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Table S1. Randomized controlled trials investigating the acute effects of cannabis use on cognitive functioning by dose of Δ-9-THC.
	Author
	Design
	Doses
	Participants
	Cognitive domains 
	Findings
	Analytical strategy

	D’Souza et al.
20041
	Cross-over (within individuals)
	Intravenous 0, 2.5, and 5.0mg of Δ-9-THC
	22 not cannabis-naive (no lifetime criteria for CUD)
	Verbal learning and memory, vigilance and distractibility, verbal fluency, working memory
	Δ-9-THC significantly impaired immediate and delayed recall in a dose-dependent manner. Δ-9-THC had significant dose effects on omission errors, but not commission errors for the distractibility task. No dose-dependent effect for vigilance, verbal fluency and mixed findings for working memory.
	Non-parametric rank-based analysis

	Curran et al. 
20022
	Cross-over (within individuals)
	Oral capsules of 0, 7.5, and 15mg of Δ-9-THC
	15 infrequent male users. Current weekly cannabis users were excluded.
	Verbal learning and memory, attention/working memory, executive function, working memory, reaction time, focused attention, implicit memory, verbal fluency
	There were dose-dependent impairments by THC for verbal memory, but not verbal learning. Also, both doses of THC were associated with poorer performance on focused attention, however there was no explicit information about the presence or absence of a dose-response relationship. For verbal fluency and immediate and delayed recall domains, only the higher dose negatively affected performance. Finally, reaction times and performance on attention/working memory, implicit memory, and executive function tasks were not impaired by neither THC doses. 
	Repeated measure multivariate analyses of variance with both drug condition (3 doses) and time as within-subject variables


	Hunault et al.
20093
	Cross-over (within individuals)
	Smoked cigarettes containing 0, 29.3, 49.1, and 69.4mg of Δ-9-THC
	24 non-daily male users
	Reaction time, visuo-spatial selective attention, short-term memory, divided attention, and sustained attention
	Response time (RT) increased significantly with increasing THC doses which means a linear dose–effect relationship was observed for RT among all tasks. The average number of errors differed significantly between the four THC doses in the short-term memory and the sustained attention tasks (linear dose-effects) but not in the selective attention task nor in the short-term memory part of the divided attention task. Analyses were conservative because only linear dose-response relationships were investigated.
	Multilevel model (observations clustered within individuals) with dose as continuous variable

	Weinstein et al.
20084
	Cross-over (within individuals)
	Smoked cigarettes containing 13 and 17mg of Δ-9-THC
	14 daily users (10 males)
	Cognitive flexibility, decision making
	For cognitive flexibility, there was no difference in the total number of blocks completed without errors as well as non-perseverance errors between the session at 13mg and at 17mg. No dose effect for speed of processing and quality of decision making in the decision making task.
	ANOVA

	Hart et al.
20015
	Cross-over (within individuals)
	Smoked cigarettes containing 0%, 1.8%, and 3.9% Δ-9-THC concentrations
	18 almost daily users (6.1 days/week; 10 males)
	Reaction time, attention, working memory, learning and delayed recall, visuospatial processing, reasoning, cognitive flexibility and mental calculation
	In the 3.9% concentration condition, participants took more time to finish completing immediate recall and mental calculation tasks relative to the 1.8% condition.
No significant differences were observed when accuracy of responding on attention, visuospatial processing, reasoning, cognitive flexibility, and mental calculation tasks were analyzed as a function of Δ9-THC concentration. Among the memory tasks, only performance on immediate recall was impaired following administration of the highest concentration of Δ-9-THC relative to 0% and 1.8% cigarettes. 
	Repeated measures ANOVA

	Ramaekers et al.
20066
	Cross-over (within individuals)
	0, 250, and 500 μg/kg of smoked Δ-9-THC
	20 light users (average of 3 times/monthly, 14 males)
	Response inhibition, decision making
	Relative to placebo, Δ9-THC reduced the number of correct decisions and increased stop reaction time in the response inhibition task.
The proportion of observations showing impairment progressively increased as a function of serum Δ9-THC in every task. At concentrations between 5 and 10 ng/ml approximately 75-90% of the observations were indicative of significant impairment in every performance test. At Δ9-THC concentrations >30 ng/ml the proportion of observations indicative of significant impairment increased to a full 100% in every performance test.
	-Repeated measures MANOVA with THC (3 doses) as a main factor.
-Linear regression analysis between THC concentrations in serum and oral fluid and changes (from placebo) in task performance

