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Background: Cannabis is among the most consumed psychoactive substances worldstand more clearly its potential acute and residual adverse effects from a public health
viewpoint. Cognitive function is one of the targeted areas with conflicting findings. This
meta-review measured the magnitude of acute and residual effects of cannabis on cognition in adolescents and adults provided by meta-analyses and evaluated quality of
evidence.
Methods: A systematic search was performed in PubMed, PsycINFO, Web of Science
and Google Scholar. Meta-analyses were included if they quantitatively examined the
performances of users from the general population on cognitive tasks.
Results: The search retrieved 10 eligible meta-analyses (71 effects sizes, n = 43 761)
with evidence ranging from low to moderate quality, which were categorized into
domains of cognitive functions: executive functions (k = 7), learning and memory (k = 5),
attention (k = 4), processing speed (k = 5), perceptual motor function (k = 2) and language (k = 2). Verbal learning and memory displayed the most robust evidence and were
most impaired by acute cannabis intoxication that persisted after intoxication passed.
Small-to-moderate acute and residual

adverse effects were reported for executive

functioning. Cannabis use led to small deficits in inhibitory processes and flexibility,
whereas small-to-moderate deficits were reported for working memory and decisionmaking. Evidence regarding processing speed and attention has shown that cannabis
administration induced small-to-moderate adverse effects and residual neurocognitive
deficits were observed in heavy cannabis-using youths. Results showed no significant
difference between cannabis users and non-users on language, and small-to-moderate
effects for simple motor skills.
Conclusion: Meta-analytical data on the acute effects of cannabis use on neurocognitive
function have shown that cannabis intoxication leads to small to moderate deficits
in several cognitive domains. These acute impairments accord with documented
residual effects, suggesting that the detrimental effects of cannabis persist beyond acute
intake.
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I N T R O D U CT I O N

acute effects of cannabis; that is, cannabis-induced intoxication [20].
Most of these administration studies have reported impaired cognitive

Cannabis is the most consumed psychoactive substance in the world

performances following cannabis/THC administration [27]. Indeed,

after alcohol and nicotine use, with approximately 3.8% of the world-

experimental studies in which healthy volunteers have received vary-

wide population using the substance [1]. Cannabis use remains an ille-

ing doses of cannabinoid partial agonists have suggested negative

gal substance in most countries. Nevertheless, an increasing number

impacts of cannabis use on executive functions, learning and memory,

of countries and US states have supported the legalization of cannabis

attention and psychomotor function, and some of these impairments

for medical and/or recreational purposes, reflecting changing public

may thereby be weakened with CB1 antagonists [26, 28, 29]. Several

attitudes towards its perceived safety and social acceptability [2, 3].

reviews [20, 26, 27, 30, 31] have consistently shown that the acute

Although loosening of restrictions on cannabis has been outlined to

cannabis effects were most often reported in the domain of verbal

lessen human, social and economic costs related to the criminal justice

learning and memory, although less constantly for working memory.

system [4], it has similarly provoked apprehensions about possible

Other domains that have similarly been impaired include inhibitory

public health consequences. This has been especially the case for ado-

processes, attention and psychomotor functioning. However, reported

lescents and young adults as they display the highest rates of cannabis

effects on executive functioning domains, such as planning, reasoning,

use [5–7] and they are in a particularly critical period of vulnerability

interference control and decision-making, have provided more mixed

to cannabis-induced cerebral function alterations, as the brain

literature. Authors have also noted that the acute effects of cannabis

undergoes significant developmental changes throughout this period

on cognition may be moderated by different factors such as cannabis

[8]. Moreover, paralleling changes supporting cannabis legalization, lit-

composition (e.g. THC:CBD ratio), genetics and cannabis use history

erature has shown increases in the prevalence of cannabis use and

[20]. For instance, studies investigating the effects of acute THC

cannabis use disorder (CUD) during the past decade [2, 9–12]. Most

administration have provided evidence of larger cognitive deficits in

of the psychoactive and mood-related effects in addition to the addic-

non-users and recreational cannabis users in comparison to more

tive properties of cannabis are mediated by Δ-9-tetrahydrocannabinol

chronic cannabis users [28, 32–34]. Accordingly, a review noted similar

(THC), which is the main pharmacologically active cannabinoid in the

findings among cannabis users when evaluating the development of

cannabis plant [13]. Research has shown that THC exerts a wide range

tolerance, which indicated that cognition was most impaired upon

of transient and dose-dependent effects by acting on the central ner-

acute intoxication and that there was minimal tolerance [35].

vous system primarily via cannabinoid receptor type 1 (CB1) [14–17].

Although acute intoxication can last several hours, research has

CB1 receptors mediate inhibitory action on the release of a variety of

revealed that THC is a fat-soluble compound that may be stored in

neurotransmitters (e.g. serotonin, acetylcholine, dopamine and gluta-

body fat and, thus, gradually released into the bloodstream for months

mate) and are situated throughout the cerebral cortex, with dense

[36, 37]. Such a characteristic has urged, among others, research to

concentrations in regions (e.g. hippocampus, amygdala, basal ganglia

evaluate potential ‘residual’ cognitive effects that persist after acute

and cerebellum) related to cognitive and psychomotor functioning

intoxication has passed [38]. Indeed, studies have shown impaired

[13, 18, 19]. THC, thereby, functions as a partial agonist at CB1 recep-

cognition that persists beyond the acute intoxication period in both

tors, inhibiting the release of neurotransmitters typically regulated by

adult and adolescent cannabis users, particularly in tasks related to

endocannabinoids bringing forth cognitive alterations [19, 20].

learning and memory, attention and executive function [30, 39–42].

Recently, there have been concerns regarding the increased potency

Several systematic reviews have examined the long-term effects of

in cannabis as measured by the proportion of THC content in relation

cannabis use on cognition. Broyd et al. [26], Nader et al. [43] and

to cannabidiol (CBD) content (THC:CBD ratio) [21, 22], which has

Sorkhou et al. [31] identified verbal learning and memory as well as

been associated with several adverse health outcomes (e.g. psychosis,

executive functions as the domains most consistently impaired with

CUD, cognitive impairments) [23–25]. Understanding the potential

long-term cannabis use. Evidence pertaining to other domains, includ-

acute and residual adverse effects of cannabis use from a public

ing attention and processing speed, led to more divergent findings.

health viewpoint has emerged as a priority considering changing pol-

These reviews concluded that neurocognitive impairments may be

icy trends regarding the substance. Cognitive function is one of these

dose-dependent, particularly for domains related to memory [31], and

targeted areas that, nevertheless, has conflictual findings.

effects may persist for at least 1 week when cannabis use is chronic,

Cannabis consumption is often related to impairments in cognitive

although these deficits are often resolved with long abstinence

function [26], although cannabis does not seem to lead to deficits in

periods [26, 43]. Furthermore, Ganzer et al. [40] noted that findings

cognitive domains equally and there are unresolved conundrums that

regarding neurocognition specifically after a prolonged period of

need to be further addressed to grasp the differential acute and resid-

abstinence (more than 14 days) were heterogeneous. Most studies

ual effects of cannabis use on cognition. Cannabis administration stud-

reported some deficits in attention or concentration in abstinent can-

ies have led to substantial contributions to the understanding of the

nabis users, as well as in different aspects of memory. Findings in the
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domains of inhibition, visuospatial functioning and decision-making

restricted access were contacted. The search syntax was tailored for

were less clear-cut. Furthermore, results suggested that heavy use

each database. For the specific search strategy adapted to each data-

was found to be more consistently associated with effects in diverse

base, please see Supporting information. A secondary search was con-

domains on cognition than early age of onset [20]. While there is

ducted by reviewing the reference lists of reviews on the subject.

more consensus that acute cannabis intoxication may result in cognitive deficits, residual cognitive effects from cannabis are still debated,
particularly after periods of abstinence.

