SUPPLEMENTARY MATERIAL

SUPPLEMENTARY METHODS

Supplementary Methods 1: Database headings for data extraction
· Ovid result number

· Web-link to article

· Author

· Year

· Title

· Location

· Study design
· Duration of follow-up/audited period

· Sample size

· Attrition rate

· N did not accept participation

· Gender distribution – N (%)

· Mean age

· Ethnicity

· Inclusion/exclusion criteria

· Recruitment source/process

· Diagnoses – N (%)

· Course of illness

· Psychotic symptoms – N (%)

· Treatment status – N (%)

· Medications – N (%)

· Diagnostic tools

· Source/means of information on cannabis use

· Source/means of information on adherence

· Cannabis groups – N (%)

· Adherence groups – N (%)

· Length/period of assessment of cannabis use

· Length/period of assessment of adherence

· Frequency of assessment of cannabis use

· Frequency of assessment of adherence

· Statistical tests adopted

· Confounding  variables adjusted for

· Main findings (including relevant statistics, e.g. p value)

· Main discussion points/limitations

Supplementary Methods 2: data analysis
Given the heterogeneity between studies in terms of time-points when cannabis use was assessed as a predictor for adherence and to tease apart the effect of continuing use from previous use that is no longer continuing, we computed separate estimates according to pattern of cannabis use. Irrespective of whether assessed retrospectively or prospectively, if cannabis use estimates that reflected use at a time-point prior to the assessment of adherence were used in analysis, we regarded it as baseline. Those who had reported cannabis use at baseline were categorised as ‘baseline Cannabis Users’ (CU) while those who were not using cannabis at baseline comprised ‘baseline Non users’ (NU). Some of the baseline users (CU) continued to use cannabis throughout the subsequent follow-up period under consideration in the respective studies, and were identified as ‘Continued cannabis users’ (CCU), while others stopped using during the follow-up period and were identified as ‘Former Users’ (FU). In two studies (Linszen et al., 1994; Coldham et al., 2002) both cannabis use and adherence were assessed at follow-up, but cannabis use measures referred to the entire follow-up period, thus also including baseline. Therefore, users and non-users in these studies were included in the CU and NU groups respectively. Where studies provided more than one cannabis measure (and therefore multiple adherence outcomes), priority for inclusion in the meta-analysis was given to outcomes related to baseline, then to lifetime, and lastly to follow-up cannabis use. Where adherence was measured at several time-points, priority was given to follow-up rather than baseline adherence. Where adherence was divided in more than 2 categories, the one indicating maximal adherence was considered as “good adherence”, while the others were pooled together and considered as “poor/non-adherence”.

Supplementary methods 3 (Table 3): quality assessment tool with scores and scoring method – adapted from Beards et al. (2013).
	First author, year

	Selection bias
	Sample size
	Loss of data
	Design
	Confound
	Other substance/alcohol use
	Measures
	Total

