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eMethods 1. Search strategy used in the current systematic review and meta-analysis

Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid OLDMEDLINE(R) 1946 to

January 23, 2017

OCO~NOOTDA,WN P

Marijuana smoking

Marijuana abuse/

(Marijuana or marihuana or cannabis).ti,ab,kf.
Cannabis/

Limit 4 to yr="1966 - 1980"

Exp Anxiety Disorders/

Exp Mood Disorders/ or Depression/

Mental disorders/

Health status/ or health status indicators/

Suicidal Ideation/ or Suicide/ or Suicide, Attempted/
(Suicide* or suicidal*).ti,ab,kf.

(Depression or depressive).ti,ab,kf.

(Mental health or mental illness* or mental disorder*).ti,ab,kf.
Mood disorder*.ti,ab,kf.

Anhedonia/ or dysthymic disorder/ or (anhedonia or dysthymia).ti,ab,kf.

lor2or3or5

OR/6-15

16 and 17

Epidemiologic studies/

Exp case control studies/

Exp cohort studies/

Case control.ti,ab,kf.

(Cohort adj (study or studies)).ti,ab,kf.
Cohort analy*.ti,ab,kf.

(Follow up adj (study or studies)).ti,ab,kf.
(Observational adj (study or studies)).ti,ab,kf.
Longitudinal.ti,ab,kf.
Retrospective.ti,ab,kf.

Cross sectional.ti,ab,kf.

Cross-sectional studies/

"Incidence"/

OR/19-31

18 and 32

4493
6484
25378
8186
3727
78033
214918
158019
100748
53818
69480
344516
172567
15953
6466
28673
812115
4314
8217
923119
1813358
115413
156043
7059
49118
78601
218190
413167
276211
268930
239988
2770441
1673
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eMethods 2. Multivariate Regression analyses and Propensity Score adjustment analyses in the cohort reported by Marmorstein and lacono (2017)

For more information regarding the study design and participant characteristics of the Minnesota Twin Family Study see lacono and McGue! (2002)
and Marmorstein and lacono? (2011).

For all analyses, we used generalized estimating equations to appropriately adjust for the correlated nature of observations in the dataset (twins
nested within families; Zeger & Liang?, 1986). For all diagnoses, categorical diagnoses were used (probable (missing one symptom) or definite vs.
no disorder) and diagnoses were based on DSM-III-R criteria.

For the classical analyses (multivariate regression analyses), we used cannabis use disorder by age 17 as the independent variable, together with
sex, MDD by 17, parental MDD, alcohol use disorder by 17, and nicotine dependence by 17 as control variables, to predict MDD between 17 and
24. For the propensity score analyses, we used the regression adjustment method (Beal & Kupzyk*, 2014). Specifically, we calculated a propensity
score by using sex, MDD by 17, parental MDD, alcohol use disorder by 17, and nicotine dependence by 17 to predict cannabis use disorder by 17.
We then entered that propensity score into a generalized estimating equation analysis together with cannabis use disorder by age 17 to predict
MDD between 17 and 24. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
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eTable 1. Characteristics of all included studies in the systematic review and analaysis?

Study Sample | Age, Yy Measure Adjustment Variables Outcome
Size, Cannabis Young Cannabis Depression
No. Assessment | Adulthood
in Depression
Adolescence | Assessment
Arria et al,®® | 1253 17 to 19 27 Frequency of use | GHQ-12, Baseline general health, | Multiple regression
2016, in the last month SWLS sex, race, ethnicity, analysis indicates that
United neighborhood income, cannabis users were
States alcohol trajectory group associated with more
membership, tobacco negative score in GHQ-
trajectory group 12
membership, baseline
alcohol quantity
Arseneault | 759 15 and 18 26 Frequency of use | Standardized | Psychotic symptoms Depressive disorder,
et al,® in the last year interview, during childhood OR (95% CI): cannabis
2002, New DSM-IV use by age 15y: 1.02
Zealand (0.34-3.04); cannabis
use by age 18 y: 1.62
(1.06- 2.49)
Depressive symptoms,
B (SE): cannabis use by
age 15y: 0.25 (1.93);
cannabis use by age 18
y: 1.98 (0.84)
Baggio et 5084 18to 19 20to 21 Frequency of use | WHO-MDI Baseline depression Depression is
al,® 2014, Men in the last year significantly higher in
Switzerland cannabis users: B =
0.087
Brook et 698 16 22 Frequency of use | DISC-I Age, sex, depression, Depression, OR (95%
al,® 1998, from none (0) to matched with | anxiety, disruptive Cl): 1.13 (0.95-1.34)
United daily use (6) DSM-1II-R behavior disorder Anxiety, OR (95% CI):
States points 1.16 (1.00-1.35)
Brook et 736 14 and 16 27 Frequency of ever | Modified Prior episodes of MDD in | Depression, OR (95%
al,®* 2002, using (8-point version of the | childhood, baseline MDD | Cl): 1.438 (1.081-1.912)
United rating scale University of | and SUD, age, sex,
States® ranging from Michigan parental educational
never [0] to daily Composite level, family income
use [7]) International
Diagnostic
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Interview and