Study eligibility

Numerous meta-analyses have therefore been emerging on adolescent and adult samples to attempt to shed light on the effects of

Meta-analyses were included if they quantitatively examined the

acute and non-acute cannabis use on cognitive functioning. In this

effects of cannabis use on any neurocognitive domain (or subdomain)

sense, meta-analyses are important as they provide a tool to investi-

in studies involving healthy individuals from the general population.

gate the magnitude of an effect, which may aid to establish the extent

The comparison group was defined within each meta-analysis as

to which there is an association between variables [44]. Meta-

either healthy individuals receiving a placebo or who never/minimally

analytical approaches allow the statistical integration of results from

used the substance. We did not restrict the search to any specific

multiple individual studies that, on their own, may have been insuffi-

neurocognitive domain nor any age group to maximize the number of

ciently powered to detect the effects of cannabis. Meta-analyses also

meta-analyses and obtain a better overview of results. Both the acute

address inconsistencies by standardizing outcomes and diminishing

effects of cannabis as evaluated by experimental administration stud-

the effects of varying statistical power. Nevertheless, emerging meta-

ies and non-acute residual effects of cannabis as measured by com-

analyses carried on the subject with varying levels of quality of evi-

parative studies (i.e. cross-sectional, longitudinal studies) were

dence have similarly produced discordant findings on differential cog-

included. To avoid overlap between meta-analyses, we generally

nitive functions. Overall, mixed evidence for several cognitive

selected a meta-analysis that was more recent and included more

domains may be due to variability in the control variables employed,

studies unless an older meta-analysis included a particular subanalysis

cognitive tests utilized, operationalization of cognitive domains, par-

that was of interest and not addressed in a more recent meta-analysis.

ticipants’ cannabis use histories, varying types of cannabinoids and

Study eligibility was conducted both by L.D. and S.G. independently

cannabis exposure heterogeneity [20, 31]. To summarize and untangle

and discussions on the inclusion of meta-analyses were held with a

the effects provided by meta-analyses, we conducted a critical meta-

senior researcher (A.D.) to ensure consensus. Meta-analytical analyses

review to investigate the magnitude of both acute and residual effects

were excluded if they (i) combined several substances together (pol-

of cannabis on cognitive functioning in the general population pro-

ysubstance use); (ii) did not provide an effect size [standardized mean

vided by meta-analyses. We also evaluated the quality of evidence as

difference (SMD), Cohens d (d), Hedges g ( g)] for the effects of canna-

well as possible confounding factors. Markedly, we have opted to dis-

bis use on particular cognitive domains, (iii) did not use neuropsycho-

tinguish between higher-order cognitive functions, as cannabis use

logical tests/tasks to quantify cognitive impairments or (iv) included

has been shown to lead to domain-specific deficits. In this sense, we

fewer than two studies per analysis.

hypothesized that the cognitive domains most affected by cannabis
use would be verbal learning and memory in addition to executive
functions (i.e. working memory, response inhibition).

Data extraction
Study information was extracted individually by L.D. and S.G. using a

M E TH O DO LO GY

standardized form for the sample, effect sizes, outcome measured,
control group, confounding factors (i.e. moderator analyses), hetero-

Search strategy

geneity (i.e. Q-statistics, I 2 index) and publication bias (i.e. funnel plot

A search was independently carried out by two graduate students

view of extracted data. Negative effect sizes were indicative of worse

(L.D. and S.G.) in the electronic databases of PubMed, PsycINFO,

performances on cognitive tasks for individuals being administered or

Web of Science and Google Scholar from each database’s inception to

having used the substance. The effect sizes were categorized as small,

May 2021. Search terms were inclusive for neurocognitive functions

moderate and large effects (0.2, 0.5 and > 0.8, respectively) [44]. Fur-

(e.g. ‘cognition’, ‘neurocognition’, ‘working memory’), cannabis use

thermore, L.D. and S.G. independently undertook quality assessment

(e.g. ‘cannabis’, ‘THC’, ‘cannabinoid’) and review design literature

for the effect sizes reported in the meta-analyses using a set of

(e.g. ‘review’, ‘systematic review’, ‘meta-analysis’). For the purpose of

criteria based on the Grading of Recommendations, Assessment,

examination, Egger’s test). See Supporting information for an over-

this manuscript, we only selected meta-analytical approaches that

Development, and. Evaluation (GRADE) checklist [45–48]. We

were conducted on studies including individuals from the general pop-

assigned lower scores to analyses that comprised small sample sizes

ulation (i.e. not on psychiatric samples). No restrictions for setting,

(e.g. under 500 participants), conducted no moderator analyses

date or geographical location were applied. English and French lan-

(e.g. distinguished between current and life-time use, abstinence

guage sources were eligible. Authors of articles to which we had

period, duration of use, age of onset) and reported substantial
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heterogeneity, as well as the presence of publication bias and mea-

diminished performances on executive functioning (e.g. Stroop-interfer-

sured a higher rank neurocognitive function that was broadly defined,

ence) for healthy adult volunteers administered partial CB1 receptor

rather than specific subdomains. Although some meta-analyses may

agonist compounds relative to the placebo group [g = −0.37; Confi-

have included longitudinal studies, evidence provided was largely

dence interval (CI) = –0.485, −0.254]. Evidence was graded as moder-

based on cross-sectional data (e.g. baseline data), which limited the

ate quality due to the consideration of moderation analyses, the

quality of evidence. Any doubts on the rating of the quality of evi-

presence of no heterogeneity and the lack of publication bias.

dence were resolved by a discussion with A.D. Studies were assigned:

Furthermore, the residual effects of frequent/heavy cannabis use

very low quality, low, moderate-to-low, moderate, moderate-to-high

were observed in a meta-analysis of 28 studies by Scott et al. [53] on

and high. The Preferred Reporting Items for Systematic Reviews and

a large sample of 5457 adolescents and young adults (SMD = –0.3,

Meta-Analyses (PRISMA) guidelines were followed to achieve a high

CI = –0.40, −0.20). Although the analysis comprised a large sample,

standard of reporting data [49] (Supporting information). The review

the overall meta-analysis showed presence of publication bias and

has not been pre-registered and thus results should be considered

heterogeneity was not assessed, which resulted in evidence being

exploratory. Nevertheless, it is worth mentioning that our team has

evaluated as being of low quality.

already used a methodology comparable to this one in a prior published meta-review [50].

A meta-analysis by Lovell et al. [51] comprising 15 studies on
adults (n = 993, mean age 30 years, range = 20–56) found a small significant impairment (g = −0.18, CI = –0.31, −0.05) of regular daily cannabis use on overall executive functioning (e.g. Stroop task and

RESULTS

Wisconsin card sorting test). Evidence was graded as moderate quality
due to the consideration of moderation analyses, the presence of no

Description of studies

heterogeneity and the lack of publication bias.

The systematic search retrieved 2306 potential articles that were

effect was found to increase for adults who had chronic cannabis use

screened for eligibility after removing duplicates. Among the retrieved

(g = −0.3, CI = –0.57, −0.03) and for individuals with an earlier age of

With regard to subanalyses within the same meta-analysis, this

articles, 10 meta-analyses were selected providing 71 effects sizes

onset of use defined as use before age 16 years (g = −0.27, CI = –

[38, 51–59]. Each meta-analysis included two to 40 studies, with sam-

0.53, −0.01). There was a small, albeit non-significant, negative effect

ples ranging between 65 and 5683 individuals (n = 43 761). The

for late-onset of use (g = −0.16; CI = –0.35, 0.03). Additionally,

neurocognitive functions were categorized based on the Diagnostic

regarding the four studies on cannabis abstinence, it was reported

and Statistical Manual of Mental Disorders, 5th edition (DSM-5) [60]

that 25 days of abstinence was associated with a small non-significant

for key domains of cognitive functions: (i) executive functions (k = 7),

effect (g = −0.18; CI = –0.44, 0.08).

(ii) learning and memory (k = 5), (iii) complex attention (k = 4), (iv)
processing speed (k = 5), (v) perceptual-motor function (k = 2) and (vi)
language (k = 2). Within each of these higher rank cognitive functions

Decision-making

were placed subdomains as defined by authors of the meta-analyses.
The PRISMA flow-chart for the inclusion of studies in the meta-

More particularly related to decision-making (e.g. Iowa Gambling

review is shown in Fig. 1. When several analyses were conducted

Task), evidence graded as being of low-to-moderate quality provided

within meta-analyses for a cognitive outcome, we retrieved one spe-

from the meta-analysis by Lovell et al. [51] including five studies on

cific effect size estimate for the effects of (i) overall cognitive domain

208 adults, found a statistically significant negative moderate residual

(merged subdomains of a higher rank cognition) and subdomains of a

effect of regular daily cannabis on decision-making (g = −0.52, CI = –

higher rank domain; (ii) type of cannabis exposure (e.g. acute CB1

0.93, −0.11). The analysis showed moderate levels of heterogeneity,

administration, chronic use, abstinence); (iii) particular age groups

but no publication bias.

(e.g. adolescents and young adults, only adults). Main results reported

There was, however, no significant effect of age of onset for

in the meta-analyses were cross-sectional in nature. Most findings

decision-making based on the analyses graded as low-to-moderate

were evaluated as being of low-to-moderate to moderate quality evi-

quality evidence (early-onset: g = −0.4, CI = –1.15, 0.35; late-onset:

dence. See Supporting information for a summary of the quality of

g = −0.46, CI = –1.14, 0.23) [51].

evidence provided by the included meta-analyses.

