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Abstract

Cannabis and its major constituents, Ag—tetrahydrocannabinol (THC) and cannabidiol (CBD), are being widely used to treat
sleep disturbances. However, THC can cause acute cognitive and psychomotor impairment and there are concerns that driving
and workplace safety might be compromised the day after evening use. Here, we examined possible ‘next day’ impairment
following evening administration of a typical medicinal cannabis oil in adults with insomnia disorder, compared to matched
placebo. This paper describes the secondary outcomes of a larger study investigating the effects of THC/CBD on insomnia
disorder. Twenty adults [16 female; mean (SD) age, 46.1 (8.6) y] with physician-diagnosed insomnia who infrequently use
cannabis completed two 24 h in-laboratory visits involving acute oral administration of combined 10 mg THC and 200 mg
CBD (‘THC/CBD’) or placebo in a randomised, double-blind, crossover trial design. Outcome measures included ‘next day’
(=9 h post-treatment) performance on cognitive and psychomotor function tasks, simulated driving performance, subjective
drug effects, and mood. We found no differences in ‘next day’ performance on 27 out of 28 tests of cognitive and psychomo-
tor function and simulated driving performance relative to placebo. THC/CBD produced a small decrease (-1.4%, p=.016,
d=-0.6) in accuracy on the Stroop-Colour Task (easy/congruent) but not the Stroop-Word Task (hard/incongruent). THC/
CBD also produced a small increase (+8.6, p=.042, d=0.3) in self-ratings of Sedated at 10 h post-treatment, but with no
accompanying changes in subjective ratings of Alert or Sleepy (p’s>0.05). In conclusion, we found a lack of notable ‘next
day’ impairment to cognitive and psychomotor function and simulated driving performance following evening use of 10 mg
oral THC, in combination with 200 mg CBD, in an insomnia population who infrequently use cannabis.
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Introduction

The increasing legal use of medical and non-medical canna-
bis products across many jurisdictions has raised important
questions regarding road and workplace safety (Arkell et al.
2021; Cole and Saitz 2020). The main intoxicating com-
ponent within cannabis, Ag—tetrahydrocannabinol (THO),
causes characteristic dose-dependent sensory and percep-
tual changes, and acute impairment in cognitive and psycho-
motor performance (Bosker et al. 2012; Preuss et al. 2023;
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Spindle et al. 2021). This can compromise the performance
of safety-sensitive tasks such as operating a vehicle, increas-
ing the risk of error, accident, and injury (Ramaekers 2018;
Rogeberg 2019; Rogeberg and Elvik 2016). In contrast,
cannabidiol (CBD), does not cause cognitive, psychomotor
or driving impairment, even at very high doses (e.g., 1500
mg) (McCartney et al. 2022a, 2022b). The duration of such
impairment, or the length of time an individual should wait
after consuming cannabis before performing safety-sensitive
tasks is a critical issue, particularly for those using a THC-
based medication by night to treat a sleep disorder.

A recent meta-regression analysis performed by our
group found that most driving-related skills in occasional
cannabis users recover within ~5 h of inhaling (e.g., smok-
ing, vaporizing) and ~8 h of orally ingesting 20 mg THC
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(McCartney et al. 2021). The effects of oral THC take longer
to appear and disappear due to its slower rate of absorp-
tion. Moreover, there is evidence that CBD can inhibit the
metabolism of THC when orally administered, which could
increase the magnitude and extend the duration of impair-
ment related to THC (Zamarripa et al. 2023). However,
this meta-regression analysis did not include performance
tests conducted >12 h after THC use. In a recent system-
atic review, we showed that very limited evidence exists to
support the assertion that THC use impairs ‘next day’ per-
formance (>8 h after THC or cannabis use) (McCartney
et al. 2022a, 2022b). We also revealed a lack of rigorous,
high-quality studies investigating ‘next day’ effects of THC.
Indeed, none of the studies were found to have low risk of
methodological bias or to have studied patient populations
using regulated, oral cannabis-based medicines. As such,
research involving more rigorous methodologies is required.