alcohol use,

DSM-IV
Brook et 837 14 29 Frequency: 1, SCL-90-R Depression at baseline Depression, OR (95%
al,'6 2011, never; 2, a few Cl): only adolescence
United times a year or use: 1.5 (0.9-3.2),
States less; 3, about chronic use from
(African once a month; 4, adolescence to young
American) several times a adulthood: 2.9 (1.7-5.7)
and Puerto month; and 5, Anxiety, OR (95% CI):
Rica® once a week or only adolescence use:
more. 1.6 (0.9-2.9); chronic
use from adolescence
to young adulthood: 2.3
(1.3t0 4.0)
Caldeiraet | 973 17to 19 25 Frequency of use | BDI, BAI, Sex, race and ethnicity, Depression and anxiety:
al,® 2012, in the last month GHQ-12 SES, alcohol and the chronic group and
United tobacco use late increase fared the
States worst on all 3 of the
psychiatric symptom
measures (GHQ-12,
BDI, and BAI)
D’Amico et | 6509 12 to 17 17 Frequency of use | MHI-5 of SF- | Age, sex, race, Mental health, intercept
al,% 2016, in the last month 36 depression at baseline (95% CI): cannabis
United (use vs no use) group has a worst
States mental health outcome
-0.29 (-0.47 to -0.11);
P<.01
Degenhardt | 1943 15to 17 24 Weekly frequency | CIS-R in Parental education, Depression, OR (95%
et al,® of use in the past | adolescents employment status, Cl): occasional use: 1.2
2010, 6 mo and GHQ-12 | tobacco use, alcohol (0.81-1.6); >weekly use:
Australia in adults use, baseline depression | 1.2 (0.77-1.8)
and anxiety, sex
Degenhardt | 1943 15to 17 29 Weekly frequency | CIS-R in Baseline depression and | Depression, OR (95%
et al,® of use in the adolescents anxiety, sex, Cl): occasional use:
2013, previous 6 mo and ICD-10 nonmetropolitan school 0.81 (0.49-1.3);
Australia® (nonuser, with CIDI location, low parental >weekly: 1.1 (0.60-1.9)
occasional, education, parental Anxiety, OR (95% CI):
>weekly) divorce/separation, occasional use: 1.2

(0.77-1.8); >weekly: 1.4
(0.84-2.5)
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at least weekly.

baseline depression

Epstein et 808 10to 14 18, 21, 24, Use in the last Symptoms Positive family Depression: the chronic
al,* 2015, 33 month; groups based on environment, positive group (B =0.15 and
United divided in DSM-IV school environment, 0.16) and adolescent-
States nonusers, late- antisocial peers, limited users (B =0.16
onset, neighborhood and 0.4) had significant
adolescence- disorganization, increase of depression
limited, chronic behavioral disinhibition, symptoms compared
users depression and anxiety with nonuser (3 = 0.23
(postadolescence) at baseline and -0.20) or late
onset, at age 18 and 24
y, respectively. NS at
age 33V.
Fergusson 935 15to 16 18 Frequency of use | CIDI and Maternal age, ethnicity, The frequency of major
and in the last year DSM-IV age, family size, family depression at age 16 to
Horwood,*° criteria function, conduct 18 y is higher (23.2%-
1997, New problem, 1Q, self-esteem, | 28.7%) in adolescents
Zealand baseline mood and who smoke cannabis at
anxiety disorder, alcohol | age 15to 16,
use, smoking compared with
nonusers (18.6%)
Fergusson 927 14to 16 16 Use vs no use DISC and Family functioning, Depression, OR (95%
et al, DIS for DSM- | delinquent or drug using | Cl): 1.4 (0.7-2.7)
1996, New 1 peers, alcohol use, sex, | Anxiety, OR (95% CI):
Zealand depression/anxiety or 1.2 (0.5-2.8)
suicide at baseline Suicide ideation, OR
(95% Cl): 1.4 (0.7-2.8)
Fergusson 953to | 14to 15, 17 14 to 15, 17 | Frequency of use | CIDI and Adverse life events, RR for depression
et al,*? 1025 to 18, 20 to to 18, 20 to in the last year: DSM-IVV deviant peer affiliations, within the same group
2002, New 21 21 less than monthly, | criteria age of leaving school of age reported
Zealand at least monthly, and home, alcohol use, Depression for age 14