Response inhibition
Executive functions
Regarding response inhibition measured for instance with the Stop-

Overall executive functions

Signal task, a meta-analysis by Zhornitsky et al. [58] consisting of
12 studies found significant small impairments for healthy adult volun-

Concerning the acute effects of cannabis, a meta-analysis by Zhornitsky

teers administered partial CB1 receptor agonists in comparison to the

et al. [58] comprising 13 studies found significant small-to-moderate

placebo group (g = −0.294; CI = –0.414, −0.174). Although meta-
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Flow-chart depicting the search strategy employed to find the meta-analyses to include in this review

regression analyses revealed that the impairments in response inhibi-

Nevertheless, when inhibition was evaluated solely with the

tion produced by such compounds were significantly influenced by

Go/NoGo task and the Stop signal task in the meta-analysis by Smith

sex, the result was no longer significant after correction for multiple

et al. [54] on young adults (mean age = 26 years), there were no statis-

comparisons. Evidence was graded as moderate quality due to the

tically significant inhibitory deficits that were apparent for chronic

consideration of moderation analyses, the presence of no heterogene-

use. These analyses, based on two to six studies, were also graded as

ity and the lack of publication bias.

being of low quality, which generally showed no significant heteroge-

Concerning the residual effects of cannabis use, the meta-analysis
by Scott et al. [53] comprising 23 studies on 1353 adolescents and

neity. However, no moderator analyses were conducted, and publication bias was not assessed.

young adults under the age of 26 years showed a small residual negative effect (SMD = –0.25, CI = –0.38, −0.13) of frequent or heavy cannabis use on inhibition (e.g. D-KEFS color word interference–

Flexibility

inhibition/switching). This analysis was graded as being of low quality
notably due to the presence of publication bias on the overall meta-

A meta-analysis based on six studies on young adults (n = 168) revealed

analysis and heterogeneity was not measured.

a significant small effect size of 0.33 (CI = 0.12, 0.54) in favour of the
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control group for cognitive flexibility (e.g. Stroop color word task colour

Learning and memory

accuracy, controlled oral word association test correct words) [55]. This
suggested an impaired capacity for chronic cannabis users to make

Visual learning

appropriate behavioural decisions while switching between cognitive
processes. This analysis was graded as being of low-quality evidence as

Concerning residual effects, evidence provided from a meta-analysis

no presence of heterogeneity and publication bias was assessed,

by Schoeler et al. [52], consisting of 19 studies (n = 3168) graded as

although moderator analyses were not feasible for the authors.

being of low-to-moderate quality, found no statistically significant
effect retrieved for visual immediate recall (d = −0.06, CI = –0.16,
0.04). Although there was no presence of publication bias, the overall

Working memory

meta-analysis displayed high heterogeneity.

Concerning the acute effects of cannabis on working memory, evidence graded as low-to-moderate quality on 36 studies found signifi-

Visual memory

cant small-to-moderate impairments in working memory (e.g. N-Back
task, spatial working memory task) for healthy adult volunteers admin-

Evidence provided from a meta-analysis by Schoeler et al. [52] con-

istered THC compounds relative to placebo (g = −0.36, CI = –0.52,

sisting of 14 studies (n = 3365) graded as being of low-to-moderate

−0.20) [59]. Though, the analysis showed presence of heterogeneity

quality found no statistically significant effect retrieved for visual del-

and publication bias was not reported.
Nevertheless, evidence graded as being of moderate quality
based on six studies with adults (mean age = 30 years, range = 20–

ayed recall (d = −0.09, CI = –0.31, 0.13). Although there was no presence of publication bias, the overall meta-analysis displayed high
heterogeneity.

56 years) observed no residual effect of regular cannabis use on overall working memory (g = 0.01, CI = –0.23, 0.25) [51]. There was, moreover, no effect based on age of onset (early-onset: g = −0.12,

Verbal learning

CI = –0.43, 0.18; late-onset: g = 0.19, CI = –0.18, 0.57) [51]. These
analyses were graded as moderate evidence due to the consideration

Evidence

of moderation analyses, the presence of no heterogeneity and the lack

Zhornitsky et al. [58], which comprised 14 studies of healthy adult

of publication bias.

volunteers, found moderate-to-large negative effects of acute

graded

as

being

of

low-to-moderate

quality

by

Based on a larger sample size of young adult users (mean

cannabis use in comparison to placebo on verbal learning (g = −0.688,

age = 26 years) provided from 39 studies (n = 4277), there was a very

CI = –0.888, −0.488). There was presence of heterogeneity and

small significant effect highlighting worse ability for chronic cannabis

publication bias.

users to hold/manipulate information and remember it following a

Concerning residual effects, evidence evaluated to be of moder-

short delay (d = −0.11, CI = –0.17, −0.04) [52]. Nevertheless, the

ate quality provided from 11 studies (n = 704) on adult samples

effect was not significant for visual working memory based on seven

showed that regular daily cannabis use was associated with a small-

studies (n = 454) [52]. These latter analyses were graded as being of

to-moderate negative effect on verbal learning (g = −0.37, CI = –,0.52;

low to low-to-moderate quality, mainly due to the presence of hetero-

−0.22) [51]. There was no presence of heterogeneity nor

geneity and lack of moderation analysis. However, there was no pres-

publication bias.

ence of publication bias.

This was in accordance with evidence provided from a metaanalysis by Schoeler et al. [52] consisting of 40 studies (n = 3168)
graded as being of low-to-moderate quality. Based on a large sample

Summary

size, a small-to-moderate effect for verbal immediate recall was

In summary, the meta-analyses on overall executive functioning

−0.27). Although consisting of a large sample size, the overall meta-

showed small-to-moderate effects for acute cannabis intake and small

analysis displayed high heterogeneity and publication bias.

observed for young chronic cannabis users (d = −0.4, CI = –0.53,

residual effects for regular cannabis use, with cannabis users dis-

A meta-analysis by Krzyzanowski et al. [56] further distin-

playing worse performance on tasks in comparison to controls. A

guished the effects of days of abstinence (i.e. fewer than 3 days, 3–

higher magnitude of effect was found for chronic and earlier age of

7 days and more than 7 days of abstinence) on verbal learning.

onset. Evidence was graded as being of low to moderate quality.

Results showed statistically significant small-to-moderate deficits for

When looking more profoundly into the subdomains of executive

regular cannabis users on total immediate recall and short-delay free

functioning, small deficits were observed for response inhibition (both

recall, which reached to moderate magnitude for abstinence up to

acute and residual effect), flexibility (residual effect) and working

7 days. However, results were not significant for an abstinence

memory (residual effect). There were small-to-moderate and moder-

period of more than 7 days. These analyses were evaluated to be of

ate effects for working memory following acute intake and for

low-to-moderate to moderate quality evidence due to the lack of

decision-making in regular daily cannabis users, respectively.

publication bias, moderator analyses and large sample sizes. Lower
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Complex attention

smaller sample sizes.
Concerning the acute effects of cannabis, a meta-analysis by
Zhornitsky et al. [58] consisting of 28 experimental studies found sig-

Verbal memory

nificant small worse performances in attention (e.g. continuous perfor-

Evidence graded as being of moderate quality by Zhornitsky et al.

partial CB1 receptor agonist compounds relative to placebo (g =

mance test–omission errors) for healthy adult volunteers administered
[58], which comprised 12 studies of healthy adult volunteers found

−0.223, CI = –0.348, −0.099). Although meta-regression analyses

moderate impairments of acute cannabis use in comparison to pla-

showed no relationship between dosage and cognitive performance in

cebo on verbal memory (g = −0.513, CI = –0.653, −0.374). Although

the oral administration studies, they found a trend towards a signifi-

not significant, there was a trend towards significance for publication

cant difference between oral administration and other routes of

bias and moderate heterogeneity.

administration. Evidence was graded as moderate quality due to the

Concerning residual effects, evidence provided from a metaanalysis by Schoeler et al. [52], consisting of 38 studies (n = 3365)

consideration of moderation analyses and the lack of publication bias,
but there was a high level of heterogeneity.

graded as being of low-to-moderate quality, noted a small-to-moder-

When distinguishing between the effects of acute cannabis intox-

ate impairment on verbal delayed recall for young chronic cannabis

ication on sustained and divided attention, both cognitive functions

users (d = −0.36, CI = –0.49, −0.22).

were found to be mildly impaired in healthy adult volunteers in com-

The meta-analysis by Krzyzanowski et al. [56] showed statistically

parison to the placebo group (sustained attention: g = −0.23, CI = –

significant small-to-moderate deficits for regular cannabis users on

0.37, −0.10; divided attention: g = −0.28, CI = –0.36, −0.20) [59].

long-delay free recall, which reached to moderate magnitude for absti-

These analyses were graded as being of moderate and low-to-moder-

nence up to 7 days. However, results were no longer significant for an

ate quality, respectively. Whereas moderate quality was provided due

abstinence period of more than 7 days.

to a larger sample size, both analyses showed no presence of heterogeneity and publication bias was not measured.
Evidence of low-to-moderate quality comprising five studies

Prospective memory

(n = 221) on adults found no significant effects on overall attention

A meta-analysis by Schoeler et al. [52], including five studies (n = 294)

0.31). There were, moreover, no statistically significant effects for

with evidence graded as being of low quality, showed pronounced

more chronic long-term use nor for age of onset and long abstinence

impairments for chronic cannabis users on prospective memory in

[51]. These analyses, graded as low-to-moderate quality, had small

comparison to controls (d = –0.61, CI = –0.85, –0.38). Although

samples, but considered moderator analyses, and lacked heterogene-

there was substantial overall heterogeneity for the analysis, there was

ity as well as publication bias.

between regular cannabis users and non-users (g = 0.05, CI = –0.21,

no presence of publication bias.
More precisely, a meta-analysis by Platt et al. [57], including six

Conversely, based on evidence graded as being of low quality, a
small significant deficit was observed for young frequent or heavy

studies (n = 356) and four studies (n = 159), further distinguished

cannabis users (SMD = –0.21, CI = –0.31, −0.12) in the meta-analysis

between event- and time-based prospective memory, respectively.

by Scott et al. [53] comprising of 30 studies (n = 5683).

