Supplementary Materials:

Search Strategy

Search strategy for PubMed: 

A and B and C ((("Cognitive Dysfunction"[Mesh] OR "Cognition"[Mesh] OR "Executive Function"[Mesh] OR "Cognitive Reserve"[Mesh] OR "Cognitive Neuroscience"[Mesh] OR "Neurocognitive Disorders"[Mesh] OR neurocognitive[Title/Abstract] OR cognition[Title/Abstract] OR cognitive[Title/Abstract] OR "Neuropsychology"[Mesh] OR "Neuropsychological Tests"[Mesh] OR "Intelligence"[Mesh] OR "Memory, Short-Term"[Mesh] OR "Memory, Long-Term"[Mesh] OR "Memory"[Mesh] OR "Mental Recall"[Mesh] OR mental[Title/Abstract] OR "Mental Processes"[Mesh] OR neuropsychology[Title/Abstract] OR attention[title/abstract] OR memory[title/abstract] OR intelligence[title/abstract])) AND (("Cannabis"[Mesh] OR cannabis[Title/Abstract] OR "Marijuana Smoking"[Mesh] OR "Marijuana Abuse"[Mesh] OR marijuana[Title/Abstract] OR tetra-hydrocannabinol[Title/Abstract]))) AND (("cohort studies"[MeSH Terms:noexp] OR "longitudinal studies"[MeSH Terms:noexp] OR "follow-up studies"[MeSH Terms:noexp] OR "prospective studies"[MeSH Terms:noexp] OR "retrospective studies"[MeSH Terms:noexp] OR "Comparative Study" [Publication Type] OR cohort[TIAB] OR longitudinal[TIAB] OR prospective[TIAB] OR retrospective[TIAB] OR comparative study[TIAB])) 1932

C "cohort studies"[MeSH Terms:noexp] OR "longitudinal studies"[MeSH Terms:noexp] OR "follow-up studies"[MeSH Terms:noexp] OR "prospective studies"[MeSH Terms:noexp] OR "retrospective studies"[MeSH Terms:noexp] OR "Comparative Study" [Publication Type] OR cohort[TIAB] OR longitudinal[TIAB] OR prospective[TIAB] OR retrospective[TIAB] OR comparative study[TIAB] 3890196

B "Cannabis"[Mesh] OR cannabis[Title/Abstract] OR "Marijuana Smoking"[Mesh] OR "Marijuana Abuse"[Mesh] OR marijuana[Title/Abstract] OR tetra-hydrocannabinol[Title/Abstract] 29236

A "Cognitive Dysfunction"[Mesh] OR "Cognition"[Mesh] OR "Executive Function"[Mesh] OR "Cognitive Reserve"[Mesh] OR "Cognitive Neuroscience"[Mesh] OR "Neurocognitive Disorders"[Mesh] OR neurocognitive[Title/Abstract] OR cognition[Title/Abstract] OR cognitive[Title/Abstract] OR "Neuropsychology"[Mesh] OR "Neuropsychological Tests"[Mesh] OR "Intelligence"[Mesh] OR "Memory, Short-Term"[Mesh] OR "Memory, Long-Term"[Mesh] OR "Memory"[Mesh] OR "Mental Recall"[Mesh] OR mental[Title/Abstract] OR "Mental Processes"[Mesh] OR neuropsychology[Title/Abstract] OR attention[title/abstract] OR memory[title/abstract] OR intelligence[title/abstract]

Search strategy for Embase 

A1: 'cognition'/exp OR 'cognitive function test'/exp OR 'cognition assessment'/exp OR 'executive function'/exp OR 'metacognition'/exp OR 'mental capacity'/exp OR 'mental performance'/exp OR 'neuropsychology'/exp OR 'memory'/exp OR 'intelligence'/exp OR 'attention'/exp
A2: cognition:ti,ab OR cognitive:ti,ab OR metacognition:ti,ab OR mental:ti,ab OR neuropsychology:ti,ab OR memory:ti,ab OR intelligence:ti,ab OR attention:ti,ab

B: A1 OR A2 
C: 'cannabis'/exp OR 'cannabis addiction'/exp OR 'cannabis use'/exp OR cannabis:ti,ab OR marijuana:ti,ab OR 'tetra hydrocannabinol':ti,ab

