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Abstract

Background: Cannabis-based medicines are widely used in the treatment of a number of medical conditions.
Unfortunately, cognitive disturbances are often reported as adverse events, although conversely, cognitive improve-
ments have been reported. Hence, the objective of the present study was to identify, critically appraise and synthesise
research findings on the potential impact of cannabis-based medicines on cognitive functioning.

Methods: Four databases (EMBASE, PsycINFO, PubMed and Scopus) were systematically searched. Studies were
included if they provided findings on the impact of cannabis-based medicines in controlled settings on cognitive
functioning measured by recognised cognitive tests in human adults. Study participants were required to be their
own case-control, and neither studies on abuse, abstinences, patients with severe neurodegenerative diseases nor
cancer-related pain conditions were included. Screening, risk of bias assessment and data extraction were conducted
independently by two researchers. Findings were tabulated and synthesised by outcome.

Findings: Twenty-three studies were included, comprising a total of N = 917. Eight studies used Sativex as the
cannabis-based medicine two used Epidiolex, two other studies used sprays, three studies used gelatine capsules,
five smoked cannabis, two other and finally one studied cannabis withdrawal. Fifteen studies reported non-significant
findings; six reported cognitive impairments; one study found cognitive improvement and a single study found
improvement following withdrawal. Thirteen studies had cognitive or neuropsychological functioning as the primary
outcome.

Conclusions: Due to a large heterogeneity and methodological limitations across studies, it is not possible to make
any definite conclusions about the impact of cannabis-based medicines on cognitive functioning. However, the
majority of high-quality evidence points in the direction that the negative impact of cannabis-based medicines on
cognitive functioning is minor, provided that the doses of THC are low to moderate. On the other hand, long-term
use of cannabis based medicines may still adversely affect cognitive functioning. In the studies that found impaired
cognitive functioning to be significant, all of the test scores were either within the normal range or below what would
be characterised as a neuropsychologically cognitive impairment.

Introduction increased [2]. CBMs are widely used in the treatment of

In 1996, California became the first US state to legalise
marijuana for medicinal purposes [1]. Since then, the use
of cannabis-based medicines (CBMs) has dramatically
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several conditions and symptoms such as chronic pain,
multiple sclerosis, epilepsy, nausea, vomiting and spastic-
ity, to mention but a few [3, 4]. Moreover, CBMs cover
a wide number of substances ranging from recreational
cannabis used in medical settings with a licence to plant-
based cannabidiol (CBD); tetrahydrocannabinol (THC)
and combinations thereof (CBD/THC), all prescribed in
different doses and combinations. This significant public
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and scientific interest in CBMs is contrasted by a lack of
high-quality studies assessing—not only the effects, but
also the potential adverse effects of CBMs [5].

A systematic review including 46 randomised con-
trolled trials with non-cancer pain, Stockings et al. [6]
concluded that CBMs were more likely to produce a 30%
reduction in pain compared to placebo (n = 1734, OR
1.46, 95% CI 1.16—1.84). However, the number needed
to treat to achieve this effect was 24, while the number
needed to harm was only 6. Importantly, the most com-
mon reported adverse event was ‘cognitive or atten-
tion disturbances’ with an odds ratio of 5.67 (95% CI
2.72-11.79) compared to placebo. While the findings by
Stockings et al. [6] rely on self-reported cognitive distur-
bances a recent systematic review by Landrigan et al. [7]
has assessed the effects of cannabis on cognition in peo-
ple with multiple sclerosis by synthesising studies using
a valid objective measure of cognitive functioning. Lan-
drigan et al. [7] concludes that studies of oral cannabis-
based medicinal preparations such as Sativex in general
do not affect cognitive functioning compared to controls/
placebo treatments. However, studies of whole-plant can-
nabis were more often associated with negative effects on
cognitive functions. Also, it is not known whether long-
term or chronic use of oral cannabis-based medical prep-
arations may still negatively affect cognitive functioning.

While most studies agree that acute cannabis intoxica-
tion adversely affects cognitive functioning, the impact
of CBMs on cognitive functioning is still debated [8].
Additionally, other studies have reported improved cog-
nitive functioning as an effect of CBMs [9]. Many stud-
ies find CBMs like CBD to have minimal if any negative
impact on cognitive functioning. Moreover, the long-
term negative effects of CBMs have been questioned,
with some studies finding the negative effects reversible
after a period of drug abstinence. For instance, Feinstein
et al. [10] found that in a group of long-term users with
multiple sclerosis (> 5 years), a 28-day-period of absti-
nence resulted in significant improvements in memory,
processing speed and executive function. These mixed
findings may be the results of different explanatory and
confounding factors, such as conditions that CBMs are
used for, product and dose used, prior experience and
length of treatment as well as measurement methods and
time of testing. Hence, more systematic knowledge about
the potential impact of CBMs on cognitive functions is
needed.

