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Appendix S1 
Supplementary Methods:
Methods: Search strategy and selection criteria

We followed the methods recommended by the Cochrane Handbook Higgins et al. 2008()
 and in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines Beller et al. 2013()
.  A systematic search strategy was used to identify all relevant studies. Firstly, the MEDLINE database was searched for English language studies using a combination of search terms describing outcome of interest (neuropsych*, cognit*, memory, learning, recall) and cannabis use (marijuana/marihuana, cannabis, THC, cannabinol, cannabidiol, with the final search conducted on the 27th of June 2014 by two researchers (IB, TS). Following this, the bibliographies of the identified publications and previous published meta-analyses 
 ADDIN EN.CITE 
(Donoghue and Doody 2012, Gonzalez et al. 2002, Grant et al. 2003, Løberg and Hugdahl 2009, Potvin et al. 2008, Rabin et al. 2011, Schreiner and Dunn 2012, Yücel et al. 2012)
 were hand-searched in order to identify additional studies that met the inclusion criteria but might have been missed by the database search.  Studies were included in the analysis if they met the following criteria: (i) those that compared a defined cannabis-using group with a non-using group; Cohen 1988( those that included healthy subjects and/ or subjects with a psychotic disorder (i.e. schizophrenia, schizophreniform disorder, schizo-affective, bipolar disorder) irrespective of the stage of illness (i.e. ultra high-risk, first-episode or chronic) in the population studied. A further condition for inclusion for those with Bipolar disorder was that psychotic symptoms should have been present in all subjects. Given the widespread comorbidity between cannabis use and use of other illicit drugs, studies that investigated cannabis users within polysubstance-using groups were excluded, in order to ensure that any effect on memory was specifically associated with cannabis use. Finally, studies were included that allowed the estimation of the principal outcome measure, the standardized mean difference (SMD) in any memory domain between the cannabis user group and non-user group and provided information about sample-size as well as estimates of means and standard deviations. SMD’s were estimated using the effect-size statistic Cohen’s d, where d-values of 0.2 represent small effects, d-values between 0.4 and 0.6 represent moderate effect and d-values of 0.8 or higher indicate large effects )
. In the case of multiple publications involving the same study sample, the study with the largest sample size was included. 
Methods: Recorded variables
Memory

Memory was considered as a multidimensional construct Kambeitz et al. 2012()
, including 11 distinct memory dimensions, classified based on temporal characteristics (i.e from short-term memory to long-term memory) or based on its content (i.e. verbal or visual memory) Pezdek and Evans 1979()
 (cf. flow chart, sFigure 1. and sTable1 for the tests that have been used to assess the different memory dimensions). To assess the temporal dimensions, memory tests were allocated to the dimensions working memory [a multi-component system that that holds and manipulates information in short-term memory for further processing Baddeley 1992()
, e.g. assessed by using the n-back task Jaeggi et al. 2010()
], immediate recall [the ability to remember a small amount of information over a few seconds, e.g. assessed by condition “Immediate Recall” from the California Verbal Learning Test Delis et al. 1987()
] , learning and delayed recall [the ability to learn and recall information over several trials and the ability to remember this information after a short period of rest or distraction, e.g. as measures by the Rey Auditory Verbal Learning Test Rey 1964()
], recognition [the ability to identify a piece of information as being familiar, e.g. assessed by the recognition trial of the Hopkins Verbal Learning Test Brandt 1991()
] and prospective memory [the ability to remember to perform a planned action or intention at the appropriate time in the future such as remembering to take medication/meeting a friend, e.g. assessed by the Prospective Memory Questionnaire Hannon et al. 1995()
]. As a common metric for the estimate of effect size (Cohen’s d or SMD between the means of cannabis users vs. non-users) was estimated for each neuropsychological test that measured an aspect of memory functioning. If multiple memory test scores were reported for the same domain within one study (e.g., CVLT and RAVLT for verbal learning) an aggregate effect-size was computed by pooling together the effect-sizes estimated for each test measuring the same domain [e.g. using the formula (Cohen’s d for verbal learning test A + Cohen’s d for verbal learning test B)/2], so as not to bias the weight that each individual memory test had on the final average effect-size per memory domain 
 ADDIN EN.CITE 
(Grant et al. 2003, Schreiner and Dunn 2012)
. Thereby, each memory domain per study assessed by one or more domain-specific neurocognitive test was considered as a separate sub-study. As employed previously Kambeitz et al. 2012()
, sensitivity analyses, including only those studies that used the most frequently administered test were carried out in light of the heterogeneity of memory tasks used. This involved computing the pooled effect-size using the same approach as in the rest of our analyses, but by including data only from the studies that have employed the same memory test for the specific memory domain. We carried this out using data from studies that have employed the Rey Auditory Verbal Learning Test (RAVLT) Rey 1964()
 as this test was the most frequently administered memory test across studies, to compute effect-sizes for the ‘immediate recall’ and ‘verbal learning’ domains. We then reported whether these were in the same range as effect-size estimates obtained using the larger pool of studies, which were more heterogeneous because of the different memory tests used to measure performance in the same domain. 
Clinical and demographic variables

Demographic and clinical characteristics (premorbid IQ, Depression, Anxiety and level of global functioning and psychosocial functioning) were compared using another set of SMD’s estimated from demographic variables reported as mean and standard deviations.
Substance use characteristics

Given the heterogeneity in the reporting of cannabis use data, information provided in the studies was categorized into distinct subgroups to carry out subset analyses following established guidelines Viechtbauer 2010()
 