D: 'cohort analysis'/exp OR cohort:ti,ab OR 'retrospective study'/exp OR retrospective:ti,ab OR 'longitudinal study'/exp OR longitudinal OR 'prospective study'/exp OR prospective:ti,ab OR 'follow up'/exp OR 'comparative study'/exp OR comparative:ti,ab

Combine results: B AND C AND D
Search strategy for PsychInfo

A1: DE "Cognition" OR DE "Cognitive Impairment" OR DE "Cognitive Assessment" OR DE "Cognitive Reserve" OR DE "Cognitive Processes" OR DE "Cognitive Development"DE "Memory" OR DE "Short Term Memory" OR DE "Memory Decay" OR DE "Memory Disorders" OR DE "Neurocognitive Disorders" OR DE "Neurocognition"DE "Attention" OR DE "Attention Span" OR DE "Intelligence" OR DE "Neuropsychological Assessment"

A2: ( TI Cognition OR TI Cognitive OR Memory OR TI Neurocognitive OR TI Attention TI Intelligence OR TI neuropsychological ) OR ( AB Cognition OR AB Cognitive OR AB Memory OR AB Neurocognitive OR AB Attention AB Intelligence OR AB neuropsychological )

B: A1 OR A2

C: DE "Cannabis" OR DE "Cannabis Use Disorder" OR TI cannabis OR AB cannabis OR DE "Marijuana" OR DE "Marijuana Usage" OR TI marijuana OR AB marijuana OR tetrahydrocannabinol

D: DE "Cohort Analysis" OR TI cohort OR AB cohort OR DE "Prospective Studies" OR TI prospective OR AB prospective OR OR DE "Retrospective Studies" OR TI Retrospective OR AB retrospectibe OR DE "Longitudinal Studies" OR TI Longitudina OR AB Longitudina OR TI comparative OR AB comparative OR TI followup OR AB followup

Combine Results: B AND C AND D
















eTable 1: Study characteristics
	Study 
	1
	2 
	3 
	4
	5
	6
	7

	Author
	Fried
	Jackson (MTFS)
	Jackson (RFAB)
	Mokryz
	Meier
	Meier
	Ross

	Year
	2005
	2016
	2016
	2016
	2018
	2012
	2020

	Baseline IQ
	WISC-III (Wechsler, 1991)
	Vocabulary, Information, Block Design, and Picture Arrangement from the WISC-R (Wechsler, 1974)
	Vocabulary, Similarites, Block Design, and Matrix Reasoning from the WISC-R (Wechsler, 1974)
	WISC-III
(Wechsler, 1991)
	WISC-R
(Wechsler, 1974)
	WISC-R (Wechsler, 1974)
	Average of 3 tests: At 4 years Stanford-Binet (Terman & Merrill, 1973), at 7 years WISC-R (Wechsler, 1974), and 12 years WISC-III (Wechsler, 1991)

	Follow up IQ
	WAIS-III
(Wechsler, 1997)
	Vocabulary, Information, Block Design, and Picture Arrangement from WAIS-R (Wechsler D, 2008)
	Vocabulary, Similatirites, Block Design, and Matrix Reasoning from WAIS-R (Wechsler D, 2008)
	WASI (Matrix and Vocabulary subtest composite) (Weschsler D, 1991)
	WAIS-IV
(Weschler D, 2008)
	WAIS-IV
(Weschler D, 2008) 
	WAIS-III
(Wechsler, 1997)

	Baseline Age
	9-12
	11-12
	9-10
	8
	12
	7, 9, 11, 13
	4, 7, 12

	Follow up age
	17-21
	17-20
	17-20
	15
	18
	38
	16-20

	Cannabis exposure
	3679 joints (lifetime measure – mean exposure)
	>30 uses lifetime (61% of these used cannabis daily for at least 6 months) 
	>30 uses lifetime
(of whom  40% used cannabis daily for at least 6 months)
	≥50 lifetime uses
	At least weekly use
	Multiwave measures of past 12 month dependence
	Data fit to preregistration compositing variables on monthly use, estimated number of days in the past 180 days and DSM criteria for cannabis use disorder. Of note low number endorsing daily use of cannabis (n=16).