There was a small and moderate-to-large effect size, with the cannabis groups performing worse on both types of tasks (event-based:
SMD = –0.31, CI = –0.63, −0.004 and time-based: SMD = –0.70,

Summary

CI = –0.80, −0.61). Evidence, graded as being of low quality, showed
no presence of heterogeneity; however, moderator analyses were not

In summary, the meta-analyses on overall attention functioning

conducted and publication bias was not assessed.

showed small negative effects in healthy adult volunteers administered partial CB1 receptor agonists (acute effect) and in frequent/
heavy adolescent as well as young adult cannabis users (residual

Summary

effect), although there were no residual effects for regular and chronic
adult cannabis users, regardless of abstinence period and age of onset.

In summary, evidence for learning and memory was generally graded

Evidence was generally graded as being of low-to-moderate quality.

as being of low-to-moderate quality. There were no significant residual effects of cannabis use on visual learning and memory. Small-tomoderate impairments were generally observed for verbal learning

Processing speed

and memory for regular and chronic cannabis use in adolescents and
adults. Larger negative effects were reported for acute use relative to

Concerning the acute effects of cannabis, evidence graded as being of

placebo. Small-to-high magnitude residual impairments were also

moderate quality provided by Zhornitsky et al. [58], which comprised

observed for prospective memory in cannabis users.

38 studies of healthy adult volunteers, found small-to-moderate
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impairments in processing speed following acute cannabis use in com-

for adolescent and adult cannabis users in comparison to controls

parison to placebo (g = −0.384, CI = –0.492, −0.276). There was no

(g = −0.34, CI = –0.57, −0.11). There were, however, no significant

publication bias, but presence of high heterogeneity. Meta-regression

long-term residual effects after 25 days of abstinence (g = −0.19,

analyses showed that a greater ratio of male to female was associated

CI = –0.53, 0.14) [38]. These analyses showed no presence of

with greater deficits in speed of processing. Although there was no

heterogeneity.

relationship between dosage and processing speed in the oral admin-

Evidence evaluated to be of low-to-moderate quality from the

istration studies and smoked administration studies, there was a trend

meta-analysis by Schreiner et al. [38] (k = 10, n = 650) showed that

towards a significant difference between oral administration and other

there were no significant effects (g = 0.02, CI = –0.15, 0.18) that were

routes of administration, with smaller deficits being observed in the

noted between groups on perceptual-motor abilities (e.g. block design,

oral administration studies.

object assembly). There were no significant long-term residual effects

When distinguishing between the effects of acute cannabis intoxication on information processing and reaction time, both were signifi-

after 25 days of abstinence (g = 0.09, CI = –0.09, 0.27) [38]. These
analyses showed no presence of heterogeneity.

cantly impaired in healthy adult volunteers in comparison to the
placebo group (information processing: g = −0.38, CI = –0.55, −0.21);
reaction time: g = −0.28, CI = –0.43, −0.13) [59]. These analyses were

Summary

graded as being of moderate and low-to-moderate quality, respectively. Evidence was graded as being of low-to-moderate quality.

In summary, the meta-analyses with evidence graded as being of low-

Evidence graded as being of moderate quality showed no statisti-

to-moderate quality showed small-to-moderate effects for simple

cally significant effect of residual cannabis use, both regular and

motor skill, with no long-term residual effects, and no effect was

chronic use, nor abstinence and age of onset on information

observed for perceptual-motor skills.

processing speed in adult samples [51]. There was no publication bias,
nor heterogeneity.
Based on evidence graded as being of low quality, a small signifi-

Language

cant processing speed impairment was observed in young frequent or
heavy cannabis users (SMD = –0.26, CI = –0.38, −0.15) [53].

Evidence graded as being of low quality in a large sample of adoles-

However, residual effects were not maintained in time based on

cents and young adults (k = 15, n = 1008) found a small, but non-sig-

any type of abstinence (e.g. > 25 days) in adolescents and adults [38].

nificant, negative effect (SMD = –0.14, CI = –0.27; 0.001) of

Evidence was graded as being of low-to-moderate quality showing no

frequent/heavy cannabis use on language (e.g. D-KEFS verbal fluency

heterogeneity.

test, letter fluency) [53]. Heterogeneity was not assessed and publication bias for the overall study showed presence of publication bias.
There were no long-lasting residual effects (k = 4, n = 380) for

Summary

more than 25 days of abstinence in adolescents and adults (g = −0.1,
CI = –0.31, 0.11) [38]. Evidence was evaluated to be additionally of

In summary, the meta-analyses on processing speed showed small-to-

low quality due to the small sample size and lack of assessment of

moderate negative effects in healthy adult volunteers following acute

publication bias for the specific subanalysis. There was no

intake and in frequent/heavy adolescent and young adult cannabis

heterogeneity.

users in comparison to control groups, although there were no residual effects for regular and chronic cannabis use in adults, regardless of
abstinence period and age of onset. Evidence was generally graded as

Summary

being of low-to-moderate and moderate quality.
In summary, the meta-analyses on language functioning generally
showed no effects for cannabis use on language. Evidence was graded

Perceptual motor function

as being of low quality.

Evidence graded as being of low-to-moderate quality by McCartney
et al. [59], which comprised 12 studies of 310 healthy adult volun-

DI SCU SSION

teers, found small-to-moderate impairments of acute cannabis use in
comparison to placebo (g = −0.36, CI = –0.60, −0.12) in fine motor

The objectives of this critical meta-review were to synthesize the cur-

function (e.g. finger-tapping test, grooved pegboard). Publication bias

rent state of evidence on the acute and residual neurocognitive

was not reported and there was moderate heterogeneity.

effects of cannabis use on adolescents in addition to adults from the

A meta-analysis by Schreiner et al. [38] (k = 4, n = 351), with evi-

general population and to assess the quality of evidence provided by

dence being graded as being of low-to-moderate quality, found a sig-

meta-analytical studies. Although the effect sizes and cognitive conse-

nificant small effect for simple motor, suggesting worse performance

quences varied, our meta-review enabled us to show both acute and
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residual effects of cannabis on many aspects of cognition provided

moderate deficits in cognition, which suggests lasting residual effects

from meta-analyses being generally graded as being of low-to-

of cannabis use in specific sub-samples that should not be

moderate to moderate quality.

overlooked.

First, limited evidence mainly showed no significant difference

Despite the findings provided in this meta-review, several ele-

between cannabis users and non-users in domains of language and

ments need to be discussed when interpreting results. First and fore-

perceptual-motor functioning. At most, mild impairments that did not

most, the meta-analyses discussed comprised cross-sectional data

remain significant after 25 days of abstinence were observed.

with several analyses having relatively small sample sizes, which limits

Secondly, only mild detrimental effects on attentional processing were

the inference of a causal relationship between cannabis use and cog-

reported in studies on healthy adults following acute cannabis admin-

nition as well as the generalizability of results. When considering the

istration and on heavy cannabis-using youths. Thirdly, better quality

sample, some analyses were conducted solely on youths or solely on

of evidence regarding speed of processing showed that cannabis

adults, whereas some mixed age groups together. This is important, as

administration seemed to provoke mild-to-moderate adverse effects

the magnitude of cognitive dysfunction may be dependent upon the

that were smaller with oral administration in comparison to other

particular age groups being analyzed. For instance, this meta-review

routes of administration (e.g. smoked). Residual neurocognitive defi-

showed that the effects of cannabis use on working memory and

cits in this domain were also noted in heavy cannabis-using youths.