	Coldham,  2002
	1
	1
	1
	2
	2
	2
	0
	9

	Gonzalez-Pinto, 2010
	2
	2
	0
	2
	2
	2
	1
	11

	Miller, 2009
	0
	1
	2
	2
	1
	0
	2
	8

	Pogge, 2005
	0
	0
	2
	1
	1
	0
	0
	4

	deHaan, 2007
	1
	1
	2
	2
	0
	0
	1
	7

	Martinez-Arevalo, 1994**
	1
	0
	1
	2
	2
	1
	0
	7

	Schimmelmann, 2012
	1
	1
	2
	1
	0
	1
	1
	7

	Barbeito, 2013
	1
	1
	2
	2
	2
	1
	1
	10

	Jonsdottir, 2013***
	1
	1
	2
	0
	1
	1
	0
	6

	Faridi, 2012
	1
	1
	1
	2
	2
	2
	1
	10

	Kovasznay,       1997****
	1
	2
	1
	2
	2
	2
	0
	10

	Strakovski,       2007 *****
	1
	1
	2
	2
	2
	2
	2
	12

	Perkins, 2006
	1
	2
	2
	2
	0
	1
	0
	8

	Linszen, 1994
	1
	0
	2
	2
	0
	0
	2
	7

	Rehman & Farooq,  2007
	1
	0
	2
	1
	0
	0
	1
	5


Adaptations from the original tool included using the same criteria used by Beards et al (2013) for the “measurement” item to assess the quality of cannabis use and adherence measurements, instead of employing it to rate the quality of assessment of psychosis, as the use of standardized diagnostic tools was one of the inclusion criteria. We also added a “frequency of assessment” item (i.e. at how many time-points during study period cannabis use and adherence were assessed). A “design” item was also included to address the issue of inclusion of both longitudinal prospective and retrospective studies as well as cross-sectional studies. In light of the specific focus of the present meta-analysis on cannabis use and adherence, two additional quality items used by Zammit et al. (2008) in a previous related review (lost to follow-up, adjustment for other substance/alcohol use) were added. Indeed, adjustment for the use of other drugs and alcohol is crucial for disentangling the specific effect of cannabis use on adherence from that of other substances (Zammit et al., 2008), and assessing attrition at follow-up is also important as drop-out may in fact  mask non adherence (Pogge et al., 2005; deHaan et al., 2007; Zammit et al., 2008; Jonsdottir et al., 2013)
1) Selection Bias: was the sample representative of the target population?

a) 0 = Sampling method not reported/sample not representative (presence of bias e.g. non-random selection process)

b) 1 = Sample whas somewhat likely to be representative (e.g. in cohort studies, incident cases or randomly sampled controls without evident bias, or no controls)

c) 2 = Sample was likely to be representative (e.g. in cohort studies, sample made of incident cases without evident bias, with randomly sampled controls; in general population studies, sample was entirely randomized)

2) Sample size (on which analysis for relevant outcome was performed)
a) 0 = less than 100

a) 1 = between 100 and 200

a) 2 = more than 200

3) Loss of data: how many participants refused to participate, were lost at follow-up, had no measurements for some of the variables of interest?
a) 0 = more than 50% loss

b) 1 = between 50% and 20% loss

c) 2 = less than 20% loss

4) Study Design:

a) 0 = cross-sectional retrospective

b) 1 = cross-sectional prospective or longitudinal retrospective

c) 2 = longitudinal prospective

5) Confunders: were confunders adjusted for or was it ensured that groups did not differ on relevant variables?

a) 0 = no assessment of confunders was performed and significant differences among groups in relevant variables were found or were not assessed.

b) 1 = differences in basic demographics (age, gender, ethnicity etc.) were either controlled for, or no difference among groups in relavant demographics was found.

c) 2 = further confounders related to baseline functioning/severity of illness (e.g. baseline symptoms score, baseline functioning, duration of illness, previous number of episodes) were either controlled for, or no difference among groups were found.

6) Other alcohol and drug use
b) 0 = cannabis was the only substance considered in the analysis on effect on adherence and other substances/alcohol use was not assessed, or the effect of cannabis use on adherence was not distinguished from that of other drugs/alcohol, or there were significant differnces in alcohol/other drug use between cannabis groups unaccounted for

c) 1 = other substance/alcohol use was assessed but not controlled for

d) 2 = other substance/alcohol use was controlled for or no significant differences among groups

7) Measurements: rating were obtained in the following way: for each study, scores on the quality ratings for cannabis and adherence (Tables 2 and 3) were averaged and rounded down, obtaining a single rating (minimum score = 0 maximum = 2).

8) Total: obtained by adding scores on individual items. Minimum=0; maximum=14.
The section below reports results for the assessment of reporting strenght as referred to the whole sample of 15 studies. Reporting strength was on average moderate [mean=7.7/14]. Seven studies for cannabis and 6 for adherence gathered data through either only self-reports or only clinical ratings, and only 2 studies for cannabis and 1 for adherence used objective measures. Only 4 and 5 studies adopted a combination of sources to assess cannabis use and adherence respectively. However, it is important to note that most studies (10 for adherence and 8 for cannabis) assessed variables at multiple time-points.
SUPPLEMENTARY RESULTS

