Table 1: Characteristics of included studies for review.

	(Author, Year)
	Participants (age, participant group, sample size)
	Methods (Study design, follow-up time, Measurements of Outcome Variable)
	NOS Rating
	Outcome Variable(s)
	Matched OR Controlled Variables
	Level of Cannabis Use1
	Relevant Findings

	(Ansell, Laws, Roche, & Sinha, 2015)
	US adults (18-55); Current cannabis users (N=43)
	Ecological momentary assessment (14-day); Barratt Impulsiveness Scale-Brief 
	N/A
	Impulsivity
	Age, gender, alcohol and tobacco consumption
	Recreational
	-Self-reported cannabis use was associated with increased impulsivity on the same and following day in comparison to days when cannabis was not used

	(Arkell et al., 2019)
	US adults (18-65); light cannabis users (N=14)
	Randomized, double-blind, within-subjects crossover design; (125mg THC, 62.5 mg THC and 62.5 CBD, or placebo); Digit Symbol Substitution Task (DSST); Divided Attention Task (DAT); Paced Auditory Serial Addition Task (PASAT)
	N/A
	Processing speed and attention
	Not reported
	Recreational
	- THC and THC/CBD conditions both produced significant impairments in attention and processing speed in comparison to placebo

	(Arseneault et al., 2002)
	New Zealand birth cohort; national representative sample (N=759)
	Prospective, birth cohort longitudinal design (follow-up at ages 11, 15, 18, 26); Structured Clinical Interview for DSM-IV
	8
	Symptoms of
schizophrenia and depression, 
diagnoses of
schizophreniform disorder and depression
	Socioeconomic status, sex, parental education level
	N/A
	-Cannabis use before or at age 15 predicted schizophrenia symptoms, or a diagnosis for schizophrenia and schizophreniform disorder at age 26. 

-Cannabis use did not predict depressive outcomes at age 26

	(Assari, Mistry, Caldwell, & Zimmerman, 2018)
	American black adolescents at baseline (13-16) national representative sample (N=681)
	-Longitudinal cohort design (3-yr follow-up); Brief Symptom Inventory
	8
	Depression
	Age, gender, family SES
	N/A
	-Baseline cannabis use predicted an increase in depressive symptomology for adolescent boys but not girls
-Baseline depressive symptoms did not predict subsequent cannabis use

	(Atakan et al., 2013)
	UK male adults, (20-42); naïve cannabis users (N=21)
	double-blind, placebo-controlled within-subject design; 10mg THC or placebo; battery of clinical assessments, go/no-go task
	N/A
	Psychotic symptoms, inhibition
	Cigarette, alcohol, cannabis, and other drug use
	Controls
	-Intoxication led to significantly greater reports of positive and negative schizophrenic symptomology in comparison to placebo

-Participants reporting greater psychotic symptoms during intoxication displayed significant impairments in inhibitory control

	(Baggio et al., 2014)
	Swiss male young adults (18-22); national representative sample (N=5084)
	Longitudinal, cohort design (2-yr follow-up); Cannabis Use Disorder Identification Test (CUDIT); World Health Organization–Major Depressive Inventory,
	6
	Depressive symptoms
	Not reported
	N/A
	-Cannabis use at Time 1 predicted depressive symptoms at Time 2 in a dose-dependent manner

	(Bechtold, Hipwell, Lewis, Loeber, & Pardini, 2016)
	US adolescent and pre-adolescent boys at baseline (5-12); national representative sample (N=1009)
	Longitudinal cohort design (annual follow-up from ages 13 - 18); Substance
Use Questionnaire; Youth
Self Report 
	7
	Psychosis
	Other substance use
	N/A
	-For each year adolescent boys engaged in regular
cannabis use, their expected odds of subsequent subclinical
psychotic symptoms rose by 21% and their expected odds of
experiencing subsequent subclinical paranoia or hallucinations rose by 133% and 92%

	(Becker et al., 2010)
	German young adults (18-25); early-onset and late-onset cannabis users (N=43) 
	Counterbalanced, cross-sectional design; verbal n-back task
	N/A
	Verbal memory
	Tobacco use, education
	Chronic
	-No behavior differences between groups emerged


	(Becker et al., 2018)

	US Adolescents (19-20); chronic daily cannabis users and non-cannabis controls (N=73)
	Cohort, Longitudinal (2yr follow-up); Neurocognitive battery
	8
	Motor function, speeded attention, verbal fluency, verbal working memory, verbal learning, spatial memory, planning, motivated decision-making
	IQ, age, sex, alcohol use 
	N/A
	- At follow-up, cannabis users demonstrated impairment in working memory, planning, and verbal memory. 
- Cannabis users did not demonstrate impairments in speeded attention, spatial memory, or decision-making 


	(Bhattacharyya et al., 2009)
	US white, male, adults (18-55); naïve cannabis users, (N=15)
	double-blind,
randomized, placebo-controlled, repeated-measures,
within-subject design; 10mg THC, 600mg cannabidiol, or placebo; verbal learning task, battery of clinical assessments
	N/A
	Verbal learning, anxiety, psychotic symptoms
	Not reported
	Controls
	-THC intoxicated participants did not demonstrate impairments in verbal learning 
-THC intoxicated participants reported greater levels of anxiety and psychotic symptoms than placebo or cannabidiol 

	(Blanco et al., 2016)
	US adults at baseline (18-24); national representative sample (N=34663)
	Longitudinal, cohort, prospective design (3yr follow-up); Alcohol Use Disorder and Associated Disabilities
Interview Schedule
	7
	Psychiatric disorders
	Age, sex, divorce history, education, race, family environment, family health history, 
	N/A
	-Cannabis use at baseline did not predict any mood or anxiety disorder at follow-up

	(Blest-Hopley, O’Neill, Wilson, Giampietro, & Bhattacharyya, 2019)
	UK adults (18-55); adolescent-onset cannabis users, non-users (N=42)
	fMRI cross-sectional design; paired associate verbal learning task
	9
	Verbal learning and memory
	Substance use, age, education
	Chronic
	-Cannabis users demonstrated learning impairments in comparison to non-users

	(Bloomfield, Morgan, Kapur, Curran, & Howes, 2014)
	UK adults (18-55); regular cannabis users and non-users (N=38)
	PET cross-sectional, design; Apathy Evaluation Scale
	7
	Apathy
	Current cannabis use, tobacco and ecstasy use
	Recreational, Chronic, and Dependent
	-All users reported significant levels of apathy 
-There were no significant associations between apathy scores and current cannabis use and age of first cannabis use

	(Boccio & Beaver, 2017)
	US adolescents at baseline (13-22); National representative sample (N=6584)
	Cohort, longitudinal design (5yr follow-up); Picture Vocabulary Test
	7
	IQ
	Sex, age, SES, race
	N/A
	-Cannabis use in adolescence (13-22) was a risk factor for a 1-2-point decline in IQ by the 5-yr follow-up (18-26)

	(Boden, Dhakal, Foulds, & Horwood, 2020)
	New Zealand birth cohort; national representative sample (N=1065)
	Longitudinal, birth cohort (follow-up annually until age 16, then ages 18, 21, 30, and 35); DSM-IV interview, social/family questionnaires, socioeconomic questionnaires
	9
	DSM-IV disorders, socioeconomic outcomes, social/family outcomes
	childhood, family and individual characteristics
	N/A
	-Heavy and persistent cannabis use in adulthood was a risk factor for major depression, anxiety disorder, suicidal ideation, psychotic symptoms, welfare dependence, and lower SES

	(Boggs et al., 2018)
	US adults (18-55); previous cannabis users (N=23)
	within-subject, double-blind, randomized, cross-over, and counterbalanced study; intravenous THC (placebo, 0.015 mg/kg, and 0.03 mg/kg); neurocognitive battery
	N/A
	Fine motor control, sustained attention, and motor timing
	Alcohol use, caffeine use
	Recreational, Chronic, and Dependent
	Intoxicated participants did not demonstrate impairments in sustained attentions
-intoxicated participants demonstrated dose-dependent deficits in fine motor control and timing

	(Bolla, Brown, Eldreth, Tate, & Cadet, 2002)
	US Adults (10-35); light, medium, and heavy cannabis users (N=22)
	Repeated-measures design; 28-day abstinence program; neurocognitive battery (tests at 0, 1, 7, and 28 days) 
	N/A
	Memory, executive function, psychomotor speed, manual dexterity
	-Age, sex/gender, IQ
	Chronic and Dependent
	-Heavy cannabis users demonstrated impairments in memory and executive function despite abstinence