	Substance use measure
	Urine drug testing and self report
	CIDI-SAM semi-structured interview
	Self-report questionnaire
	Self-report questionnaire
	Semi-structured interview
	Semi-structured interview
	CIDI-SAM semi-structured interview

	Control Exposure
	No cannabis use
	No cannabis exposure
	No cannabis exposure
	No cannabis exposure
	No cannabis exposure
	No cannabis exposure
	No cannabis exposure

	Study type
	Prospective birth cohort
	Twin study prospective cohort
	Twin study prospective cohort
	Prospective birth cohort
	Co-twin control prospective cohort
	Prospective birth cohort
	Co-twin control prospective cohort

	Location 
	Canada
	USA
	USA
	UK
	UK
	New Zealand
	USA

	Accounts for recent use
	Yes
	No
	No
	No (reports  47.3% of case sample have used in the past 3 days)
	No
	No
	No

	Cases
	38
	308
	118
	74
	132
	52
	86

	Control 
	59
	1387
	193
	1709
	1242
	242
	476

	Year
	2005
	2016
	2016
	2015
	2018
	2012
	2020

	Retention
	75% follow up
	73% had complete available data for inclusion
	58% had complete available data for inclusion
	16% of original cohort with complete data for inclusion. Authors used multiple imputation using Stata ice command assuming missingness at random in additional analysis
	96% follow up
	89% follow up
	84% follow up

	Covariates included in adjusted estimates

	Alcohol
	 Number of drinks week of study
	Adjusted estimate includes control for self-reported history of binge drinking coded as dichotomous
	Adjusted estimate includes control for self-reported history of binge drinking coded as dichotomous
	Adjusted estimate controls for ordinal scale of self reported interval lifetime uses “never, 1–5, 6–19, 20–39, 40–99, ⩾100 times”
	Not adjusted for in estimate.
	Post-hoc sensitivity analysis, not included in analysis, not adjusted for in estimate.
	Adjusted estimate includes controls for alcohol dependency

	Cigarettes
	Included as covariate (current cigs per day)
	Not accounted for
	Not accounted for
	Adjusted estimate controls for ordinal scale of self reported interval lifetime uses “never, 1–5, 6–19, 20–39, 40–99, ⩾100 times”
	Not accounted for
	Not accounted for
	Included as covariate – dichotomous variable – regular tobacco use

	Other drugs
	Excluded from analysis
	Included as covariate (dichotomous variable – lifetime use)
	Included as covariate (dichotomous variable – lifetime use)
	Included as ordinal covariate “one drug/ more than one drug/ none”
	Not adjusted for in estimate
	Post-hoc sensitivity analysis, not included in analysis, not adjusted for in estimate.
	Included as covariate – other drug dependence, dichotomous variable

	Psychopathology
	Any DSM axis 1 diagnosis measured by computer assessment tool. (collapsed into dichotomous variable)
	Not accounted for in analysis
	Not accounted for in analysis
	Adjusted separately for parent reported hyperactivity and conduct subscales of SDQ at 11 years, Short Moods and Feelings Questionnaire at 12 years and psychotic symptoms (PLIKSi interview) at 12 years. 
	Not adjusted for in estimate
	Post-hoc sensitivity analysis, not included in analysis, not adjusted for in estimate.
	Not adjusted for in estimate

	SES
	
	Parental educational level, family income
	Hollingshead index/ parental education/ household income composite measure
	Hollingshead index
	Maternal educational level
	Not adjusted for in estimate
	Post-hoc sensitivity analysis, not included in analysis, not adjusted for in estimate.
	Not adjusted for in fixed effects estimate

	Other covariates included in analysis
	Maternal use of alcohol, cigarettes and cannabis during pregnancy
	n/a 
	n/a
	Maternal depressive symptoms during pregnancy and up to 8 months post natal using Crown-Crisp experiential index, maternal alcohol (ordinal)/ cigarette (dichotomous) and cannabis (dichotomous) use in pregnancy. Maternal suspected truancy at 14 years. (dichotomous)
	n/a
	n/a
	n/a










eTable 2: Newcastle Ottawa scale 

	Quality Indices
	Study ID Number 
	Total Score
	Domain Score 

	
	Fried (2005)
	Jackson
(2016 -MTFS)
	Jackson
(2016  - RFAB)
	Mokryz
(2016)
	Meier (2018)
	Meier (2012)
	Ross 
(2020)
	
	

	Selection
	Representativeness of exposed cohort
	
	
	
	
	
	
	
	7/7
	



93%

	
	Selection of non-exposed cohort
	
	
	
	
	
	
	
	7/7
	

	
	Ascertainment of exposure (Star for semi-structured interview)
	
	
	
	
	
	
	
	5/7
	

	
	Outcome not present at start
	
	
	
	
	
	
	