	Spindle et al. 20187
	Cross-over (within individuals)
	0, 10, and 25mg Δ-9-THC doses were vaporized and smoked 
	17 infrequent users (had not used in the previous month)
	Selective and divided attention, working memory
	Did not explicitly test for dose-response relationships, but the authors reported that the magnitude of performance impairment for the attention and working memory tasks increase with higher doses - more so for the vaporized conditions.
	Repeated-measure regressions with 3 factors included: time (change from baseline scores), dose (0 mg, 10 mg, and 25 mg), and inhalation method (smoked vs vaporized)

	Adam et al. 20208
	Cross-over (within individuals)
	Experiment 2: Oral capsules of 0, 7.5, and 15mg Δ-9-THC
	23 occasional users (non-daily use; 11 males)

	Visual working memory
	Although polynomial contrasts revealed a linear effect of dose on working memory performance, only the high dose was significantly different from placebo. 
	One-way repeated-measures ANOVA with dose as a factor (placebo, 7.5mg and 15mg).

	Heishman et al. 19979
	Cross-over (within individuals)
	Smoking 4, 8, and 16 puffs of 3.55% Δ-9-THC, and placebo (in every condition participants had to smoke 16 puffs)
	5 regular male users (1-6 marijuana joint/week)
	Reaction time, processing speed/attention, working memory, verbal learning 
	The 8- and 16-puff cannabis conditions impaired performance on the processing speed/attention task, but not in an orderly dose-related manner. There were no significant cannabis condition or condition × time effects on reaction time and working memory tests. A cannabis dose-related decrease in the number of words recalled (verbal learning) after each list presentation was observed (revealed by a significant presentation order × drug condition interaction).
	Repeated-measures ANOVA with dose (4, 8, and 16 puffs) and time (mid-smoking, post-smoking) as factors.

	Böcker et al. 
201010
	Cross-over (within individuals)
	Joints containing 29.3mg, 49.2mg, and 69.4mg of Δ-9-THC, and a placebo joint with less than 0.003% c
	24 occasional male users (2-18 joint/month)
	Selective attention
	A significant linear dose-related effect was observed between dose and speed (reaction time) and accuracy, such that mean reaction time and accuracy were lowest in the placebo condition and highest in the high dose condition.
	Repeated-measures MANOVA with a dose factor (placebo, low, medium, and high).




Table S2. Studies investigating the acute effects of cannabis use on cognitive functioning by Δ-9-THC:CBD ratio.
	Author
	Design
	Conditions
	Participants
	Cognitive domains 
	Findings
	Analytical strategy

	Hindocha et al.
201511*
	Cross-over (within individuals)
	Vaporized THC only (8mg), CBD only (16mg), THC+CBD (8mg + 16mg), and placebo
	24 light (<24 days/month) and 24 heavy (>25 days/month) users (34 males)
	Emotion processing
	Collapsing over emotion types, participants showed poorer accuracy after THC alone compared to placebo at the 40% facial expression intensity. Subsequent paired-samples t-tests revealed that participants were more accurate in the THC+CBD condition relative to the THC alone condition.
	Mixed model repeated-measures ANOVA with drug condition, emotion and intensity (of facial expression) as within-subject factors.

	Schoedel et al.
201112
	Cross-over (within individuals)
	6 conditions: Oromucosal spray of 10.8, 21.6 and 43.2mg Nabiximols (1:1 THC:CBD), and 20 and 40mg Dronabinol (synthetic THC without CBD), and placebo
	23 frequent users (> once/week in the previous 3 months, 19 males)
	Reaction time, divided attention, working memory

*Cognitive testing was done over 24h post-dose
	The drug conditions had no effect on reaction times and performance on the divided attention test. Only the high dose of synthetic THC (dronabinol) had increased reaction time during the working memory task compared with placebo, while the lower dose of dronabinol and all doses of nabiximols (THC:CBD ratio of 1) were not different from placebo.
	Linear mixed-effect models with drug condition sequence, period, drug condition as fixed effects, baseline information as covariate, and subject within the drug condition sequence as a random effect

	Morgan et al.
201813*
	Cross-over (within individuals)
	Vaporized THC only (8mg), CBD only (16mg), THC+CBD (8mg + 16mg), and placebo
	24 light (<24 days/month) and 24 heavy (>25 days/month) users (34 males)
	Immediate and delayed recall, spatial working memory, verbal fluency, processing speed.
	Both THC and THC + CBD conditions impaired performance on immediate and delayed recall as well as working memory tasks while performance during the CBD alone condition was not significantly different than placebo. For verbal fluency and processing speed, the THC and THC + CBD conditions did not impair performance relative to placebo.