	(Bolla, Eldreth, Matochik, & Cadet, 2005)
	US Adults (21-40); cannabis users and non-cannabis controls (N=22)
	Cross-sectional design; Iowa Gambling Task
	8
	Decision-making
	IQ scores, education, SES, race, alcohol use, and sex/gender
	Chronic and Dependent
	- Cannabis users demonstrated impairment in decision-making in comparison to controls

	(Borgwardt et al., 2008)
	Swiss male adults (20-42); naïve cannabis users (N=15)
	double-blind, pseudo-randomized, placebo-controlled repeated measures within-subject design; 10 mg THC, 600 mg CBD, placebo; Go/No-Go task


	N/A
	Impulsivity
	Not reported
	Controls
	- No behavior differences between conditions emerged

	(Burggren et al., 2018)
	US older adults (64+); former chronic cannabis users and non-users (N=40) 
	Case-control design; neurocognitive battery
	9
	Verbal memory, processing speed, executive functioning
	education, cigarette usage,
	Former chronic users and non-users
	- No behavior differences between groups emerged 

	(Carey, Nestor, Jones, Garavan, & Hester, 2015)
	Irish adults (18-34); chronic cannabis users and non-users (N=15)
	Cross-sectional design; paired associate learning task
	9
	Verbal learning and memory
	Education, alcohol use 
	Recreational, Chronic, and Dependent
	-Cannabis users demonstrated significant impairments in both verbal learning and memory

	(Casey & Cservenka, 2020)
	US adolescents (18-22); cannabis users and non-users (N=65)
	Cross-sectional design task; Iowa Gambling Task
	8
	Decision-making 
	Age, IQ
	Chronic, Dependent
	-Cannabis users demonstrated significant impairments in decision-making than non-users

	(Caspi et al., 2005)
	Dunedin birth cohort, national representative sample (N=803)
	Birth cohort longitudinal design (21yr follow-up); Diagnostic Interview Schedule; COMT Genotyping
	9
	Psychosis, psychiatric symptoms, COMT gene
	IQ, Conduct Disorder
	N/A
	- Carriers of the COMT valine158 allele were most likely to exhibit psychotic symptoms and
to develop schizophreniform disorder at follow-up if they used cannabis during adolescence in comparison to individuals without this allele

	
(Castellanos-Ryan et al., 2017)
	Canadian male boys at baseline (4-6); community sample (N=294)
	Prospective longitudinal design (annual follow-up from ages 10 -17, and again at 20); neurocognitive battery
	9
	IQ, working memory, short-term memory, executive functioning, reward processing
	-childhood adversity, academic achievement from 13 to 15 years verbal IQ at 13 years. Tobacco and other substance use, externalizing problems
	N/A
	-Early cannabis use was a significant risk factor for impairment in verbal IQ and executive function
-Early cannabis use was a significant risk factor for lower rates of high-school graduation 

	(Childs, Lutz, & de Wit, 2017)
	US adults (18-55); naïve cannabis users (N=42)
	Double-blind, randomized, and counterbalanced experimental design; placebo, 7.5-, 12.5 mg THC; Trier Social Stress Test and Primary Appraisal Secondary Appraisal rating scale
	N/A
	Psychosocial stress, mood, 
	Age, Trait anxiety, stress reactivity
	Recreational and Controls
	-Low-dose THC reduced subjective distress after stressful situations.
High dose THC increased negative mood overall 

	(Cousijn et al., 2014)
	Denmark Adults (18-25); Heavy cannabis users and non-cannabis controls (N=73)
	Quasi-Experimental; N‐back working‐memory task
	6
	Working memory
	age, sex/gender, education, estimated intelligence
	Chronic and dependent
	-No behavior differences between groups emerged

	(Curran, Brignell, Fletcher, Middleton, & Henry, 2002)
	UK male young adults (18-30); naïve cannabis users (N=15)
	Balanced, double-blind, cross-over design; 7.5mg and 15mg of THC, testing at pre- and 1, 2, 4, 6, 8, 24 and 48 h post-drug; Neurocognitive Battery; 
	N/A
	Verbal learning, sustained attention, working memory, reaction time, verbal fluency
	Not reported
	Recreational
	- THC was associated with impairments in explicit memory and learning impairments in a dose-dependent manner

	(D’Souza et al., 2005)
	US adults (18-55); naïve cannabis users (N=22)
	3-day, double-blind, randomized, placebo, and counterbalanced experimental design; 2.5, and 5 mg THC; Positive and Negative Symptom Scale, Clinician Administered Dissociative Symptoms Scale, Hopkins Verbal Learning Test,
	N/A
	Positive psychotic symptoms, negative psychotic symptoms, mood states, memory
	Education, age
	Recreational and Chronic
	- THC increased anxious and positive and negative symptoms
 
-THC did not lead to impairments in verbal memory but did lead to impairments in working memory

 

	(Danielsson, Lundin, Agardh, Allebeck, & Forsell, 2016)
	Swedish adults (20-64); national representative sample (N=8598)
	Longitudinal, cohort, prospective design (3yr follow-up); battery of clinical assessments
	6
	Anxiety Disorder, MDD
	Sex, age, alcohol and illicit drug use, education, family tension, place of upbringing
	N/A
	- Cannabis use was not a risk factor for any anxiety disorder or major depressive disorder

	(Degenhardt et al., 2013)
	Australian adolescents at baseline (14-17); national representative sample (N=1943)
	Longitudinal, cohort, prospective design (15yr follow-up); Revised Clinical Interview
Schedule (CIS-R)
	9
	Psychiatric disorders
	Sex, parent’s education, other substance use, age, nationality, smoking status, tobacco use, education, marriage status, employment, welfare 
	N/A
	-Adolescent cannabis use was not a risk factor for depression 
-Daily cannabis use in adolescence was a risk factor for general anxiety disorder

	(Despina et al., 2020)
	Canadian adolescents at baseline (15); nationally representative sample (N=1606)
	-prospective longitudinal design (annual follow-up for 5 years); Mental Health and Social Inadaptation Assessment
	9
	Depression, suicide ideation
	Alcohol, tobacco, and other drug use, 
	N/A
	-Cannabis use at baseline was not a risk factor for depression or suicide ideation
-Depression at age 15 was a significant risk factor for subsequent weekly cannabis use

	(Desrosiers, Ramaekers, Chauchard, Gorelick, & Huestis, 2015)
	US adults (18-45); regular and occasional cannabis users (N=25)
	Two-way mixed quasi-experimental design; 54mg THC; divided attention task, n-back task, balloon analog risk task
	N/A
	Divided attention, spatial working memory, impulsivity, psychomotor function
	Not reported
	Chronic and recreational
	-Occasional cannabis users demonstrated impairment in psychomotor function and divided attention 

-Occasional and regular users did not demonstrate impairments in working memory or risk-taking during intoxication



	(Dougherty et al., 2013)
	US adolescents (14-17); cannabis users and non-users (N=93)
	Counter-balanced Quasi-experimental design; Barratt Impulsiveness Scale; Marijuana Craving Questionnaire; Neurocognitive battery
	8
	Attention. Memory, Decision-Making, Impulse Control, 
	Age, gender, ethnicity
	Chronic and dependent
	-Cannabis users reported significantly greater impulsivity than non-users

-Cannabis users demonstrated significant impairments in memory in comparison to non-users

-Cannabis users did not demonstrate impairments in decision-making or attention 

	(Duperrouzel et al., 2018)
	US adolescents at baseline (14-17); national representative sample (N=250)
	Longitudinal design; bi-annual assessments (1yr); Depression, Anxiety, Stress Scale
	6
	Anxiety



	Current depressive symptomology, alcohol, and nicotine use
	N/A
	- Adolescent cannabis use was a significant risk factor for anxiety

	(Englund et al., 2013)
	UK adults (21-50); occasional cannabis users (N=48)
	mixed within- and between-subjects double-blind, placebo, cross-over design; 600 mg CBD or placebo preceding 1.5 mg THC; State Social Paranoia Scale, Positive and Negative Syndrome Scale, University of Wales Mood Adjective Checklist, neurocognitive battery
	N/A
	Psychotic symptoms, affect, verbal learning and memory, processing speed, working memory, planning
	Age, sex, BMI, other drug use
	Controls
	Post-THC, users in the CBD group reported significantly fewer positive psychotic symptoms and paranoia than the placebo pre-treated group