A more in-depth understanding of the reported
adverse effects on cognitive functioning is important for
a number of reasons. First, it has not been systematically
assessed in different patient groups how different CBMs
affect cognition measured by recognised neuropsycho-
logical tests. As reported in Stockings et al. [6], the list of
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recorded adverse effects on cognitions is large, but so are
the confidence intervals, indicating that significantly dif-
ferent adverse effects may be experienced depending on
the condition and type of CBMs used. It should be noted
that the negative impact on cognition was based on self-
reports and not recognised neuropsychological tests.
Only, Landrigan et al. [7] has assessed the impact on cog-
nitive functioning by synthesising studies using valid cog-
nitive tests, however only in patients with MS.

Also, the impact of CBMs on cognitive functioning is
affected by the time of testing. While some studies test
patients after a very short treatment period or when the
patients may be acutely intoxicated [11-13], other studies
test patients after a period of titration [14—17]. Another
important factor that may affect cognition is whether
patients have prior experiences with medical cannabis or
are naive users. Moreover, an almost unlimited number
of cognitive tests exist to assess cognitive functioning,
which is also reflected in the different tests used across
studies. For these reasons, a systematic review is needed
to provide an overview.

Hence, the aim of the current review is to uncover the
field for potential impact of CBMs on cognitive function-
ing when used in a controlled setting as part of the treat-
ment for chronic pain or other medical conditions with
the exclusion of severe neurodegenerative diseases and
cancer-related pain conditions.

Methods

Protocol and registration

This review was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRISMA) [18], and the review
protocol was registered beforehand in PROSPERO
(CRD42020127488).

Eligibility criteria

The rational for this review was to examine the effect
of medicinal cannabis on cognitive functioning in all
patient populations where CBMs is prescribed as part
of the treatment, with the exception of severe neurode-
generative diseases and cancer-related pain conditions.
Neurodegenerative diseases were excluded since it would
be impossible to determine whether a possible decline
in cognitive function would stem from degeneration or
CBM. Cancer-related pain conditions were excluded to
discriminate between non-cancer and cancer pain, as is
the tradition in pain research. Although this discrimi-
nation is debated, most of the research literature still
use this distinction, why we also choose to do so (see
“Limitations of this review” section). Studies with medi-
cal cannabis in all its forms were included, provided the
study was conducted in a controlled setting with essential
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details about strength and dose. Consequently, studies
such as [19, 20] were excluded, since the cannabis deliv-
ery was administered by the patients themselves without
any information on strength or the ratio between THC
and CBD. Participants had to be their own case-controls
with baseline cognitive testing before treatment, fol-
lowed up by at least one testing while under CBM treat-
ment. Cognitive tests must be recognised or shown to
be valid and reliable. Peer-reviewed journal manuscripts
were included if they were (a) published between 1996
and 2021 (from legalisation in California till the present
time); and (b) involved adult human participants with-
out degenerative brain diseases. No limitations regarding
language or geography were applied.

Inclusion and exclusion criteria
The following inclusion and exclusion criteria were devel-
oped prior to screening:

Inclusion

1. Medical cannabis in a controlled setting with infor-
mation about strength and dose of CBM, and with
cognitive testing at baseline before treatment and
with at least one follow-up testing.

2. Human studies only.

3. Own case-control (baseline, repeated measures
design, longitudinal study, cross-over design).

4. Baseline test while not under treatment and/or the
influence of cannabis or other psychoactive drugs.

5. Re-test conducted while under cannabis treatment
and/or the influence.

6. Measures from at least one recognised cognitive test.

Exclusion

1. Studies on abuse and/or abstinences.

2. Populations with severe neurodegenerative brain dis-
eases and cancer-related pain conditions.

3. Severe psychiatric diseases, such as schizophrenia or
psychosis.

4. Under the age of 18.

Search strategy

The databases of EMBASE, PsycINFO, PubMed and Sco-
pus were searched for eligible studies. Original searches
were conducted from 22 November 2018 through 15 Jan-
uary 2019. The first supplemental search was conducted
on 25 February 2020 and the second supplemental search
on 15 April 2021.
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A separate search strategy for each database was devel-
oped. Several initial scoping searches were conducted,
from which a few key search terms were extracted. A
combination of cognitive domain names and key phrases
based on our own knowledge was the starting point for
search term harvesting in each database’s thesaurus (if
present). Due to an extensive number of terms, including
variations of cognitive function, the search was limited
to include terms for which there is a broadly recognised
tradition and test. Hence, terms such as ‘concentration’
or ‘decision-making’ do not always refer to cognitive
functions; rather, the concentration of a substance in a
solution or how to make the best decision in treatment.
Below is an example of the final search strategy for the
PubMed database.

PubMed

(“Cannabis’[Mesh] OR “Cannabinoids’[Mesh] OR

“Cannabinol’[Mesh] OR “cannabielsoin”  [Supple-
mentary Concept] OR “Marijuana Abuse’[Mesh]
OR “Marijuana  Smoking”’[Mesh] OR “Medical