. At first, we converted measures that were reported in different metrics to a common metric for the following variables: (1) duration of cannabis use based on study reports of number of days/months/years of cannabis use in lifetime, (2) frequency of use based on reports of number of joints or cannabis episodes per week/month/year, (3) abstinence from cannabis use based on reports of time of last cannabis use before cognitive assessment or results from urine analysis and (4) age of onset of use, which was either estimated by reported mean age of start of cannabis use or by subtracting the mean age per group minus the mean duration of cannabis use. Original studies that reported sub-group comparisons, i.e. those who sub-divided the cannabis user group into two distinct subgroups depending on cannabis use parameters, such as abstinent user vs. non-abstinent user vs. controls 
(Richard H. Schwartz et al. 1989, L. Chang et al. 2006, A. D. Schweinsburg et al. 2010, R.J. Tait et al. 2011, Rabin et al. 2013, Bugra et al. 2013)
, heavy users vs. light users vs. controls 
 ADDIN EN.CITE 
(Robert I. Block and M. M. Ghoneim 1993, Fried et al. 2005b, R.J. Tait et al. 2011)
, short-terms users vs. long-term users vs. controls 
 ADDIN EN.CITE 
(N. Solowij et al. 2002, Messinis et al. 2006)
, early onset of cannabis use vs. late onset vs. controls H. G. Pope et al. 2003()
 or cannabis users vs. cannabis and comorbid alcohol users vs. controls Schweinsburg et al. 2011()
 were separated into two independent study samples of one comparing the first cannabis subgroup to controls and another one comparing the second cannabis subgroup to controls. In order to avoid the same control sample being counted twice for effect-size estimation, the total sample size of the non-using control group was halved while retaining the original mean and standard deviation (SD) to obtain a conservative estimate following accepted practice Higgins et al. 2008()
. As an illustration, this approach allowed us to estimate two separate sets of Cohen’s d from one study by comparing the first subgroup such as “long-term user”, “heavy user” or “early onset user” to healthy controls (wherein the sample size was divided according to the number of sub-groups but estimates of mean and SD were retained as applicable to each sub-group) and by comparing the second subgroup such as “short-term user”, “light user” or “late onset user” to healthy controls (again with the sub-divided sample). Information about period of abstinence was recorded by classifying a study as having included abstinent cannabis users (if the study participants had longer than 10 days of abstinence from cannabis) or as having included a sample of non-abstinent users (if the duration of abstinence in the participants was less than 10 days), as most withdrawal symptoms subside by that time Kouri and Pope Jr 2000()
 and cannabinoids  remain detectable in urine in regular users for at least 10 days Johansson et al. 1988(, Reiter et al. 2001)
. The rating was based on the following information as reported by the studies: (1) estimates of time since last cannabis use until the cognitive testing, (2) duration of abstinence used as inclusion criteria for the study (e.g. if subjects were required to abstain from the substance for no longer than 24 hours before testing, this cannabis group was considered as non-abstinent) or (3) based on results from urine tests. Subjects were classified as long-term users if the substance has been used for more than 5000 days or short-term users if consumed for less than 2500 days per lifetime, those cut offs were chosen based on previous classifications of short-term users Messinis et al. 2006()
 and long-term users Pope et al. 2001()
.

Information regarding alcohol and nicotine use was extracted from the original studies in the form of dichotomized measures. Alcohol use and nicotine use was recorded by allocating a study either to the category “more cigarettes/alcohol” (i.e. if a study reported that the cannabis users differed from non-users in any of the quantitative outcomes related to drinking or cigarette smoking recorded in the studies, e.g. duration, frequency, age of onset of alcohol/nicotine use) to the category or “equal cigarettes/alcohol” (i.e. if no significant differences were reported between cannabis users and non-users in these outcome measures).
Year of publication

Data on year of publication for each study was recorded to test whether the effects of cannabis on memory outcome are different in older cohorts (i.e. those studies published before the year 2000) when compared to more recently assessed cohorts (i.e. studies published after 2000). 

Methods: Analysis

Random-effects models

Analyses were conducted with R and its package metaphor Viechtbauer 2010()
 Lane et al.(, using random effects models )
  that assume that the SMD’s vary from study to study Borenstein et al. 2011()
. In case of missing data in the original manuscript, the corresponding authors were contacted by e-mail. If only ‘p’ value or ‘t’ statistic were available for differences in mean Ashtari et al. 2011b(, Stirling et al. 2005)
, Cohen’s d for memory outcome was estimated according to the rules described in the Cochrane handbook Higgins et al. 2008()
. For those studies that did not report SD values Bartholomew et al. 2010(, Nadia Solowij et al. 2002)
, these were extracted from other statistics or from the average of the other studies. Where mean values were reported in figures 
 ADDIN EN.CITE 
(Jacobsen et al. 2007b, Jager et al. 2010b, Jager et al. 2007a, Nestor et al. 2008, Block et al. 2002b, Hanson et al. 2010b, Quednow et al. 2006b, Solowij et al. 2011, Jack M. Fletcher et al. 1996)
, numerical data was extracted using WebPlotDigitizer version 2.5 (http://arohatgi.info/WebPlotDigitizer/app/). In a second set of REM’s, Standardized Mean Differences (SMD) for demographic and clinical variables in cannabis users versus non-users were estimated.

Funnel plot with effect-size against sample size was used to visually identify potential publication bias, followed by the Egger’s linear regression test Egger et al. 1997()
 to test funnel plot asymmetry for significance. In case there was evidence of asymmetry, the trim and fill method was used to augment the data by adding missing studies Duval and Tweedie 2000()
. Heterogeneity among study point estimates was assessed with the Q-statistic, with the magnitude of heterogeneity being evaluated with the I2 index (0-40% not important, 30%-60% moderate heterogeneity, 50%-90% substantial heterogeneity, 75%-100% considerable heterogeneity) Shuster 2011()
.
Mixed-effect models

As a recommended method to investigate sources of heterogeneity Higgins and Green 2008()
, the influence of continuous moderator variables on Cohen’s d for memory was tested using mixed-effect models.  This analysis allows testing for interaction, i.e. to examine whether the effect of cannabis depends on the moderator variable included in the linear meta-regression model Viechtbauer 2010()
, a method that aims to relate the size of effect to one or more characteristics of the studies involved (between-study variation). To test for the moderating effect of demographic and clinical characteristics, we separately examined the impact of each of the moderators (level of depression, anxiety, level of global and psychosocial functioning, premorbid IQ and years of education) on the effect-size estimate (Cohen’s d) of the difference in global memory between cannabis users and non-users across all studies, independent of diagnostic group (healthy and psychotic patients). For each moderator variable, we used the corresponding SMD (e.g. for the moderator ‘depression’ we estimated the SMD per study for differences in depressions scores between cannabis users and non-users among healthy participants and the SMD for differences in depression scores between cannabis users and non-users among psychotic patients). Here, higher SMD estimates indicated higher scores for non-cannabis users such as higher scores on depression or more years of education. The slope of moderator in the mixed effect models (direct [+] or inverse [-]) denoted the strength of the relationship between the continuous moderator variables and the memory impairment. For the categorical variables such as cannabis and substance use characteristics, moderator analysis for categorical variables following statistical guidelines Viechtbauer 2010()
  was carried out.