	7/7
	

	Comparability
	Adequate controls
(adjusts for recent use - one star alcohol/other substances – one star)
	
	
	
	
	
	
	
	6/14
	

43%

	Outcome
	Assessment of outcome
(FSIQ: two stars, composite of verbal and non-verbal subtest one star, other composite measure zero stars)
	
	
	
	
	
	
	
	11/14
	



82%

	
	Adequate Follow up period (>2 yrs)
	
	
	
	
	
	
	
	7/7
	

	
	Study retention (>70%)
	
	
	
	
	
	
	
	5/7
	

	Total Score
	10/10
	8/10
	6/10
	6/10
	8/10
	8/10
	9/10
	55/70
	79%





							
eTable 3: Results from The Vevea and Hedges Weight-Function Model for Publication Bias										
	Meta-analysis
	Unadjusted likelihood
	Adjusted likelihood
	Difference
	p value

	FSIQ Change
	-12.2
	-12.2
	0.019
	0.889

	VIQ Change
	-9.27	
	-9.27	
	0
	0.985

	PIQ Change
	-7.53
	-7.63
	0.209
	0.647

	FSIQ Baseline
	-5.58	
	-5.92
	0.68
	0.41

	VIQ Baseline
	-5.42	
	-5.49
	0.15
	0.699

	PIQ Baseline
	-5.43	
	-5.48
	0.106
	0.744





eTable 4: Individual study effects of associations between frequent/dependent cannabis use and VIQ change

	Author 
	Country
	Exposed
	Controls
	Age at follow up (SD)
	Cannabis Effect “d” (CI)

	Jackson (2016)
	USA (Minnesota)
	308
	1387
	18.06 (0.63)
	-0.197  (-0.299-  -0.094)

	Jackson (2016)
	USA (RFAB)
	118
	193
	17.89 (0.51)
	-0.307   (-0.542- -0.071)  

	Meier (2018)
	UK
	132
	1242
	18 (not reported)
	-0.15  (-0.330-  0.029)  

	Ross (2020)
	USA
	86
	476
	17.25 (0.64)
	-0.143   (-0.308- 0.021)    










eTable 5: Individual study effects of associations between frequent/dependent cannabis use PIQ change
	Author 
	Country
	Exposed
	Controls
	Age at follow up (SD)
	Cannabis Effect “d” (CI)

	Jackson (2016)
	USA (Minnesota)
	308
	1387
	18.06 (0.63)
	-0.024    (-0.154  -   0.105)       

	Jackson (2016)
	USA (RFAB)
	118
	193
	17.89 (0.51)
	0.124      (-0.099  -   0.347)

	Meier (2018)
	UK
	132
	1242
	18 (not reported)
	-0.016     ( -0.195  -  0.164)  

	Ross (2020)
	USA
	86
	476
	17.25 (0.64)
	0.020      (-0.182  -  0.222)

	Fried (2005)
	Canada
	38
	59
	17.86 (1.02)
	-0.215      (-0.585 -   0.155)  



eTable 6: Individual study effects of associations between frequent/dependent cannabis use and FSIQ baseline 
	Author 
	Country
	Exposed
	Controls
	Age at follow up (SD)
	Cannabis Effect “d” (CI)

	Jackson (2016)
	USA (Minnesota)
	308
	1387
	18.06 (0.63)
	-0.106      (-0.229  -  0.018)  

	Jackson (2016)
	USA (RFAB)
	118
	193
	17.89 (0.51)
	-0.024      (-0.204  -  0.154)

	Meier (2018)
	UK
	132
	1242
	18 (not reported)
	-0.373      (-0.553-  -0.193)

	Ross (2020)
	USA
	86
	476
	17.25 (0.64)
	-0.388      (-0.618 -  -0.157)

	Mokrysz (2016)
	UK
	74
	1709
	15 (not reported)
	0.140      (-0.093  -   0.373)  




eTable 7: Individual study effects of associations between frequent/dependent cannabis use and VIQ baseline
	Author 
	Country
	Exposed
	Controls
	Age at follow up (SD)
	Cannabis Effect “d” (CI)

	Jackson (2016)
	USA (Minnesota)
	308
	1387
	18.06 (0.63)
	-0.147    ( -0.271  -  -0.024)   

	Jackson (2016)
	USA (RFAB)
	118
	193
	17.89 (0.51)
	0.043      (-0.136 -    0.222)    

	Meier (2018)
	UK
	132
	1242
	18 (not reported)
	-0.397    ( -0.577 -   -0.217)  