tol5y,17t0 18y, 20 to
21y, RR (95% CI): 1.7
(2.0-2.7); 1.7 (1.0-2.7);
1.7 (1.0-2.7),
respectively

Suicidal ideation for age
14to 15y, 1710 18y,
20to 21y, RR (95%
CI): 7.3 (3.0-17.9); 3.6
(2.1-6.1); 1.8 (0.9-3.4),
respectively
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Suicidal attempt for age
14to 15y, 17to 18y,
20to 21y, RR (95%
CI): 13.1 (3.5-48.9); 3.3
(1.5-7.2); 0.8 (0.3-2.5),
respectively

Fleming et 951 13 16 Frequency of use | SPQ and Low-income status, Depressive symptoms
al,*® 2008, in the last year DSM-1IV antisocial behavior, significantly associated
United and last month criteria social competency, with cannabis use in
States academic performance in | girls (B [SE],: 0.467
seventh grade [0.088] and boys (B
[SE], 0.169 [0.078])
Gage et 1791 16 18 Frequency of use: | CIS-R and Family history of Depression, OR (95%
al,** 2015, 0, 1to 20, 21 to ICD-10 depression, maternal Cl): 1.30 (0.98-1.72)
United 60, >60 times a education, urban living, Anxiety, OR (95% CI):
Kingdom® year IQ, childhood mental 0.96 (0.75-1.24)
conditions (borderline
personality, victimization,
peer problems, conduct
disorder, alcohol and
other illicit drug use), sex
Georgiades | 1282 12 to 16 26 to 30 No use vs use in | CIDI-short Age, sex, baseline Depression, OR (95%
and Boyle,* the past 6 mo form depression, SES, single- | Cl): adolescence
2007, parent home, family cannabis use: 1.48
Canada® function, grade failure, (0.65-3.40); continue
cannabis use from
adolescence to
adulthood: 4.45 (2.05-
9.66)
Marmorstein | 1252 17 24 Cannabis use SCID and Depression at baseline, Depression, OR (95%
and disorder vs DSM-III-R sex, psychosocial failure, | Cl): cannabis use
lacono,* infrequent conduct disorder, disorder: 2.62 (1.22-
2011, cannabis use parental MDD, alcohol 5.65); infrequent
United (>once per year and nicotine use marijuana use: 0.52
States® but <once per (0.19-1.40)
month)
McGee et 764 15 21 Use vs no use Standardized | Depression, sex, Suicide ideation, OR
al,*” 2005, interview childhood disadvantage, | (95% CI): 1.10 (0.58-
New DSM-1V impulsivity, alcohol use 2.07)
Zealand® at school, daily smoking
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in the last year: no