Supplementary results 1: study selection
After removal of duplicates (n=920), 1093 publications were identified (252 in EMBASE, 383 in OvidMEDLINE(R), 258 in Journals@Ovid, 200 in PsychINFO), 12 of which met the inclusion criteria. Reference screening allowed to identify further 5 articles, 3 of which were included, for a total of 15 papers published between 1994 and 2013, representing the focus of the present systematic-review.  
Supplementary results 2: summary characteristics of the 15 studies included in the systematic review
The included 15 studies reported data from 15 different cohorts from across the world. Males represented 54.6% of the sample with a mean age of 34.4 years. This was significantly influenced by data from the study by Gonzalez-Pinto et al. (2010) reporting on the largest sample (n=1831, mean age=45 years), while the remaining studies included patients with age ranging from 15 to 30 years. As for diagnoses, 7 studies included only schizophrenia-spectrum diagnoses, 2 only Bipolar I diagnoses, while the others were mixed. 37.5% of the pooled sample fell into the schizophrenia-spectrum disorder group, 1.7% into the other-psychosis group, and 60.8% into the Bipolar and other affective disorders group. Within the latter category, 47.8% had psychotic symptoms, while for the rest, the presence of psychotic symptoms was not specified. Eight studies included only FEP patients early in the course of their illness, while samples were mixed in the other studies. The majority of the studies were observational (k=14), longitudinal (k=14) and prospective (k=10), with follow-up periods ranging from 6 months to 8 years (mean=2.5 years). 

Prevalence of cannabis use was calculated on the sample of studies that reported it. Prevalence of lifetime cannabis use was 18.9% as reported by 4 studies; prevalence of baseline cannabis use was 18% as reported by 11 studies; and prevalence of current or follow-up cannabis use was 7.7% as reported by 5 studies. However, prevalence was higher (54.3, 35 and 22.8% for lifetime, baseline and follow-up use respectively) on excluding the study by Gonzalez-Pinto et al (2010) which reported very low rates of comorbid cannabis use, and also when only FEP samples were considered (52.8, 44.9, 25.8% for lifetime, baseline and follow-up use respectively). Prevalence rates of non-adherence at follow-up were 28.8% for the whole sample and 34.3% for the FEP sample.
Supplementary results 3: study reporting strength
Positive scores were generally obtained on the “design” item (longitudinal and prospective for most studies) and on the “loss of data” item (the proportion of participants who denied participation, was lost at follow-up, or for which data were unavailable, was less than 20% in most studies). Poor-to-moderate ratings were given on the “selection bias” and “sample size” items, as studies generally adopted non-randomized samples of incident cases without controls and almost never included more than 200 participants. Similarly, studies received poor-to-moderate scores on the “measurement item”, obtained by averaging and rounding down quality scores on adherence and cannabis measurements. Low scores were given for adjustment of confounds: referring to the larger 15-study sample, only 7 studies controlled for at least one relevant confound other than basic demographics (e.g. illness-related variables), and only 5 controlled for other substances/alcohol use.
Supplementary results 4: description and strength of assessment measures adopted by the included studies

Table 4: Adherence
	Study

First author/ year
	Sources
	Groups and definitions of adherence
	Period
	Multiple time-points
	Strength

**

	1) Coldham,

    2002
	Clinician ratings (3-point scale)

0
	3 groups: a) Non-adherence: dropped out of the program before 1 year, took meds erratically or not at all. b) Inadequate adherence: skipped doses but not for longer than 1 week at a time c)Good adherence: rarely or never missed doses.
	Last year of treatment


	No

0
	0

	2) Gonzalez-

    Pinto,

    2010
	Clinician ratings (4-point scale: 1) not prescribed meds; 2) almost always adherent 3) half of the time adherent 4) almost never adherent. 0
	2 groups: adherent (scores 1 or 2 at all completed observations during the maintenance phase); non-adherent (scores 3 or 4 at least one completed observation during the maintenance phase)

	12weeks-2years, but based on periodical ratings


	Yes – ratings made at each study visit, more frequently than once/year

2
	1

	3) Miller,

    2009
	Self-reports; family and clinical records; plasma levels of antipsychotics; further blood tests where adherence was questionable.