	Table S1. Memory tests per dimension

	Prospective Memory
	Visual Working Memory
	Working Memory
	Visual Immediate Recall
	Verbal Immediate Recall
	Visual Learning

	Jansari-Agnew-Akesson-Murphy task Jansari et al. 2004()

	Corsi Block-Tapping Task Berch et al. 1998()

	Omitted numbers Nadia Solowij et al. 2002()

	the Doors and People Test - visual immediate recall Baddeley et al. 1994()

	RAVLT - Trial I Rey 1964()

	BVRT - total recall Benton 1963()


	Prospective Memory Questionnaire Hannon et al. 1995()

	Visual Memory Span (WMS) Iverson 2001()

	Digit Span 
 ADDIN EN.CITE 
(Wechsler 1945, Wild and Musser 2013, Randolph et al. 1998, Wechsler 1997)
 
	Visuospatial Memory Test Gouzoulis-Mayfrank et al. 2000()

	CVLT - immediate recall Delis et al. 1987()

	Visuospatial Memory Test Gouzoulis-Mayfrank et al. 2000()


	Rivermead Behavioural Memory Test Wilson et al. 1991()

	CANTAB - Spatial Working Memory Wild and Musser 2013()

	Trail Making Test – B Tombaugh 2004()

	Visual Paired Associates II, visual immediate recall (WMS) Iverson 2001()

	Verbal paired Associates, Logical Memory I  (WMS) Wechsler 1945()

	Visual Memory Wechsler 1945()


	Cambridge Prospective Memory Test Fleming et al. 2008()

	2-Back visuospatial  memory Carlson et al. 1998()

	Letter Number Sequencing Wechsler 1945()

	ROCF - immediate recall Osterrieth 1944()

	Brown–Peterson Memory Test Peterson and Peterson 1959()

	WRAML Adams 1990()


	
	
	N-Back task Jaeggi et al. 2010()

	BVRT – immediate recall Benton 1963()

	RBMT - immediate recallWilson et al. 1991()

	Spatial associative learning test Petrides 1985()
  

	
	
	WJ-III - Auditory Working Memory Cluster Woodcock et al. 2001()

	Tactual Performance Test Meyers 2011()

	Face-name learning task - Trial 1 Zeineh et al. 2003()

	

	
	
	Paced Auditory Serial Addition Test Spreen 1998()

	The Bender Visual Motor Gestalt Test Bender 1938()

	Prose Passages Task Wechsler 1945()

	

	
	
	
	Nahor-Benson  test Nahor and Benson 1970()

	Text learning – recall Miller and Kintsch 1980()

	

	
	
	
	
	HVLT - Trial I Brandt 1991()

	

	Verbal Learning
	Visual Delayed Recall
	Verbal Delayed Recall
	Visual Recognition
	Verbal Recognition
	

	RAVLT -  Trials 1-5 Rey 1964()

	ROCF - delayed recall Osterrieth 1944()

	RAVLT - delayed recall Rey 1964()

	The Boston Naming Test Kaplan et al. 1983()

	Source Memory Test Wilding and Rugg 1996()

	

	CVLT - Trials 1-5 Delis et al. 1987()

	Brief Visuospatial Memory Test-Revised Benedict et al. 1996()

	CVLT - delayed recall Delis et al. 1987()

	The Doors and People Test - visual recognition Baddeley et al. 1994()

	RAVLT  - Recognition Rey 1964()

	

	Verbal Associates, Verbal Memory (WMS) Iverson 2001()

	the Doors and People Test - visual delayed recall Baddeley et al. 1994()

	Logical Memory II, delayed recall (WMS) Wechsler 1945()

	WRAML Adams 1990()

	Recognition memory Wechsler 1945()

	

	HVLT – Trials 1-3 Brandt 1991()

	RBANS - Delayed visual recall Randolph et al. 1998()

	HVLT  - delayed recall Brandt 1991()

	Concept formation Reed 1972()

	HVLT  - Recognition Brandt 1991()

	

	Face-name learning task - Trials 1-5 Zeineh et al. 2003()

	Visual Paired Associates II,  visual reproduction (WMS) Wechsler 1945()

	RBMT - delayed recall Wilson et al. 1991()

	Warrington recognition memory test Warrington 1984()

	CVLT – recognition Delis et al. 1987()

	

	Verbal Memory Task for EEG Battisti et al. 2010()

	
	SRT - delayed recall Buschke 1973()

	Figural Memory Wechsler 1945()

	Semantic Memory Task Kiang et al. 2013()

	

	RBANS - Learning Trials Randolph et al. 1998()

	
	RBANS - Delayed verbal recall Randolph et al. 1998()

	CANTAB - Pattern Recognition Memory,  Spatial Recognition Memory Wild and Musser 2013()

	WRAML Adams 1990()

	

	WRAML Adams 1990()

	
	Face-name learning task - long delay Zeineh et al. 2003()

	
	
	

	SRT - total recall Buschke 1973()

	
	
	
	
	

	Note. BVRT:  Benton Visual Retention Test; CANTAB:  Cambridge Neuropsychological Test Automated Battery; CVTL: California Verbal Learning Test; HVLT: Hopkins Verbal Learning Test; RAVLT:  Rey Auditory Verbal Learning Test; RBANS: Repeatable Battery for Assessment of Neuropsychological Status; RBMT:  Rivermead Behavioural Memory Test  ROCF: Rey-Osterrieth Complex Figure Test; SRT:  Buschke Selective Reminding Test; WJ-III:  Woodcock-Johnson Tests of Cognitive Abilities;  WMS:  Wechsler Memory Scale; WRAML: Wide Range Assessment of Memory and Learning


	Table S2. Clinical measures

	Functioning
	Depression
	Premorbid IQ
	Anxiety

	Global Assessment of Functioning  Endicott et al. 1976()
 
	Hamilton Rating Scale for Depression  Hamilton 1960()

	Wechsler Test of Adult Reading  E. J. K. Wadsworth et al. 2006()

	Spielberger et al. 1970Spielberger State-Trait Anxiety Inventory 

 ADDIN EN.CITE <EndNote><Cite><Author>Spielberger</Author><Year>1970</Year><RecNum>91</RecNum><DisplayText><style font="Times New Roman">(Spielberger et al. 1970)</style></DisplayText><record><rec-number>91</rec-number><foreign-keys><key app="EN" db-id="x0apt0se6fwsdre90z6p59wldfaxzvv0tw92">91</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Spielberger, Charles D</author><author>Gorsuch, Richard L</author><author>Lushene, Robert E</author></authors><secondary-authors><author>Consulting Psychologists Press</author></secondary-authors></contributors><titles><title>STAI: Manual for the State-Trait Anxiety Inventory</title></titles><pages>180</pages><dates><year>1970</year></dates><pub-location>Palo Alto</pub-location><urls></urls></record></Cite></EndNote>()