-Post-THC, users in the CBD group demonstrated less episodic memory impairments than the placebo pre-treated group

	(Englund et al., 2016)
	UK male adults, (21-34); naïve cannabis users (N=10)
	randomized, double-blind, placebo-controlled, crossover design; 5-day 10mg THCV or placebo administration followed by 1mg THC IV administration, cognitive battery, battery of clinical assessments
	N/A
	Psychotic, anxious, and depressive symptoms, verbal learning and memory, processing speed, 
	Age, sex, BMI, other drug use
	Controls
	-Intoxicated participants demonstrated memory impairments
-Intoxicated participants did not report psychotic, anxious, or depressive symptoms

	(Epstein et al., 2015)
	US adolescents (10 at baseline); national representative sample (N=808)
	Longitudinal cohort design (annual follow-up for 6 years, followed by assessments at ages 18, 21, 24, 27, 30, and 33); DSM-IV Interview Schedule; battery of clinical assessments
	6
	Substance Abuse and dependence, mental health disorder, problem behaviour, socioeconomic outcomes, positive functioning 
	Gender, ethnicity, childhood SES
	N/A
	-Cannabis use in adolescence was a significant risk factor for adverse mental health, educational, and economic outcomes 

	(Feingold et al., 2015)
	US adults at baseline (18-65); national representative sample (N=43,093)
	Cohort, prospective, longitudinal design (3-year follow-up); battery of clinical assessments
	8
	MDD and Bipolar Disorder
	sex, age, educational level, household income, marital status, urbanity and region, substance use disorder, additional psychiatric disorder
	N/A
	- Cannabis use at baseline was not a significant risk factor for depression after adjusting for covariates
-Weekly and daily cannabis use was a significant risk factor for bipolar disorder after adjusting for covariates

	(Feingold et al., 2016)
	US adults at baseline (18-65); national representative sample (N=43,093)
	Cohort, prospective, longitudinal design (3-year follow-up); battery of clinical assessments
	8
	Anxiety Disorders
	sex, age, educational level, household income, marital status, urbanity and region, substance use disorder, additional psychiatric disorder
	N/A
	- Cannabis use was not a risk factor for any anxiety disorder


	(Ferdinand et al., 2005)
	Dutch children and adolescents at baseline (4-16) national representative sample (N=1580)
	Birth cohort, prospective, longitudinal design (annual follow-up from ages 1-16, followed by assessments at ages 18, 21, and 25; Composite International Diagnostic Interview 
	8
	Psychotic symptoms
	Age, sex,
	N/A
	- Cannabis use was a significant risk factor for development of psychotic symptoms at follow-up
- Psychotic symptoms in individuals who never used cannabis was a significant risk factor for future cannabis use

	(Fergusson, Horwood, & Ridder, 2005)
	NZ birth cohort; national representative sample (N=1055)
	Birth cohort, longitudinal design (25yr follow-up); battery of clinical assessments, 
	8
	Psychotic symptoms
	Socioeconomic status, family functioning, child abuse, gender, neuroticism, novelty seeking, self-esteem, child IQ,
	N/A
	-Daily cannabis use was a significant risk factor for development of psychotic symptoms at 21 and 25

-

	(Fontes et al., 2011)
	Brazilian adults (18-55); early-onset and late-onset cannabis users, non-users (N=148)
	Counter-balanced, cross-sectional design; Wisconsin Card Sorting Test, Frontal Assessment Battery, Wechsler Adult Intelligence
Scale – Revised
	8
	Planning, conceptualisation, motor programming, divided attention, inhibitory control, visuospatial problem-solving, vocabulary
	Age, education, IQ
	Dependent
	-Early-onset cannabis users demonstrated poorer cognitive
Performance, sustained attention, impulse control
and executive functioning. than controls and late-onset users 


	(Fridberg, Skosnik, Hetrick, & O’Donnell, 2013)
	US Young adults (18-25); cannabis users and non-users (N=52)
	Cross-sectional design; XO continuous performance task
	8
	Sustained and selective attention
	Age
	Chronic and Dependent
	-No behavior differences between groups emerged

	(Gage et al., 2014)
	UK birth cohort, national representative sample (N=1756)
	Prospective, population-based birth cohort design (T1 data at age 16, follow-up at age 18); 
Psychosis-like-symptoms semi-structured interview
	6
	Psychotic experiences
	Family medical history, maternal education, sex, urban living, age 8 IQ, bullying, peer problems, depressive and borderline symptomology, substance use, victimisation, personality
	N/A
	-Cannabis use was associated with a greater amount of psychotic experiences at age 16, but the relationship was attenuated after controlling for cigarette smoking frequency

	(Gage et al., 2015)
	UK birth cohort, national representative sample (N=1756)
	Prospective, population-based birth cohort design (T1 data at age 16, follow-up at age 18); Clinical Interview Schedule-Revised
	6
	Anxiety Disorder, MDD
	Family medical history, maternal education, sex, urban living, age 8 IQ, bullying, peer problems, depressive and borderline symptomology, substance use, victimisation, personality
	N/A
	- Cannabis use was a significant 
risk factor for depression after adjustment for confounders

-Cannabis use was not a significant risk factor for anxiety after adjustment for confounders 

	(Gonzalez et al., 2012)
	US adolescents and young Adults (17-24); cannabis users and non-users (N=130)
	Cross-sectional design; Neurocognitive Battery 
	8
	Impulsivity and Verbal Learning
	Age
	Chronic and dependent
	- No impulsivity differences between groups emerged
- Cannabis users demonstrated impairment in verbal memory

	(Griffith-Lendering et al., 2013)
	Dutch adolescents at baseline (10-14); national representative sample (N=2120)
	Prospective longitudinal design (Two 3-yr follow-ups); Youth Self-Report

	8
	Psychosis
	Tobacco use, SES, parent medical history
	N/A
	-Cannabis use at age 16 predicted psychosis vulnerability at age 19 

-Psychosis vulnerability at age 13 predicted cannabis use at ages 16 and 19  

	(MFH Griffith-Lendering, Huijbregts, Mooijaart, Vollebergh, & Swaab, 2011)
	Pre-adolescents at baseline (10-14) national representative sample (N=2230)
	Prospective longitudinal design (3-yr follow-ups); Youth Self-Report

	8
	Internalizing and Externalizing behaviors
	SES, parental psychopathology, other substance use
	N/A
	-Cannabis use was not a risk factor for anxiety or depression by age 16

	(Gruber, Dahlgren, Sagar, Gönenc, & Killgore, 2012)
	US adults (18-55); adolescent-onset and adult-onset cannabis users, non-users (N=39)
	fMRI cross-sectional design; Multi-Source Interference Task
	8
	Impulsivity
	IQ, Age
	Chronic and Dependent
	- No behavior differences between groups emerged

	(Gruber, Dahlgren, Sagar, Gönenç, & Lukas, 2014)
	US adults (18-55); Early-onset cannabis users, late-onset cannabis users, and non-users (N=43)
	fMRI cross-sectional design; Barratt Impulsiveness Scale
	8
	Impulsivity
	age, IQ, days of alcohol use, socioeconomic status, nicotine use,


	Chronic and Dependent
	-Cannabis users reported significantly higher impulsivity scores than non-users

	(Grunberg, Cordova, Bidwell, & Ito, 2015)
	US young adults at baseline (18-21); frequent, infrequent, and non-cannabis users (N=338)
	Longitudinal cohort design (3-yr follow-up); Temperament and Character Inventory; Adult Self-report
	6
	Anxiety, Depression
	N/A
	N/A
	-Cannabis use was not a significant risk factor for increased anxiety or depression at follow-up

	(Harder, Morral, & Arkes, 2006)
	US adults at T1 of study (29-37) national representative sample (N=8759)
	Cohort, longitudinal design (1-year follow-up from T1); Center for Epidemiologic Studies—Depression (CES‐D) questionnaire
	7
	Depression
	race, gender, general health limitations, region of residence, urban versus rural residence, past‐year residence, criminal activity, past‐year marijuana use, family history, other drug use, education
	N/A
	-Overall cannabis use at baseline was not a significant risk factor for depression after adjusting for covariates
-Heavy cannabis use at baseline was a significant risk factor for depression after adjusting for covariates


	(Hatchard, Fried, Hogan, Cameron, & Smith, 2014)
	Canadian young adults (19-21); cannabis-users and non-users (N=24)
	Cross-sectional; Counting Stroop Task
	7
	Executive Function
	Nicotine use, SES
	Recreational and chronic
	-No behavior differences between groups emerged