2
	2 groups: adherent for that month (>50% adherent on monthly scores averaged from weekly ones) non adherent for that month (<50%).
	12 time points: each month


	Yes: weekly for 1 year

2
	2

	4) Pogge,

    2005
	Self-reports (no scale, 2 questions on a phone interview)

0
	3 groups: a) Non-adherent (self-reported discontinuation on own decision) b) Adherent c) Advised discontinuation (self-reported discontinuation following medical/parents' advice)
	During the past week


	No

0
	0

	5) deHaan,

    2007
	Clinician ratings (3 point scale: (100-75% of prescribed medication is taken=3; 74-25%=2; <25%=1).

0
	4 groups: scores from 1 to 1.49/1.5 to 1.99/2 to 2.49/ 2.5 to 3
	5 year-FU


	Yes: every six months over a 5-year period

2
	1

	6) Martinez,

    1994
	Clinician ratings (no scale) and clinical records

1
	2 groups: adherent/non-adherent. Adherence =adequate intake of the prescribed medication
	1 year-FU


	No

0
	0.5

	7) Schimmel-

    mann,

    2012
	Clinical records (periodic assessments made by clinicians audited retrospectively)

0
	2 groups: Adherent vs non-adherent. Non-adherence = failure to take medication for 1 week or longer
	Average audited period: 14.7 months


	Yes: periodical entries made by clinicians, more often than once/year

2
	1

	8) Barbeito,

    2013
	Self-report (Moriski-Green test, a validated scale made of 4 questions to  be answered yes/no were yes is scored 1 and no is scored 0, maximum score=4)

0
	a) 2 groups: good adherence: score of 4 on the adherence scale; bad adherence: score of less than 4 b) course of adherence over 8 years: 4 groups: always bad, always good, improved (from bad to good), worsened (from good to bad).
	At baseline and at FU


	Yes: baseline and 8-year FU

1
	0.5

	9) Jonsdottir,

    2013
	Serum concentration of medication, self-report (Likert scale 0%-100%)

2
	3 groups: a) full adherence: 100% adherence in the past week on self-report + serum concentration within reference levels b) no adherence: 0% on self-report and/or no detectable drugs in serum concentration c) partial adherence: adherence between 12% and 95% on self- report plus serum concentration lower than reference value
	Last week


	No

0
	1

	10) Faridi,

      2012
	Self-report, case-manager report, family report

2
	2 groups: adherent (>75% of the time adherent)/non-adherent (<75%)
	During 1-year FU


	Yes: every 3 months for 1 year

2
	2

	11) Kovas-

      znay,

     1997
	Self-reports and information from significant others

1
	2 groups: participant was/was not 

taking medication during FU
	During 6 month-FU


	No

0
	0.5

	12) Strakov-

      ski,

      2007
	Self, family-members and clinicians reports

2
	3 groups: a) full-adherence (taken meds as prescribed >75% of the time), b) partial adherence (25%<x<75%), c) non-adherence (<25%)
	During FU (up to 5 years)


	Yes: every 4 months for 5 years

2
	2

	13) Perkins,

      2006
	Pill count

0
	2 groups: non-adherent = no meds taken for more than 1 week; adherent = never missed meds for more than 1 week
	During 2 years FU


	Yes: weekly for  the first 6 weeks, every 2 weeks for the next 6 weeks, monthly afterwards up to 2 years

2
	1



	14) Linszen,

      1994
	Periodic clinician ratings, occasional pill count

1
	4 groups: a) no or irregular compliance (1-24%) b) rather irregular (25-49%) c) rather regular (50-74%) d) regular, including depot (75-100%). Cathegories created by a research assistant by reviewing monthly compliance data indexed by psychiatrist/nurse.
	During 1-year FU, but averaged on periodical ratings


	Yes: periodic ratings as part of regular contacts with pt

2
	1.5

	15) Rehman,

      2007
	Self-report (4-point scale: medication taken in the last month: >90%, between 50% and 90%,  between 10% and 50%, < 10%);  clinical records

1
	a) 4 groups on the basis of the 4-point scale  b) 2 groups: relapse preceded by poor compilance: yes/no
	Last month


	No

0
	0.5


Table 5: Cannabis use
	Study

First author/ year

(reference)
	Sources
	Groups
	Period*
	Multiple time-points
	Strength

**

	1) Coldham,

    2002
	Reports from clinician - Case Manager Rating Scale for SUD

0
	continuous measure (level of cannabis use)
	last year before admission and first year of admission
	No

