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Longitudinal Studies on the Etiology of Cannabis Use Disorder:
A Review

Kelly E. Courtney, Ph.D.1, Margie Hernandez Mejia, M.A.1, and Joanna Jacobus, Ph.D.1
lUniversity of California San Diego, Department of Psychiatry

Abstract

Purpose of review—This review summarizes the literature to date that has capitalized on the
longitudinal research study framework in order to elucidate the etiology of cannabis use disorders
(CUDs).

Recent findings—The studies are mixed with respect to reliable predictors of CUD
development. Of the studies outlined, the most consistently indicated risk factors for CUD
development include: male sex, past cannabis and other substance use (especially tobacco), and
the presence of pre/comorbid psychopathology (especially mood disorders). Social motives and
peer involvement may also play a role in this transition. Many of these CUD risk factors appear to
be distinct from other factors linked with overall cannabis use.

Summary—CUD development is likely the product of interactions between biological,
psychological, social, and environmental factors. However, many more well-planned and
developmentally sensitive prospective studies are needed to identify specific and reliable risk
factors for CUD development.

Keywords
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Introduction

With recent changes in legislation across the United States, cannabis use is increasingly
becoming socially accepted and prevalent across age groups (1, 2). While the majority of
cannabis use remains non-problematic in nature, a notable number of individuals go on to
develop a cannabis use disorder (CUD). A study published using the National
Epidemiological Survey on Alcohol and Related Conditions (NESARC) data in 2011
estimated an 8.9% cumulative probability of transitioning to cannabis dependence among
individuals who reported any history of cannabis use (3). The present review attempts to
summarize the available longitudinal research in order to highlight the factors that place an
individual at greater risk for the development of a CUD. Longitudinal research involving
repeated observations within the same individuals offers unique advantages as compared to
cross-sectional studies, including the ability to control for time-invariant unobserved
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individual differences and the establishment of temporal precedence of events, necessary for
causal hypotheses. Thus, longitudinal research on cannabis users is well-positioned to
critically inform our understanding of the etiology of CUD and highlight avenues for
intervention and treatment.

The review begins with a brief discussion on the current nature and scope of CUD, followed
by a review of the research on the relationship between cannabis use and later CUD
development, and then summaries of the remaining relevant prospective research studies are
presented and organized within broad domains of risk previously identified by cross-
sectional studies of CUD development: environmental and genetic factors, other substance
use and substance use disorders, and pre/comorbid psychopathology. In order to identify
studies for inclusion, PubMed and Google Scholar searches were conducted on the terms
“cannabis use disorder” and “‘cannabis use disorder’ longitudinal”. Article abstracts were
reviewed for relevance (i.e., longitudinal design with CUD diagnosis measured at follow-up)
and included as appropriate (see Table 1 for a full list and brief summary of included
articles).

Nature and Scope of Cannabis Use Disorder

Although the precise clinical presentation of CUD and its diagnosis has engendered
considerable controversy in the past (4, 5), CUD is recognized to consist of behavioral and
interpersonal impairments as well as traditional physiological symptoms associated with
other substance use disorders (DSM-5; 6). Substantial cross-sectional and longitudinal
research suggests the disorder is associated with a variety of negative consequences (7),
including diminished educational/occupational attainment (8, 9), intelligence quotient (1Q)
decline (10), financial and social difficulties (11), impaired driving ability (12, 13), and
reduced life satisfaction (8). A recent prospective report from the Dunedin Multidisciplinary
Health and Development Study further suggests that longer history of CUD is associated
with an increased likelihood of experiencing financial and interpersonal relationship
difficulties (14). Importantly, the impact of persistent CUD on social and economic
outcomes was found to be similar to that of alcohol use disorders, suggestive of the burden
this disorder can have on individuals and society.

