, 43, 62, 63]. One study
found that low-dose vapourized CBD (4 mg) enhanced impair-
ment relative to A9-THC (8 mg) alone, whereas high-dose CBD
(400 mg) reduced impairment across objective and subjective
measures [42]. Other studies have reported that vapourized A9-
THC/CBD-equivalent cannabis (13.75 mg A9-THC + 13.75 mg CBD)

SPRINGER NATURE

is no less impairing than A9-THC-dominant cannabis (13.75 mg
A9-THC), and in some cases CBD may actually exacerbate A9-THC-
induced acute impairment, as measured by psychomotor assess-
ments and simulated driving performance [47, 62]. Pharmacoki-
netic data from the available research has also shown that peak
plasma concentrations of A9-THC appear to be higher when CBD
is co-administered [30, 43, 62], although several studies have also
found no evidence of changes [64-66]. CBD can inhibit the
metabolism of A9-THC and other drugs, and these interactions are
more likely to occur after oral ingestion of CBD than with
inhalation [67-70]. Thus, it is imperative to consider the potential
for CBD to increase impairment when combined with other drugs,
even if acute doses of CBD alone are not associated with
functional impairment in controlled research studies.

The majority of participants in the current investigation were
naive to cannabis or had few lifetime exposures. It has previously
been observed that people who regularly use cannabis experience
less cannabis-associated impairment compared to those with
occasional use [9, 71]. As such, it is unknown how these findings
would translate to populations with more frequent cannabis use
(e.g., medical cannabis patients). However, it could be predicted
that the small effect on subjective sedation observed in the
current study may be diminished with frequent CBD use, in line
with what has been observed in studies assessing A9-THC-
associated impairment in frequent cannabis users [9, 72]. Further,
some evidence suggests that CBD may improve cognitive function
with prolonged use [73].

Future directions

The available literature on the acute performance effects of CBD
consumption only allowed for assessment of performance in
certain domains of cognitive function and in certain contexts of
use (e.g., naive to cannabis consumption). Of key importance,
there is a need to examine the impact of frequent, long-term CBD
use on neurocognitive function to examine if tolerance diminishes
the observed effect. Particularly for common safety sensitive tasks
completed by the general population, such as driving, to gain a
more robust picture of real-world risk. Finally, the majority of the
trials in this study used CBD isolate products. In the real-world, full
spectrum CBD-dominant products (which include other major and
minor cannabinoids [including low levels of A9-THC] and
terpenes), balanced CBD:A9-THC products, and lower CBD to A9-
THC ratio products are commonly used. Effects on neurocognitive
performance associated with these products should be further
investigated as other cannabinoids and terpenes may contribute
to impairing effects.

Limitations

This meta-analysis had several limitations. There was insufficient
data, due to the sparse number of studies that included frequent
cannabis users, to examine the potential difference between
infrequent and frequent cannabis users. As such, these findings
may not translate to populations who consistently use CBD.
Additionally, although moderation analyses were conducted to
assess variability, there are undoubtedly other variables that may
impact an individual’'s magnitude or risk of impaired neurocog-
nitive performance (e.g., comorbidities, concomitant medications)
that were not addressed in the included studies.

CONCLUSION

This meta-analysis suggests acute CBD consumption may be
associated with a small increase in subjective sedation compared
to placebo in infrequent cannabis users, but does not significantly
impact performance across a range of cognitive domains. These
results are consistent with previous evidence supporting that CBD
consumption does not impact neurocognitive function. As such,
acute use of CBD in the absence of THC or other drugs is unlikely

Neuropsychopharmacology (2024) 49:1425-1436



to lead to functional impairment. Further research is warranted to
investigate the risk of impaired neurocognitive function with daily
CBD consumption, in addition to assessing performance in
alternative domains.

DATA AVAILABILITY

Data related to this manuscript will be made available upon request.
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