	The Social Function Scale Birchwood et al. 1990()

	Beck Depression Inventory Beck et al. 1961()

	Wide Range Achievement Test  Robertson 2001()

	Beck et al. 1988Beck Anxiety Inventory 

 ADDIN EN.CITE <EndNote><Cite><Author>Beck</Author><Year>1988</Year><RecNum>95</RecNum><DisplayText><style font="Times New Roman">(Beck et al. 1988)</style></DisplayText><record><rec-number>95</rec-number><foreign-keys><key app="EN" db-id="x0apt0se6fwsdre90z6p59wldfaxzvv0tw92">95</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Beck, Aaron T</author><author>Epstein, Norman</author><author>Brown, Gary</author><author>Steer, Robert A</author></authors></contributors><titles><title>An inventory for measuring clinical anxiety: psychometric properties</title><secondary-title>Journal of Consulting and Clinical Psychology</secondary-title></titles><periodical><full-title>Journal of Consulting and Clinical Psychology</full-title></periodical><pages>893</pages><volume>56</volume><number>6</number><dates><year>1988</year></dates><isbn>1939-2117</isbn><urls></urls></record></Cite></EndNote>()


	Disability Assessment Schedule Janca et al. 1996()

	Depression Anxiety Stress Scales Brown et al. 1997()

	Verbal Comprehension Scale, Vocabulary Subscale WAIS III Wechsler 1997()

	Multidimensional Anxiety Scale for Children March et al. 1997()


	Dyradic Adjustment Scale Spanier and Thompson 1982()

 
	Addington et al. 1993Calgary Depression Scale

 ADDIN EN.CITE <EndNote><Cite><Author>Addington</Author><Year>1993</Year><RecNum>100</RecNum><DisplayText><style font="Times New Roman">(Addington et al. 1993)</style></DisplayText><record><rec-number>100</rec-number><foreign-keys><key app="EN" db-id="x0apt0se6fwsdre90z6p59wldfaxzvv0tw92">100</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Addington, Donald</author><author>Addington, Jean</author><author>Maticka-Tyndale, Eleanor</author></authors></contributors><titles><title>Assessing depression in schizophrenia: the Calgary Depression Scale</title><secondary-title>British Journal of Psychiatry</secondary-title></titles><periodical><full-title>British Journal of Psychiatry</full-title></periodical><dates><year>1993</year></dates><isbn>1472-1465</isbn><urls></urls></record></Cite></EndNote>()

	Woodcock-Johnson Revised Test of Achievement - Letter word identification subtest Woodcock 1997()

	Depression Anxiety Stress Scales 

Brown et al. 1997()


	
	Center for Epidemiologic Studies Depression Scale Roberts et al. 1990()

	Shipley Institute of Living Scale Shipley 1967()

	Zigmond and Snaith 1983Hospital Anxiety and Depression Scale 

 ADDIN EN.CITE <EndNote><Cite><Author>Zigmond</Author><Year>1983</Year><RecNum>104</RecNum><DisplayText><style font="Times New Roman">(Zigmond and Snaith 1983)</style></DisplayText><record><rec-number>104</rec-number><foreign-keys><key app="EN" db-id="x0apt0se6fwsdre90z6p59wldfaxzvv0tw92">104</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Zigmond, A Snaith</author><author>Snaith, R Philip</author></authors></contributors><titles><title>The hospital anxiety and depression scale</title><secondary-title>Acta Psychiatrica Scandinavica</secondary-title></titles><periodical><full-title>Acta Psychiatrica Scandinavica</full-title></periodical><pages>361-370</pages><volume>67</volume><number>6</number><dates><year>1983</year></dates><isbn>1600-0447</isbn><urls></urls></record></Cite></EndNote>()

 

	
	Montgomery–Åsberg Depression Rating Scale  Montgomery and Asberg 1979()

 
	North American Adult Reading Test Blair and Spreen 1989()

	

	
	
	Dunn and Dunn 1965Peabody Picture Vocabulary Test 

 ADDIN EN.CITE <EndNote><Cite><Author>Dunn</Author><Year>1965</Year><RecNum>107</RecNum><DisplayText><style font="Times New Roman">(Dunn and Dunn 1965)</style></DisplayText><record><rec-number>107</rec-number><foreign-keys><key app="EN" db-id="x0apt0se6fwsdre90z6p59wldfaxzvv0tw92">107</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Dunn, Lloyd M</author><author>Dunn, Leota M</author></authors></contributors><titles><title>Peabody picture vocabulary test</title></titles><dates><year>1965</year></dates><pub-location>San Antonio</pub-location><publisher>Pearson</publisher><urls></urls></record></Cite></EndNote>()

	

	
	
	Spot The Word Test Baddeley et al. 1993()

	


	Table S3. Study selection and effect size per memory dimension

	Author
	Prospective Memory
	Working Memory
	Visual Working Memory
	Verbal Immediate Recall
	Visual Immediate Recall
	Verbal Learning
	Visual Learning
	Visual Delayed Recall
	Verbal Delayed Recall
	Visual Recognition
	Verbal Recognition
	N subjects

	
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	

	Healthy Sample

	1. Ashtari et al. (2011a)

	
	
	
	
	
	
	
	
	
	
	0.13
	0.14
	
	
	
	
	0.06
	0.14
	
	
	
	
	28

	2. Bartholomew et al. (2010)

	0.55
	0.05
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	90

	3. Battisti et al. (2010)

	
	
	
	
	
	
	
	
	
	
	0.73
	0.09
	
	
	
	
	
	
	
	
	
	
	48

	4. Becker et al. (2014)

	
	
	0.50
	0.06
	-0.11
	0.06
	0.73
	0.06
	0.11
	0.06
	0.48
	0.06
	
	
	
	
	0.91
	0.06
	
	
	
	
	70

	5. Block et al. (2002a)

	
	
	
	
	
	
	
	
	
	
	0.37
	0.13
	
	
	
	
	
	
	
	
	
	
	31

	6a. R. Block and MM. Ghoneim (1993)

(heavy user group)
	
	
	
	
	
	
	0.23
	0.05
	
	
	0.28
	0.05
	
	
	
	
	-0.15
	0.05
	0.20
	0.05
	
	
	88

	6b. R. Block and MM. Ghoneim (1993)