Marijuana”[Mesh] OR “Marijuana Use”’[Mesh] OR
“delta-9-tetrahydrocannabinol dichloroethyl carbamoyl
ester” [Supplementary Concept] OR “l11-nor-delta(9)-
tetrahydrocannabinol-9-carboxylic acid” [Supplemen-
tary Concept] OR “Dronabinol”’[Mesh] OR “Hashish oil”
[Supplementary Concept] OR “nantradol” [Supplemen-
tary Concept] OR “desacetylnantradol” [Supplementary
Concept] OR “nabiximols” [Supplementary Concept] OR
“nabilone” [Supplementary Concept] OR “rimonabant”
[Supplementary Concept] OR “canabi*” [All Fields] OR
“mari?uana” [All Fields] OR “tetrahydrocannabinol” [All
Fields] OR “Dronabinol” [All Fields] OR “Hashish” [All
Fields] OR “nabiximols” [All Fields] OR “nabilone” [All
Fields] OR “rimonabant” [All Fields])

AND

(“Attention”[Mesh] OR “Cognitive Dysfunction”[Mesh]
OR “Decision Making”[Mesh] OR  “Distracted
Driving”[Mesh] OR “Intelligence Tests”[Mesh] OR
“Intelligence”[Mesh] OR  “Learning”’[Mesh]  OR
“Memory and Learning Tests”[Mesh] OR “Memory
Consolidation”[Mesh] OR “Memory, Episodic”’[Mesh]
OR “Memory, Long-Term”’[Mesh] OR “Memory,
Short-Term”’[Mesh] OR “Memory”’[Mesh] OR “Mental
Processes”[Mesh] OR “Multitasking Behavior”[Mesh]
OR “Neuropsychological Tests”[Mesh] OR “Psychomo-
tor Performance”’[Mesh] OR “Spatial Memory”’[Mesh]
OR Attention” [All Fields] OR “Cogni*” [All Fields] OR
“Decision Making” [All Fields] OR “Distracted Driv-
ing” [All Fields] OR “Intelligence Tests” [All Fields] OR
“Intelligence” [All Fields] OR “Learning” [All Fields]
OR “Memory*” [All Fields] OR “Mental Processes” [All
Fields] OR “Multitasking Behavior” [All Fields] OR
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“Neuropsychological Tests” [All Fields] OR “Psychomo-
tor Performance” [All Fields] OR “Spatial Memory” [All
Fields] )

AND (1996:2020[pdat]) AND (journalarticle[Filter])

Word in brackets describe whether the term is a search
term or a Medical Subject Heading (MeSH). All search
words were checked for being registered as MeSH terms.
If this was the case, a search was conducted to examine
if it was necessary to include the search term booth as a
mesh term with explosion and a search term, as is rec-
ommended. This was done to minimise the complexity
of the search string, while still yielding the same search
results, as some databases had trouble handling the long
search string. Similar exercises were done in all data-
bases. Also, reference lists of the final 23 eligible stud-
ies were searched for additional references to ensure
exhaustiveness.

Data screening

All references were imported into EndNote X9, where
duplicates were identified and removed. The remaining
records were exported to the online screening tool www.
covidence.org, where the authors AW and TEA inde-
pendently screened titles and abstracts according to the
eligibility criteria. Conflicts were solved in discussion
between the screeners.

All references identified as potentially relevant were
obtained in full and transferred to full-text screening.
Full-text screening was conducted by AW and TEA and
conflicts were resolved in discussion.

Data charting process

A data-charting form was jointly developed by the two
reviewers to determine which variables to extract. The
two reviewers independently extracted data and dis-
cussed the results in case of disagreement. Extracted
data were: article characteristics (author, year, country
and settings), population characteristics (patient group,
e.g. MS, Tourette’s syndrome), sample size (1), mean age
and sex), study characteristics (design, tests, primary and
secondary outcome), cannabis treatment characteristics
(period, method of delivery, content CBD and/or THC),
placebo content and finally the main findings concerning
cognitive functions.

Quality assessment

Risk of bias was assessed using The Effective Public
Health Practice Project (EPHPP) [21] tool, which was
developed to assess the methodological quality of pri-
mary studies with a variety of study designs [21]. It con-
sists of six component ratings: (1) selection bias, (2)
study design, (3) confounders, (4) blinding, (5) data col-
lection method and (6) withdrawals and dropouts. Each
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component is rated as either weak, moderate or strong.
A strong global rating is achieved if there are no weak
ratings; moderate if there is one weak rating and weak if
there are two or more weak ratings. The tool was slightly
modified, since the component domain (c) “confounders”
was primarily relevant for randomised controlled stud-
ies, where control for group differences is important. In
the present study, the populations are their own controls,
making this component less relevant. Again, the two
reviewers independently assessed the studies and dis-
cussed the results in case of disagreement.

Results

The databases search resulted in 15,815 records, four
from chain searching. After duplicates were removed,
the total was 10,690 unique records. 10,541 of these were
excluded in title and abstract screening, leaving 149 for
full-text screening. Of those, 126 were excluded, primar-
ily for design and population reasons, and 23 studies were
qualitatively synthesised. Even through the inclusion cri-
teria permit studies from 1996, the included studies date
from 2001 to 2019 (Fig. 1).

Characteristics of sources of evidence
Table 1 shows study characteristics.