complex attention were evident when considering studies on youths

Hence, cannabis may disrupt both attention and speed of processing

alone and not those that comprised of larger age ranges. Age of onset

by its effects on CB1 receptors in frontoparietal and frontostriatal

is correspondingly an important issue to consider, with some evidence

regions [61–63]. Similarly, small-to-moderate acute and residual

showing larger effects for earlier cannabis use onset, which is not sur-

adverse effects were reported for executive functioning. This is not

prising given that prior reviews have also concluded that frequent use

unexpected, given that executive functions are subserved by the pre-

of cannabis impairs cognitive functioning in several domains, with

frontal cortex in which there is a higher density of CB1 receptors [19,

greater deficits associated with adolescent versus adult onset of use

64–66]. More specifically, cannabis use led to small deficits in inhibi-

[40, 76–78]. Furthermore, although sex differences in cannabinoid

tory processes and flexibility, whereas moderate deficits were

metabolism and action have been recognized, these differences were

reported for working memory and decision-making. Lastly, learning/

not systematically accounted for in studies [39], a point that was

memory, mainly in relation to verbal subsets, were the cognitive

addressed in the meta-analysis by Zhornitsky et al. [58]. Secondly,

domains with most robust evidence and most impaired by acute can-

these meta-analyses are hampered by inconsistencies in the tests

nabis intoxication that persisted after acute intoxication passed. Nota-

administered among included studies, which creates challenges in

bly, this diminished ability to learn, retain and retrieve verbal

assigning outcomes into specific cognitive domains. Analyses pres-

information may have repercussions for users’ occupational function-

ented should be interpreted cautiously due to the heterogenous tests

ing, independent living and ability to navigate through their daily life

used to analyze the same cognitive function, which may vary in com-

adequately [56]. Cannabis may impair these domains via their action

plexity and sensitivity. Thirdly, research has also been limited by varia-

at CB1 receptors in the prefrontal and medial temporal regions

tion in how cannabis exposure data have been collected. With the

[66–68]. This is in accordance with neuroanatomical alterations

increase in the potency of cannabis contributing to a great variability

observed among regular cannabis users in these regions in addition to

regarding cannabis ingredients and concentrations consumed by

differences in neural activation when completing cognitive tasks, such

users, it is essential to promptly report cannabis use parameters, such

as verbal memory, under the influence of cannabis, without necessar-

as dose, frequency of use, duration of use and route of administration,

ily observing a corresponding difference in task performance [19, 64,

as they may interact to mediate the neurocognitive impairments of

65, 68–72]. Accordingly, the meta-analysis by McCartney et al. [59]

the substance [51–53, 56, 58, 59]. Also, many studies have not

showed that regular cannabis users experienced less acute cognitive

reported cannabis dependence and withdrawal, which should be

impairments than other types of cannabis users, consisting mainly of

documented; these factors can influence cognitive outcomes and neu-

occasional users. Taken together, most of the negatively impaired

ral correlates [51]. The varying ratios of THC and CBD need to be sim-

domains that were reported with acute intoxication, such as verbal

ilarly considered, as these compounds appear to have different and

learning and memory as well as executive functions, were most

opposing pharmacological effects [79]. Overall, studies should adhere

impaired in studies examining the residual effects of cannabis in can-

to recommendations on minimum reporting criteria for cannabis use

nabis users. Though, it is encouraging that some evidence indicates

research [80]. This variability is notably observed in the heteroge-

that residual effects may probably be remediated with prolonged

neous criteria used when classifying subjects as cannabis users versus

abstinence, as it suggests that the effects may be somewhat reversible

non-users (e.g. arbitrary minimal amount, once a life-time) or heavy

after abstinence. It is, nevertheless, worth mentioning that although

versus light users leading to unavoidable comparator issues that can

some regular cannabis users may attempt to quit, most have begun to

influence results, and therefore the results of meta-analyses. For some

use the substance early on in their life and may have already obtained

meta-analyses on residual effects, the definition for the comparison

reduced educational attainment, thereby reducing their options in

groups were more explicit (e.g. individuals who had never used canna-

adulthood [73–75]. Moreover, the meta-analysis by Scott et al. [53]

bis or who had minimal use during their life-time (e.g. fewer than

reported that help-seeking cannabis users in treatment displayed

50 times [55]), whereas this was not the case for other meta-analyses
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(e.g. [38, 53]). To exclude possible confounding factors related to

in the short and long term after cannabis use onset [82, 84, 88, 92,

acute effects of the substance on the day of testing and to focus upon

94, 97, 99, 101]. Moreover, increases in the frequency of cannabis

the residual effects of cannabis use, some authors have set a thresh-

use are associated with lower performances in executive function for

old of abstinence period before testing (e.g. strict period of at least

the same assessment period [83–85]. Taken together, better-quality

12 hours without using cannabis [55]). Lastly, the possibility that the

evidence provided from longitudinal studies is in accordance with

adverse neurocognitive effects of cannabis use are attributed to con-

cross-sectional data and has shown varying levels of supports for the

founding factors (e.g. other substance use) cannot be dismissed [31].

different non-mutually exclusive hypotheses.

Although most of the evidence on the cognitive sequelae of cannabis use has been provided by cross-sectional data associated with
methodological limitations, a growing number of longitudinal studies,

CONC LU SION

which are useful to address causal inferences, have emerged. This has
led to several reviews examining, among others, evidence provided by

To conclude, meta-analytical data on the acute effects of cannabis use

prospective designed studies [20, 27, 31, 81]. For instance, Bourque

on neurocognitive function have shown that cannabis intoxication

et al. [27] noted similar findings to those observed in cross-sectional

leads to small to moderate deficits in numerous cognitive domains,

data. Indeed, most studies showed declines in both executive func-

most notably executive functions, verbal learning and memory and

tioning and verbal learning/memory [82–95], while results were less

processing speed. These acute impairments are in accordance with

consistent for processing speed [82, 85, 88, 90, 94–96]. Furthermore,

the residual effects that have been documented in several meta-

longitudinal data have similarly shed light on the hypotheses that have

analyses suggesting that the detrimental effects of cannabis persist

been put forth to explain the association between cannabis use and

beyond the period of acute intake. Several measures may be taken to

cognitive functions (see Bourque et al. [27] for an overview). A first

mitigate the cognitive risks of cannabis in the general population. For

hypothesis, that has received mixed evidence, specifies that cannabis

instance, health professionals should be informed of the potential

use leads to persistent cognitive impairments. These neurotoxic

cognitive risks associated with cannabis use and further diffuse their

effects last although cannabis users reduce their intake or quit alto-

knowledge to their treating clientele through psychoeducation, while

gether. While some longitudinal studies suggest that cognitive deficits

screening for problematic patterns of use. In those with problematic

resolve following abstinence [92, 94], other studies have confirmed

use, there are several evidence-based treatments, including motiva-

that cannabis use frequency led to subsequent long-term cognitive

tional interviewing, that may be offered [102]. Conversely, it may also

decline (i.e. executive function) regardless of prolonged cannabis

be potentially useful to implement cognitive remediation programs in

intake, while adjusting for covariates [84, 87, 97]. Following, the pre-

cannabis users with more severe patterns of use to improve cognition.

morbid cognitive vulnerability hypothesis proposes that individuals at

Additionally, as youths remain particularly susceptible to the effects

increased risk of using the substance more regularly already presented

of cannabis, school settings should put in place prevention and inter-

cognitive deficits before cannabis use onset. Several studies have

vention measures to educate students on cannabis use and discourage

shown that specific cognitive impairments (i.e. memory and executive

them from using the substance in a chronic manner. Nevertheless, in

functions) seemed to incline individuals to earlier onset of use in addi-

practical terms more research is needed to examine whether observed

tion to more frequent use in comparison to non-using individuals [83–

deficits in performances are also expressed in impairments in daily life

86, 98]. However, such findings were not evident in all studies [82,

(i.e. forgetting to carry through intended tasks, academic difficulties or

87, 97, 99, 100] and some studies more probably support the com-

work-related errors, car accidents). Therefore, several questions

mon antecedent hypothesis [86, 98], which postulates that common

remain to be addressed to more clearly understand the association

factors (e.g. externalizing behaviour) may predispose individuals to

between cannabis and cognition. Future research into the effects of

both cannabis use and cognitive deficits in users. Hence, results from

cannabis use on neurocognitive performance should focus upon con-

longitudinal co-twin studies have suggested that cannabis use may

tinuing to control for important confounds. While some meta-analyses

not necessarily cause neurocognitive decline, but rather that factors

investigating the residual cognitive effects in cannabis users have

related to family background, such as genetic and shared environmen-

found that deficits do not persist following prolonged abstinence,

tal factors, may more clearly explain worse cognitive performances

additional high-quality prospective study designs following cognitive

amid cannabis users [86, 98]. Lastly, the concurrent model postulates

functioning from current use through cessation of use during long

that the use of cannabis is associated with worse cognitive perfor-

periods of abstinence are required [31]. Moreover, withdrawal symp-

mances in the short term when controlling for pre-morbid cognitive

toms need to be assessed for and included in subsequent analyses. As

function and that reduction in use or abstinence may relieve these

age of onset has been inconsistently associated to cognition function-

impairments. While only a few studies reported no concurrent effect

ing, more studies need to further investigate whether earlier age of

[85, 100], several studies adjusting for several factors, including pre-

onset predicts worse cognitive function in adulthood, whether pre-

morbid cognitive performances, other mental health comorbidities,

existing cognitive profiles may predict earlier age of onset or whether

substance use, academic achievement and socio-economic status,

there is a bidirectional relationship altogether [20]. Studies of the

have indeed shown that cannabis use is associated with cognitive

effects of cannabis use in late adulthood and the elderly population

impairments (e.g. executive function, memory, processing speed) both

have been limited and require further attention, mainly as cannabis
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use in the population has been increasing [103]. The effects of cannabis use on cognition in older populations may be more complicated by
several factors related to ageing, such as an increased selection of