(regular user group)
	
	
	
	
	
	
	0.00
	0.04
	
	
	-0.02
	0.05
	
	
	
	
	0.00
	0.04
	0.21
	0.04
	
	
	100

	7. Bowman and Pihl (1973)

	
	
	-0.61
	0.18
	
	
	
	
	
	
	
	
	
	
	-0.02
	0.16
	-0.54
	0.17
	
	
	
	
	26

	8. Brown et al. (2010)

	
	
	
	
	
	
	0.34
	0.06
	
	
	0.48
	0.06
	
	
	
	
	-0.04
	0.06
	
	
	
	
	65

	9. Carlin and Trupin (1977)

	
	
	0.35
	0.20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20

	10a. L Chang et al. (2006)

(abstinent users)
	
	
	0.18
	0.19
	
	
	-0.02
	0.19
	-0.76
	0.20
	0.11
	0.19
	
	
	-0.69
	0.20
	-0.26
	0.19
	
	
	
	
	22

	10b. L Chang et al. (2006)

(recent users)
	
	
	-0.11
	0.19
	
	
	0.31
	0.19
	-0.37
	0.19
	0.47
	0.19
	
	
	-0.57
	0.20
	0.20
	0.19
	
	
	
	
	22

	11. Cousijn et al. (2014)

	
	
	0.30
	0.06
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	73

	12. Croft et al. (2001)

	
	
	0.63
	0.09
	
	
	
	
	
	
	0.70
	0.09
	0.61
	0.09
	0.45
	0.09
	
	
	0.00
	0.09
	0.64
	0.09
	49

	13. Culver and King (1974)

	
	
	0.27
	0.15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	28

	14. Cuttler et al. (2012)

	0.43
	0.04
	
	
	
	
	
	
	
	
	1.87
	0.19
	
	
	
	
	
	
	
	
	
	
	96

	15. Cuyàs et al. (2011)

	
	
	
	
	
	
	0.39
	0.02
	0.06
	0.02
	0.40
	0.02
	
	
	-0.04
	0.02
	0.42
	0.02
	
	
	0.27
	0.02
	203

	16. Dafters et al. (2004)

	
	
	
	
	
	
	1.01
	0.14
	
	
	
	
	
	
	
	
	1.01
	0.13
	
	
	
	
	34

	17. Dougherty et al. (2013)

	
	
	
	
	
	
	0.88
	0.05
	
	
	0.51
	0.04
	
	
	
	
	
	
	
	
	
	
	93

	18. Fisk and Montgomery (2008)

	
	
	
	
	
	
	-0.42
	0.12
	
	
	-0.28
	0.12
	
	
	
	
	
	
	
	
	
	
	34

	19a. Jack M Fletcher et al. (1996)

(old cohort)
	
	
	
	
	
	
	
	
	-0.19
	0.09
	
	
	0.18
	0.09
	
	
	
	
	
	
	
	
	47

	19b. Jack M Fletcher et al. (1996)

(young cohort)
	
	
	
	
	
	
	
	
	-0.24
	0.05
	
	
	-0.24
	0.05
	
	
	
	
	
	
	
	
	86

	20a. Fried et al. (2005b)

(current heavy users)
	
	
	
	
	
	
	0.58
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	0.65
	0.11
	39

	20b. Fried et al. (2005a)

(current light users)
	
	
	
	
	
	
	-0.32
	0.10
	
	
	
	
	
	
	
	
	
	
	
	
	-0.27
	0.10
	39

	20c. Fried et al. (2005b)

(former heavy users)
	
	
	
	
	
	
	0.01
	0.12
	
	
	
	
	
	
	
	
	
	
	
	
	0.23
	0.12
	35

	21. Gonzalez et al. (2012)

	
	
	
	
	
	
	
	
	
	
	0.45
	0.03
	
	
	
	
	0.39
	0.03
	
	
	0.01
	0.03
	130

	22. Gouzoulis-Mayfrank et al. (2000)

	
	
	0.22
	0.07
	-0.14
	0.07
	0.51
	0.07
	0.10
	0.07
	-0.29
	0.07
	0.09
	0.07
	
	
	-0.21
	0.07
	
	
	
	
	56

	23. Grant et al. (2012)

	
	
	
	
	0.30
	0.07
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	230

	24. Grant et al. (1973)

	
	
	-0.20
	0.07
	
	
	
	
	0.27
	0.07
	
	
	
	
	
	
	
	
	
	
	
	
	58

	25. Hadjiefthyvoulou et al. (2011)

	0.51
	0.14
	
	
	
	
	
	
	
	
	0.43
	0.14
	
	
	
	
	
	
	
	
	
	
	30

	26a. Hanson et al. (2010a)

(21 days-abstinent group)
	
	
	0.03
	0.10
	
	
	0.30
	0.10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	40

	26b. Hanson et al. (2010a)

(3 days-abstinent group)
	
	
	0.27
	0.10
	
	
	0.86
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	40

	27. Hooper et al. (2014)

	
	
	0.32
	0.05
	
	
	0.03
	0.05
	
	
	0.40
	0.05
	0.06
	0.05
	
	
	-0.06
	0.05
	0.19
	0.05
	0.24
	0.05
	76

	28. Honarmand et al. (2011)

	
	
	
	
	
	
	
	
	
	
	0.27
	0.08
	0.09
	0.08
	0.16
	0.08
	0.19
	0.08
	
	
	
	
	50

	29. Jacobsen et al. (2007a)

	
	
	0.52
	0.09
	
	
	
	
	
	
	
	
	
	
	
	
	0.24
	0.09
	
	
	
	
	45

	30. Jager et al. (2010a)

	
	
	-0.11
	0.09
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.25
	0.09
	45

	

	Author
	Prospective Memory
	Working Memory
	Visual Working Memory
	Verbal Immediate Recall
	Visual Immediate Recall
	Verbal Learning
	Visual Learning
	Visual Delayed Recall
	Verbal Delayed Recall
	Visual Recognition
	Verbal Recognition
	N subjects

	
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	

	31. Jager et al. (2007b)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.17
	0.10
	
	
	40

	32. Jockers-Scherübl et al. (2007)

	
	
	-0.11
	0.11
	
	
	
	
	
	
	0.13
	0.11
	0.13
	0.11
	
	
	
	
	
	
	
	
	38

	33. Kiang et al. (2013)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.40
	0.09
	48

	34. Korver et al. (2010)

	
	
	
	
	
	
	
	
	
	
	0.88
	0.08
	
	
	