Comparisons between past year DSM-IV CUD rates from 2001-2002 and 2012-2013 show
that despite an overall increase in CUD diagnoses between time periods (1.5% to 2.9%,
respectively), which was likely due to population increases in cannabis use, overall CUD
diagnosis decreased by approximately 5% among past year users (1). This is consistent with
other reports of declining rates of CUDs despite increasing cannabis use (15). Interestingly,
the lifetime cumulative probability estimate that an individual will transition from use to
dependence on a substance was lowest for cannabis (8.9%), compared to cocaine (20.9%),
alcohol (22.7%), and nicotine (67.5%) (3). Thus, the factors that contribute to increased risk
for the development of a CUD are complex in nature and likely represent an interaction
between biological and psychosocial attributes.

Individuals appear to be at greatest risk for CUD onset between the ages of 15 and 20 (16).
Heavy cannabis use during this period may modulate neurodevelopment (17), potentially
increasing vulnerability to CUD development. Data from three large studies conducted in
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Australia and New Zealand demonstrated that daily use of cannabis before age 17 led to 18
times higher odds for the development of a CUD by age 25, as compared to non-daily
adolescent users and non-users (18). Thus, adolescence appears to be the optimal time
period of study to elucidate factors that increase risk of developing CUD.

Cannabis Use versus Cannabis Use Disorder

A number of predominately population based studies have investigated whether there are
disparate factors for predicting cannabis use versus CUD, each with varying results. For
example, a prospective study of adolescents and young adults conducted in Germany
observed factors such as peers’ drug use, availability of drugs, a ‘positive’ attitude towards
future drug use, and regular previous use of licit drugs as predictive of cannabis use at 3.5
year follow-up; whereas cannabis dependence was predicted primarily by parental death
before age 15, low socio-economic status (SES), and baseline use of other illicit drugs (19).
A more recent report from the Monitoring the Future (MTF) study conducted in the US,
found that being male, African American, more unmonitored social time at age 18, and past-
year cannabis use at age 18, were associated with greater risk of CUD at age 35. Only
parental college education and truancy at age 18 was associated with greater risk for both
non-disordered cannabis use and CUD as compared to those who abstained from cannabis
(15).

In contrast, a pre-birth cohort study conducted in Australia revealed 8 independent
predictors associated with overall cannabis use andincreased CUD risk by 21-year follow-
up. These included: having a mother who changed her marital status when the child was
between 5 and 14 years old, high levels of aggressive/delinquent behavior at age 14, below
average school performance at age 14, experience of childhood sexual abuse, cigarette
smoking or alcohol drinking at age 14, and maternal smoking at age 14. Male sex was the
only predictor found to be uniquely associated with CUD development and not cannabis use
in this study (20).

Conflicting reports exist as to the stability of cannabis use and CUD symptoms across time.
Young adult Swiss men were assessed twice, approximately 15 months apart. Most
participants remained non-users (61.9%) across time, and only 15.5% changed their use
category. Despite stable CUD symptoms across time points, CUD symptoms at time 1 were
found to predict health issues (mental health [primarily sadness, nervousness and
depression], physical health, and health consequences) at time 2, while controlling for age of
onset of CUD and frequency of cannabis use. Notably, frequency of cannabis use at time 1
was not found to predict health issues at time 2 and health issues at time 1 were not found to
predict CUD symptoms at time 2, suggesting a differentiation between cannabis use- and
CUD-related correlates (21). In contrast, among adult individuals diagnosed with CUD at
wave 1 of the NESARC study, approximately 67% remitted 3 years later; however, 37% did
so without ceasing cannabis use. Characteristics related to achieving remission at follow-up
included being of Hispanic or Latino origin, having 2+ past-year medical conditions, daily
or almost daily use of cannabis, and other drug use at time 1 (22).