	Repeated measures ANOVA with drug condition as a within-subject factor

	Arkell et al.
201914
	Cross-over (within individuals)
	3 conditions: Vaporized 125 mg THC (11% THC, < 1% CBD), THC/CBD (11% THC, 11% CBD), or placebo (< 1% THC, < 1% CBD) 

	14 occasional users (<2 times/week in the previous 3 months and >10 lifetime exposures, 11 males)
	Processing speed/attention, divided attention, sustained/divided attention
	Vaporized THC alone, but not THC combined with CBD, reduced processing speed/attention performance relative to placebo. For both the divided and sustained attention tests, participants showed impaired performance following THC combined with CBD compared to THC alone or placebo. 
	Linear mixed models with drug condition, time, session and drug condition by time as fixed factors. Covariates included baseline cognitive data

	Lawn et al. 201615
	Cross-over (within individuals)
	3 conditions: Vaporized THC (8mg), THC/CBD (8mg THC, 10mg CBD), and placebo
	17 occasional users (<3 times/week, 8 males)
	Effort-related decision making
	Administration of THC alone reduced the overall likelihood of making high-effort choices for monetary reward compared with placebo. This effect was not, overall, attenuated during the THC + CBD condition.

	Generalized estimation equation models to predict likelihood of making a high-effort choice

	Roser et al. 200916
	Cross-over (within individuals)
	3 conditions: Oral capsules of 10mg Δ-9-THC, 10mg Δ-9-THC + 5.4mg CBD, or placebo
	24 occasional users (12 males, all right-handed)

	Psychomotor speed
	Administration of THC + CBD reduced right-hand tapping frequencies in all parts of test. In contrast to the THC + CBD condition, the THC condition had no marked effect on tapping test parameters compared to placebo.


	MANOVA

	Morgan et al. 201017
	Naturalistic (between individuals)
	Low CBD group: 22 users smoking strains with < 0.14% CBD
High CBD group: 22 users smoking strains with > 0.75% CBD
	Occasional users (> once/month for 12 months) 

	Immediate and delayed recall, verbal fluency, episodic memory 
	Poorer performance was observed in the low CBD group relative to the high CBD group in both immediate and delayed recall, despite there being no between-group difference in the cannabis’ THC content and in performance while not intoxicated. There were no group differences on performance scores of the verbal fluency and episodic memory tasks
	2 x 2 repeated-measures ANOVA with group as a between-individual factor and day (intoxicated, not intoxicated) as a within-subject factor

	Englun et al. 
201318
	RCT without cross-over (between individuals)
	Group 1 (n=26): Pretreatment of oral capsules of placebo followed by intravenous THC (1.5mg)
Group 2 (n=22): Pretreatment of oral capsules of 600mg CBD followed by intravenous THC
	Occasional users (27 males) 
	Verbal learning and memory, processing speed, working memory, executive functioning 
	Delayed but not immediate recall was poorer, relative to baseline, in the placebo pre-treated group compared with the CBD pre-treated group. No effect of group on processing speed, working memory and executive functioning. 
	Repeated-measures ANOVA with moment (baseline, post-capsule, post-THC) as a within-subject factor and group as a between-subject factor

	Morgan et al. 201219
	Naturalistic (between individuals)
	Following CBD hair analysis, participant were further divided in a CBD absent and CBD present groups
	120 participants: 54 recreational users, and 66 daily users 
	Immediate and delayed memory, episodic memory
	A significant main effect of CBD presence was observed only in the episodic memory task: individuals (across recreational and daily users) who had CBD present in their hair performed better than to those who did not have CBD present (across high and low THC levels).

	2x2x2 ANOVA with factors of group users (recreational, daily), CBD (present or absent) and THC level (high or low), with IQ as a covariate


*Same sample and same design

Table S3. Studies investigating the acute effects of cannabis use on cognitive functioning by previous cannabis use.
	Author
	Design
	Conditions
	Participants
	Cognitive domains 
	Findings
	Analytical strategy

	Colizzi et al.
201820
	Between subject (non-users vs users) contrast of a cross-over (placebo vs THC) RCT
	Oral capsule containing 10mg Δ-9-THC and placebo
	24 male participants:
12 non-users (<5 lifetime joints) and 12 occasional users (24.5±9 lifetime joints)
	Verbal learning and memory, response inhibition
(tasks during fMRI session)
	Performance on the verbal learning and memory task during the drug condition (while intoxicated) did not differ between non-users and occasional users (in the whole sample, there was no significant effect from THC on performance). Conversely, relative to placebo, the THC-induced increase in inhibition errors was greater in non-users than occasional users. 
	ANOVA with drug condition (THC, placebo) as a within-subject factor and user status (non-user, occasional user) as a between-subject factor