	Ross (2020)
	USA
	86
	476
	17.25 (0.64)
	-0.155    ( -0.390 -    0.079)  




eTable 8: Individual study effects of associations between frequent/dependent cannabis use and PIQ Baseline

	Author 
	Country
	Exposed
	Controls
	Age at follow up (SD)
	Effect size (CI)

	Jackson (2016)
	USA (Minnesota)
	308
	1387
	18.06 (0.63)
	-0.024     ( -0.147-    0.099)  

	Jackson (2016)
	USA (RFAB)
	118
	193
	17.89 (0.51)
	-0.072    (-0.252-     0.108)  

	Meier (2018)
	UK
	132
	1242
	18 (not reported)
	-0.204      -0.384    -0.025   

	Ross (2020)
	USA
	86
	476
	17.25 (0.64)
	-0.405    (-0.641-    -0.170)

	Fried (2005)
	Canada
	38
	59
	17.86 (1.02)
	-0.215     (-0.585-     0.155)   



eTable 9: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and FSIQ change
	Study left out
	Effect Size (d)
	  CI

	Jackson (Minnesota)
	-.134
	-.233-   -.035

	Jackson (RFAB)
	-.136 
	-.219-   -.054

	Ross
	-.145 
	-.22-   -.071

	Fried
	-.132 
	-.209-   -.056

	Meier  (2018)
	-.131 
	-.215-   -.048

	Meier  (2012)
	-.117 
	-.185-    -.049

	Mokrysz
	-.142 
	-.211-   -.074



eTable 10: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and VIQ change
	Study left out
	Effect Size (d)
	  CI

	Jackson (Minnesota)
	-.195
	-.303-   -.087

	Jackson (RFAB)
	-.183
	-.262-   -.105

	Ross
	-.21
	-.293-   -.126

	Meier  (2018)
	-.197
	-.279-   -.115





eTable 11: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and PIQ change
	Study left out
	Effect Size (d)
	  CI

	Jackson (Minnesota)
	.011
	-.099-    .121

	Jackson (RFAB)
	-.024
	-.115-   .066

	Ross
	-.008
	-.1-   .083

	Fried
	.008
	-.078-   .094

	Meier  (2018)
	 0   
	-.095-   .094





eTable 12: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and FSIQ baseline 
	Study left out
	Effect Size
	  CI

	Jackson (Minnesota)
	 -.163
	-.41-   .084

	Jackson (RFAB)
	-.183
	-.398-   .032

	Ross
	-.099 
	-.284-    .085

	Meier  (2018)
	0   
	-.095-   .094

	Mokrysz
	-.212
	-.384-   -.04




eTable 13: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and VIQ baseline
	Study left out
	Effect Size
	  CI

	Jackson (Minnesota)
	 -.17
	-.443-   .102

	Jackson (RFAB)
	-.231
	-.397-   -.066

	Ross 
	-.166
	-.389-   .056

	Meier  (2018)
	-.089
	-.215-   .036




eTable 14: Leave one out sensitivity analysis for association between frequent/dependent cannabis use and PIQ baseline
	Study left out
	Effect Size
	  CI

	Jackson (Minnesota)
	 -.210
	-.353-   -.068

	Jackson (RFAB)
	-.192
	-.37-   -.015

	Ross
	-.088
	-.177-   .001

	Fried
	-.156 
	-.308-   -.005

	Meier  (2018)
	-.153 
	-.325-   .0183



eFigure 1: Prisma flow diagram
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Figure 2: FSIQ change funnel plot with pseudo 95% confidence limits
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image1.png
eFigure 3: Baseline differences in FSIQ between cannabis users and control
(Negative direction of effect shows decreased FSIQ in cannabis users)
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image2.png
eFigure 4: Baseline differences in verbal IQ between cannabis users and control
(Negative direction of effect shows poorer baseline VIQ in cannabis users)
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image3.png
eFigure 5: Baseline differences in performance IQ between cannabis users and control
(Negative direction of effect shows effect in cannabis users)
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VIQ change funnel plot with pseudo 95% confidence limits
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image5.png
PIQ change funnel plot with pseudo 95% confidence limits
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image6.png
FSIQ baseline funnel plot with pseudo 95% confidence limits
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VIQ baseline funnel plot with pseudo 95% confidence limits
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v PIQ baseline

PIQ baseline funnel plot with pseudo 95% confidence limits
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