4.

cannabis with high-CBD content as well as age-related changes in the
dopamine system, for instance, in addition to brain morphology and

5.

function that are also affected by cannabis use [104, 105]. Additionally, future studies should continue to examine the cognitive effects

6.

of different cannabis compositions and potencies, as studies on the
acute effects have yielded inconsistent findings and studies on resid-

7.

ual effects have rarely examined these important elements. Because
cannabis potency has been rising [106], further understanding the
effects of different cannabis compositions or potencies is increasingly

8.

critical. Similarly, there are not enough studies on the cognitive deficits associated with cannabis in people with a cannabis use disorder.
Often, studies are conducted in the general population. Besides,

9.

although there are increasing studies where oral cannabinoids or sublingual cannabinoids, for instance, are offered to patients with chronic
pain and other health problems, there remains little to no knowledge
of the cognitive effects of these cannabinoids. Also, different areas of

10.

cognition not listed in the current meta-analysis that have been less
investigated, such as social cognition, require more research [107]. In
all, refinements in future methodologies would allow the performance

11.

of rigorous meta-analyses on the effects of cannabis on various cognitive domains that may ultimately inform clinicians and policymakers.
12.

DECLARATION OF INTERES TS
The authors declare no competing interests.
ACKNOWLEDGEMEN TS

13.

No funding was provided for this study. However, L.D. is holder of
scholarships from the Fonds de Recherche du Québec en Santé.
S.P. is holder of the Eli Lilly Canada Chair on schizophrenia research.
A.D. is holder of a Junior 2 salary award from the Fonds de Recherche

14.
15.

du Québec en Santé.
AUTHOR CONTRIBUTIONS
Laura Dellazizzo: Conceptualization; data curation; methodology.
Stephane Potvin: Conceptualization; methodology; supervision. Sabrina

16.
17.

Giguère: Conceptualization; data curation; methodology; validation.
Alexandre Dumais: Conceptualization; methodology; supervision.

18.

ORCID
Laura Dellazizzo
Alexandre Dumais

https://orcid.org/0000-0001-8262-130X
https://orcid.org/0000-0002-4480-0064
19.

RE FE R ENC E S
1. United Nations Office on Drugs and Crime (UNODC). Cannabis and
hallucinogens. Vienna, Austria: UNODC; 2019. p. 1–71.
2. Melchior M, Nakamura A, Bolze C, Hausfater F, El Khoury F, MaryKrause M, et al. Does liberalisation of cannabis policy influence levels
of use in adolescents and young adults? A systematic review and
meta-analysis. BMJ Open. 2019;9:e025880.
3. Leung J, Chiu CYV, Stjepanovic D, Hall W. Has the legalisation of
medical and recreational cannabis use in the USA affected the

20.

21.

22.

prevalence of cannabis use and cannabis use disorders? Curr Addict
Rep 2018;5:403–417.
Hawken A, Caulkins J, Kilmer B, Kleiman M. Quasi-legal cannabis in
Colorado and Washington: local and national implications. Addiction.
2013;108:837–8.
Hasin DS. US epidemiology of cannabis use and associated problems.
Neuropsychopharmacology. 2018;43:195–212.
Compton WM, Volkow ND, Lopez MF. Medical marijuana laws and
cannabis use: intersections of health and policy. JAMA Psychiatry.
2017;74:559–60.
Johnston LD, Miech RA, O’Malley PM, Bachman JG, Schulenberg JE,
Patrick ME. Monitoring the Future National Survey results on drug
use, 1975–2018: overview. In: key findings on adolescent drug use.
Michigan, MI: Institute for Social Research; 2019.
Choudhury S, Blakemore SJ, Charman T. Social cognitive development during adolescence. Soc Cogn Affect Neurosci. 2006;1:
165–74.
Hasin DS, Kerridge BT, Saha TD, Huang B, Pickering R, Smith SM,
et al. Prevalence and correlates of DSM-5 cannabis use disorder,
2012–2013: findings from the National Epidemiologic Survey on
alcohol and related conditions-III. Am J Psychiatry. 2016;173:
588–99.
Salas-Wright CP, Vaughn MG, Cummings-Vaughn LA, Holzer KJ,
Nelson EJ, AbiNader M, et al. Trends and correlates of marijuana use
among late middle-aged and older adults in the United States, 2002–
2014. Drug Alcohol Depend. 2017;171:97–106.
Lake S, Kerr T, Werb D, Haines-Saah R, Fischer B, Thomas G, et al.
Guidelines for public health and safety metrics to evaluate the
potential harms and benefits of cannabis regulation in Canada. Drug
Alcohol Rev. 2019;38:606–21.
Cerdá M, Mauro C, Hamilton A, Levy NS, Santaella-Tenorio J,
Hasin D, et al. Association between recreational marijuana legalization in the United States and changes in marijuana use and cannabis
use disorder from 2008 to 2016. JAMA Psychiatry. 2020;77:
165–71.
Atakan Z. Cannabis, a complex plant: different compounds and different effects on individuals. Ther Adv Psychopharmacol. 2012;2:
241–54.
Pertwee RG. Cannabinoid pharmacology: the first 66 years. Br J
Pharmacol. 2006;147:S163–71.
Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of
three plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol
and delta9-tetrahydrocannabivarin. Br J Pharmacol. 2008;153:
199–215.
Pertwee RG. Ligands that target cannabinoid receptors in the brain:
from THC to anandamide and beyond. Addict Biol. 2008;13:147–59.
Lambert DM, Fowler CJ. The endocannabinoid system: drug targets,
lead compounds, and potential therapeutic applications. J Med
Chem. 2005;48:5059–87.
rquez S, Hamill TG,
Burns HD, Van Laere K, Sanabria-Boho
Bormans G, Eng WS, et al. [18F]MK-9470, a positron emission
tomography (PET) tracer for in vivo human PET brain imaging of
the cannabinoid-1 receptor. Proc Natl Acad Sci USA. 2007;104:
9800–5.
Bloomfield MAP, Hindocha C, Green SF, Wall MB, Lees R, Petrilli K,
et al. The neuropsychopharmacology of cannabis: a review of human
imaging studies. Pharmacol Ther. 2019;195:132–61.
 n I, Gonzalez R. Chapter 10—Cognitive sequelae of
Pacheco-Colo
cannabis use. In: Verdejo-Garcia A, editor Cognition and Addiction.
Cambridge, MA: Academic Press; 2020. p. 143–53.
Mahamad S, Wadsworth E, Rynard V, Goodman S, Hammond D.
Availability, retail price and potency of legal and illegal cannabis in
Canada after recreational cannabis legalisation. 39; 2020. p. 337–46.
Chandra S, Radwan MM, Majumdar CG, Church JC, Freeman TP,
ElSohly MA. New trends in cannabis potency in USA and Europe

DELLAZIZZO ET AL.