Davies 6-item

educational level,

Meier et 319 14to 15 17 to 18 Frequency of use | CDI at Sex, baseline GPA and Depression, B (SE):
al,*8 2015, in the last year: 0, | baseline, internalizing/externalizing | 0.04 (-0.09 to 0.18)
United 1to2,3t05, 6to | youth self- symptoms, other (NS)
States 9,10to0 19, 20to | report at substance use
39, 240 times follow-up to
assess
internalizing
symptoms (ie,
depression)
Nault- 3608 13to 14 17 Frequency of use | CES-D Depressive symptoms at | Depression,  (SE): 1.2
Briere,* in the last year baseline (grade 7), the (0.2-2.2) (significant);
2011, (nonusers, users, use of other substances | depression at age 13y
Canada and frequent in grade 8 (alcohol use, does not predict for
users) use of hard drugs) and cannabis use at age 17
background individual y, only if other factors
and contextual are associated (deviant
confounders in grade 7 and substance use peer
and decreased school
bonding)
Newcomb et | 487 12to 16 25.5 Frequency of use | CES-D Social support during Depression, 3: 0.17, P
al,%0 1993, in the past 6 mo adolescence, social <.01
United conformity, emotional
States distress (depression)
during adolescence
Pahl et al,®* | 474 14 32.5 Frequency of use | HSCL Baseline depression and | Depression: increasers
2011, females in the last year, anger/hostility, age, (n = 63) compared with
United from O (never) to race/ethnicity, household | nonusers (n = 294)
States 4 (=zonce a week) income and education, displayed higher levels
using DSM-IV for tolerance of of depression, B (SE):
cannabis use deviance/risk taking, 1.31 (0.60), P <.05
disorder level of conflict in the
mother-daughter
relationship
Patton et 1601 14 21 Weekly frequency | CIS-R Depression and anxiety | Depression, OR (95%
al,’® 2002, of use in the last 6 at baseline, alcohol use, | Cl): <weekly use: 1.4
Australia or 12 mo antisocial behavior, (0.94-2.0); >weekly
parental separation, female: 1.9 (1.1-3.3);
parental education >weekly male: 0.47
(0.17-1.3)
2033 <16 and 21 27 Frequency of use | Kandel and Age, sex, parental No links between

cannabis before age 16
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disorders

Pedersen,*? use, 1-10, 211 measure of parents unemployed, y and depression at age
2008, times depressed parental divorce, 21y (small No. of
Norway mood, parental smoking and individuals consuming
derived from | alcohol problems, cannabis at age 16 y);
SCL-90 parental support and OR not reported in the
monitoring, early group consuming
pubertal maturation, cannabis at age 21y
school marks (age 16 y), | Depression, OR (95%
conduct problems and Cl): cannabis use 1-10
daily smoking, alcohol times in the past year
problems, depression (age 21y): 1.4 (0.8-
(age 16 and 21 ), 2.1); cannabis use 211
impulsivity (age 21 y), times in the past year
education, employment (age 21y): 0.9 (0.4-2.5)
Suicide ideation, OR
(95% CI): cannabis use
1-10 times in the past
year (age 21y): 2.4
(1.3-4.3); cannabis use
211 times in the past
year (age 21y): 2.7
(2.8-6.4)
Suicide attempt, OR
(95% CI): cannabis use
1-10 times in the past
year (age 21y): 0.7
(0.4-1.5) ;cannabis use
211 times in the past
year (age 21y): 2.9
(1.3-6.1)
Repetto et 623 15to 19 21 to 25 Frequency of use | Six items Age, sex, baseline Depression: marijuana
al,>® 2008, in the last month, | from the Brief | depression, SES, GPA, use was significantly
United from O (never) to | Symptom alcohol, cigarette correlated with
States 7 (>40 times) Inventory smoking depressive symptoms,
B=0.13
Roberts et 3134 11 to 17 12to 18 Frequency of use | DISC-IV Age, sex, family income, | Suicide attempt, OR
al,>* 2010, in the last year prior suicide attempts by | (95% CI): 4.81 (1.82-
United (none or >6 times) youth and caregivers, 12.66)
States® prior psychiatric
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Scholes- 852 12to 19 21 Frequency of use | K-10 Sex, parent education, Depression,
Balog et in the last year alcohol, cigarette, other | frequencies (SE): late-
al,®® 20186, illicit drugs, antisocial onset occasional user
Australia behavior, GPA during adolescence:
19.12 (0.56); early
onset users: 19.80
(2.01); non-users: 18.23
(0.39) (NS)
Silins et al,’° | 3765 <17 25 Frequency of use: | Different Age, sex, baseline Depression, OR (95%
2014, <monthly, scales (CID, depression, alcohol use, | CI): less than monthly
Australia =monthly; CIDI, smoking use: 1.01 (0.85-1.19),
and New 2weekly; daily Depression- monthly or more: 1.01
Zealand® Anxiety (0.72-1.42), 2weekKly:
Stress 1.02 (0.61-1.69), daily
Scales) use: 1.02 (0.52-2.010)
reconverted Suicide attempt, OR
in (CI): <monthly use: 1.62
dichotomous (1.19-2.19), 2monthly:
measure; 2.61 (1.43-4.79),
suicide >weekly: 4.23 (1.71-
reported by 10.47), daily use: 6.83
attempts BSI (2.04-22.90)
van Gastel 705 18 to 27 25 to 27 No use vs use CAPE, Age, sex, smoking, other | Depression: a decrease
et al,®® detected as a depressive illicit drug use, education, | in cannabis use was not
2014, the money spent per | subscale parents mental disorder, | predictive of a lower
Netherlands wk in cannabis baseline depression depressive score at
follow-up: B = -0.05
(NS); an increase in
cannabis also was not
significantly associated
with depressive score at
follow-up: B = 0.02 (NS)
Weeks and | 6788 14to 15 16to 17 Frequency of use | CBCL, CES- | Depression at baseline, Suicide ideation, OR
Colman,®’ in the last year D, DSM-III SES, family dysfunction, | (95% Cl): 1.74 (1.16-
2017, stressful life event, 2.6)
Canada® chronic disease in child, | Suicide attempt, OR
behavior problems (95% Cl): 1.87 (1.09-
3.22)
Wilcox and 1695 9to 15 21 Early users Questionnaire | Race, MDD at baseline, Suicide ideation, RR
Anthony,® (younger than 16 | and alcohol, tobacco and (95% CI): 1.7 (0.9-2.9);
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youth antisocial
behavior, tobacco and
alcohol use, youth 1Q,
adult court records