	Ramaekers et al.
200921*
	Between subject (non-users vs users) contrast of a cross-over (placebo vs THC) RCT
	Smoked cigarettes containing 13% of Δ-9-THC (for a total of 500μg/kg), and placebo
	24 participants:
12 occasional users (< once/week; 8 males) and 12 regular users (>4 days/week; 9 males)
	Psychomotor function/attention, divided attention, response inhibition, and executive function (decision making)
	The overall impairing effect of THC on psychomotor function/attention and divided attention performance was evident in occasional users relative to regular users. While performance on response inhibition was affected by THC, there was no specific effect of cannabis use status. Lastly, performance on the decision making task was not affected by THC.
	Repeated-measure ANOVA with drug condition (THC, placebo), time of testing (4 levels) as within-subject factors and cannabis use status as between-subject factor

	Theunissen et al.
201222*
	Between subject (non-users vs users) contrast of a cross-over (placebo vs THC) RCT
	Smoked cigarettes containing 13% of Δ-9-THC (for a total of 500μg/kg), and placebo
	24 participants:
12 occasional users (< once/week; 8 males) and 12 regular users (>4 days/week; 9 males)
	Divided attention, response inhibition
	The impairing effect of THC on divided attention performance were specific for the occasional users. Only stopping reaction times were increased by the THC condition. There were no effect of cannabis use status or interaction with drug condition on the response inhibition task.

	ANOVA with drug condition (THC, placebo) as a within-subject factor and cannabis use status as a between-subject factor

	D’Souza et al.
200823
	Between subject (non-users vs users) contrast of an RCT
	2 conditions: pretreatment with either placebo or haloperidol followed by intravenous placebo, and lastly followed by intravenous Δ-9-THC (0.0286mg/kg) 

	11 occasional users (lifetime exposure >100 times and recent exposure > 10 times/month) and 17 non-users
	Verbal learning and memory, attention (vigilance and distractibility), spatial working visual memory, executive function
	For verbal learning, the combined effect of haloperidol and THC produced significant performance deficits in non-users, but not in occasional users. There were no main effects or interaction with cannabis use status on other measures of verbal memory, visual memory, attention and executive function. For spatial working memory, non-users reported increased THC-induced errors relative to occasional users. 
	Linear mixed models with haloperidol (placebo, active) and THC (placebo, active) as within-subject factors and cannabis use status as a between-subject factor

	D’Souza et al. 200824

	Between subject (non-users vs users) contrast of a cross-over (placebo vs THC) RCT
	3 conditions: 
Intravenous 0, 2.5 and 5mg of Δ-9-THC
	30 regular users (met criteria for current cannabis use disorder; 21 males) and
22 non-users (<1 exposure in the past month; 14 males)
	Verbal learning and memory, attention (vigilance and distractibility)
	For verbal learning, regular users showed blunted THC-induced impairments relative to non-users. Similarly, for free delayed recall, only in non-users did THC impaired performance in a linear dose-dependent fashion. This impairing effect was not observed during delayed cue recall, not during delayed recognition recall. THC decreased distractibility performance only in non-users while it impaired vigilance performance specifically in regular users.

	Non-parametric mixed model with dose (3 levels) as a within-subject factor and cannabis use status as a between-subject factor, and age and IQ as covariates.


*Same sample and same design 


Table S4. Studies investigating the acute effects of cannabis use on cognitive functioning by psychosis spectrum comorbidity.
	Author
	Design
	Conditions
	Participants
	Cognitive domains 
	Findings
	Analytical strategy

	D’Souza et al.
200525
	Between subject (patients vs healthy controls) contrast of a cross-over (placebo vs THC) RCT
	3 conditions:
Intravenous 0, 2.5 and 5mg of Δ-9-THC
	13 antipsychotic treated schizophrenia patients (10 males)
and 22 occasional healthy users (14 males)
	Verbal learning and memory, vigilance and distractibility, verbal fluency
	While accounting for the worse performance from schizophrenia patients on verbal learning at baseline (before intoxication), schizophrenia patients were more sensitive to the dose-related impairing effects of Δ-9-THC for verbal learning. As for verbal memory, schizophrenia patients performed generally worse than healthy controls, but the authors did not find any significant dose (THC vs placebo) x group interaction, suggesting no further susceptibility to Δ-9-THC memory impairment from patients. Similarly, for attention, there were no significant dose x group interactive effects, however low sample size (n=7) for this task specifically might explain this negative result. Finally, Δ-9-THC had no effect on verbal fluency performance in the whole sample.
	Non-parametric rank-based analysis with group (patients vs controls) as a between-subject factor and dose as a within-subject factor