Twenty-three studies examined the effect of CBMs
on cognitive functioning within the inclusion criteria.
The studies comprised a total of N = 917. The mean age
ranged from 33 to 65 years for 448 females and 356 males
(three studies did not report sex). The sample size ranged
from 11 to 160. The study populations were as follows:
multiple sclerosis (MS) (n = 11), neuropathic pain (n =
2), Tourette’s syndrome (n = 2), treatment-resistant epi-
lepsy/pharmaco-resistant epilepsy (n = 2), obstructive
lung disease (n = 1), advanced cancer (n = 1), attention
deficit hyperactivity disorder (ADHD) (» = 1), painful
diabetic peripheral neuropathy (n = 1), chronic pain (n
= 1) and a mix of pain patients (MS, spinal cord injury,
brachial plexus damage and limb amputation due to neu-
rofibromatosis) (n = 1).

Fifteen studies reported non-significant findings,
six reported impairment of the cognitive functioning,
one study found improvement and a single study found
improvement with withdrawal. In total, fifteen studies
were randomised, double-blind, placebo-controlled; one
randomized controlled, one case-controlled and six pre-
post studies. Four studies had a treatment period of a sin-
gle day, one 3 days and the remaining studies between 2
weeks and 12 months.

In total, eight studies used Sativex in their treatments.
Two studies used Epidiolex, and one study used a spray
(SyqeAir Inhaler). Three studies used gelatine capsules
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Fig. 1 Prisma Flow Diagram (Moher, Liberati, Tetzlaff, Altman, & Prisma Group, 2009) [18]

and three studies used smoking/vaping for cannabis
delivery.

Fourteen studies had cognitive/neuropsychological
functioning as their primary outcome. The most common
tests used were the Paced Auditory Serial Addition Test
(PASAT), Digit Symbol Substitution Test (DSST), Trail
Making Test (TMT) and Verbal Learning Test (VLT).

Fourteen studies were from Europe, seven from North
America and two from Israel.

Nine studies received a strong rating on the modified
EPHPP, nine a medium rating and five a weak rating. A
summary of global and component ratings of each study
is provided in Table 2.

Synthesis of results

The included studies turned out to be extremely hetero-
geneous in design, populations and treatment period.
To provide a better overview, the studies were divided
into seven groups according to how the cannabis treat-
ment was delivered: Sativex spray, Epidiolex spray, other

sprays, gelatine capsules, smoked or vaped, other delivery
methods and withdrawal (see Table 1).

Sativex

Sativex is a spray containing delta-9-tetrahydrocannab-
inol cannabidiol in a liquid carbon dioxide solvent. It
contains 27 mg delta-9-tetrahydrocannabinol and 25 mg
cannabidiol. Each single 100 pL spray contains 2.7 mg
delta-9-tetrahydrocannabinol (THC) and 2.5 mg canna-
bidiol (CBD) from cannabis sativa L. Each spray also con-
tains up to 40 mg ethanol [36].

Of the eight studies using Sativex, six of them showed
non-significant results, one showed improvements and
one showed impairment. Alessandria et al. [9] found sta-
ble improvements on the Symbol Digit Modalities Test
(SDMT) and California Verbal Learning Test (2nd ver-
sion) (CVLT). They treated 20 MS patients with Sativex
(Nabiximols in the USA) to assess the long-term effects
on cognition, mood and anxiety. The dosing was an aver-
age of 5 puffs per day, ranging from 2 to 9. Nine of the
patients were defined as cognitively preserved and the
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Table 2 Summary of global and component ratings of each study
Selection bias Study design Blinding Data collection ~ Withdrawalsand  Global rating
method dropouts
Sativex spray
Alessandria, 2020 [9] Moderate Moderate Weak Strong Weak Weak
Aragona, 2009 [22] Moderate Strong Moderate Strong Strong Strong
Cooper, 2017 [23] Weak Strong Moderate Strong Strong Moderate
Rog, 2005 [14] Moderate Strong Moderate Strong Strong Strong
Vachovd, 2014 [15] Moderate Strong Moderate Strong Strong Strong
Wade, 2004 [24] Moderate Strong Moderate Moderate Strong Strong
Russo, 2016 [25] Moderate Moderate Weak Strong Strong Moderate
Castelli, 2018 [26] Weak Moderate Weak Strong Weak Weak
Epidiolex
Martin, 2019 [17] Moderate Moderate Weak Strong Weak Weak
Metternich, 2020 [27] Moderate Moderate E Weak Strong Strong Moderate
Other spray
Almog, 2020 [28] Moderate Strong Moderate Strong Strong Strong
Wade, 2003 [29] Weak Strong Moderate Moderate Strong Moderate
Gelatin capsules
Mdaller-Vahl, 2001 [30] Weak Strong Moderate Strong Strong Moderate
Muller-Vahl, 2003 [31] Weak Moderate Moderate Strong Strong Moderate
Vaney, 2004 [16] Moderate Strong Moderate Strong Moderate Strong
Smocked or vaped
Corey-Bloom, 2012 [11] Weak Strong Moderate Strong Strong Moderate
Wallace, 2015 [12] Moderate Strong Moderate Strong Strong Strong
Wilsey, 2008 [13] Moderate Strong Moderate Strong Strong Strong
Wilsey, 2013 [32] Moderate Strong Moderate Strong Strong Strong
Abdallah, 2018 [33] Moderate Strong Moderate Weak Strong Moderate
Other
Bar-Sela, 2019 [34] Weak Moderate Weak Strong Weak Weak
Gustavsen, 2021 [35] Moderate Moderate Weak Strong Strong Moderate
Withdrawal
Feinstein, 2019 [10] Weak Strong Weak Strong Strong Weak