The aim of the current study was to investigate possi-
ble impairment to ‘next day’ cognitive and psychomotor
function, and simulated driving performance after a single
oral dose of a typical cannabis oil by night, in adults with
insomnia disorder. This paper describes the secondary out-
comes of a larger randomised controlled trial investigating
the acute effects of THC/CBD on objective sleep outcomes
in insomnia disorder, the results of which will be published
separately as those outcomes were beyond the scope of a
single manuscript.

Methods
Participants

Participants were recruited via self-referral or recommen-
dation from sleep physicians and psychologists, and media
advertisements. Inclusion criteria for the study were: (1)
between the age of 25 to 65 years; (2) presenting with
insomnia disorder, defined clinically as: (a) self-reported dif-
ficulty initiating and/or maintaining sleep on >3 nights per
week and for >3 months coupled with daytime impairments
despite adequate sleep opportunity (5" ed.; DSM-5; Ameri-
can Psychiatric Association 2013); (b) an Insomnia Severity
Index (ISI) score >15; and (3) in good health as determined
via medical history, physical examination, and electrocardio-
gram. The age range was chosen to limit age-related vari-
ability in sleep architecture for better interpretation of EEG
changes (Sprecher et al. 2016) in the primary trial. Main
exclusion criteria for the study were: (1) reported use of
cannabis or illicit drugs in the past three months (abstinence
confirmed with a negative urinary drug screen for common
drugs of abuse at screening and at the beginning of each
study assessment visit); (2) diagnosis of a sleep disorder
other than insomnia including advanced or delayed sleep
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phase syndrome (determined on clinical interview with a
sleep specialist and confirmed via in-laboratory diagnostic
sleep study); (3) current use of medications that affect the
central nervous system (e.g., hypnotics, antidepressants);
and (4) pregnant or lactating (assessed with urinary preg-
nancy tests, as applicable).

Study design and procedures

This within-participant, double-blind, placebo-controlled,
crossover study was conducted from August 2019 to Octo-
ber 2021 at the Woolcock Institute of Medical Research, a
specialist outpatient sleep clinic, and followed the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline. The study was approved by Bellberry Human
Research Ethics Committee (2018-04-284), and all par-
ticipants provided written informed consent prior to study
procedures. The larger trial was prospectively registered
on the Australian New Zealand Clinical Trials Registry
(ACTRN12619000714189) in March 2019. The trial proto-
col was published elsewhere (Suraev et al. 2020).

Participants completed two 24-hour outpatient overnight
study assessment visits during which they received 2 mL of
oil containing 10 mg THC + 200 mg CBD (‘THC/CBD’;
1:20 ratio of THC to CBD) or matched placebo (2 mL con-
taining no cannabinoids). Each visit was separated by a
>7-day washout period. The 1:20 THC:CBD ratio has been
extensively studied in clinical populations with comorbid
insomnia symptoms (Barchel et al. 2019; Hausman-Kedem
et al. 2018; Libzon et al. 2018; Tzadok et al. 2016) and is
currently available on prescription in Australia (Australian
Government; Department of Health and Aged Care 2022).
The dose was selected based on prior studies showing that
10 mg oral THC produced discriminable subjective drug
effects (e.g., increased “drowsiness’) without altering cogni-
tive and psychomotor performance among infrequent can-
nabis users (Schlienz et al. 2020; Spindle et al. 2021).

Participants were randomly allocated in a 1:1 ratio to
one of two treatment sequences (“THC/CBD-placebo’ or
‘placebo-THC/CBD’) according to a computer-generated
randomization schedule created by an unblinded study inves-
tigator (NM) and held in a central location. The amber glass
bottles were provided in sequentially numbered boxes, pre-
pared by an independent drug distributor according to the
randomization list. Neither the unblinded study investiga-
tor nor the drug distributor had any contact with the par-
ticipants. The trial coordinator (AS) enrolled participants
and the study physicians assigned participants to treatment
sequence. All participants, trial personnel (including trial
coordinator and study physicians), and the outcome asses-
sors were blind to the treatment allocation until statistical
analyses for all primary and secondary outcomes were
completed.
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At the start of each study assessment visit, participants
completed a urine drug screening (DrugCheck NxStep Urine
Drug Screen) and pregnancy test (as applicable; Human
Chorionic Gonadotrophin Cassette, AlereTM) to confirm eli-
gibility. Consumption of caffeinated beverages (e.g., tea, cof-
fee, soft drinks) were not permitted during study assessment
visits. Participants were provided standardized meals (even-
ing: 18:30 dinner; next day: ~07:00 breakfast and ~12:45
lunch) and light snacks (e.g., popcorn, fruit). Participants
set their preferred bedtime in accordance with a 7-day sleep
diary completed prior to their first study assessment visit.
This preferred bedtime was adhered to at both study assess-
ment visits. After lights out, participants slept undisturbed
in a private bedroom in the outpatient sleep laboratory for a
minimum of 8 h before either waking on their own or a sleep
technician gradually increased the light in the room before
gently waking them. The morning after drug administration,
participants completed a range of assessments starting from
~9 h post-drug administration. The trial procedures are sum-
marized in Fig. 1.