12

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

during the last decade (2008–2017). Eur Arch Psychiatry Clin Neurosci. 2019;269:5–15.
Di Forti M, Morgan C, Dazzan P, Pariante C, Mondelli V,
Marques TR, et al. High-potency cannabis and the risk of psychosis.
Br J Psychiatry. 2009;195:488–91.
Lev-Ran S, Roerecke M, Le Foll B, George TP, McKenzie K, Rehm J.
The association between cannabis use and depression: a systematic
review and meta-analysis of longitudinal studies. Psychol Med. 2014;
44:797–810.
Lowe DJ, Sasiadek JD, Coles AS, George TP. Cannabis and mental
illness: a review. Eur Arch Psychiatry Clin Neurosci 2019;269:107–120.
Broyd SJ, van Hell HH, Beale C, Yücel M, Solowij N. Acute and
chronic effects of cannabinoids on human cognition—a systematic
review. Biol Psychiatry 2016;79:557–567.
Bourque J, Potvin S. Cannabis and cognitive functioning: from acute
to residual effects, from randomized controlled trials to prospective
designs. Front Psychiat. 2021;12:596601.
Englund A, Atakan Z, Kralj A, Tunstall N, Murray R, Morrison P. The
effect of five day dosing with THCV on THC-induced cognitive, psychological and physiological effects in healthy male human volunteers: a placebo-controlled, double-blind, crossover pilot trial.
J Psychopharmacol. 2016;30:140–51.
Zuurman L, Roy C, Schoemaker RC, Amatsaleh A, Guimaeres L,
Pinquier JL, et al. Inhibition of THC-induced effects on the central
nervous system and heart rate by a novel CB1 receptor antagonist
AVE1625. J Psychopharmacol. 2010;24:363–71.
Crean RD, Crane NA, Mason BJ. An evidence based review of acute
and long-term effects of cannabis use on executive cognitive functions. J Addict Med. 2011;5:1–8.
Sorkhou M, Bedder RH, George TP. The behavioral sequelae of cannabis use in healthy people: a systematic review. Front Psychol.
2021;12:630247.
Dougherty DM, Mathias CW, Dawes MA, Furr RM, Charles NE,
Liguori A, et al. Impulsivity, attention, memory, and decision-making
among adolescent marijuana users. Psychopharmacology. 2013;226:
307–19.
Desrosiers NA, Ramaekers JG, Chauchard E, Gorelick DA,
Huestis MA. Smoked cannabis psychomotor and neurocognitive
effects in occasional and frequent smokers. J Anal Toxicol. 2015;39:
251–61.
Boggs DL, Cortes-Briones JA, Surti T, Luddy C, Ranganathan M,
Cahill JD, et al. The dose-dependent psychomotor effects of intravenous delta-9-tetrahydrocannabinol (Δ[9]-THC) in humans.
J Psychopharmacol. 2018;32:1308–18.
Colizzi M, Bhattacharyya S. Cannabis use and the development of
tolerance: a systematic review of human evidence. Neurosci Biobehav Rev. 2018;93:1–25.
Ellis GM Jr, Mann MA, Judson BA, Schramm NT, Tashchian A. Excretion patterns of cannabinoid metabolites after last use in a group of
chronic users. Clin Pharmacol Ther. 1985;38:572–8.
Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabinoids. Clin Pharmacokinet. 2003;42:327–60.
Schreiner AM, Dunn ME. Residual effects of cannabis use on
neurocognitive performance after prolonged abstinence: a metaanalysis. Exp Clin Psychopharmacol. 2012;20:420–9.
Crane NA, Schuster RM, Fusar-Poli P, Gonzalez R. Effects of cannabis on neurocognitive functioning: recent advances, neurodevelopmental influences, and sex differences. Neuropsychol Rev.
2013;23:117–37.
Ganzer F, Bröning S, Kraft S, Sack PM, Thomasius R. Weighing the
evidence: a systematic review on long-term neurocognitive effects
of cannabis use in abstinent adolescents and adults. Neuropsychol
Rev. 2016;26:186–222.
Lundqvist T. Cognitive consequences of cannabis use: comparison
with abuse of stimulants and heroin with regard to attention,

42.
43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

memory and executive functions. Pharmacol Biochem Behav. 2005;
81:319–30.
Schoeler T, Bhattacharyya S. The effect of cannabis use on memory
function: an update. Subst Abuse Rehabil. 2013;4:11–27.
Nader DA, Sanchez ZM. Effects of regular cannabis use on neurocognition, brain structure, and function: a systematic review of findings in adults. Am J Drug Alcohol Abuse. 2018;44:4–18.
Cohen J. Statistical Power Analysis for the Behavioral Sciences. Cambridge, MA: Academic Press; 2013.
Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P,
et al. GRADE guidelines: 4. Rating the quality of evidence—study limitations (risk of bias). J Clin Epidemiol. 2011;64:407–15.
Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M,
et al. GRADE guidelines: 8. Rating the quality of evidence—indirectness. J Clin Epidemiol. 2011;64:1303–10.
Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M
et al. GRADE guidelines: 7. Rating the quality of evidence—inconsistency. J Clin Epidemiol 2011;64:1294–1302.
Guyatt GH, Oxman AD, Montori V, Vist G, Kunz R, Brozek J, et al.
GRADE guidelines: 5. Rating the quality of evidence—publication
bias. J Clin Epidemiol. 2011;64:1277–82.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
PLOS Med. 2009;6:e1000097.
Dellazizzo L, Potvin S, Luigi M, Dumais A. Evidence on virtual realitybased therapies for psychiatric disorders: meta-review of meta-analyses. J Med Internet Res. 2020;22:e20889.
Lovell ME, Akhurst J, Padgett C, Garry MI, Matthews A. Cognitive
outcomes associated with long-term, regular, recreational cannabis
use in adults: a meta-analysis. Exp Clin Psychopharmacol. 2020;
28(4):471–94.
Schoeler T, Kambeitz J, Behlke I, Murray R, Bhattacharyya S. The
effects of cannabis on memory function in users with and without a
psychotic disorder: findings from a combined meta-analysis. Psychol
Med. 2016;46:177–88.
Scott JC, Slomiak ST, Jones JD, Rosen AFG, Moore TM, Gur RC.
Association of cannabis with cognitive functioning in adolescents
and young adults: a systematic review and meta-analysis. JAMA Psychiatry. 2018;75:585–95.
Smith JL, Mattick RP, Jamadar SD, Iredale JM. Deficits in behavioural
inhibition in substance abuse and addiction: a meta-analysis. Drug
Alcohol Depend. 2014;145:1–33.
Figueiredo PR, Tolomeo S, Steele JD, Baldacchino A.
Neurocognitive consequences of chronic cannabis use: a systematic
review and meta-analysis. Neurosci Biobehav Rev. 2020;108:
358–69.
Krzyzanowski DJ, Purdon SE. Duration of abstinence from
cannabis is positively associated with verbal learning performance: a
systematic review and meta-analysis. Neuropsychology. 2020;34:
359–72.
Platt B, O’Driscoll C, Curran VH, Rendell PG, Kamboj SK. The effects
of licit and illicit recreational drugs on prospective memory: a metaanalytic review. Psychopharmacology. 2019;236:1131–43.
Zhornitsky S, Pelletier J, Assaf R, Giroux S, Li CR, Potvin S. Acute
effects of partial CB(1) receptor agonists on cognition—a metaanalysis of human studies. Prog Neuro Psychopharmacol Biol Psychiatry. 2021;104:110063.
McCartney D, Arkell TR, Irwin C, McGregor IS. Determining
the magnitude and duration of acute Δ(9)-tetrahydrocannabinol
(Δ(9)-THC)-induced driving and cognitive impairment: a systematic
and meta-analytic review. Neurosci Biobehav Rev. 2021;126:
175–93.
American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders (DSM-5®). Washington, DC: American Psychiatric Publishing; 2013.