0
	0

	2) Gonzalez-

    Pinto,

    2010
	Self-report

0
	a) cannabis use problem ever – yes/no. b) Cannabis abuse or dependence in the 3 months before baseline – yes/no. c) Cannabis abuse or dependence between baseline and week 12 – yes/ no
	Ever, 3 months before baseline, between baseline and week 12
	Yes – at baseline and follow-up

1
	0.5

	3) Miller,

    2009
	5 sources: 1) SADS C+PD (Spitzer and Endicott, 1978)  2) Structured Clinical Interview for DSM-IV; 3) urin toxicology; 4) clinical reports 5)family reports

2
	2 groups: use vs no use for each month
	each month for the 1 year follow up period


	Yes – several measures throughout the FU period,

> once/year

2
	2

	4) Pogge,

    2005
	Self-report

0
	2 groups: drug abuse disorder – yes/no
	At discharge
	No

0
	0

	5) deHaan,

    2007
	All sources of information (not better specified)

2
	2 groups: DSM-IV diagnosis of abuse/dependence: yes/no


	At baseline
	No

0
	1

	6) Martinez,

    1994
	Not specified

0
	3 groups: a) non-consumers: never used cannabis b) active consumers: both at entry and during FU c) former consumers: before study entry but not during FU
	before entry and during FU


	No

0
	0

	7) Schimmel-

    mann,

    2012
	Clinical records: periodical entries made by clinician based on DSM-IV criteria

0
	a) cannabis use at baseline: yes/no  b) course of cannabis use: never used/ decreased or remitted use (more than 50% decrease or cessation at 18 month-FU or at disengagement/ persistent use
	ever, and between baseline and FU

	Yes –periodical entries by clinician > once/year

2
	1

	8) Barbeito,

    2013
	Urin drug screen, Addiction Severity Index, clinical records, self-report, information from key informants. Dependance/Abuse/Use were considered separatedly according to DSM-IV criteria.

2
	a) 2 groups: cannabis use at baseline: yes/no b) course of cannabis use during 8 year FU: 3 groups: ceased use, continued use, never used.

	at baseline and during 8-year FU based on yearly assessments

	Yes, at baseline and at year 1,2,3,4,5, 8
2
	2

	9) Jonsdottir,

    2013
	Self-report

0
	2 groups for each time-point: use/no-use in the past 2 weeks, 6 months, 2 years
	Past 2 weeks, 6 months, 2 years


	No

0
	0

	10) Faridi,

      2012
	Self-report: DSM-IV structured clinical interview. Drug Abuse Screening Test for drug abuse severity

0
	a) DSM-IV baseline cannabis use disorder: yes/no.  b) cannabis use at 1-year follow-up: continued /stopped.


	at baseline and at 1-year FU


	Yes: at baseline and at 1 year FU

1
	0.5

	11) Kovas-

      znay,

     1997
	Self-reports (National Institute on Drug Abuse household survey instrument on drug use) – scores used to determine DSM-III diagnoses
0
	2 groups: lifetime use disorder (DSM-III): yes/no
	Ever


	No

0
	0

	12) Strakov-

      ski,

      2007
	Self-reports (Substance Use Disorder module of the SCID and Addiction Severitu Index), clinical records.

1

	3 groups: a) no cannabis  b) cannabis first (cannabis onset preceded illness onset by more than 1 year c) illnes first (cannabis onset succeded/preceded by less than 1 year illness onset)
	During the 5-year FU. Based on average of periodical ratings
	Yes: every 4 month for 5 years

2
	1.5

	13) Perkins,

      2006
	Self-report

0
	2 groups: use/no use
	Not specified
	No

0
	0

	14) Linszen,

      1994
	self-report, family (Psychiatric and Social History schedule) and relevant others, clinicians, staff-members, former treatment summaries

2
	3 groups: a) no use: less than once/week b) mild use (between once a week and once a day), c) heavy use (more than 1 joint/day). DSM-III-R criteria adopted
	prior to admission and during follow-up
	Yes: every 2 weeks for the first 5 months, monthly afterwards

2
	2

	15) Rehman,

      2007
	Self-report, clinical records, family reports

2
	2 groups: used cannabis in the last year: yes/no
	Last year
	No

0
	1


*Period for which the variable was assessed

** Minimum score: 0; Maximum score: 2. Scores obtained as an average of the scores on the 2 following items:

1) source of data:

a) 0 = not specified/single measure

b) 1=  2 different types of sources

c) 2 = more than 2 different types of sources, or 2 types including objective measures