In efforts to hone in on specific factors that predict the transition from cannabis use to CUD
development, a Dutch young adult sample with frequent cannabis use yet no CUD at
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baseline was followed for 36 months. The predictors of CUD transition at follow-up
included: living alone, baseline number of lifetime CUD symptoms, number of negative life
events experienced, and coping as a motive for cannabis use. Other factors often identified in
the literature (e.g., sociodemographic factors, internalizing and externalizing mental
disorders, childhood family adversity, and family history of substance use or mental health
problems) were not found to be predictive of CUD transition, including measures of
previous cannabis use; possibly suggesting that among frequent cannabis users, cannabis
consumption motives are stronger predictors of future cannabis-related problems than
exposure level itself (23).

The Oregon Adolescent Depression Project identified distinct cannabis use trajectories,
namely persistent increasing risk over time, maturing-out class (increasing risk to
approximately age 20 followed by declining risk), and non-abusing and non-dependent
(consistent low risk over time). The persistent increasing class was more likely to be male,
have an externalizing disorder and early psychotic experiences, and report later CUD onsets
and greater cumulative CUD durations when compared to the maturing-out class (24).
Similarly, frequent and persistent cannabis and tobacco use during adolescence, male sex,
and persistent anxiety/depression from adolescence to young adulthood predicted greater
risk of developing cannabis dependence by age 24 in a sample of Australian participants
reporting adolescent cannabis use (25).

Possible neurobiological substrates of the transition from frequent cannabis use to CUD are
beginning to be investigated. In a neuroimaging study of 23 young adult frequent cannabis
users (using > 10 days per month for at least 2 years), the authors observed a positive
relationship between cannabis picture cue-induced activation of the left putamen at baseline
and cannabis problem severity at 3-year follow-up (26). The putamen and caudate nucleus
form the dorsal striatum, a brain region critically involved in the shift from goal-directed,
non-disordered drug use to habitual/compulsive disordered use (27, 28). Activation of this
region was also found to differentiate CUD and non-disordered users at follow-up at a trend
level; advancing dorsal striatum cue-reactivity as a potential predictor of cannabis use-
related problems (26).

Age of study participants at baseline assessment also appears to contribute to the
identification of disparate risk factors for CUD development. Data acquired from adult
cannabis users assessed both at the first and second wave of the NESARC project identified
similar CUD-related factors such as male sex and other substance use disorder (SUD), but
also unique factors including American Indian or Alaskan Native ethnicity, comorbid mood,
anxiety or personality disorder, and age less than 45 years old. Contrasting with other reports
that early age of cannabis use is a substantial risk factor, individuals who retrospectively
recalled using cannabis before age 14 were less likely to transition to dependence in this
study, after controlling for SES, psychiatric comorbidity and drug-use covariates (3).

In summary, these primarily population based longitudinal studies have identified a host of
disparate factors that may be related to cannabis use and/or CUD development. The wide
range of risk factors and inconsistencies observed are likely related to differences in sample
characteristics (e.g., participant age, cannabis use history at baseline) and socio-cultural
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influences across study settings. Despite these inconsistencies, several factors stand out as
probable indices of increased risk of transition from cannabis use to CUD, namely male sex,
other substance use (including alcohol and tobacco), and the presence of pre/comorbid
psychopathology (the latter two discussed in greater detail below). Consistent with the
prevalence data, measures of previous cannabis use do not appear to be reliable predictors of
later CUD suggesting that CUD liability may be largely driven by these non-specific
psychosocial factors.

Environmental and Genetic Factors

The vulnerability to both initiation of cannabis use and CUD development appears markedly
heritable. A meta-analysis on twin studies estimated that genes account for approximately
48%/40% (males/females) of the proportion of total variance of initiation of cannabis use
(i.e., ever used cannabis) and 51%/59% (males/females) of the proportion of total variance
of problematic cannabis use (i.e., one or more of the symptoms of CUD during lifetime). In
contrast, shared environment accounted for 25%/39% (males/females) of initiation of use
and 20%/15% (males/females) of problematic use variance (29). A retrospective analysis of
parental history of CUD and other psychopathology revealed that maternal or paternal
histories of CUD, paternal histories of both SUDs (not including alcohol) and antisocial
personality disorder increased offspring risk of developing CUD. Further, female probands
with a maternal CUD history were at higher risk for CUD onset, suggestive of a parent-
offspring gender concordance effect (30).