11 others as being impaired, defined by inadequate per-
formances in at least two tests. Their results showed an
improvement in one of three tests assigned to meas-
ure processing speed: the Symbol Digit Modalities Test
(SDMT), after 6 months: visit 2 (V2)-visit 1 (V1) = 2.5;
p < 0.001, min—max — 2.0-11.0 and after 12 months:
V3-V1 = 2.0; p < 0.001, min—max — 2.0-20.0 and also
improvement in a test assigned to measure auditory ver-
bal memory (the California Verbal Learning Test) after 6
months: V2-V1 = 5.7; p = 0.0001, min—-max — 7.0-20.0
and after 12 months: V3-V1=7.0; p = 0.020, min—max
— 5.0-11.0. While both are statistically significant, there
is no report as to whether they can be ascribed to a few
major improvements as the range might imply.

Castelli et al. [26] tested the participants on a sin-
gle task condition (the Stroop Color-Word Test) and
a dual task condition (a postural task and the Stroop

Color-Word Test simultaneously). They found impair-
ment, but only in a dual task condition on a postural sway
and the Stroop task. Their study was a small (N = 22)
retrospective case-control study where quitters (discon-
tinuation of CBMs) constituted the control group. The
population consisted of MS patients treated with Sativex
with a median daily dose of six puffs. Patients were tested
at 1, 3 and 12 months on the Stroop Color-Word Test.
There was only a significant decrease when the Stroop
test was combined with a postural sway test at 12 months
(F[2.6, 52.5] = 3.17, p = 0.038; n2 = 0.14) where scores
decreased significantly (p = 0.025 by the post hoc Bon-
ferroni test).

Epidiolex (USA)/Epidyolex
Epidyolex is an oral solution containing 100 mg cannabid-
iol, 79 mg anhydrous ethanol, 736 mg refined sesame oil
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and 0.0003 mg benzyl alcohol per ml. The recommended
starting dose of cannabidiol is 2.5 mg per kilogram body
weight given twice a day (5 mg/kg/day) for 1 week. After 1
week, the dose should be increased to a maintenance dose
of 5 mg/kg twice a day (10 mg/kg/day). Based on individual
clinical response and tolerability, each dose can be further
increased in weekly increments of 2.5 mg/kg adminis-
tered twice a day (5 mg/kg/day), up to a maximum recom-
mended dose of 10 mg/kg twice a day (20 mg/kg/day). It is
dosed using syringes suppled in a carton [37].

Both studies using Epidyolex showed non-significant
results. Both of them had cognition as the primary out-
come and used a broad cognitive test battery.

Other spray

Two studies used other sprays. Wade et al. [24] used a
pump-action sublingual spray delivering 2.5 mg THC
and/or CBD at each actuation. They used three combi-
nations of THC and CDB ratios: THC-rich, CBD-rich
and one-to-one. The study assessed 20 participants with
a consecutive series of double-blind, randomised, pla-
cebo-controlled cross-over trials, each with a 2-week
treatment period. The study used The Short Orienta-
tion-Memory-Concentration Test of Cognitive Impair-
ment as the cognitive test. The test is a six-item test with
questions such as ‘what year is it’ and ‘say the months in
reverse order. The THC group had a significant drop in
score from baseline. The baseline was 27.1 (1.9) and the
THC group was 25.7 (3.4). The maximum score is 28, and
the high baseline score indicates a risk of sealing effects,
which makes the test less sensitive to detecting cognitive
impairment. It is unclear when the dose was adminis-
tered and hence whether the patients were intoxicated by
THC while being tested.

Almog et al. [28] used the Syqe Inhaler to test the phar-
macokinetics, analgesic effect, cognitive performance
and safety effects in patients with chronic pain. The
Syqe Inhaler is a software-controlled, thermal selective-
dose inhalation medical device. In this study, it delivered
aerosolised doses of granulated raw plants 22% THC, <
0.1% cannabidiol (CBD), < 0.2% cannabinol (CBN) or
a matched placebo. During three sessions, 25 patients
received a single inhalation of THC: 0.5 mg, 1 mg, or a
placebo. The patients were tested on selected tests from
the Cambridge Neuropsychological Test Automated Bat-
tery (CANTAB). Following the Reaction Time Test (RTI)
and Rapid Visual Information Processing Test (RVP),
improvement was seen after 15 min at 0.5 mg. The Spa-
tial Working Memory Test (SWM) showed an impair-
ment after 15 min with 1.0 mg. None of these indications
were supported by neither significant time-by-dose inter-
actions or an effect of dose in the analysis of variance, nor
correlation between plasma concentration and cognitive
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performance, and all three results turn non-significant
after Bonferroni correction for multiple testing.