	Henquet et al.
200626
	Between subject (patients vs healthy controls) contrast of a cross-over (placebo vs THC) RCT
	Smoked cigarettes containing 13% of Δ-9-THC (for a total of 300μg/kg), and placebo
	30 patients with psychosis, 12 first- and second-degree relatives of patients, and 32 healthy controls
	Verbal and nonverbal learning and memory, attention (sustained and selective), psychomotor speed
	The overall impairing effect of THC on psychomotor function/attention and divided attention performance was evident in occasional users relative to regular users. While performance on response inhibition was affected by THC, there was no specific effect of cannabis use status. Lastly, performance on the decision making task was not affected by THC.
	Multilevel random regression analyses examining the effects of drug condition (Δ-9-THC vs placebo), genetic vulnerability (Val/Val, Val/Met, Met/Met), and clinical vulnerability.






Table S5. Longitudinal observational studies and quasi-experimental co-twin studies of the association between the residual effects of cannabis use on cognitive functioning.

	Author
	Sample size
	Baseline age or age range
	Length of follow-up
	Assessments
	Frequency of use
	Cognitive domains tested
	Cognitive vulnerability hypothesis
	Concurrent hypothesis
	Neurotoxic hypothesis
	Analytical strategy
	Model’s covariates

	Auer et al.
201627
	3385
	18-30
	25 y
	Cannabis measured at baseline, 2, 5, 7, 10, 15, 20, and 25 years follow-up: a cumulative lifetime use was estimated. Cognition measured at the 25 years follow-up.
	16% never used cannabis, 44% used cannabis daily for <0.5 years, 24% used cannabis daily for 0.5-2 years, 7% used cannabis for 2-5 years, and 9% used cannabis daily for >5 years.
	Verbal memory, processing speed, executive function (response inhibition)
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study
	“Cumulative lifetime exposure to cannabis was significantly associated with worse verbal memory.”
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues
	Linear regressions
	Tobacco, use of alcohol and illicit drugs, physical activity, depression.

	Becker et al. 
201828
	73
	19-20
	2 y
	Cannabis measured at baseline. Cognition measured at baseline and follow-up (2 years later)
	38 cannabis users (90% reported using >5 times/week) and 35non-users (<once/monthly)
	Motor function, attention, verbal fluency, verbal working memory, verbal learning and memory, spatial working memory, planning, and motivated decision making.
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study
	Groups by time interaction were observed for spatial working memory and decision making, such that cannabis users showed poorer performance than non-users at baseline, but not at follow-up. A later age of cannabis use onset was associated with better performance on verbal memory and planning relative to early onset users.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues
	Repeated-measures ANOVA
	Baseline IQ, sex, time interval between assessments, and alcohol use.

	Boccio & Beaver. 
201729
	373 to 6584
	12-21
	6 y (first follow-up 1 year later, and last follow-up 6 years later)
	Cognition was assessed at baseline and wave 3 (6 years later). Cannabis was assessed at wave 2 (1 year later) and wave 3 (6 years later)
	Ever user vs never users. 12% had used cannabis in the previous year at wave 2, while 70% had used cannabis in the previous year at wave 3.
	Verbal intelligence
	No evidence that cognitive impairment was apparent prior to cannabis use initiation.
	Having tried cannabis at wave 3 was associated with a decline in verbal intelligence performance between waves 1 and 3, relative to non-users (modest effect size).
	Having tried cannabis at wave 2 predicted a significant decline in verbal intelligence performance from waves 1 to 3, relative to non-users (modest effect size).
	OLS regression with IQ change score as the dependent variable
	Age, sex, race, SES, and personality factors.