A substantial amount of work has been conducted on the construct of “intergenerational
risk” for substance use disorder liability, which includes environment and genetic
components shared between parents and offspring (for a review see 31). A self-report based
assessment named the Transmissible Liability Index (TLI; 32) was developed to index SUD
liability using items pertaining to child characteristics (e.g., externalizing and internalizing
behaviors) associated with parental SUDs. The assessment is conceptualized as a measure of
behavioral undercontrol in the child (33-35).

Data from the Center for Education and Drug Abuse Research (CEDAR) study was used to
investigate the predictive ability of the TLI in identification of children at-risk for CUD
development. The CEDAR study recruited men with lifetime presence or absence of SUD
consequent to use of an illicit drug and who had a 10-12 year old biological son or daughter
at baseline. Initial analysis aimed to evaluate the accuracy of predicting CUD from
transmissible (via the TLI) and non-transmissible (via the Non-Transmissible Liability
Index; NTLI) factors in the children. The NTLI encompassed items that assessed peer,
family, school, and neighborhood contexts that were significantly correlated with CUD. The
authors found the TLI was a significant predictor of CUD by age 19 (70% sensitivity and
50% specificity) and 22 (75% sensitivity and 54% specificity). Further, they found the NTLI
added little to the accuracy of the TLI measure and concluded that the TLI is a reasonable
screening measure of CUD risk in youth (36). However, the low specificity of the measure
suggests the TLI1 may be capturing a broader concept than CUD risk alone, such as an
externalizing or general SUD liability (37).
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More recently, boys of the CEDAR sample were categorized at age 22 into one of three
groups: lifetime diagnosis of CUD; cannabis use without CUD; and no lifetime history of
cannabis use. Prior to first exposure to cannabis, the boys who later developed CUD
exhibited severe transmissible liability than boys who later used cannabis but did not
develop to CUD. Further, for boys with high TLI scores, initiation of cannabis use was
followed by a progressive increase in risk that culminated in CUD (35). When looking at
participants of both sexes from the CEDAR dataset, age of cannabis use initiation fully
mediated the association between TLI score and CUD, suggesting that initiation age is an
indicator of increased vulnerability. The authors also observed a cross-relationship with
alcohol initiation such that age of alcohol initiation predicted CUD and vice versa,
highlighting a potential nonspecific risk factor for both alcohol use disorder and CUD (38).

An early report on the CEDAR data highlighted the importance of the adolescent peer
environment. The authors observed that the Peer Milieu Index (PMI) assessed at age 16
predicted CUD and mediated neurobehavioral disinhibition and CUD. The authors
concluded that boys with attention disturbances and low behavior control tend to socialize
with peers who increase their risk of developing CUD (39). This was later reaffirmed with
the TLI measurement (37). In another analysis of the CEDAR data, peer environment and
normative social attitudes at age 16 were found to mediate the relationship between TLI
scores at ages 10-12 and use of illegal drugs at age 19 which predicted CUD at age 22. Peer
environment at age 16 was also found to mediate quality of parent-child relationship and
cooperative behavior relationships with substance use and CUD, and normative social
attitudes mediated the relationship between quality of parent-child relationship on substance
use and CUD (40).

Specific social motives for use of cannabis are also associated with increased risk for the
development of CUD. A longitudinal cohort study of undergraduates revealed that
individuals with a CUD were significantly more likely to use cannabis in the contexts of
social facilitation and emotional pain than non-problematic users, even after controlling for
cannabis use frequency and alcohol use. Individuals who developed a CUD during the study
were more likely to use cannabis for social facilitation, suggesting individuals with CUD
have disparate social motives of use (41). In contrast, solitary cannabis use during
adolescence has been shown to be a significant risk factor for lower physical health and
increased substance-related problems in young adulthood (42). Creswell and colleagues (43)
demonstrated a concurrent relationship between solitary cannabis use, more frequent
cannabis use, and CUD symptoms during adolescence.