Study drug

The investigational product was a plant-derived oral formu-
lation containing a 1:20 ratio of THC to CBD (i.e., 5 mg/
mL THC and 100 mg/mL CBD) suspended in medium-chain
triglyceride (MCT) oil and matched placebo; manufactured
at a GMP-certified facility (Linnea SA, Lavertezzo, Swit-
zerland). The investigational product was stored at room
temperature, as per the manufacturer’s instruction, inside a
locked safe on-site at the sleep clinic. The study physician(s)
prepared the study drug on the same day of the study assess-
ment visit by drawing 2 mL of active drug or placebo in an
amber plastic syringe secured with a tip cap. The active and
placebo treatments did not differ in their visual appearance.

To improve blinding, participants were instructed to ingest
one peppermint lozenge (Fisherman’s Friend Mint; Loft-
house of Fleetwood, England) prior to treatment to mask any
possible differences in taste and/or smell. One hour prior to
their habitual bedtime, participants were then instructed to
slowly press the plunger of the plastic syringe to release the
dose under the tongue before immediately swallowing and
drinking a small glass of water.

Outcome measures
Cognitive and psychomotor function

A series of cognitive tests were administered within the first
2 h of waking (9-11 h post-drug administration). The fol-
lowing tasks were administered: Digit Symbol Substitution
Task (attention, working memory, and visuospatial func-
tion), Divided Attention Task (working memory), Paced
Serial Addition Task (working memory, attention, and sim-
ple arithmetic problem-solving), Word Pairs Task (declara-
tive memory), Finger Tapping Task (procedural memory),
Stroop Test (executive function), and N-Back Task (working
memory and information processing) (full description of
each task in Supplement 1).

Simulated driving performance

Driving performance was measured 10 h post-treatment
using a fixed-base driving simulator (Hyperdrive, Adelaide,
Australia) equipped with standard vehicle controls and a
custom-built 30-minute scenario that has previously demon-
strated sensitivity to the acute effects of THC in healthy vol-
unteers (SCANeR Studio Simulation Engine, v1.6, OKTAL,
Paris, France) (Arkell et al. 2019). The driving test incorpo-
rated two tasks detailed elsewhere (McCartney et al. 2022a,

Men.lory- Memory recall
consolidation WPT. FTT
WPT, FTT ’
L Cognitive tasks
Drug administration DSST, PASAT, DAT,
PVT, Stroop, N-Back
Medical Briving
screen [ In-laboratory 8-hour sleep opportunity ] simulation
5 Time
v L i i v y (hour) _
16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00
<> SDEQ & POMS Time since drug administration (hours)
| T 17 1T T 1 11 1T 17T 1T 1T T T T T T1
<> POMS only 0 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20

Fig.1 Study procedures and timeline. DAT Divided Attention Task, DSST Digit Symbol Substitution Task, FTT Finger Tapping Task, POMS
Profile of Mood States, PSAT Paced Serial Addition Task; WPT Word Pairs Task
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2022b): (1) a 7-min ‘car following’ (CF) component during
which participants maintained what they considered a ‘safe
distance’ between themselves and a lead vehicle accelerating
and decelerating (90—110 km/h) at 30 second intervals, and
(2) a ~25 minute ‘standard’ drive component along high-
way (110 km/h signed speed limit) and rural (60-100 km/h
signed speed limits) roads. Participants were instructed to
follow all road rules and drive in the center of their lane. The
outcome measures included (1) standard deviation of lateral
position (SDLP) in cm; an index of ‘weaving’, (2) average
and standard deviation of headway in m; distance to the lead
vehicle in the CF component, and (3) average speed (km/h)
and standard deviation of speed; a measure of longitudinal
vehicle control. To familiarise themselves with the driving
simulator, participants completed a 10-minute practise drive
on a separate visit prior to their first study assessment visit.