	
	
	
	
	
	
	
	58

	35. Lamers et al. (2006)

	
	
	0.58
	0.14
	
	
	
	
	
	
	1.20
	0.16
	
	
	0.24
	0.13
	0.87
	0.15
	
	
	
	
	30

	36. Lyons et al. (2004)

	
	
	-0.21
	0.04
	
	
	0.07
	0.04
	0.09
	0.04
	0.19
	0.04
	
	
	-0.18
	0.04
	0.21
	0.04
	
	
	0.09
	0.04
	108

	37. Mahmood et al. (2010)

	
	
	
	
	
	
	
	
	
	
	0.00
	0.03
	
	
	-0.10
	0.03
	
	
	
	
	0.00
	0.03
	130

	38. Mass et al. (2001)

	
	
	0.73
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	40

	39. McHale and Hunt (2008)

	0.93
	0.12
	
	
	
	
	
	
	0.38
	0.11
	
	
	
	
	0.96
	0.12
	
	
	1.34
	0.13
	
	
	38

	40. Medina et al. (2007)

	
	
	-0.09
	0.06
	
	
	0.21
	0.06
	
	
	
	
	
	
	
	
	
	
	
	
	0.14
	0.06
	65

	41a. Messinis et al. (2006)

(long-term users)
	
	
	1.62
	0.17
	
	
	0.63
	0.14
	
	
	1.60
	0.17
	
	
	
	
	2.25
	0.21
	1.50
	0.17
	1.37
	0.16
	32

	41b. Messinis et al. (2006)

(short-term users)
	
	
	1.28
	0.16
	
	
	0.23
	0.13
	
	
	0.56
	0.14
	
	
	
	
	0.98
	0.15
	0.46
	0.14
	1.03
	0.15
	32

	42. Montgomery et al. (2012)

	1.04
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	40

	43. Morgan et al. (2010)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.20
	0.06
	72

	44. Morgan et al. (2012)

	
	
	0.32
	0.07
	
	
	0.83
	0.07
	
	
	
	
	
	
	
	
	1.03
	0.08
	
	
	
	
	59

	45. Nestor et al. (2008)

	
	
	
	
	
	
	0.55
	0.06
	
	
	0.71
	0.06
	
	
	
	
	0.69
	0.06
	
	
	
	
	73

	46a. Harrison G Pope et al. (2003)

(early onset group)
	
	
	
	
	
	
	
	
	0.25
	0.04
	0.41
	0.04
	
	
	
	
	0.47
	0.04
	
	
	
	
	113

	46b. Harrison G Pope et al. (2003)

(late onset group)
	
	
	
	
	
	
	
	
	0.18
	0.04
	0.12
	0.04
	
	
	
	
	0.43
	0.04
	
	
	
	
	97

	47. Pujol et al. (2014)

	
	
	
	
	
	
	0.78
	0.08
	
	
	0.05
	0.07
	
	
	
	
	0.82
	0.08
	
	
	
	
	57

	48. Quednow et al. (2006a)

	
	
	
	
	
	
	
	
	
	
	-0.02
	0.11
	
	
	
	
	
	
	
	
	-0.52
	0.11
	38

	49. Ray et al. (1978)

	
	
	-0.14
	0.05
	
	
	
	
	
	
	-0.29
	0.05
	
	
	
	
	
	
	
	
	
	
	80

	50. Rochford et al. (1977)

	
	
	
	
	
	
	
	
	-0.15
	0.08
	
	
	
	
	
	
	
	
	
	
	
	
	51

	51. Rodgers (2000)

	
	
	-0.39
	0.14
	-0.16
	0.13
	1.36
	0.19
	0.28
	0.14
	
	
	
	
	0.06
	0.14
	0.88
	0.17
	0.11
	0.13
	
	
	30

	52. Scholes and Martin-Iverson (2010)
 
	
	
	-0.06
	0.06
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	71

	53a. Richard H Schwartz et al. (1989)

(6 weeks-abstinent group)
	
	
	
	
	
	
	1.39
	0.28
	0.31
	0.23
	
	
	
	
	0.92
	0.25
	
	
	
	
	
	
	13

	53b. Richard H Schwartz et al. (1989)

(non-abstinent group)
	
	
	
	
	
	
	1.13
	0.26
	1.39
	0.28
	
	
	
	
	1.23
	0.27
	
	
	
	
	
	
	14

	54a. Alecia Dager Schweinsburg et al. (2010)

(abstinent users)
	
	
	-0.91
	0.21
	-0.05
	0.19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22

	54b. Alecia Dager Schweinsburg et al. (2010)

(recent users)
	
	
	-0.39
	0.19
	-0.24
	0.19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22

	55a. Schweinsburg et al. (2011)

(cannabis + alcohol group)
	
	
	
	
	
	
	-0.15
	0.13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	39

	55b. Schweinsburg et al. (2011)

(cannabis only group)
	
	
	
	
	
	
	0.03
	0.22
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	19

	56. Smith et al. (2010)
 
	
	
	
	
	0.05
	0.17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	24

	57. Smith et al. (2014)

	
	
	0.52
	0.13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	54

	58. Solowij et al. (2011)

	
	
	
	
	
	
	0.49
	0.04
	
	
	0.60
	0.04
	
	
	
	
	0.82
	0.04
	
	
	0.53
	0.04
	114

	59a. Nadia Solowij et al. (2002)

(long-term users)
	
	
	-0.05
	0.08
	
	
	0.47
	0.08
	
	
	0.84
	0.09
	
	
	
	
	0.85
	0.09
	
	
	0.98
	0.09
	68

	59b. Nadia Solowij et al. (2002)

(short-term users)
	
	
	-0.34
	0.08
	
	
	0.26
	0.08
	
	
	0.11
	0.08
	
	
	
	
	-0.04
	0.08
	
	
	0.11
	0.08
	68

	60. Soueif (1976)

	
	
	0.08
	0.00
	
	
	
	
	0.15
	0.00
	
	
	
	
	
	
	
	
	
	
	
	
	1689

	Author
	Prospective Memory
	Working Memory
	Visual Working Memory
	Verbal Immediate Recall
	Visual Immediate Recall
	Verbal Learning
	Visual Learning
	Visual Delayed Recall
	Verbal Delayed Recall
	Visual Recognition
	Verbal Recognition
	N subjects

	
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	d
	se
	

	61a. Robert J Tait et al. (2011)

(current heavy users)
	
	
	0.09
	0.03
	
	
	0.29
	0.03
	
	
	