	(Hengartner, Angst, Ajdacic-Gross, & Rössler, 2020)
	Swiss young adults at baseline (19-21); national representative sample (N=591) 
	Retrospective, longitudinal design (annual follow-up until 35/35, followed by assessments at 40/41 and 49/50); Structured Psychopathological Interview, Rating of the Social Consequences of Psychological Disturbances for Epidemiology

	9
	Depression, Anxiety, Suicidality, 
	SES, childhood substance abuse, family climate, education level, social support
	N/A
	-Early and frequent adolescent cannabis use was a significant risk for depression and suicidality at follow-up

-Cannabis use was not a significant risk factor for anxiety symptomology at follow-up
 

	(Homel, Thompson, & Leadbeater, 2014)
	Canadian adolescents at baseline (12-18); national representative sample (N=662)
	Longitudinal, cohort, design (Five 2-year follow-ups); cannabis use, postsecondary enrolment interview, 
	8
	Postsecondary education achievement
	sex, maternal education, family structure, high school grades, conduct problems
	N/A
	- Regular cannabis users had the lowest high school grades, had more conduct problems and were least likely to enroll in post-secondary education in comparison to occasional- and non-users

	(Hunault et al., 2014)
	Dutch, male, adults (18-45); cannabis users (N=24)
	- randomized, double-blind, placebo-controlled, crossover design; 29.3, 49.1 and 69.4 mg THC; Visual analogue scales
	N/A
	Memory, 
concentration, sedation and anxiety
	N/A
	Recreational and Chronic
	-THC-users reported significantly increased feelings of anxiety up to 8hr post-smoking
-THC users reported significant impairment in memory, concentration, and alertness

	(Hayatbakhsh et al., 2007)
	Australian birth cohort; national representative sample (N=3239)
	Birth cohort, longitudinal design; (follow-up at 6 months, 5, 14, and 21); Young Adult Self-Report, Youth Self-Report
	8
	Anxiety disorder, MDD
	Gender, maternal age and education, maternal marital status, family income, family health history, adolescent smoking status and alcohol consumption
	N/A
	-Cannabis use before 15 years was a significant risk factor for anxiety and depression 

	(Infante et al., 2020)
	US adolescents at baseline (12-15); National representative sample (N=175)
	Cohort, longitudinal design (14yr follow-up); Wechsler Intelligence Scale for Children; Customary Drinking and Drug Use Record; Hollingshead Index of Social Position 
	9
	Visuospatial functioning, Inhibitory control, verbal memory, processing speed, 
	Age, sex, substance use
	N/A
	-Greater cumulative cannabis use in adolescence was a significant risk factor for impairments in inhibitory control and visuospatial functioning

-Cannabis use was not a significant risk factor for verbal memory or processing speed

	(Jackson et al., 2016)
	US pre-adolescent twins and triplets at baseline (9-11); national representative sample (N=2769)
	Cohort, longitudinal design (8-yr follow-up); neurocognitive battery 
	7
	IQ, crystallized intelligence, fluid intelligence 
	Age, sex, race, zygosity, and socioeconomic status
	N/A
	-Cannabis users had lower test scores relative to nonusers
and demonstrated a significant decline in crystallized intelligence by follow-up
-No dose-dependent relationships between cannabis use and IQ change was found 
-Cannabis using twins did not differ significantly in their IQ decline relative to their abstinent siblings

	(Jacobsen, Mencl, Westerveld, & Pugh, 2004)
	US adolescents (14-19); cannabis users, tobacco users, non-users (N=21)
	Cross-sectional fMRI design; Conner’s Continuous Performance Test, Word recognition task
	8
	Sustained Attention, Selective Attention, Divided Attention
	Depression and anxious symptomology, inattention, stressful life events
	Recreational and chronic
	-Cannabis users demonstrated impairments in attention in comparison with tobacco users and non-users

	(Jager, Block, Luijten, & Ramsey, 2010)
	Dutch and US male adolescents (13-19); abstinent but frequent cannabis–using boys and non-users (N=45)
	Cross-sectional fMRI design; Sternberg's item-recognition paradigm, associative memory task
	7
	Associative memory, working memory
	age, estimated IQ, country (US versus NL); diagnosis of conduct disorder, cannabis use (frequency, abstinence); other substance use
	Chronic and Dependent
	-No behavior differences between groups emerged

	(Jager, Block, Luijten, & Ramsey, 2013)
	Dutch and US male adolescents (13-19); cannabis users and non-users (N=47)
	Cross-sectional fMRI design; monetary incentive delay (MID) task
	7
	reward processing 
	age, estimated IQ, country (US versus NL); diagnosis of conduct disorder, cannabis use (frequency, abstinence); other substance use
	Chronic and Dependent 
	No behaviour differences between groups emerged

	(Jager, Kahn, Van Den Brink, Van Ree, & Ramsey, 2006)
	Denmark Adults (18-55), current cannabis users and non-users (N=20)
	Cross-sectional fMRI design; Sternberg item recognition task and visuo-auditory attention task
	9
	Working memory and selective attention
	Age, gender/sex, IQ
	Recreational and Chronic 
	-No behavior differences between groups emerged

	(Kanayama, Rogowska, Pope, Gruber, & Yurgelun-Todd, 2004)
	US Adults (30-55); heavy cannabis users and non-users (N=22)
	Cross-sectional fMRI design; Spatial Working memory task
	8
	Spatial working memory
	Race, education, gender/sex
	Chronic and Dependent
	- No behavior differences between groups emerged

	(Kaufmann et al., 2010)
	Austrian female adults (19-29); non-cannabis users (N=16)
	Randomized, double-blind, active counterbalanced, 
cross-over design; 20mg THC or 5mg diazepam; visual analogues scales, brief psychiatric rating scale
	N/A
	Psychotic symptoms, subjective high feelings
	Not reported
	Controls
	-THC intoxication led to significantly greater reports of psychotic symptoms

	(Kloft et al., 2020)
	Dutch and Australian adults (18-65); occasional cannabis users (N=64)
	Randomized, double-blind, placebo-controlled design; 300 μg of THC per kg of body weight; associative word lists and two misinformation
tasks using virtual reality
	N/A
	False memory under drug influence and 7-days later
	Not reported
	Recreational
	-Intoxicated participants demonstrated higher false recognition at immediate and delay test than controls
- Intoxicated participants demonstrated higher false-memory creation at acute testing than controls

	(Kuepper et al., 2011)
	German adolescents and young adults at baseline (14-24); national representative sample (N=1923)
	Prospective longitudinal design (10yr follow-up); Munich composite international diagnostic interview 
	7
	Psychotic symptoms 
	Sex, SES, substance use, urban/rural environment, other psychiatric diagnosis 
	N/A
	-Cannabis use at baseline was a significant risk factor for developing psychotic symptoms at follow-up



	(Lane, Cherek, Pietras, & Steinberg, 2005)
	US adolescent boys (14-18); cannabis users and non-users (N=34)
	Cross-sectional design; progressive-ratio and fixed time motivation task
	7
	Motivation
	Cognitive aptitude, gender, conduct disorder
	Dependent
	Cannabis users demonstrated significant impairment in motivation in comparison to non-users 

	(Linares et al., 2019)
	Brazilian male adults (19-45); non-users (N=57)
	Double-blind, randomized, placebo, and counterbalanced experimental design; placebo, 150 mg, 300 mg, or 600 mg CBD; stimulated public speaking task
	N/A
	Anxiety
	Age, education, SES
	Controls
	-Intoxicated participants at 300mg of CBD demonstrated significantly less anxiety than intoxicated participants at CBD 150 mg CBD, 600 mg CBD, or placebo

	(Lisdahl & Price, 2012)
	US adolescents and young adults (18-26); cannabis users and non-users (N=59)
	Cross-sectional design; Beck Depression Inventory-II; Timeline Follow-Back; Wide Range Achievement Test-4th edition; Neurocognitive Battery 
	9
	Verbal memory, Psychomotor speed, sustained attention, verbal fluency, cognitive inhibition, design fluency
	reading ability, gender, subclinical depressive symptoms, body mass index, substance use
	Recreational, Chronic, and Dependent
	- Cannabis use was associated with poorer psychomotor speed, sustained attention and cognitive inhibition in a dose-dependent manner in young adults

-Male cannabis users demonstrated greater cognitive impairments than female cannabis users