Gelatine capsules

In two studies by Muller-Vahl et al. [30] and Miiller-Vahl
et al. [31], patients with Tourette’s syndrome were treated
with gelatine capsules with single doses of 5, 7.5 and 10
mg THC in randomised, double-blind, placebo-con-
trolled studies and tested on a broad cognitive test bat-
tery with non-significant results. Likewise, Vaney et al.
[16] tested MS patients with gelatine capsules containing
whole plant extracts and THC 2.5 mg; CBD 0.9 mg—with
a maximum of 30 mg THC/day on three cognitive test
and found no significant results.

Smoked or vaped

All four studies that delivered cannabis by smoking or
vaping showed significant impairments. They had also
all relatively high doses and relatively short treatment
periods.

Corey-Bloom et al. [11] tested 30 MS patients on the
PASAT about 45 minutes after smoking four puffs from
an 800 mg cannabis cigarette. This gave a reduction in
performance compared to the baseline by 8.67 points
more than placebo on the PASAT (95% bootstrap CI 4.10
to 14.31, p = 0.003). However, the reduced scores were
still ‘within normal ranges for their ages and levels of
education’ Also, Wallace et al. [12] found impaired per-
formance shortly after 16 patients with painful diabetic
peripheral neuropathy had inhaled vaporised canna-
bis—however, only with the medium and high doses of
16 mg and 28 mg THC, respectively, pr. session. The par-
ticipants was tested using the PASAT and Trail Making A
and B tests. The patients showed significantly decreased
performance from PASAT (16 mg (d = — 1.03, P =
.024) and 28 mg (d = — 1.14, P = .008) at 15 min) and
Trail Making B (28 mg, only at 120 min (d = — 1.15, P
= .009))—however, not enough to enter the impairment
range and only between 15 and 120 min post-cannabis
exposure. Note: A secondary analysis [38] showed a sig-
nificant linear effect of THC on PASAT, suggesting that
higher THC levels were associated with decreased cog-
nitive performance on this test, P = .002, and this effect
surpassed a stringent Bonferroni adjustment.

Similarly, Wilsey et al. [13] found that a high dose of
34 mg of THC significantly impaired cognitive perfor-
mance within 6 h of exposure. Thirty-eight patients with
central and peripheral neuropathic pain smoked canna-
bis equal to a low dose of 19 mg of THC or a high dose
of 34 mg of THC. The high dose gave evidence of cogni-
tive impairment in attention, learning and memory, and
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psychomotor speed, whereas the low dose resulted in a
decline in learning and memory only.

Wilsey et al. [32] found comparable results since their
medium dose of 19 mg (same dose as ‘low’” in Wilsey
et al. [13] gave significant and low-to-medium effects
on learning and memory within 2 h post-cannabis
exposure, but none after 3 h. They found some incon-
sistent effects on psychomotor function. Only the low
dose (9.5 mg) gave a significant effect on the domi-
nant hand condition after one (p = .0007) and 4 (p =
.0023) hours, but no significant effect after 2 and 3 h.
The non-dominant hand condition was affected after 2
(p = .0035) and 3 (p = .0325) hours, but not at 1 and
4 h. The significant (but low) effects on verbal learn-
ing manifested themselves with both low and medium
doses, but were inconsistent over time.

Abdallah et al. [33], used a randomised, double-blind,
placebo-controlled crossover design to test patients with
Obstructive Lung Disease. The primary outcome was dif-
ference in breathlessness intensity ratings during exer-
cise. The single dose of 35 mg vaporised cannabis to 16
participants did not result in a significant difference on
cognition measured using the Mini Mental State Exami-
nation (MMSE), a screening test for dementia with a high
risk of sealing effects on this population (scores above 29
out of 30).

Other
Two studies were included which used other ways of
delivering cannabis.

Bar-Sela et al. [34] tested 34 patients with advanced
cancer during chemotherapy treatment over a period of
3 months. The participants received CBM with ratios of
1:1, 1:2 or 1:3 CDB:THC by their preferred way—vaped,
smoked or oil. The primary outcome was cognitive func-
tioning assessed with the MoCA, Digit Symbol Substi-
tution Test (DSST) and Digit-Finger Tapping Test at 3
months. On the DSST, improvements in learning effects
were seen in both groups, and there were no significant
differences between the groups.

Gustavsen et al. [35] did find improvement in MS
patients with full-spectrum cannabis oils in the 9-HPT
test (dominant hand), median diff — 1.7 s, p < .01. How-
ever, because it was a test of dexterity and the median
differences were minor, the improvement was not consid-
ered clinically significant.

Withdrawal

The potential impact of CBMs on cognitive functioning
can also be studied by assessing the potential positive
impact in cognitive performance after withdrawal from
cannabis treatment. In a sample of 39 MS patients with
long-term use of CBMs (average years 5.62, SD = 5.10),
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Feinstein et al. [10] showed significant improvements in
memory, processing speed and executive function after
28 days of drug abstinence compared to matched con-
trols with continued use, measured by PASAT 3’ t = —
7.85, p < .000 and PASAT 27 t = — 7.48, p < .000, Symbol
Digit Modalities Test (SDMT) ¢ = — 5.10, p < .000, and
the Controlled Oral Word Association Test (COWAT) ¢
= — 4.22, p < .000. No significant change was found in
the control group over time, apart from deteriorating
visual memory. However, the studies should be inter-
preted with caution due to the selection bias from choos-
ing long-time users and the lack of proper blinding that
comes from participants knowing they do not take the
drug anymore.