	
	
	
	
	
	0.28
	0.03
	
	
	
	
	165

	61b. Robert J Tait et al. (2011)

(current light users)
	
	
	0.09
	0.02
	
	
	-0.17
	0.02
	
	
	
	
	
	
	
	
	-0.16
	0.02
	
	
	
	
	176

	61c. Robert J Tait et al. (2011)

(former heavy users)
	
	
	0.00
	0.03
	
	
	0.46
	0.03
	
	
	
	
	
	
	
	
	0.37
	0.03
	
	
	
	
	165

	61d. Robert J Tait et al. (2011)

(former light users)
	
	
	0.18
	0.01
	
	
	0.09
	0.01
	
	
	
	
	
	
	
	
	0.04
	0.01
	
	
	
	
	336

	62. Takagi et al. (2010)

	
	
	
	
	
	
	0.89
	0.10
	
	
	0.72
	0.10
	
	
	
	
	0.70
	0.10
	
	
	0.03
	0.10
	42

	63. Tamm et al. (2013)

	
	
	-0.10
	0.10
	
	
	-0.26
	0.10
	
	
	0.02
	0.10
	
	
	
	
	-0.45
	0.10
	
	
	
	
	41

	64. Taurah et al. (2014)

	
	
	0.04
	0.08
	
	
	1.27
	0.01
	-0.08
	0.01
	0.00
	0.08
	
	
	-0.25
	0.08
	0.40
	0.05
	
	
	
	
	345

	65a. Thames et al. (2014)

(28 days-abstinent group)
	
	
	
	
	
	
	
	
	
	
	0.05
	0.05
	
	
	
	
	
	
	
	
	
	
	86

	65b. Thames et al. (2014)

(non-abstinent group)
	
	
	
	
	
	
	
	
	
	
	0.14
	0.04
	
	
	
	
	
	
	
	
	
	
	113

	66. Varma et al. (1988)

	
	
	
	
	
	
	0.52
	0.08
	-0.56
	0.08
	
	
	
	
	
	
	0.18
	0.08
	
	
	0.49
	0.08
	52

	67. Verdejo-García et al. (2013)

	
	
	0.20
	0.03
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	144

	68. EJK Wadsworth et al. (2006)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.15
	0.04
	
	
	
	
	119

	69. Wig and Varma (1977)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	34

	70. Yücel et al. (2008)

	
	
	
	
	
	
	
	
	
	
	1.40
	0.16
	
	
	
	
	0.85
	0.14
	
	
	
	
	31

	Patient Sample

	1. Bahorik et al. (2013)

	
	
	-0.13
	0.01
	
	
	
	
	
	
	0.02
	0.01
	
	
	
	
	
	
	
	
	
	
	649

	2. Bourque et al. (2013)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.58
	0.15
	
	
	28

	3a. Bugra et al. (2013)

(abstinent users)
	
	
	-0.25
	0.07
	
	
	
	
	
	
	0.21
	0.07
	
	
	
	
	0.22
	0.07
	
	
	
	
	61

	3b. Bugra et al. (2013)

(recent users)
	
	
	0.14
	0.06
	
	
	
	
	
	
	0.11
	0.06
	
	
	
	
	0.02
	0.06
	
	
	
	
	75

	4. Coulston et al. (2007)

	
	
	0.07
	0.09
	
	
	0.16
	0.09
	
	
	0.11
	0.09
	
	
	
	
	0.01
	0.09
	
	
	-0.07
	0.09
	59

	5. Cunha et al. (2013b)

	
	
	-0.94
	0.05
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	106

	6. de la Serna et al. (2010)

	
	
	-0.60
	0.05
	
	
	0.85
	0.05
	
	
	1.64
	0.06
	
	
	
	
	-0.99
	0.05
	
	
	-0.73
	0.05
	108

	7. DeRosse et al. (2010)

	
	
	-0.16
	0.01
	
	
	
	
	
	
	-0.34
	0.01
	
	
	
	
	
	
	
	
	
	
	455

	8. Jockers-Scherübl et al. (2007)

	
	
	-0.50
	0.11
	
	
	
	
	
	
	0.31
	0.10
	-0.27
	0.10
	
	
	
	
	
	
	
	
	39

	9. Korver et al. (2010)

	
	
	
	
	
	
	
	
	
	
	-0.01
	0.06
	
	
	
	
	
	
	
	
	
	
	63

	10. Krysta et al. (2012)

	
	
	-0.31
	0.11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	52

	11. Leeson et al. (2011)

	
	
	-0.42
	0.05
	
	
	
	
	
	
	-0.43
	0.05
	
	
	
	
	
	
	
	
	
	
	99

	12. Lev-Ran et al. (2012)

	
	
	
	
	-0.07
	0.15
	
	
	
	
	
	
	
	
	
	
	
	
	-0.03
	0.15
	
	
	28

	13. Løberg et al. (2012)
 
	
	
	-0.33
	0.16
	
	
	-0.60
	0.16
	-0.59
	0.16
	
	
	
	
	
	
	-0.77
	0.17
	
	
	
	
	26

	14. Mata et al. (2008)

	
	
	0.01
	0.03
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	132

	15a. Rabin et al. (2013)

(abstinent users)
	
	
	0.20
	0.30
	
	
	
	
	
	
	0.08
	0.30
	
	
	
	
	-0.27
	0.30
	
	
	0.07
	0.30
	25

	15b. Rabin et al. (2013)

(recent users)
	
	
	-0.04
	0.31
	
	
	
	
	
	
	-0.20
	0.31
	
	
	
	
	0.03
	0.31
	
	
	0.39
	0.31
	22

	16. Ringen et al. (2010)

	
	
	0.10
	0.03
	
	
	0.25
	0.03
	
	
	-0.08
	0.03
	
	
	
	
	0.11
	0.03
	
	
	
	
	273

	17. Rodríguez-Sánchez et al. (2010)

	
	
	-0.04
	0.04
	
	
	
	
	
	
	0.46
	0.04
	-0.04
	0.04
	
	
	0.27
	0.04
	
	
	
	
	104

	18. Schnell et al. (2009)

	
	
	-0.62
	0.06
	
	
	-0.29
	0.06
	
	
	-0.34
	0.06
	
	
	
	
	-0.55
	0.06
	
	
	-0.54
	0.06
	69

	19. Scholes and Martin-Iverson (2010)

	
	
	0.24
	0.07
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	71

	20. Smith et al. (2010)

	
	