-Cannabis users did not demonstrate impairments in verbal memory

	(Lovell et al., 2018)
	Australian adults (18-65); abstinent cannabis users, long-term cannabis users, long-term tobacco users (N=35)
	Quasi-experimental; Neurocognitive battery
	N/A
	Learning and memory, impulsivity, processing speed, sustained attention, 
	Age, education, lifetime tobacco consumption
	Chronic and Dependent
	-Cannabis users demonstrated significant impairment in learning and memory, processing speed, and response times in comparison to tobacco users and non-users

-Cannabis users demonstrated significant impairments in impulsivity in comparison to non-users

	(Manrique-Garcia, Zammit, Dalman, Hemmingsson, & Allebeck, 2012)
	Swedish, male, young adults at baseline (18-20); national representative sample (N=45087)
	Cohort, longitudinal design (35-year follow-up); Battery of clinical assessments
	7
	Unipolar depression, Bipolar disorder, affective psychosis, schizoaffective disorder
	IQ, deviant behaviors in childhood, social adjustment, alcohol use, nicotine use, SES, other drug use
	N/A
	-Overall, cannabis use was not a significant risk factor for future depression or completed suicide

-Cannabis use was a significant risk factor schizoaffective disorder

	(Martin-Santos et al., 2012)
	UK male adults (18-42); non-users (N=16)
	Randomised, double-blind, cross-over, placebo-controlled design; 10mg THC, 600mg CBD, or placebo; battery of clinical assessments at 1, 2, and 3 hours post drug administration
	N/A
	Anxiety, dysphoria, positive psychotic symptoms, and physical and mental sedation
	Not reported
	Controls
	- THC intoxication led to significantly greater reports of anxiety, dysphoria, positive psychotic symptoms, and physical and mental sedation in comparison to placebo and CBD

	(Martin-Soelch et al., 2009)
	Swiss adults (18-55); non-smokers, smokers, and cannabis users (N=53)
	Cross-sectional, counterbalanced design; Spatial delayed response task; Mood ratings
	6
	Behavioral and affective response to reward
	Age, education, Depressive symptomology
	Chronic and Dependent
	-Cannabis users rated their mood significantly lower than smokers and non-smokers during the task’s reward condition 

	(Matheson et al., 2020)
	Canadian young adults (19-25); community sample (N=91)
	Double-blind, placebo-controlled, parallel-groups design: High THC, low THC, or placebo cannabis:  Profile of Mood States and neurocognitive battery before and 1, 24, and 48 (h) after intoxication
	N/A
	Mood, memory, processing speed, attention, and motor skills
	Age, cannabis use frequency, IQ
	Recreational and Chronic
	-High-THC users reported increases in friendliness and elation, but an impairment in verbal memory 
-Low and high-THC users demonstrated greater mood and improvement in processing speed

	(McDonald, Schleifer, Richards, & de Wit, 2003)
	US adults (18-45); naïve cannabis users (N=37) 
	Randomized, double-blind, placebo-controlled, within-subject design; placebo, 7.5, or 15 mg THC; Stop task, Go/no-go task, Delay discounting task; Profile of Mood States; The Addiction Research Center Inventory; Drug Effects Questionnaire
	N/A
	Impulsivity, mood, subjective states
	Sex
	Recreational and Chronic
	- THC significantly increased subject ratings of, dysphoria, euphoria, anxiety, fatigue, anger, and confusion in a dose-dependent manner
-THC significantly impaired performance on 1 out of 4 tasks assessing Inhibitory control

	(Medina et al., 2007)
	US adolescents (16-18); 1-month abstinent cannabis users and non-users (N=65)
	Cross-sectional design; Neurocognitive battery;
	9
	Psychomotor speed, Complex attention, Verbal Memory, Visuo-spatial memory, Verbal accuracy, Planning, Problem Solving 
	Depressive symptoms, substance use
	Recreational, Chronic, and Dependent
	-Abstinent cannabis users demonstrated impairments in complex attention, psychomotor speed, planning, sequencing ability, episodic memory, and verbal memory in comparison to nonusers

-Cannabis users did not demonstrate impairments in one domain of executive functioning, which was problem solving

	(Meier et al., 2012)
	Dunedin birth cohort; national representative sample (N=1748)
	Prospective, birth-cohort longitudinal design (follow-up at ages 5, 7, 9, 11, 13, 15, 18, 21, 26, 32, and 38); Neurocognitive battery 
	9
	IQ 
	Substance use, schizophrenia, past 24-h cannabis use and past-week cannabis use
	N/A
	-Persistent cannabis use was associated with neuropsychological and IQ decline 
- Cannabis cessation did not fully restore neurocognitive functioning in adolescent-onset cannabis users


	(Meier et al., 2015)
	US adolescents at baseline (14-15); upper middle-income community (N=254)
	Longitudinal cohort (annual 3-yr follow-up); Substance use frequency scale
	6
	Education attainment
	Baseline GPA, delinquency, depression and anxiety symptoms.
	N/A
	-Persistent cannabis use across the four years of high school was a significant risk factor for lower grade-point average (GPA); lower Scholastic Aptitude Test (SAT) score, and greater externalizing symptoms

-

	(Meier et al., 2018)
	UK birth cohort; national representative sample of twins (N=2332)
	Birth cohort longitudinal design (follow-up at ages 5, 12, and 18); Wechsler Preschool and Primary Scale of Intelligence‐Revised; Cambridge Neuropsychological Test Automated Battery

	8
	IQ
	IQ at age 5, sex, co-twin variables, zygosity
	N/A
	-Cannabis use was not associated with IQ decline
-Twins who used cannabis more frequently than their co-twin demonstrated impairments in one test of working memory

	(Meier et al., 2020)
	US adolescent boys (15-16 at baseline) Community sample (N=856)
	Cohort longitudinal design (annual follow-ups for 10 years); Substance Use Questionnaire, Youth Self
Report
	6
	Anxiety, depression
	Substance use, subclinical psychotic symptoms, externalizing problems
	N/A
	-Weekly cannabis use was a significant risk factor for increases in depression and anxiety symptoms at follow-up

	(Mercuri et al., 2018)
	Australian Adults, (18-34); cannabis users and non-users (N=114)
	Cross-sectional design; Autobiographical Interview
	6
	Episodic foresight and episodic memory
	Intelligence and sex
	Recreational and Chronic
	- Regular cannabis users demonstrated greater impairment in episodic memory and episodic foresight than recreational cannabis users and non-users

	(Miettunen et al., 2008)
	Finnish birth cohort; National representative sample (N=6330)
	Prospective, birth-cohort, longitudinal design (16yr follow-up); PROD-screen
	7
	Prodromal psychosis symptoms 
	Gender, childhood emotional and behavioural symptoms, SES, substance use, parental substance use disorder
	N/A
	Cannabis use before the age of 15 was a significant risk factor for reporting prodromal psychosis symptoms at follow-up

	(Mokrysz, Landy, et al., 2016)
	UK birth cohort; national representative sample (N=4621)
	Longitudinal birth cohort (16yr follow-up); Wechsler Intelligence
Scale for Children; General Certificate of Secondary Education 
	8
	IQ, education attainment
	Maternal and early-life factors, childhood behavioural factors, childhood mental health, another adolescent drug use



	N/A
	-Frequent cannabis use was not a significant risk factor for lowered IQ or educational performance in comparison to occasional cannabis use or abstinence

	(Mokrysz, Freeman, Korkki, Griffiths, & Curran, 2016)
	UK male adolescents (16-17) and adults (24-28); cannabis users
	Mixed within- and between-subjects, double-blind, cross-over design; 12% THC or placebo; Neurocognitive battery
	N/A
	spatial working memory, episodic memory, response inhibition
	Premorbid intelligence, anxious and depressive symptom, body weight, age, 
	Chronic
	-Adults demonstrated greater impairment in spatial working memory and episodic memory than adolescents

-Adolescents demonstrated greater impairments in impulsivity than adults

	(Mokrysz et al., 2020)
	UK adolescents and adults (16-70); cannabis users (N=57)
	Study 1: within-subjects, double-blind, cross-over, placebo design; THC 12.0% CBD <0.1%; THC 6% CBD 7.5%
and placebo; Psychotomimetic States Inventory; White noise task 
Study 2: mixed within- and between-subjects, double-blind, placebo, cross-over design; 12.0% CBD <0.1% and placebo; same measurements as Study 1
	N/A
	Psychotic symptoms, speech illusions, perceptual distortion
	Age
	Recreational and Chronic
	-In Study 1 and 2: Intoxicated participants reported increased psychotic symptoms relative to placebo 