NEUROCOGNITIVE EFFECTS OF CANNABIS USE

61. O’Leary DS, Block RI, Koeppel JA, Flaum M, Schultz SK,
Andreasen NC, et al. Effects of smoking marijuana on brain
perfusion and cognition. Neuropsychopharmacology. 2002;26:
802–16.
62. O’Leary DS, Block RI, Koeppel JA, Schultz SK, Magnotta VA,
Ponto LB, et al. Effects of smoking marijuana on focal attention and
brain blood flow. Hum Psychopharmacol. 2007;22:135–48.
63. Battistella G, Fornari E, Thomas A, Mall J-F, Chtioui H,
Appenzeller M, et al. Weed or wheel! fMRI, behavioural, and toxicological investigations of how cannabis smoking affects skills necessary for driving. PLOS ONE. 2013;8:e52545.
64. Glass M, Dragunow M, Faull RL. Cannabinoid receptors in the human
brain: a detailed anatomical and quantitative autoradiographic study
in the fetal, neonatal and adult human brain. Neuroscience. 1997;77:
299–318.
65. Lorenzetti V, Solowij N, Yücel M. The role of cannabinoids in neuroanatomic alterations in cannabis users. Biol Psychiatry. 2016;79:
e17–31.
66. Seamans JK, Yang CR. The principal features and mechanisms of
dopamine modulation in the prefrontal cortex. Prog Neurobiol. 2004;
74:1–58.
67. Opitz B. Memory function and the hippocampus. Front Neurol Neurosci. 2014;34:51–9.
68. Bhattacharyya S, Fusar-Poli P, Borgwardt S, Martin-Santos R,
Nosarti C, O’Carroll C, et al. Modulation of mediotemporal and
ventrostriatal function in humans by Delta9-tetrahydrocannabinol: a
neural basis for the effects of Cannabis sativa on learning and psychosis. Arch Gen Psychiatry. 2009;66:442–51.
69. Bossong MG, Jansma JM, van Hell HH, Jager G, Oudman E, Saliasi E,
et al. Effects of δ9-tetrahydrocannabinol on human working memory
function. Biol Psychiatry. 2012;71:693–9.
70. Zeineh MM, Engel SA, Thompson PM, Bookheimer SY. Dynamics of
the hippocampus during encoding and retrieval of face-name pairs.
Science. 2003;299:577–80.
71. Bosker WM, Karschner EL, Lee D, Goodwin RS, Hirvonen J, Innis RB,
et al. Psychomotor function in chronic daily cannabis smokers during
sustained abstinence. PLOS ONE. 2013;8:e53127.
72. Bossong MG, Jager G, Bhattacharyya S, Allen P. Acute and nonacute effects of cannabis on human memory function: a
critical review of neuroimaging studies. Curr Pharm Des. 2014;20:
2114–25.
73. Volkow ND, Swanson JM, Evins AE, DeLisi LE, Meier MH,
Gonzalez R, et al. Effects of cannabis use on human behavior, including cognition, motivation, and psychosis: a review. JAMA Psychiatry.
2016;73:292–7.
74. Zehra A, Burns J, Liu CK, Manza P, Wiers CE, Volkow ND, et al.
Cannabis addiction and the brain: a review. J Neuroimmune
Pharmacol. 2018;13:438–52.
75. Fergusson DM, Boden JM, Horwood LJ. The developmental antecedents of illicit drug use: evidence from a 25-year longitudinal
study. Drug Alcohol Depend. 2008;96:165–77.
76. Jacobus J, Tapert F, S. Effects of cannabis on the adolescent brain.
Curr Pharm des. 2014;20:2186–93.
77. Lisdahl KM, Wright NE, Kirchner-Medina C, Maple KE,
Shollenbarger S. Considering cannabis: the effects of regular cannabis use on neurocognition in adolescents and young adults. Curr
Addict Rep 2014;1:144–156.
78. Lubman DI, Cheetham A, Yücel M. Cannabis and adolescent brain
development. Pharmacol Ther. 2015;148:1–16.
79. Colizzi M, Bhattacharyya S. Does cannabis composition matter? Differential effects of Delta-9-tetrahydrocannabinol and cannabidiol on
human cognition. Curr Addict Rep. 2017;4:62–74.
80. Solowij N, Lorenzetti V, Yücel M. Effects of cannabis use on human
behavior: A call for standardization of cannabis use metrics. JAMA
Psychiatry. 2016;73(9):995–6.

13

 n I, Duperrouzel JC, Hawes SW. Does can81. Gonzalez R, Pacheco-Colo
nabis use cause declines in neuropsychological functioning? A review
of longitudinal studies. J Int Neuropsychol Soc. 2017;23:893–902.
82. Meier MH, Caspi A, Ambler A, Harrington H, Houts R, Keefe RSE,
et al. Persistent cannabis users show neuropsychological decline
from childhood to midlife. 109; 2012. p. E2657–64.
83. Castellanos-Ryan N, Pingault JB, Parent S, Vitaro F, Tremblay RE,
Séguin JR. Adolescent cannabis use, change in neurocognitive function, and high-school graduation: a longitudinal study from early adolescence to young adulthood. Dev Psychopathol. 2017;29:1253–66.
84. Morin J-FG, Afzali MH, Bourque J, Stewart SH, Séguin JR, O’LearyBarrett M, et al. A population-based analysis of the relationship
between substance use and adolescent. Cogn Dev. 2019;176:
98–106.
85. Infante MA, Nguyen-Louie TT, Worley M, Courtney KE, Coronado C,
Jacobus J. Neuropsychological trajectories associated with adolescent alcohol and cannabis use: A prospective 14-year study. J Int
Neuropsychol Soc. 2020;26:480–91.
86. Meier MH, Caspi A, Danese A, Fisher HL, Houts R, Arseneault L,
et al. Associations between adolescent cannabis use and neuropsychological decline: a longitudinal co-twin control study. Addiction.
2018;113:257–65.
87. Paige KJ, Colder CR. Long-term effects of early adolescent marijuana
use on attentional and inhibitory control. J Stud Alcohol Drugs.
2020;81:164–72.
88. Jacobus J, Squeglia LM, Infante MA, Castro N, Brumback T,
Meruelo AD, et al. Neuropsychological performance in adolescent
marijuana users with co-occurring alcohol use: a three-year longitudinal study. Neuropsychology. 2015;29:829–43.
89. Ross JM, Ellingson JM, Rhee SH, Hewitt JK, Corley RP, Lessem JM,
et al. Investigating the causal effect of cannabis use on cognitive
function with a quasi-experimental co-twin design. Drug Alcohol
Depend. 2020;206:107712.
90. Auer R, Vittinghoff E, Yaffe K, et al. Association between lifetime
marijuana use and cognitive function in middle age: the coronary
artery risk development in young adults (CARDIA) study. JAMA
Intern Med. 2016;176:352–61.
91. Becker MP, Collins PF, Schultz A, Uroševic S, Schmaling B,
Luciana M. Longitudinal changes in cognition in young adult cannabis
users. J Clin Exp Neuropsychol. 2018;40:529–43.
92. Fried PA, Watkinson B, Gray R. Neurocognitive consequences of
marihuana—a comparison with pre-drug performance. Neurotoxicol
Teratol. 2005;27:231–9.
93. Hanson KL, Winward JL, Schweinsburg AD, Medina KL, Brown SA,
Tapert SF. Longitudinal study of cognition among adolescent marijuana users over three weeks of abstinence. Addict Behav. 2010;35:
970–6.
94. Tait RJ, Mackinnon A, Christensen H. Cannabis use and cognitive
function: 8-year trajectory in a young adult cohort. Addiction. 2011;
106:2195–203.
95. McKetin R, Parasu P, Cherbuin N, Eramudugolla R, Anstey KJ. A longitudinal examination of the relationship between cannabis use and
cognitive function in mid-life adults. Drug Alcohol Depend. 2016;
169:134–40.
96. Pope HG Jr, Gruber AJ, Hudson JI, Huestis MA, Yurgelun-Todd D.
Cognitive measures in long-term cannabis users. J Clin Pharmacol.
2002;42:41s–7s.
97. Boccio CM, Beaver KM. Examining the influence of adolescent marijuana use on adult intelligence: Further evidence in the causation
versus spuriousness debate. Drug Alcohol Depend. 2017;177:
199–206.
98. Jackson NJ, Isen JD, Khoddam R, Irons D, Tuvblad C, Iacono WG,
et al. Impact of adolescent marijuana use on intelligence: results from
two longitudinal twin studies. Proc Natl Acad Sci USA 2016. 113:
E500–8.

DELLAZIZZO ET AL.

14

99. Fried P, Watkinson B, James D, Gray R. Current and former marijuana use: preliminary findings of a longitudinal study of effects on
IQ in young adults. Can Med Assoc J. 2002;166:887–91.
100. Mokrysz C, Landy R, Gage SH, Munafò MR, Roiser JP, Curran HV.
Are IQ and educational outcomes in teenagers related to their cannabis use? A prospective cohort study. J Psychopharmacol. 2016;30:
159–68.
101. Moffitt TE, Meier MH, Caspi A, Poulton R. Reply to Rogeberg and
Daly: no evidence that socioeconomic status or personality differences confound the association between cannabis use and IQ
decline. Proc Natl Acad Sci USA. 2013;110:E980–2.
102. Davis ML, Powers MB, Handelsman P, Medina JL, Zvolensky M,
Smits JA. Behavioral therapies for treatment-seeking cannabis users:
a meta-analysis of randomized controlled trials. Eval Health Prof.
2015;38:94–114.
103. Han BH, Palamar JJ. Trends in cannabis use among older adults in
the United States, 2015–2018. JAMA Intern Med. 2020;180:
609–11.
104. Pocuca N, Walter TJ, Minassian A, Young JW, Geyer MA, Perry W.
The effects of cannabis use on cognitive function in healthy aging: a
systematic scoping review. Arch Clin Neuropsychol. 2020;36:
673–85.
105. Scott EP, Brennan E, Benitez A. A systematic review of the
neurocognitive effects of cannabis use in older adults. Curr Addict
Rep. 2019;6:443–55.

106. Smart R, Caulkins JP, Kilmer B, Davenport S, Midgette G. Variation in
cannabis potency and prices in a newly legal market: evidence from
30 million cannabis sales in Washington state. Addiction. 2017;112:
2167–77.
107. Winters DE, Brandon-Friedman R, Yepes G, Hinckley JD. Systematic
review and meta-analysis of socio-cognitive and socio-affective processes association with adolescent substance use. Drug Alcohol
Depend. 2021;219:108479.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version
of the article at the publisher’s website.

How to cite this article: Dellazizzo L, Potvin S, Giguère S,
Dumais A. Evidence on the acute and residual neurocognitive
effects of cannabis use in adolescents and adults: a systematic
meta-review of meta-analyses. Addiction. 2021;1–14. https://
doi.org/10.1111/add.15764