Subjective outcomes

Subjective drug effects were assessed using the Subjec-
tive Drug Effect Questionnaire (SDEQ) which uses a 100-
mm visual analog scale with the horizontal line anchored
with O (“not at all”’) on the left and 100 (“extremely”) on
the right. Participants were asked to rate how “stoned”,
“sedated’, “alert”, ‘anxious” and “sleepy’ they felt at base-
line, 0.5 h and 10 h post-treatment. Measurements stopped
after 10 h because subjective drug effects were not expected
to persist beyond this time following a single oral dose of
THC.

The 40-item Profile of Mood States (POMS) abbreviated
version was used to evaluate how participants felt (“right
now”’) across seven different mood subscales at seven time-
points: baseline, and 0.5 h, 10 h, 12 h, 14 h, 16 h, and 18 h
post-treatment (Grove and Prapavessis 1992). Total mood
disturbance (TMD) was calculated by summing the negative
subscales and subtracting the positive subscales. A constant
(i.e., 100) was added to the TMD formula to eliminate nega-
tive scores.

Statistical analysis

Analyses were conducted using SPSS version 26 (IBM
Corp., Armonk, NY, USA). Data analysis was initiated
on 17 February 2022. All analyses followed the a priori
defined statistical analysis plan. As this was a pilot study,
no formal sample size calculation was performed. Linear
mixed models were used to determine differences between
treatment and placebo. No interim analyses were planned or
undertaken, and there were no stopping guidelines. Outcome
measures were analysed in the same order described in the
current paper. Fixed factors included Treatment (2 levels:
THC/CBD and placebo) and Order (2 levels: ‘THC/CBD-
placebo’ or ‘placebo-THC/CBD’). The fixed factor Time was
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included for outcome measures that were repeated across the
visit (3 and 7 levels for DEQ and POMS, respectively), and
the Treatment X Time interaction. Participant was included
as a random effect in the model. The least-squares means
procedure was used in the mixed-model analyses to handle
missing data. For the SDEQ and POMS, two-sided pair-
wise comparisons were used to compare estimated marginal
means at Time X Treatment. Statistical significance was set
at less than .05. Figures were created using GraphPad Prism
version 9 (GraphPad Inc., San Diego, CA).

Cohen's d, effect sizes were calculated by standardizing
the mean difference between THC/CBD and placebo against
the standard deviation (SD) of change (Lakens 2013). The
95% confidence intervals (95%CI) were then derived using
the Hedges and Olkin approximation adapted for a repeated-
measures design (Goulet-Pelletier and Cousineau 2018), as
demonstrated previously (McCartney et al. 2022a, 2022b).
Data are presented as mean + SD, unless otherwise stated.

Results
Participants

Twenty participants with insomnia disorder (16 female;
mean [SD] age, 46.1 (8.6) years) were recruited and ran-
domised between August 2019 and October 2021 (Table 1
and Fig. 2). All 20 randomised participants completed the
trial. The trial was stopped once the predetermined sample
size was met. Most participants (75%) were either cannabis-
naive or had <10 lifetime exposures to cannabis while 5 par-
ticipants (25%) had >10 lifetime exposures. None had used
cannabis or cannabinoid products in the last three months;
confirmed by a urinary drug screen.

Cognitive and psychomotor function

Table 2 presents outcomes for cognitive and psychomotor
function tasks. There was a small reduction in percentage
accuracy on the Stoop-Colour test for THC/CBD relative
to placebo (mean difference = -1.4% [95%CI -1.1 to -0.1],
p=0.016, d = -0.60). No other significant differences were
observed for any of the cognitive performance tasks (all
p’s>0.10 and Cohen’s d effect sizes <0.30).

Simulated driving performance

Outcome measures for the simulated driving task are pre-
sented in Table 3. None of the simulated driving outcome
measures were significantly different between THC/CBD
and placebo (all p’s>0.30 and Cohen’s d effect sizes <0.20).