-In Study 1: CBD administration did not mitigate the impact of cannabis induced psychotic symptoms

-In Study 2: Intoxicated participants reported significantly greater speech illusions relative to placebo



	(Morgan et al., 2012)
	UK adolescents and young adults (16-23); daily and occasional cannabis users (N=120)
	Cross-sectional, counter-balanced, design; Hair analysis; Brief Psychiatric Rating Scale, Schizotypal Personality Questionnaire; Prose recall, Source memory; Beck Depression Inventory; Spielberger State-Trait Anxiety Inventory
	N/A
	Psychotic symptoms, verbal memory, depression, anxiety 
	Baseline intelligence
	Chronic
	-Cannabis users with CBD levels in their hair reported less psychotic symptomology than non-CBD users 

-Cannabis users with high THC levels in their hair reported increased depression and anxiety than users with low THC levels

-Daily users with high THC levels demonstrated significant impairments in verbal memory  

	(Morgan et al., 2010)
	UK adolescents and young adults (16-23); cannabis users (N=134)
	Repeated measures (7-day) design; Six days drug-free, one day intoxicated; Prose recall task; Psychotomimetic States Inventory
	N/A
	Verbal memory and psychotic symptoms
	Education and age
	Recreational and Chronic
	- Cannabis users who smoked high levels of cannabidiol demonstrated no verbal memory impairment while users who smoked low levels of cannabidiol demonstrated verbal memory impairments

-Overall, cannabis users demonstrated increased psychotic symptoms under intoxication

	(Morrison & Stone, 2011)
	UK male adults (18-55); Naïve cannabis users (N=22)
	Randomized, double-blind, active counterbalanced, 
cross-over design; 2.5mg THC or placebo; Community Assessment of Psychic Experiences, Scale for the Assessment of Negative Symptoms, Subjective Experience of Negative Symptoms
	N/A
	Positive and negative schizophrenia symptoms
	Not reported
	Controls
	-Under intoxication, participants reported significantly more negative symptoms than in placebo conditions

	(Morrison et al., 2009)
	UK male adults, (18-55); naïve cannabis users (N=22)
	Randomized, double-blind, placebo-controlled, crossover design; 2.5mg THC or placebo; battery of clinical assessments, cognitive battery
	N/A
	Psychotic, anxious, and depressive symptoms, verbal learning and memory, attention, reasoning
	N/A
	Controls
	-Intoxicated participants reported greater positive psychotic symptoms and anxious symptoms
-Intoxicated participants demonstrated impairments in working memory, episodic memory, attention, and reasoning

	(Mustonen et al., 2018)
	Finnish birth cohort; national representative sample (N=6534)
	Prospective, birth cohort, longitudinal design (30yr follow-up); International Classification of Diseases -10th Version-Clinical Modification
	8
	Psychosis
	Prodromal symptoms at 15-16, parental psychosis, substance use, socioeconomic status, family structure, place of residence,
	N/A
	-Adolescent cannabis use was a significant risk factor for psychosis at follow-up even after adjusting for possible covariates

	(Otten & Engels, 2013)
	Dutch adolescents at baseline (14-17); national representative sample (N=310)
	Longitudinal cohort design (annual 4-yr follow-up); 6-item Depressive Mood List; Genotyping of 5‐HTTLPR
	7
	Depression Symptomology
	Personality, alcohol and tobacco use, parental education level, parental practices 
	N/A
	-  Cannabis use increased the risk for depressive symptoms over time but only in the presence of the short allele of the 5‐HTTLPR genotype

	(Pacheco-Colón et al., 2018)
	US adolescents (14-18); frequent and infrequent cannabis users (N=79)
	Cross-sectional, self-report; Apathy Evaluation Scale,
Motivation and Engagement Scale
	N/A
	Motivation
	Sex, IQ, depression, anxiety, ADHD
symptoms, and amount and frequency of lifetime and past
30-day alcohol and nicotine use
	Recreational and Chronic
	-No differences in motivation emerged between groups

	(Padula, Schweinsburg, & Tapert, 2007)
	US adolescents (16-18); heavy cannabis users and non-users (N=34)
	fMRI cross-sectional design; Beck Depression Inventory, Spielberger State Trait Anxiety Inventory; Spatial Working memory Task
	6
	Spatial working memory
	Age, gender, ethnicity, family history of substance use disorders, depressive and anxious symptoms
	Recreational, Chronic, and Dependent
	-No behavior differences between groups emerged

	(Patte, Qian, & Leatherdale, 2017)
	Canadian adolescents at baseline (14-18); national representative sample (N=26475)
	Longitudinal cohort design (annual 2yr follow-up); battery of clinical assessments
	7
	Academic aspirations, expectations, and performance, school engagement
	Sex, grade, ethnicity, and tobacco use
	N/A
	-Frequent cannabis use at baseline was a significant risk factor for poor school engagement and academic performance at follow-up

	(Patton et al., 2002)
	Australian adolescents at baseline (14-15); national representative sample (N=1601)
	Longitudinal cohort (annual 7-yr follow-up); Clinical interview schedule-revised, early delinquency scale
	7
	Anxiety, Depression
	sex, age, rural or urban residence, parental education
	N/A
	- Daily cannabis use in girls was a significant risk factor for reporting depression and anxiety at follow-up
-Weekly cannabis use was a significant risk factor for reporting depression and anxiety at follow-up

	(Pope Jr, Gruber, Hudson, Huestis, & Yurgelun‐Todd, 2002)
	US adults (20 – 55); current heavy cannabis users, former heavy cannabis users, non-users (N=164)
	Case-control design, neurocognitive battery 
	9
	Executive function, attention, visuospatial memory, verbal memory
	age, sex, ethnicity, mother's
and father's educational attainment, parental household income, and presence of substance abuse or psychiatric disorders in a first-degree relative
	Chronic 
	-No behavior differences between groups emerged

	(Pope et al., 2003)
	US adults (18-65); adolescent-onset cannabis users, adult-onset cannabis users, non-users (N=209)
	Cross-sectional design, 28-day cannabis abstinence; neurocognitive battery 
	7
	Verbal memory, visuospatial memory, attention, executive function
	Age, sex, ethnicity, education, SES
	Chronic and Dependent
	Adolescent-onset cannabis users demonstrated significant impairment in cognitive performance, especially in verbal IQ, in comparison to non-users and adult-onset cannabis users

	(Rabin et al., 2017)
	Canadian male adults (18-65); cannabis dependent patients with schizophrenia, non-clinical cannabis-dependent users
	Repeated-measures design, 28-day cannabis abstinence (assessments at Day 0, 14, 28); neurocognitive battery, battery of battery of clinical assessments 
	7
	Visuospatial working memory, working memory, executive functioning, sustained attention, psychomotor speed, verbal memory
	Education level, IQ
	Cannabis dependent
	-Patients with schizophrenia demonstrated significant improvement in verbal memory by Day 28

-controls did not demonstrate significant improvement in any cognitive domain by Day 28

	(Ramaekers et al., 2006)
	Dutch adults (19-29); recreational cannabis users (N=20)
	Double-blind, placebo-controlled, two-way mixed model design; 0, 250, and 500 μg/kg THC; Neurocognitive battery
	N/A
	Motor control, executive function, motor impulsivity, 
	
	Recreational
	-THC intoxication significantly impaired executive function and motor control in a dose-dependent fashion

	(Ramaekers et al., 2009)
	Dutch adults (18-55); occasional and heavy cannabis users (N=24)
	double-blind, placebo-controlled, two-way mixed model design; placebo and 500 μg/kg THC; neurocognitive battery
	N/A
	Perceptual motor control, divided attention, motor inhibition, executive function
	Cannabis use history
	Recreational, Chronic, and Dependent
	-Intoxication led to significant impairments in executive functioning in both groups

- Intoxication led to significant impairments in divided attention, motor control, and motor inhibition among occasional users

- Intoxication led to significant impairments in motor inhibition among heavy users



	(Rössler, Hengartner, Angst, & Ajdacic‐Gross, 2012)
	Swiss adolescents at baseline (19-20); national representative sample (N=591)
	Prospective longitudinal design (follow-up at ages 21/22, 26/27, 28/29, 31/32, 37/38, and 46/47); Structured Psychopathological Interview, Social Consequences of Psychological Disturbances for Epidemiology
	8
	Schizophrenia and schizotypal symptomology, 
	Sex/gender, family background, socioeconomic status, family and school problems
	N/A
	-Regular cannabis use in adolescent was a significant risk factor for schizotypal symptomology at follow-up