Cognitive tests

At least 43 different tests were used in the included stud-
ies. Only five tests (the Symbol Digit Modalities Test, the
Digit Symbol Test, PASAT, the Trial Making Test (TMT-
A, B) and Digit Span) were used by more than one author
group. All these tests measure some aspects of work-
ing memory or attention. The otherwise very diverse
selection of tests makes it exceedingly difficult to com-
pare studies and effects of cannabis on other cognitive
domains. However, to ease the interpretation an over-
view of the tests with significant findings and the poten-
tial cognitive functions measured is presented below (see
also Table 1).

Tests and cognitive functions

Few studies have explicitly stated hypotheses about
cognitive functions to be affected by CBMs, hence one
should be cautious in the interpretation of the findings.

The California Verbal Learning Test measures verbal
learning and memory and in addition attempts to meas-
ure a broad range of cognitive functions such as free and
cued recall, serial position effects (including primacy and
recency), semantic clustering, intrusions, interference
and recognition [39].

The Controlled Oral Word Association Test is a verbal
fluency test that measures spontaneous production of
words belonging to the same category or beginning with
some designated letter [40].

The Grooved Pegboard Test measures psychomotor
speed, fine motor control and rapid visual-motor coordi-
nation [41].

The Hopkins Verbal Learning Test Revised is a brief
verbal learning and memory test [42].

The Paced Auditory Serial Addition Test (PASAT) is
often used to assess attention and concentration [41].
Also, it has shown clinical utility in detecting impair-
ments in cognitive processing in a wide variety of neu-
ropsychological syndromes [41]. It is recognised as a



Wieghorst et al. Systematic Reviews (2022) 11:210

measure of multiple functional domains, primarily those
related to attention, but also sustained attention, working
memory and processing speed [43].

The Short Orientation-Memory-Concentration Test
is a 6-item mental status questionnaire/test that have
shown to be useful as a screening [44].

The Stroop Color and Word Test is often used for
assessing the ability to inhibit cognitive interference but
also other cognitive functions such as attention [43],
processing speed, cognitive flexibility [45] and Executive
function [46].

Substitution tests (Digit Symbol Substitution Test &
Symbol Digit Modality Test) are, like the Trail Making
Test sensitivity to the presence of cognitive impairment
and often used as a component of screening batter-
ies sensitive to brain dysfunction [47] since they draw
on many different processes, including visual scanning,
mental flexibility, sustained attention, psychomotor
speed and speed of information processing [48].

The Trail Making Test is popular due to its high sensi-
tivity to the presence of cognitive impairment often used
as a component of screening batteries [41]. A compre-
hensive review of the literature by Sdnchez-Cubillo et al.
[49] showed Trail Making tests are used for assessing
working memory, inhibition/interference control, task-
switching ability and visuomotor speed and that Part-B
reflects primarily working memory and secondarily task-
switching ability, while B-A minimises visuoperceptual
and working memory demands, providing a relatively
pure indicator of executive control abilities.

Risk of bias

The most common ground for a weak retention was
‘selection bias’ and ‘blinding;, with eight studies each.
Four studies were rated as weak in withdrawals and drop-
outs’ and the same applied to one study in data collection
method’

Discussion

The aim of this systematic review was to uncover the field
for the potential impact of CBMs on cognitive function-
ing when used in a controlled setting as part of the treat-
ment for chronic pain and other medical conditions. In
total, 23 studies were included. The studies were vastly
different in both design and populations included. Fif-
teen of the twenty-three studies found no significant
impact of CBMs on cognitive functioning, but six stud-
ies did find that CBMs had an adverse impact on cogni-
tion. Although the impaired cognitive functioning was
found to be significant, all the test scores were either
within the normal range or below what would be charac-
terised as a neuropsychologically cognitive impairment.
Moreover, impairment was only seen in relatively short
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periods after high doses of THC when patients presum-
ably were intoxicated during testing. Furthermore, most
of the studies that found impaired cognitive functioning
were characterised by being short single-session treat-
ments with cannabis delivery and cognitive testing-
retesting within hours. For these reasons, the results
cannot be generalised on patients undergoing long-term
stable treatment with CBMs. It is important to differenti-
ate between intoxication or withdrawal from prolonged
abuse and controlled medical treatment without or with
limited psychoactive effects. The former has been exten-
sively studied and is known to affect cognitive functions,
as also mentioned in the recent review by Landrigan et al.
[7] whereas the latter has not been studied as extensively
and thus is the subject of this review. Basically, we want
to know if we can treat patients with CBM without nega-
tively affecting, or affecting to a minimal degree, their
cognitive functions and hence their daily activities. This
includes examining potential effects after cessation, as in
the study by Feinstein et al. [10], which found improved
processing speed, memory and executive functioning
after withdrawal from long-term use of CBMs, indicating
that stable long-term use may adversely impact cogni-
tive functioning. The results should be interpreted with
caution, since no blinding was applied, and the sample
size was small, reflected in a weak rating on the EPHPP.
The included studies are very diverse in factors such as
dose, duration, type of cannabis, route of administration,
prior history and other drug(s) used. All of these are fac-
tors that presumably play a key role in examining poten-
tial adverse effects on cognition. The diversity makes any
possible comparisons across studies very limited and
hence hinder our understanding. There seems to be a
trend towards using Sativex in more controlled settings
and uniform patient groups. This will greatly enhance
the evidence. Still, thought should be given as to how
studies can incorporate prior use and other drug use in
the design, as this reflects the real-life situation of many
patients.