2004, y) vs later users standardized | other illicit drugs use, females: 2.9 (1.4-6.1);
United (older than 16 y) interview aggression, parental males: 1.1 (0.4-2.7)
States assessment psychiatric disturbance, Suicide attempt, RR
deviant peers (95% CI): 1.8 (1.0-3.3);
females: 2.1 (0.9-4.7);
males: 2.3 (0.7-7.5)
Wilkinson et | 12017 | 15to 22 28 Frequency of use | CES-D Age, education (parents | Depression: males, B
al,>® 2016, in the last month and participant), race, (SE): 0.01 (0.01), NS;
United depression at baseline females, 8 (SE): 0.02
States (0.01), NS
Windle and | 1205 15.5t0 23.5 23.5 Frequency of use | CES-D Alcohol use, friends’ Increased depression
Wiesner,®° in the past 6 mo alcohol and drug use, prevalence in cannabis
2004, delinquency, GPA, increased group (30%)
United depressive symptoms, compared with
States stressful life event, nonusers (20%), NS
perceived family support
Womack et | 264 17 22 Alcohol and drug | BDI-2 Depression at baseline, Depression at age 20 y
al,®! 2016, Men consumption education, SES, race, and cannabis use at
United guestionnaire primary caregiver age 17y, B (SE): 0.200
States depressive symptoms, (0.140); cannabis use

and depressive
symptoms were
concurrently
significantly correlated;
cannabis use predicted
increases in later
depressive symptoms
but only among the
mild-depression
subsample; depressive
symptoms predicted
only slight increases in
later cannabis use

Abbreviations: BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BSI, Beck Self-harm Inventory; CAPE, Community Assessment of
Psychic Experiences; CDI, Children’s Depression Inventory; CES-D, Center for Epidemiological Studies—Depression Questionnaire; CBCL, Child
Behavior Checklist; CID, Clinical Interview for Depression; CIDI, Composite International Diagnostic Interview; CIS-R, Clinical Interview Schedule-
Revised; DIS, Diagnostic Interview Schedule; DISC, Diagnostic Interview Schedule for Children; DSM, Diagnostic and Statistical Manual of Mental
Disorders; GHQ-12, General Health Questionnaire-12; GPA, grade point average; HSCL, Hopkins Symptom Check List; ICD-10, International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision; K10, Kessler Psychological Distress Scale; MDD, major
depressive disorder; MHI-5, 5-item Mental Health Inventory; NS, not significant; OR, odds ratio; RR, relative risk; SCID, Structured Clinical Interview
for DSM; SCL-90, Symptom Checklist-90; SES, socioeconomic status; SF-36; 36-item Short-Form Health Survey Questionnaire; SPQ, Seattle
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Personality Questionnaire; SUD, substance use disorder; SWLS, Satisfaction with Life Scale; WHO-MDI, World Health Organization Major

Depressive Inventory.
aSelected Characteristics of the longitudinal prospective studies included in the systematic review and meta-analysis evaluating cannabis

consumption in adolescence and evaluation of depression in young adulthood.
®Only studies with adjusted OR were considered for meta-analysis (n = 11).
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eTable 2. Summary of full-articles reviewed, included or excluded in this systematic review and meta-analysis
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Should the
article go on
data
extraction?
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