	Castellanos-Ryan et al.
201730
	294
	13
	7 y
	Cognition measured at ages 13, 14, 20. Cannabis measured annually between ages 13 and 17.
	Prevalence of cannabis use ranged from 43% at some point during adolescence to 51% at age 20 (last assessment)
	Verbal IQ, memory, working memory, executive functioning, response perseveration.
	Poor memory and working memory performance were associated with earlier onset of cannabis use. Higher verbal IQ was associated with both earlier onset and a steeper increase in cannabis use frequency.
	No concurrent effects examined.
	Early cannabis use frequency (age 14) was significantly associated with a performance decline (from 13-20 years old) on response perseveration. The steeper the growth in cannabis use from 14-17 years old was significantly associated with poorer development of executive functioning. In those who had abstained from using cannabis 12 months prior to cannabis testing at 20 years, the increase in cannabis use across adolescence (slope) was still significantly associated with a decline in executive functioning from preadolescence to early adulthood.
	Latent growth curve modelling using cognitive change scores
	SES, academic achievement, externalizing problems, alcohol use.

	Fried et al.
200231
	70
	9-12
	8 y 
	Cognition measured prior to cannabis use (9-12 y.o.) and during young adulthood (17-20 y.o.). Cannabis measured at 17-20 y.o.
	4 groups: 37 non-users (never used marijuana weekly); 9 former regular users; 9 light current users (<5 joints/week); and 15 heavy current users (>5 joints/week).
	General IQ
	No difference in preteen IQ across the 4 groups.
	IQ difference score for the heavy current user group was significantly different from that for non-users.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues, but did report no significant differences between former users and non-users.
	ANCOVA with IQ differences score as dependent variable.
	SES, education, age, sex, other substance use, maternal use of substances during pregnancy, and mother's age at time of birth.

	Fried et al.
200532
	113
	9-12
	8 y
	Cannabis use measured at last follow-up. Cognition measured at ages 7, 9-12, 13-16, and 17-21.
	4 groups: 19 current light users (<5 joints/week), 19 current heavy users (>5 joints/week), 16 former regular users (no regular use for >3 months), and 59 never users.
	General IQ, memory, processing speed, vocabulary, attention, and abstract reasoning.
	Did not investigate cognitive functioning prior to cannabis use initiation.
	After controlling for pre-drug performance, current heavy users performed worse than non-users on memory, processing speed, and general IQ. Current light users did not perform worse than non-users on any cognitive domain.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues, but did report that former regular users did not perform worse than non-users on any cognitive domain.
	ANCOVA controlling for pre-drug performance with group as between-subject factor (current heavy, current light, former, and non-users)
	SES, cigarette and alcohol use, and mental health diagnosis.

	Hanson et al. 201033
	40
	15-19
	3 weeks
	Cannabis measured at baseline. Cognition measured after 3 days, 2 weeks and 3 weeks of abstinence.
	2 groups: 19 users (>200 lifetime uses), 21 non-users (<5 lifetime uses).
	Verbal memory, visual attention, verbal working memory, and time estimation.
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study.
	Did not test concurrent cognitive effects of cannabis.
	No time by group interaction was observed for any of the cognitive tests. Across all domains tested, only attention accuracy remained deficient in users throughout the 3-week abstinence period.
	Repeated-measures ANCOVA
	Age and SES.

	Infante et al. 202034
	175
	12-15
	14 y
	Cannabis and cognition measured at each assessment (annual assessments).
	Prevalence of use at baseline was 5%.
	General IQ, processing speed, visuo-spatial abilities, memory, response inhibition.
	Individuals more likely to use cannabis showed worse performance on response inhibition and visuo-spatial abilities.
	No concurrent within-subject effects were significant for cannabis, such that increases in the number of days using cannabis at a given year were not associated with poorer cognitive functioning that same year.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Hierarchical linear models disentangling between- from within-person differences.
	Age, sex and recency of alcohol use.

	Jacobus et al. 201535
	108
	16-19
	3 y (followed-up every 18 months)
	Cannabis measured at baseline. Cognition measured at every assessment.
	2 groups: 49 cannabis users with concomitant alcohol use (>60 lifetime use) and 59 with limited substance use histories (<9 lifetime use). Over 80% of cannabis users continued to report >60 marijuana use episode per year by 3-year follow-up.
	Complex attention/ working memory, verbal memory, processing speed, visuo-spatial abilities, and executive functioning.
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study.
	Group (users vs non-users) by time interactions were observed for learning/complex attention, and visuo-spatial functioning, such that cannabis users showed relative decline in performance compared to controls. Moreover, group (early onset vs late onset cannabis users - prior or after 16 years old) by time interaction was observed for learning/complex attention. Specifically, the early onset adolescents showed relative decline in performance compared to controls, while no differences were observed between late onset users and controls.
	Cannabis users performed worse than controls across all three time points on various cognitive domains, and significant differences were more consistent at 19 years old (1.5-year follow-up) across domains, just prior to a narrowing substance use gap observed by age 20 (3-year follow-up) between users and controls for both alcohol and marijuana use.
	Repeated-measures ANCOVA.
	Lifetime alcohol use.