Psychopharmacology (2024) 241:1815-1825

1819

Table 1 Participant Variable Descriptive statistics
demographics and (n=20)
characteristics
Sex, n
Females 16
Males 4
Age, y mean (SD) [range] 46.1 (8.6) [29-62]
BMI, kg/m? 25.1 (3.7)
Participants with at least some tertiary education, n (%) 18 (90%)
Participants with current employment, n (%) 15 (75%)
Lifetime cannabis exposure, n (%)
Never tried 4 (20%)
10 uses 11 (55%)
>10 uses 5(25%)

BMI Body Mass Index, SD standard deviation

Enrolment

571 Screening

533 Excluded
451 Did not meet inclusion criteria
82 Declined to participate

38 Medical screen

18 Excluded
8 Evidence of other sleep disorder
5 Unstable medical/psychiatric condition
5 Declined to participate

20 Randomised
10 Assigned to sequence 10 Assigned to sequence
‘THC/CBD — PLACEBO’ ‘PLACEBO — THC/CBD’
Treatment 10 Received THC/CBD ived PLACEB
Session 1 eceive 10 Receive CEBO
WASHOUT
UGS 10 Received PLACEBO 10 Received THC/CBD
Session 2
10 Analysed 10 Analysed

Fig.2 CONSORT Flow Diagram
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Table 2 Cognitive performance outcomes the next day after evening administration of THC/CBD and placebo

Placebo; Actual/potential obs THC/CBD; Actual/potential obs p value Cohen’s d [95% CI]

DSST

Number correct, n 29.3 (10.5); 20/20 29.5 (7.1); 2020 0.901 -0.03 [-0.46, 0.41]

% Response accuracy 91.8 (8.9); 20/20 90.7 (8.7); 20/20 0.723 -0.08 [-0.52, 0.36]
DAT

Tracking errors, pixels 30.0 (11.0); 20/20 34.2 (25.1); 20/20 0.447 0.17 [-0.27, 0.61]

Response time, ms 1288.5 (316.5); 20/20 1213.6 (268.1); 20/20 0.317 -0.23 [-0.68, 0.23]

Number correct, n 21.6 (2.3); 20/20 21.9 (2.1); 20/20 0.597 0.13 [-0.32, 0.58]
PSAT

Number correct, n 43.6 (12.2); 20/20 42.0 (16.1); 20/20 0.550 -0.14 [-0.58, 0.31]

Response time, ms 1632.1 (126.6); 20/20 1653.0 (156.2); 20/20 0.477 0.16 [-0.28, 0.60]
WPT

% Retention 90.4 (9.9); 20/20 92.3 (9.9); 20/20 0.377 0.16 [-0.28, 0.60]
FTT

Pre-training learning 18.2 (1.1); 18/20 18.1 (1.1); 20/20 0.839 -0.11 [-0.55, 0.33]

Post-training learning 21.9 (4.0); 18/20 22.2 (4.0); 20/20 0.267 0.13 [-0.31, 0.57]

Early retest learning 20.0 (7.2); 18/20 20.4 (5.9); 20/20 0.739 0.07 [-0.37, 0.51]

Late retest learning 31.7 (18.4); 18/20 33.4 (17.4); 20/20 0.476 0.15[-0.29, 0.59]

Overnight early improvement 100.9 (15.8); 18/20 91.4 (19.3); 20/20 0.210 -0.25 [-0.69, 0.19]

Overnight late improvement 152.2 (66.7); 18/20 150.0 (70.1); 20/20 0.695 -0.05 [-0.49, 0.39]
Stroop Test

% Colour accuracy 99.2 (1.8); 20/20 97.8 (2.3); 20/20 0.016 -0.60 [-1.08, -0.13]

Colour RT, s 1.3 (0.3); 20/20 1.4 (0.3); 20720 0.288 0.25 [-0.20, 0.70]

% Word accuracy 99.8 (0.8); 20/20 93.6 (20); 20/20 0.182 -0.31 [-0.76, 0.14]

Word RT, s 1.4 (0.2); 20/20 1.4 (0.3); 20/20 0.967 0.01 [-0.43, 0.45]
N-back

% 1-Back accuracy 87.6 (9.7); 19/20 86.5 (10.9); 20/20 0.472 -0.14 [-0.58, 0.31]