	(Ruiz-Veguilla et al., 2013)
	Spanish adults (25-60); recreational cannabis users, daily users, and non-users (N= 185)
	Cross-sectional, self-report design; Community Assessment of Psychic Experience
	7
	Psychotic symptomology 
	Sex, age, social exclusion, age of onset of cannabis use, other drug use
	Recreational and Chronic
	-Daily cannabis users reported more manic symptoms and auditory hallucinations than less frequent cannabis users
-Heavy cannabis users reported the most delusions

	(Sagar et al., 2015)
	US adolescents and adults (17-46); early-onset users, late-onset users, and non-users (N=84)
	Cross-sectional design; Stroop Color Word Test
	9
	Executive function
	-Age, IQ, alcohol use
	Chronic and Dependent
	-Early-onset users demonstrated impairment in executive function in comparison to non-users and late-onset users

	(Schoeler et al., 2018)
	UK male, boys at baseline (8); national representative sample (N=411) 
	Prospective longitudinal design (follow-up at ages 10, 14, 16, 18, 32, and 48); Structured Clinical Interview for DSM-IV
	7
	Depression
	Alcohol, nicotine, and other drug use, SES, other psychiatric illness, behavior and emotional problems in childhood, childhood anxiety, and childhood conduct problems
	N/A
	-Early and frequent cannabis use before age 18 was a significant risk factor for depression at final follow-up

	(Scott et al., 2017)
	US adolescents and young adults (14-21); national representative sample of occasional and frequent cannabis users, non-users (N=4568)
	Prospective, longitudinal design (findings only from T1); neurocognitive battery
	7
	Executive control, episodic memory, complex cognition, social cognition
	Sex, age, neighborhood socioeconomic status, psychopathology, comorbid substance use
	N/A
	-Frequent cannabis users demonstrated impairments in executive control in comparison to occasional and non-users

-Younger age of first cannabis use was associated with greater impairment

	(Shannon, Mathias, Dougherty, & Liguori, 2010)
	US adolescents (12-17); low- and high-THC cannabis users (N=35)
	Cross-sectional design; Iowa Gambling Task, Rapid Visual Processing 
	N/A
	Decision-making, planning, sustained attention
	Age, sex, IQ,
	Chronic
	-High THC cannabis users demonstrated greater impairments in decision-making and sustained attention than low THC users

	(Smith, Longo, Fried, Hogan, & Cameron, 2010)
	Canadian adolescents (19-21); cannabis users and non-users (N=24)
	Cross-sectional design; visuospatial 2-back task
	9
	Visuospatial memory
	Nicotine use, SES
	Chronic
	-No behavior differences between groups emerged

	(Solowij, Michie, & Fox, 1995)
	NZ adults (18-55); long-term, short-term-, heavy-, and light-cannabis users, non-users (N=80)
	EEG randomized, controlled, counterbalanced, cross-sectional design; Auditory attention task
	6
	Selective attention
	Age, education, sex, IQ
	Recreational and Chronic 
	- No behavior differences between groups emerged

	(Solowij et al., 2011)
	Australian adolescents (16-20); cannabis users, alcohol users, and non-users (N=181)
	Cross-sectional design; Rey Auditory Verbal Learning Test
	6
	Verbal learning, Memory
	Age, education, IQ, alcohol consumption for cannabis and alcohol users
	Chronic
	-Cannabis users demonstrated significant memory impairments than alcohol users and non-users

	(Stiby et al., 2015)
	UK birth cohort; national representative sample (N=1155)
	Longitudinal, birth cohort design (follow-up at ages 2, 7, 13, 15, 16, 18); Cannabis Abuse Screening Test
	9
	General Certificate of Secondary Education
	maternal substance use, life course socio-economic position, sex, age, child educational attainment prior to age 11, child substance use, child conduct disorder
	N/A
	-Both cannabis and tobacco use at age 15 were associated with subsequent adverse educational outcomes by final follow-up

	(Tapert et al., 2007)
	US adolescents (16-18); cannabis users and non-users (N=43)
	fMRI cross-sectional design; Go/no-go task
	6
	Response inhibition
	Age, education, IQ
	Chronic and Dependent
	-No behavior differences between groups emerged

	(Thames, Arbid, & Sayegh, 2014)
	US adults (18-55); current cannabis users, past users, and non-users (N=158)
	Cross-sectional design; Neurocognitive battery; urine toxicology 
	6
	Attention, working memory, information processing speed, verbal learning, executive function
	Education
	Chronic
	- Current users demonstrated impairment in attention and working memory in comparison to past- and non-users

- Current and past-users demonstrated impairment in executive function and information processing speed in comparison to non-users

	(Thayer, YorkWilliams, Hutchison, & Bryan, 2019)
	US older adults (60 – 80); current cannabis users and non-users (N = 56)
	Cross-sectional design; Neurocognitive Battery
	7
	Impulsivity, working memory, executive function, processing speed, episodic memory
	Depressive symptoms, age, anxious symptoms, tobacco use
	Chronic and Dependent
	-Current users demonstrated impairment in working memory in comparison to non=users 

-No behavior differences in impulsivity, decision-making, processing speed, and episodic memory emerged 

	(Theunissen et al., 2012)
	Dutch adults (18-55); occasional and heavy cannabis users (N=24)
	EEG double-blind, placebo-controlled, two-way crossover design; 500 μg/kg body weight THC; divided attention task, stop signal task 
	N/A
	Attention, inhibitory control
	Not reported
	Recreational, chronic, and dependent
	-THC intoxication led to significant impairments in divided attention and inhibitory control

	(Thompson, Leadbeater, Ames, & Merrin, 2019)
	Canadian adolescents at baseline (12-18); national representative sample (N=662)
	Prospective, longitudinal design (follow-up at years 2, 4, 6, 8, 10); Hollingshead Occupational Status Scale, self-report of educational attainment
	8
	Economic well-being, educational attainment
	Sex, age, alcohol use, tobacco use, Oppositional defiant disorder, depressive and anxious symptomology
	N/A
	-Cannabis use was a risk factor for poorer educational and economic attainment in a dose-dependent manner


	(Vaidya et al., 2012)
	US Adults (18-55); frequent cannabis users and non-users (N=88)
	Cross-sectional design; Iowa Gambling Task, 
	8
	Decision-making
	Education
	Chronic and Dependent
	- No behavior differences between groups emerged

	(Van Laar, Van Dorsselaer, Monshouwer, & De Graaf, 2007)
	Dutch adults at baseline (18-64); national representative sample (N=3854)
	Longitudinal, cohort design (3yr follow-up); Composite International Diagnostic Interview

	9
	Psychiatric disorders
	age, gender, education, urbanicity, parental health history, other substance use, childhood trauma,
	N/A
	-Cannabis use at baseline was a moderate risk factor for depression
-Cannabis use at baseline was a strong risk factor for bipolar disorder

	(Van Os et al., 2002)
	Dutch adults at baseline (18-64); national representative sample (N=4848)
	Cohort, longitudinal design (1 and 3yr follow-up); Composite International Diagnostic Interview
	9
	Psychotic symptoms
	Sex, race/ethnicity, education, unemployment, marital status, urbanicity,
	N/A
	-Cannabis use at baseline was a significant risk factor for psychosis and diagnosis of a psychotic disorder at follow-ups




	(Verdejo-Garcia et al., 2007)
	US male adults (25-55); cannabis users, cocaine users, and controls 
	Cross-sectional design; Iowa Gambling Task
	8
	Decision-making
	education, maternal education, Shipley IQ, and Hollingshead Index of socioeconomic status, race, alcohol use, tobacco use
	Chronic and Dependent
	- Cannabis use was significantly related to impairments in decision-making in a dose-dependent manner

-Overall, Cannabis users performed the same as controls in the decision-making task however

	(Wesley, Hanlon, & Porrino, 2011)
	US adults (18-65); chronic cannabis users and non-users (N=32)
	Cross-sectional; Iowa Gambling task
	8
	Decision-making
	Anxiety and depressive symptomology 
	Chronic and Dependent
	- Cannabis users demonstrated impairments in decision-making in comparison to non-users

	(Wright, Scerpella, & Lisdahl, 2016)
	US young adults (18-25); cannabis and non-users (N=84)
	Cross-sectional, self-report design; battery of clinical assessments
	8
	Anxiety, depression, impulsivity, motivation, and executive dysfunction
	Age, education, gender, race,
	Recreational, Chronic, and Dependent
	-Cannabis users reported decreased sensitivity to reward in comparison to non-users