	Lyketsos et al. 199936
	1318
	18-64
	12 y
	Cannabis and cognition measured at wave 1 (baseline), wave 2 (1 year later), and at wave 3 (12 years later).
	3 groups based on their self-reported cannabis use at all 3 waves: 61% non-users (never used cannabis at all 3 waves), 18% persistent light users (never used daily), 10% persistent heavy users (reported daily use for over 2 weeks at least for one study wave).
	Mini-Mental Status Exam
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study.
	Light and heavy cannabis users did not show greater decline on the mini-mental status exam than non-users.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Linear regressions with MMSE change score (wave 3 - wave 2) as the dependent variable.
	Sex, age, ethnicity, education.

	McKetin et al. 201637
	1897
	40-46
	8 y (follow-up every 4 years)
	Cannabis and cognition measured at all waves (baseline, 4 years later, and 8 years later).
	3 groups: no use, < weekly use, and > weekly use.
	Verbal learning and memory, working memory, processing speed, and verbal intelligence.
	Could not test if cognitive impairment was present prior to cannabis use because participants had already initiated cannabis when entering the study.
	Between-person effect: using cannabis weekly or more often remained significantly associated with lower test scores on verbal learning. Within-person effects for cannabis use on verbal learning and memory were not significant, suggesting no significant difference in learning and memory during waves when cannabis using participants were using cannabis compared to waves when they were not using the drug.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Random effects regression disentangling between- from within-subjects differences.
	Baseline years of education, race, past alcohol consumption; as well as the following time-varying covariates: employment status, tobacco and alcohol use, exercise, depression and anxiety.

	Meier et al. 
201238
	874
	7-13
	25 y
	Cannabis measured at ages 18, 21, 26, 32, 38. Cognition measured at baseline (age 13) and last follow-up (age 38).
	5 groups for persistence of cannabis dependence: never users, non-dependent users, those with 1 diagnosis of CUD, those with 2 diagnosis of CUD, those with 3 diagnosis of CUD.
	General IQ, working memory, processing speed, perceptual reasoning and verbal comprehension.
	No evidence that cognitive impairment was apparent prior to cannabis use initiation.
	Persistent cannabis use from age 18-38 (at 3+ waves) was associated with IQ decline from age 7-13 to age 38. Greatest impairments found in executive function, memory, processing speed, and verbal comprehension. Adolescent-onset users showed greater IQ decline than adult-onset cannabis users: in fact, adult-onset cannabis users did not appear to experience IQ decline as a function of persistent cannabis use.
	Among adolescent-onset persistent cannabis users, within-person IQ decline was apparent regardless of whether cannabis was used infrequently (median use = 14 days) or frequently (median use = 365 d) in the year before testing. This was not the case for adult-onset persistent cannabis users. 
	Ordinary least-squares linear regressions with cannabis use persistence as the independent variable and IQ change score as the dependent variable
	Years of education. Redid main analysis when excluding people diagnosed with schizophrenia, those with persistent tobacco dependence, persistent hard-drug dependence, persistent alcohol dependence, past-week cannabis use, past 24-cannabis use.

	Mokrysz et al. 201639
	2235
	8
	7 y
	Cannabis use measured at age 15. Cognition: IQ measured at age 8 and 15.
	5 groups: 77% had never used, 11% had used < 5 times, 6% had used beteen 5-19 times, 3% had used between 20-49 times, 3% had used >50 times.
	General IQ.
	No evidence that cognitive impairment was apparent prior to cannabis use initiation.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Cumulative cannabis use was negatively associated with IQ measured at the age of 15 when controlling for premorbid IQ, maternal factors, and mental health symptoms. However, this effect was attenuated when controlling for other substance use.
	Linear least-squares regressions.
	Cigarette and alcohol use, and childhood mental health symptoms.

	Morin et al.
201940
	3659
	13
	4 y
	Cognition and cannabis use measured every year for 4 years (13 to 16 y.o.).
	Prevalence of cannabis use ranged from 4.6% at 13 y.o. to 28.8% at 16 y.o.
	Non-verbal memory, response inhibition, working memory, non-verbal IQ (perceptual reasoning).
	Individuals more likely to use cannabis showed lower response inhibition.
	At the within-subject level, increases in cannabis use frequency in a given year were related to lower score on the non-verbal memory task in that same year.
	At the within-subject level, increases in cannabis use frequency in a given year further predicted lower performance on the response inhibition task a year later.
	Linear mixed effect models disentangling between-subject from within-subject differences.
	SES, gender, ethnicity, and alcohol use.