% 2-Back accuracy 89.4 (7.8); 19/20 89.5 (7.8); 20/20 0.849 0.02 [-0.42, 0.46]

Actual/potential obs depicts missing data by giving the amount of observed and recorded data being used by the mixed model compared with
the potential number of observations (i.e., complete data). Values are mean (SD) unless otherwise stated. Abbreviations: DAT Divided Atten-
tion Task, DSST Digit Symbol Substitution Task, FTT Finger Tapping Task, PSAT Paced Serial Addition Task, RT reaction time, WPT Word
Pairs Task. Bold font indicates significant difference p<0.05

Table 3 Measures of next day simulated driving performance

Placebo; Actual/potential obs THC/CBD; Actual/poten-  p value Cohen’s d [95% CI]
tial obs
Car Following Component
SDLP (cm) 21.6 (4.7); 20/20 22.5 (5.4); 20/20 0.358 0.22 [-0.23, 0.66]
Headway (m) 127.2 (103.6); 20/20 130.5 (80.6); 20/20 0.907 0.03 [-0.41, 0.47]
SD Headway (m) 34.6 (30.7); 20/20 34.8 (28.6); 20/20 0.982 0.01 [-0.43, 0.44]
Standard Component ?
SDLP (cm) 32.2 (4.9); 18/20 33.0 (4.8); 18/20 0.486 0.17 [-0.29, 0.64]
Speed (km/h) 97.4 (3.5); 18/20 97.2 (4.4); 18/20 0.774 -0.07 [-0.53, 0.39]
SD Speed (km/h) 13.1 (2.7); 18/20 13.8 (4.0); 18/20 0.392 0.21 [-0.26, 0.68]

Actual/potential obs depicts missing data by giving the amount of observed and recorded data being used by the mixed model compared with
the potential number of observations (i.e., complete data). Values are Mean (SD). Abbreviation: SDLP Standard Deviation of Lateral Position,
SD Standard Deviation. This task was completed ~10 h post-treatment. *Sample size was n=18 because two participants failed to complete the
“Standard Component” of the simulated driving task on each occasion due to motion sickness
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Subjective outcomes

On the SDEQ, there was a Treatment x Time interaction
for subjective ratings of ‘Sedated” with higher ratings for
THC/CBD relative to placebo at 10 h post-treatment treat-
ment (mean difference = 8.6 [95% CI -0.12, 0.81], p=0.042,
d=0.35) (Table 4). No other significant Treatment X Time
interactions were observed (all p>0.05).

No significant Treatment X Time interaction was observed
at any timepoint for the TMD score of the POMS.

Discussion

This randomised controlled trial explored possible ‘next day’
impairment following a single oral dose of an oil contain-
ing combined 10 mg THC and 200 mg CBD in adults with
insomnia disorder. We found a lack of notable ‘next day’
impairment (>9 h post-treatment) consistent with prior work
showing that the impairing effects of oral THC on cogni-
tion and driving performance typically resolve within ~8 h
(McCartney et al. 2021). These findings confirm and extend
on prior work by employing a randomised controlled trial
design, a patient population that infrequently use cannabis
and who are, on average, older than participants in previous

studies (McCartney et al. 2022a, 2022b), and the use of a
regulated product containing a higher ratio of CBD to THC
which has the potential to potentiate THC blood concentra-
tions and associated impairment (Zamarripa et al. 2023).
Overall, we found little evidence to suggest that a single
dose of 10 mg oral THC, in conjunction with CBD, impairs
‘next day’ function in adults with insomnia who infrequently
use cannabis.