-Cannabis users reported greater depressive and anxious symptomology than non-users, and the effect was especially pronounced in female users

	(Zammit, Allebeck, Andreasson, Lundberg, & Lewis, 2002)
	Swiss male adolescents at baseline (18-20) national representative sample (N= 50087)
	Historical, cohort, longitudinal (27yr follow-up); Composite International Diagnostic Interview
	7
	Admissions to hospital for
ICD-8/9 schizophrenia and other psychoses
	Disturbed childhood behaviours, alcohol misuse, family medical history, socioeconomic status, father’s occupation
	N/A
	-Cannabis use at baseline was a significant risk factor for development of schizophrenia in a dose-dependent manner

	(Zuardi et al., 2017)
	Brazilian adults (18-35); naïve cannabis users (N=60)
	Randomized, double-blind, placebo-controlled, crossover design; placebo, 1mg clonazepam, 100-, 300-, or 900 mg CBD; Visual Analog Mood Scale, Test of Public Speaking in a Real Situation
	N/A
	Social Anxiety, affect
	gender, age, BMI,
	Controls
	-Clonazepam and 300mg CBD significantly reduced anxiety scores in comparison to placebo and 100- or 900mg CBD




For Levels of Cannabis Use: Cannabis Dependent are persons who meet the criteria for Cannabis Use Disorder on the DSM-5 or DSM-IV at the time of the study; Chronic cannabis users are persons who do not meet the DSM-5 or DSM-IV criteria for cannabis use disorder but use cannabis 3+ times a week for at least one year.  Recreational cannabis users are persons who use cannabis between one and four times a month, and controls were persons use had used cannabis less than 10 times in their lifetime.


Table 2. Quality assessment of included case-control and cohort studies based on the Newcastle-Ottawa Scale (NOS). 
	(Author, Year)
	Selection
	Comparability
	Outcome or Exposure
	Total Points

	
	1
	2
	3
	4
	1a*
	1b
	1**
	2
	3
	

	
(Arsenault et al., 2002)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	
(Assari, Mistry, Caldwell, & Zimmerman, 2018)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Baggio et al., 2014)
	✓
	✓
	
	✓
	✓
	✓
	
	
	✓
	6

	(Bechtold et al., 2016)
	✓
	✓
	
	✓
	✓
	✓
	
	✓
	✓
	7

	(Becker et al., 2018)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	
	✓
	8

	(Blanco et al., 2016)
	✓
	✓
	✓
	
	
	✓
	✓
	✓
	✓
	7

	(Blest-Hopley et al., 2019)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Bloomfield, Morgan, Kapur, Curran, & Howes, 2014)
	✓
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	7

	(Boccio & Beaver, 2017)
	✓
	✓
	
	✓
	
	✓
	✓
	✓
	✓
	7

	(Boden et al., 2020)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Bolla, Eldreth, Matochik, & Cadet, 2005)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Burggren et al., 2018)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Carey et al., 2015)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Casey & Cservenka, 2020)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Caspi et al., 2005)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Castellanos-Ryan et al., 2017)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Cousijn et al., 2014)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Danielsson et al., 2016)
	✓
	✓
	
	
	✓
	✓
	
	✓
	✓
	6

	(Degenhardt et al., 2013)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Despina et al., 2020)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Dougherty et al., 2013)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Duperrouzel et al., 2018)
	✓
	✓
	✓
	
	✓
	✓
	
	
	✓
	6

	(Epstein et al., 2015)
	✓
	✓
	
	
	
	✓
	✓
	✓
	✓
	6

	(Feingold et al., 2015)
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	8

	(Feingold et al., 2016)
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	8

	(Ferdinand et al., 2005)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Fergusson et al., 2005)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Fontes et al., 2011)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Fridberg et al., 2013)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Gage et al., 2014)
	✓
	✓
	
	✓
	✓
	✓
	
	
	✓
	6

	(Gage et al., 2015)
	✓
	✓
	
	✓
	✓
	✓
	
	
	✓
	6

	(Gonzalez et al., 2012)
	✓
	✓
	
	✓
	
	✓
	✓
	✓
	✓
	8

	(Griffith-Lendering et al., 2013)
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	8

	(MFH Griffith-Lendering et al., 2011)
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	8

	(Gruber et al., 2012)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Gruber et al., 2014)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Grunberg et al., 2015)
	✓
	✓
	✓
	✓
	
	
	
	✓
	✓
	6

	(Harder et al., 2006)
	✓
	✓
	✓
	
	✓
	✓
	
	✓
	✓
	7

	(Hatchard et al., 2014)
	
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	7

	(Hengartner et al., 2020)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Homel et al., 2014)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Hayatbakhsh et al., 2007)
	✓
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	8

	(Infante et al., 2020)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Jackson et al., 2016)
	✓
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	7

	(Jacobsen et al., 2004)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Jager et al., 2010)
	✓
	
	
	✓
	✓
	✓
	✓
	✓
	✓
	7

	(Jager et al., 2013)
	✓
	
	
	✓
	✓
	✓
	✓
	✓
	✓
	7

	(Jager et al., 2006)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Kanayama et al., 2004)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Kuepper et al., 2011)
	✓
	✓
	✓
	
	
	✓
	✓
	✓
	✓
	7

	(Lane et al., 2005)
	✓
	
	✓
	✓
	
	✓
	✓
	✓
	✓
	7

	(Lisdahl & Price, 2012)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Manrique-Garcia et al., 2012)
	
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	7

	
	
	
	
	
	
	
	
	
	
	

	(Martin-Soelch et al., 2009)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Medina et al., 2007)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Meier et al., 2012)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Meier et al., 2015)
	
	✓
	
	✓
	
	✓
	✓
	✓
	✓
	6

	(Meier et al., 2018)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Meier et al., 2020)
	✓
	✓
	
	
	✓
	✓
	
	✓
	✓
	6

	(Mercuri et al., 2018)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Miettunen et al., 2008)
	✓
	✓
	
	✓
	✓
	✓
	
	✓
	✓
	7

	(Mustonen et al., 2018)
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	8

	(Otten & Engels, 2013)
	✓
	✓
	
	✓
	✓
	✓
	
	✓
	✓
	7

	(Padula et al., 2007)
	
	✓
	✓
	✓
	
	
	✓
	✓
	✓
	6

	(Patte et al., 2017)
	✓
	✓
	
	✓
	✓
	✓
	✓
	
	✓
	7

	(Patton et al., 2002)
	✓
	✓
	
	
	✓
	✓
	✓
	✓
	✓
	7

	(Pope et al., 2002)) {,  #727@@hidden}c 
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Pope et al., 2003)
	✓
	✓
	
	✓
	
	✓
	✓
	✓
	✓
	7

	(Rabin et al., 2017)
	✓
	
	✓
	✓
	
	✓
	✓
	✓
	✓
	7

	(Rössler et al., 2012)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Ruiz-Veguilla et al., 2013)
	
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	7

	(Sagar et al., 2015)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Schoeler et al., 2018)
	
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	7

	(Scott et al., 2017)
	
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	7

	(Smith et al., 2010)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Solowij et al., 1995)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Solowij et al., 2011)
	
	✓
	✓
	✓
	
	✓
	
	
	✓
	6

	(Stiby et al., 2015)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Tapert et al., 2007)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Thames et al., 2014)
	
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	6

	(Thayer et al., 2019)
	
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	7

	(Thompson et al., 2019)
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	8

	(Vaidya et al., 2012)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Van Laar et al., 2007)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Van Os et al., 2002)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	9

	(Verdejo-Garcia et al., 2007)
	✓
	
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	8

	(Wesley et al., 2011)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Wright et al., 2016)
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	8

	(Zammit et al., 2002)
	
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	7














* study controls for substance use
** follow-up time of 3< years

Table 3. Quality assessment of excluded case-control and cohort studies based on the Newcastle-Ottawa Scale (NOS). 
	(Author, Year)
	Selection
	Comparability
	Outcome or Exposure
	Total Points

	
	1
	2
	3
	4
	1a*
	1b
	1**
	2
	3
	

	(Moreno et al., 2012)
	
	✓
	✓
	✓
	
	
	
	✓
	✓
	5

	(Nusbaum et al., 2017)
	
	✓
	
	✓
	
	✓
	
	✓
	✓
	5

	(Rasic, Weerasinghe, Asbridge, & Langille, 2013)
	✓
	✓
	
	
	✓
	✓
	
	✓
	✓
	5
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