2) Frequency of assessment

a) 0 = not specified/single assessment

b) 1 = assessment at 2 to 5 time-points but not more frequently than once/year

c) 2 = 2 to 5 time-points more often than once/year, or more than 5 assessments.
Supplementary results 5 (Table 6): results of sub-group analysis
	Sub-Groups
	Sub-Group results
	Sub-group differences

	1
	FEP
	OR= 2.22 (1.69, 2.92), I2= 0%, p<0.00001
	Chi2=1.43, df=1

p=0.23, I2= 30%

	
	Non-FEP
	OR=3.01 (1.99, 3.07), I2=8%, p<0.00001
	

	2
	At least 50% non-affective
	OR=2.38 (1.64, 3.45), I2= 0%, p<0.00001
	Chi2=0.05, df=1

p=0.83, I2= 0%

	
	Less than 50% non-affective
	OR=2.51 (1.89, 3.33), I2= 3%, p<0.00001
	

	3
	Illness-severity controlled for
	OR=2.97 (2.10, 4.20), I2= 0%, p<0.00001
	Chi2=1.90, df=1

p=0.17, I2=47.4%

	
	Illness-severity not controlled for
	OR=2.16 (1.62, 2.88), I2= 0%, p<0.00001
	

	4
	NU vs CU
	OR= 2.54 (1.98, 3.26), I2= 0%, p<0.00001
	Chi2=4.65, df=1

p=0.03, I2=78.5%

	
	NU vs CCU
	OR=5.97 (2.86, 11.76), I2=0%, p<0.00001
	


Supplementary results 6 (Table 7): results of meta-regression

	Moderator
	Coefficient estimate
	P
	Number of studies

	Duration of follow-up
	0.019


	0.83
	11

	Mean age
	0.010


	0.63
	11

	Gender distribution
	-0.013


	0.43
	10

	Age difference between CU and NU
	-0.011


	0.95
	5

	Time difference between cannabis use and 

Adherence measurements
	-0.004


	0.96
	11


Supplementary results 7: additional sub-group and sensitivity analyses relative to course of cannabis use
Given the magnitude of the effect of continued cannabis use as compared to non-use, the outcomes included in the random effect model NU vs CCU were substituted to the comparisons reported by the same three studies that were included in the random effect model NU vs CU, and sub-group analysis was performed between studies that compared NU with CU (Linszen et al., 1994; Kovasznay et al., 1997; Coldham et al., 2002; Pogge et al., 2005; Rehman & Farooq, 2007; Gonzalez-Pinto et al., 2010; Barbeito et al., 2013) with those that compared NU with CCU (Martinez-Arevalo et al., 1994; Schimmelmann et al., 2012; Barbeito et al., 2013). This revealed significant sub-group differences (Chi2=4.65, df=1, p=0.03, I2=78.5%) suggesting that non-adherence risk was significantly higher when CCU rather than simply CU was considered.
SUPPLEMENTARY DISCUSSION
There may be no single neural or behavioural mechanism through which cannabis use leads to non-compliance. For instance, cannabis-driven dopaminergic hyperactivity may interfere with the dopamine receptor blockade of antipsychotics (Perkins et al., 2006). This may lead to antipsychotic discontinuation, as patients have to bear the burden of pharmacological treatment without seeing any improvement in symptoms. Indeed, studies show that antipsychotics fail to reduce psychotic symptoms induced by THC administration (D'Souza et al., 2005; 2008). Persistence of symptoms and consequent decrease in functioning may also make it more difficult to use the necessary judgement and restraint to avoid cannabis and comply with treatment29. However, our meta-analysis did not reveal any effect of illness-severity, but data were heterogeneous in terms of measurements. Therefore, future research should better investigate whether the association between cannabis use and non-adherence is mediated by symptoms and functioning. Another hypothesis is that, since patients are usually advised by doctors not to mix drugs and medications, they may either decide to comply with antipsychotics and give up cannabis, or not to comply in order to maintain their habit. The self-medication hypothesis, instead, sustains that patients may substitute antipsychotics with cannabis to relieve their symptoms. Or, perhaps, cannabis users avoid medications not to lose the “high” given by THC. 