Almost all the cognitive tests conducted, involving atten-
tion, working memory, speed of information processing, and
other domains, showed no ‘next day’ effects of THC/CBD.
The one exception was the Stoop-Colour Test in the ‘easy/
congruent condition’, where the task requires participants
to match the colour of the word presented. Here, THC/
CBD reduced response accuracy by 1.4% relative to pla-
cebo. However, a ceiling effect was evident, with partici-
pants demonstrating a very high percentage of accuracy (i.e.,
>97%) on both treatments suggesting that this effect is not
clinically meaningful. Importantly, no significant difference
in accuracy was observed on the more difficult ‘*hard/incon-
gruent condition’ of the Stroop-Word Test, which requires
participants to match the meaning of the word presented, not
the printed colour of the word. For comparison, the morn-
ing after alcohol consumption (i.e., the hangover state) pro-
duced significantly greater interference on the Stroop-Word

Table 4 Subjective drug effects

. Placebo; THC/CBD; Actual/ p value Cohen’s d [95% CI]
as measured on a visual analiog Actual/potential obs potential obs
scale (0-100 mm) after evening
administration of THC/CBD Stoned
and placebo BL 0.4 (0.8); 19/20 0 (0); 19/20 0.879 A
0.5h 1.2 (2.7); 19/20 0.2 (0.6); 19/20 0.707 -0.36 [-0.82, 0.12]
10h 4.5 (12.2); 19/20 7.5 (15); 19/20 0.256 0.14 [-0.21, 0.59]
Sedated
BL 0.3 (0.8); 19/20 1.7 (5.6); 19/20 0.748 0.23 [-0.22, 0.69]
0.5h 9.8 (13.8) ; 19720 2.2 (3.9); 19/20 0.070 -0.63 [-1.12, -0.14]
10h 11 (20.3); 19/20 19.6 (19); 19/20 0.042 0.35 [-0.12, 0.81]
Alert
BL 51.8 (25.5); 19/20 58 (26.8); 19/20 0.296 0.25 [-0.21, 0.70]
0.5h 27 (18); 19/20 33.7 (19.7); 19/20 0.267 0.30 [-0.16, 0.76]
10h 25.8 (19); 19/20 30.1 (21.1); 19/20 0.467 0.18 [-0.28, 0.63]
Anxious
BL 3.8 (5.5); 19/20 9.2 (15.7); 19/20 0.097 0.37 [-0.10, 0.83]
0.5h 0.8 (1.8); 19/20 1.8 (3.2); 19/20 0.755 0.27 [-0.18, 0.73]
10h 4.5 (8.3); 19/20 5.8 (16.4); 19/20 0.689 0.10 [-0.38, 0.52]
Sleepy
BL 36.7 (27.2); 19/20 39.8 (25.3); 19/20 0.670 0.12 [-0.33, 0.57]
0.5h 50.3 (25.5); 19/20 44.9 (25.9); 19720 0.464 -0.23 [-0.69, 0.22]
10h 50.2 (22.2); 19/20 47.1 (27.5); 19/20 0.667 -0.11 [-0.57, 0.34]

Actual/potential obs depicts missing data by giving the amount of observed and recorded data being used
by the mixed model compared with the potential number of observations (i.e., complete data). BL baseline.
Bold font indicates significant difference p<0.05. ~Effect size could not be calculated as the SD of change
was zero or very close to zero for both treatments
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Test, but not the Stroop-Colour Test, relative to the alcohol-
free control group (i.e., no hangover state) (Devenney et al.
2019).

There were no impairing effects of THC/CBD given by
night on simulated driving performance assessed the follow-
ing morning at ~10 h post-treatment; coinciding with a time
that many people might commute on roads (e.g., driving
to work in ‘rush-hour’). This is consistent with our recent
meta-regression analysis, which concluded that driving-
related skills in occasional cannabis users recover within ~8
h after ingesting 20 mg oral THC (McCartney et al. 2021).
Another study also showed no significant difference in SDLP
following oral administration of 10 mg THC (dronabinol)
relative to placebo in infrequent cannabis users at an even
shorter interval of 3.5 h (Schnakenberg Martin et al. 2023).
Additionally, other recent studies failed to detect cognitive
or driving impairment at 24 h or 48 h following substan-
tial ad-libitum consumption of inhaled cannabis, relative to
placebo (Brands et al. 2019) (Matheson et al. 2020). The
only notable subjective ‘next day’ effect aligned to treatment
was the higher subjective feelings of ‘Sedated’ with THC/
CBD at 10 h post-treatment, however, the effect size was
small (d=0.3), with no accompanying changes in subjec-
tive feelings of ‘Alert’ or ‘Sleepy’ (both p>0.05). It is also
worth noting that, in the broader investigation, this change
in subjective sedation did not cause any notable impairment
in objective measures of cognitive and psychomotor function
or driving performance, many of which require sustained
vigilance and alertness for proper execution.