In agreement with the systematic review by Landrigan
et al. [7], our results indicate that the impact of CBMs on
cognitive functioning is minimal as long as the doses of
THC are low to moderate. Unfortunately, the studies are
too divergent to specify the maximum dose of THC tol-
erated before cognition is negatively affected. However,
among patients with neuropathic pain, the two studies by
Wilsey et al. [13, 32] indicate that treatment with a THC
dose below 19 mg did not affect cognition significantly
differently from the placebo group.

The results of the present review do not reflect the high
number of adverse events (OR 5.67) in relation to ‘cog-
nition and attention disturbances’ reported in the meta-
analysis by Stockings et al. [6]. This may be due to the fact
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that reporting of adverse events in Stockings et al. [6] was
based on self-reported symptoms, which is vastly differ-
ent from objective test results on recognised neuropsy-
chological tests administered in a controlled setting.
This is an important finding, since impaired cognitive
functioning associated with CBMs may result in patients
rejecting the treatment on false premises due to fear of
reduced cognitive functioning. But again, the heteroge-
neity of cognitive tests used across studies without pop-
ulation norms, combined with the vastly different study
designs, patient populations and type of CBMs used,
make it impossible to draw definite conclusions about the
impact of CBMs on cognitive functioning.

Methodological limitations of the included studies

Overall, a number of methodological limitations of the
included studies need to be taken into account when
interpreting the present findings. As already mentioned,
the large heterogeneity in study design, patient popula-
tions, dose and type of CBMs used, as well as the cog-
nitive tests applied, constitute a major limitation.
Measurement of CBD/THC levels across studies is com-
plicated by different delivery methods. For instance, four
puffs of a cigarette with a given THC percentage tells us
little about the THC levels at the time of cognitive test-
ing, when time from intake to assessment is not reported.
Without precise information on (at the very least) doses
and time since intake, we are left without a proper way of
assessing levels of intoxication and whether intoxication
has affected the results on the cognitive tests. Millisec-
onds of either improvement or worsening on two differ-
ent cognitive tests of attention is not comparable without
population norms. Also, there is no consensus on a gold
standard for cognitive tests for the different cognitive
domains, and ceiling effects are achieved on the cognitive
tests in several of the included studies. Another major
limitation is test-retest effects. While some tests are more
sensitive to this, the time span between testing is also an
important factor to include. In particular, studies apply-
ing the same tests multiple times within a few minutes
are prone to test-retest effects. These limitations are also
partly reflected, although not completely captured, in the
different ROB results across the included studies.

Limitations of this review

Our review was, by design, broad in scope on both cog-
nitive functions and CBMs. The purpose was to uncover
the field, even at the risk of including studies that are
difficult or impossible to compare, and this has indeed
turned out to be the case. Another limitation were the
choices made in order to handle the very broad scope
in search strings. It was necessary to exclude terms, e.g.
‘concentration’ from the more medicine-based databases
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to filter out results concerning chemistry, at the risk of
missing results concerning focused attention.

We have chosen to discriminate between non-cancer
and cancer pain and only include studies of the former.
Although this discrimination is debated, most of the
research literature still uses this distinction why we also
chose to do so in order to facilitate the interpretation
of already complex results. That being said, the distinc-
tion may be somewhat unscientific since the two groups
share pain generation physiologies. However, health
behaviours, psychological comorbidities and use of opi-
oids may differ due to the malign nature of cancer-related
pain—and all of these are factors that further complicate
interpretation of the potential impact of cannabis-based
medicines on cognition.

A more relevant distinction in future studies could be
according to the new ICD-11 diagnosis of primary and
secondary pain. However, since this is a new distinction,
it was difficult to apply in the current study.

Conclusion

Due to large heterogeneity and methodological limita-
tions across studies, it is not possible to make any definite
conclusion about the impact of CBMs on cognitive func-
tioning. However, the majority of high-quality evidence
suggests that the negative impact of CBMs on cognitive
functioning is small, as long as the doses of THC are low
to moderate. On the other hand, long-term use of CBMs
may still negatively influence cognitive functioning. The
cognitive domains mostly found to be negatively affected
by CBMs are attention/concentration and memory. No
evidence of this review indicates that CBD severely influ-
ences cognitive functioning, at least not when taking
the doses applied in the included studies. The potential
positive effect of CBMs on cognitive functioning may be
due to practice effects or mediated by alleviation of other
medical symptoms, such as pain, depression or sleep
problems. More high-quality longitudinal placebo-con-
trolled studies assessing the potential long-term impact
of CBMs on cognitive functioning are needed. Especially
fundamental is the focus on CBMs for specific medical
conditions with control for dose and type of CBMs, as
well as the use of validated cognitive tests.
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