	0.00
	0.10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	43

	21. Stirling et al. (2003)

	
	
	
	
	
	
	
	
	-0.80
	0.07
	
	
	
	
	
	
	
	
	-0.54
	0.07
	
	
	63

	22. van Winkel et al. (2011)

	
	
	
	
	
	
	0.08
	0.01
	
	
	
	
	
	
	
	
	0.07
	0.01
	
	
	
	
	611


	Table S4. Random effects models for memory outcome

	
	k
	Subj. total
	Subj. Can-
	Subj. Can +
	d [95% CI]
	I 2[95% CI]

	Healthy
	240
	20586
	10146
	10440
	0.27 [0.22, 0.32] a
	62.17% [60.29, 75.43]

	Patients
	63
	4426
	3384
	7810
	-0.11 [-0.22, 0.003]
	76.31% [61.71, 83.24]

	Combined
	303
	14572
	13824
	28396
	0.19[ 0.14, 0.24] ab
	71.53% [68.83, 79.17]

	d dependent on memory dimension (p< 0.01)

d dependent on group (patient vs. healthy) (p< 0.0001)

Note. k = number of sub-studies, d = Cohen’s d effects size as estimated by random effects models


	Table S5. Pearson correlation (sample size per dimension - effect size d per dimension)

	Healthy
	r=-0.05, p=0.89

	Patients

	r= 0.49, p=0.18

	Note. Correlational analysis indicated that differences in effect-size (d) across dimensions was not a result of differences in the sample size available for estimation per dimension.


	Table S6. Test for publication bias

	Memory Dimension
	p a (missing studies)
	Fill & Trim corrected d [95% CI]
	p a (missing studies)
	Fill & Trim corrected d [95% CI]

	Prospective memory
	0.12
	
	N/A*
	

	Working memory
	0.51
	
	0.63
	

	Visual working memory
	0.55
	
	N/A*
	

	Verbal immediate recall
	0.86
	
	0.97
	

	Visual immediate recall
	0.44
	
	N/A*
	

	Verbal learning 
	0.05 (0)
	0.36 [0.25, 0.48]
	0.32
	

	Visual learning
	0.08
	
	N/A*
	

	Visual delayed recall
	0.19
	
	N/A*
	

	Verbal delayed recall 
	0.07
	
	0.27
	

	Visual recognition
	0.10
	
	0.66
	

	Verbal recognition
	0.24
	
	0.05 (2)
	 

	Total Memory
	0.001 (26)
	0.18 [0.15, 0.20]
	0.34
	-0.52 [-0.76, -0.27]

	a p for Egger’s Test for publication bias

*Too few observations to carry out the test. 


	Table S7. Sensitivity analysis

	Test
	Healthy
	Patients

	
	N Studies
	d [95% CI]
	p
	N Studies
	d [95% CI]
	p

	RAVLT immediate
	11
	0.52 [0.35, 0.69]
	<.0001
	2
	-0.10 [-0.54, 0.34] 
	0.66

	RAVLT learning
	16
	0.52 [0.28, 0.76]
	<.0001
	4
	-0.05 [-0.48, 0.38]
	0.82

	Note.  Sensitivity analysis to address heterogeneity in memory measures: Subset analysis of studies employing the Rey Auditory Verbal Learning Test (RAVLT)


	Table S8. Test of moderators

	Demographic factor
	k
	Slope coefficient
	p

	Functioning
	28
	0.57
	0.02

	Premorbid IQ
	204
	0.27
	< .01

	Education
	128
	-0.15
	0.21

	Depression
	93
	-0.26
	0.04

	Anxiety
	46
	0.01
	0.96

	Note. Meta-regression to test the effect of the hypothesized moderator (Standardized Mean Differences between non-users and cannabis users in demographic factor) on memory.  The slope of moderator in the mixed effect models (direct [+] or inverse [-]) denotes the strength of the relationship.  Results: Cannabis related memory impairment was stronger for those users who had (1) lower functioning, (2) lower premorbid IQ, (3) higher depression scores when compared to non-users.
k = number of sub-studies. 


	Table S9. Grouping criteria in patient samples

	Study
	Operationalization cannabis non-user

	Coulston et al. (2007)
,

DeRosse et al. (2010)
,

Jockers-Scherübl et al. (2007)
,

Rabin et al. (2013)

	Subjects who never had a lifetime diagnosis of cannabis dependence or abuse

	Bugra et al. (2013)
,

Korver et al. (2010)
,

Mata et al. (2008)
,

Ringen et al. (2010)
,

Scholes and Martin-Iverson (2010)

	Subjects who did not use cannabis around the date of assessment

	Bourque et al. (2013)
,

Krysta et al. (2012)
,

Lev-Ran et al. (2012)
,

Smith et al. (2014)

	Subjects who were not diagnosed with cannabis dependence at around the date of  assessment

	Cunha et al. (2013a)
,

Leeson et al. (2011)
,

Løberg and Hugdahl (2009)
,

van Winkel et al. (2011)

	Subjects who did not have a lifetime history of regular cannabis use

	Note. Grouping criteria for classifying cannabis users in patients with psychosis, displayed per study included in the meta-analysis.


	Table S10. Number of sub-studies per cannabis category in moderation analysis

	
	Healthy
	Patients

	Subgroup
	k
	d
	se
	p
	k
	d
	se
	p

	Light User
	13
	0.02
	0.06
	<.01
	0
	na
	na
	.32

	Regular User
	54
	0.20
	0.05
	
	15
	-0.05
	0.08
	

	Heavy User
	147
	0.32
	0.03
	
	34
	-0.14
	0.06
	

	Short Term User
	130.
	0.26
	0.03
	.06
	8
	-0.15
	0.15
	.33

	Long Term User
	31
	0.49
	0.12
	
	15
	0.01
	0.10
	

	Early Onset User
	114
	0.26
	0.03
	0.92
	30
	-0.18
	0.08
	.34

	Late Onset User
	84
	0.27
	0.05
	
	5
	0.00
	0.13
	

	Short Abstinence
	160
	0.33
	0.03
	<.01
	46
	-0.03
	0.06
	.03

	Long Abstinence
	69
	0.15
	0.03
	
	15
	-0.33
	0.10
	

	Note. k = number of sub-studies, p=estimated significance level for each categorical moderator (i.e. frequency of use, duration of use, onset of use, abstinence from cannabis) in moderator analysis; d = Cohen’s d in memory outcome between non-users and cannabis users, with larger estimates reflecting worse performance in cannabis users.
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