	Paige & Colder
202041
	387
	11-12
	9 y (annual follow-ups)
	Cannabis measured at waves 1-4. Cognition measured at waves 1-3, and at waves 7-9.
	Prevalence of use was 0% at wave 1, 1.6% at wave 2, 8.4% at wave 3 and 17.2% at wave 4.
	Attentional and inhibitory control.
	Overall, individuals more likely to use cannabis at an early age (12-14 years old) did not show worse levels of attentional and inhibitory control.
	No concurrent effects were evaluated, only long-term.
	High levels of early marijuana use at ages 12–14 significantly predicted low levels of adolescent attentional control at ages 18–21.
	Prospective path analysis.
	Alcohol use, antisocial problems.

	Tait et al. 201142
	2404
	20-24
	8 y (follow-ups every 4 years)
	Cannabis and cognition measured at each of the 3 waves.
	6 groups: 420 persistent never users, 657 always former users (had only used prior to baseline), 231 former light users (monthly at baseline, but former at 2nd follow-up), 60 former heavy users (weekly at baseline, but former at 2nd follow-up), 71 current light users (light users a baseline and 2nd follow-up), and 60 current heavy users (weekly use at baseline and 2nd follow-up).
	Verbal learning and memory, verbal fluency, processing speed, and working memory.
	Did not investigate cognitive functioning prior to cannabis use initiation.
	A time (wave) by group interaction was found specifically for verbal memory. Never, always former and both the light and heavy former users had improved scores across all three waves, while the current light and current heavy users showed a decline in performance from wave 2 to wave 3.
	A poorer development in performance from wave 1 (baseline) to wave 3 in current heavy users relative to former heavy users, suggesting that the impairing effects of cannabis are not long-term and resolve following abstinence.
	Mixed-model repeated measures ANOVAs.
	Education.

	Co-twin designs

	Jackson et al. 201643
	Study 1: 789; Study 2: 2277.
	Study 1: 9-10; Study 2: 11-12.
	Study 1: 10 y (5 follow-ups); Study 2: 7 y.
	Cannabis measured at each assessment. Cognition measured at baseline and last follow-up.
	Study 1: 60% users. Study 2: 36% users.
	General IQ (verbal and non-verbal intelligence, visual processing).
	Evidence for lower performance on verbal fluency tests, and to some extent visuo-spatial abilities, for those who later used cannabis. No evidence of cognitive vulnerability found for perceptual reasoning and visual processing.
	When comparing siblings discordant for cannabis use, no differences in all IQ measures change between MZ and DZ siblings.
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Mixed-effects linear regression models.

	Age, sex, race, zygosity, and SES.

	Meier et al. 201844
	1989
	12 y
	6 y
	Cannabis measured at age 18. IQ measured at ages 5, 12, and 18. Executive functions measured at age 18.
	At last follow-up (18 y.o.), 38% used cannabis in the past year, and 4% had a cannabis dependence.
	General IQ, executive functions.
	No evidence that cognitive impairment was apparent prior to cannabis use initiation among cannabis dependent twins and their non-dependent co-twin.
	No evidence from discordant pairs that cannabis‐dependent adolescents had lower IQ or executive functions at any age. Among twin pairs, the more frequently cannabis‐using twin performed worse on 1 out of 6 executive function tests, but performed equally on IQ measures at any age then their co-twin. 
	Did not investigate whether cannabis impairing effects were present at a later follow-up regardless of whether cannabis use continues.
	Linear regression with IQ change (from age 12-18) as dependent variable.
	Sex, IQ at age 5 or 12.

	Ross et al. 
202045
	856
	17 y
	6 y
	Cannabis and cognition measured at baseline and follow-up.
	At baseline, 7% with CUD. At follow-up 13% with CUD.
	General IQ and executive functions modeled with bi-factor model (General EF factor and shifting-specific and updating-specific sub-factors).
	Did not investigate cognitive functioning prior to cannabis use initiation.
	No evidence for concurrent effects at the within-family level.
	Among all tests measured and different ways of assessing cannabis use, there was evidence, at the within-family level, that an increase of cannabis use frequency at age 17 was associated with a decrease in general EF factor at age 23.
	Multilevel models disentangling between-family difference and within-family difference.
	Premorbid cognitive ability, sex, other substance use.
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