In contrast, commonly prescribed sedative-hypnotics are
known to impair next-day function. On-road studies revealed
that two days of nocturnal benzodiazepine treatment signifi-
cantly impaired driving ability the morning after (10-11 h
post-treatment) and, in some cases, in the afternoon (>16
h post-treatment) (Brookhuis et al., 1990; O'Hanlon 1984;
O'Hanlon and Volkerts 1986; Volkerts et al. 1984; Volk-
erts et al. 1992). A single night of nocturnal zopiclone (7.5
mg) treatment similarly impaired driving performance in
the morning relative to placebo (mean ASDLP difference:
+3.75 cm) (Iwamoto et al. 2022). Conversely, bedtime use of
zaleplon (10-20 mg) did not produce a significant difference
in driving performance relative to placebo (mean ASDLP
difference: +0.7 cm) (Vermeeren et al. 2002). Lemborexant
(5 mg/day or 10 mg/day), a dual orexin receptor antago-
nist approved for insomnia, similarly did not demonstrate
clinically significant effects on next-day cognitive function,
postural stability, or driving performance the morning after
bedtime use across nine clinical trials (Moline et al. 2021).
Notably, the magnitude and duration of impairment depends
on various factors including dosage, half-life, timing of drug
administration, and tolerance. The long-term effects of daily
use of sedative-hypnotic medications on next-day impair-
ment requires further investigation.

@ Springer

A strength of this study was the use of a randomised, dou-
ble-blind, placebo-controlled trial design, reducing the risk of
possible confounding factors inherent in observational studies
(Meuli and Dick 2018). The use of a regulated cannabis prod-
uct and validated, objective tests of both cognitive and driving
performance in a controlled setting where participants remained
under 24 h observation overnight are also major strengths.
Diagnostic sleep studies were also used to rule out comorbid
sleep disorders that are commonly associated with daytime
drowsiness such as sleep apnea (Cruz et al. 2021); a common
occurrence in our enrolled cohort (21%; 8/38 screened par-
ticipants). The study has limitations. First, the relatively small
sample size may have limited statistical power to detect subtle
effects across outcome measures. Second, the study design
was such that the individual contribution of THC and CBD
to observed effects could not be assessed. There is emerging
evidence that THC and CBD can have pharmacokinetic and
pharmacodynamic interactions, although, findings are mixed
(Zamarripa et al. 2023; Boggs et al. 2018). Generally, at higher
CBD/THC ratios such as those used in the present study, CBD
may be more likely to potentiate THC blood concentrations and
associated impairment due to a CYP-mediated inhibition of A°-
THC metabolism (Zamarripa et al. 2023). Thus, the presence
of CBD in the present study would be expected, if anything,
to increase the likelihood of detecting ‘next day’ impairment.
There is little likelihood of CBD itself causing any deleterious
effects on next day outcomes (McCartney et al. 2022a, 2022b).
Finally, the present study only examined a single dose. This pre-
cludes any conclusions regarding the effects of repeated dosing
with THC, with or without CBD, on daytime function in insom-
nia disorder, which is more representative of how some people
use medicinal cannabis for sleep in the community (De Hoop
et al. 2018; Turna et al. 2020). However, it is hypothesised that
the chances of detecting ‘next-day’ impairment are less likely
with repeated dosing due to the development of at least partial
tolerance to the impairing effects of THC (Mason et al. 2021;
Ramaekers et al. 2020; Ramaekers et al. 2011).

Conclusions

The use of cannabis by night as a sleep aid is highly preva-
lent and there are legitimate concerns that this may lead
to impaired daytime (‘next day') function, particularly on
safety sensitive tasks such as driving. The results of this
study indicate that a single oral dose of 10 mg THC (in
combination with 200 mg CBD) does not notably impair
‘next day’ cognitive function or driving performance rela-
tive to placebo in adults with insomnia disorder who infre-
quently use cannabis. Larger studies in patient populations
are required to determine the effects of repeated dosing with
THC (with or without CBD), and at higher doses of THC,
on ‘next day’ function.
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