Psychological and biological factors, however, likely mediate environmental predictors of
CUD development. CEDAR data found that neurobehavioral disinhibition at 10-12 years
old mediated the paths from neighborhood quality and parental SUD to later cannabis use
and development of a CUD by age 22 (44). Testosterone level at age 10-12 was shown to
mediate the relationship between disadvantaged neighborhood, assaultive behavior, social
dominance norm-violating motivation, and CUD (45).

The impact of prenatal factors on development of CUD in the offspring has also been
considered and an indirect pathway between prenatal exposure, early age of cannabis use
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initiation (<16 years old), and later CUD development has been reported. Further, prenatal
cannabis and alcohol exposure was related to depression symptoms at age 10, which also
predicted early age of cannabis use and subsequent CUD (45).

In summary, the heritability of CUD vulnerability appears to manifest, at least in part,
through psycho-behavioral characteristics that then interact with the environment to confer
risk to the individual. Replication studies which use the TLI to predict risk in independent
samples are much needed. One such study conducted on the Minnesota Twin Family Study
dataset indicated that TLI scores are indeed highly heritability (76% of the proportion of
total variance), associated with adolescent substance use, and predictive of SUD risk in
females at similar rates to males (46). Another study sought to cross validate the TLI in a
sample of first-year college students (47). Although the authors found lower sensitivity and
specificity of their college version of the TLI (TLI-CV) as compared to the report by Kirisci
and colleagues (36), higher baseline scores on the measure were found to be associated with
concurrent cannabis dependence and were significantly related to incident cannabis
dependence during the 4 year follow-up period (47). Given that the greatest risk for CUD
onset is before age 20 (16), consideration of the differences in sample ages across studies
should be weighed when reviewing the predictive ability of these factors.

Other Substance Use and Disorders

There appears to be a strong relationship between use of cannabis and other substances, as
well as higher rates of comorbidity across SUDs (48-50). Some suggest cannabis serves as a
“gateway” drug, ultimately leading to problematic substance use (51), while others argue for
the existence of a shared vulnerability factor across substance use/SUDs (37). Population
studies have identified other licit and illicit substance use as a prospective risk factor for the
development of CUD (3, 19, 20, 25). For example, the use of tobacco has been reported to
predict the use of cannabis (and vice versa), and that the odds of co-use of these substances
are greatly increased in heavy users of either substance alone (52).

Similarly, CUD development by age 19, was more likely in Dutch adolescents with early
onset and consistent tobacco use (but not early alcohol use), while controlling for a number
of potential covariates (i.e., externalizing behavior problems, peer cannabis use) (53). In
contrast, a study of German adolescents and young adults found no relationship between
younger age at first alcohol and nicotine use and increased risk of CUD for up to the 8-year
follow-up. However, there was an observed predictive relationship between younger ages of
first alcohol and/or nicotine use and cannabis use (54).

Of the studies outlined in this review, tobacco use appears to be the most consistently
associated substance with later CUD development. Similar routes of administration (i.e.,
smoking), higher prevalence of tobacco smoking versus other substance use in the general
population, more permissive cultural norms, and more frequent study measurement of
tobacco smoking may subserve this observed association. However, the absence of a
relationship between early alcohol use and CUD development adds support to the presence
of a specific prospective relationship between tobacco smoking and CUD. Many more
studies that incorporate early measurement of a range of substances are needed to fully
capture the nature of these intricate relationships.
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Pre/Comorbid Psychopathology

Early childhood factors may increase vulnerabilities towards externalizing and internalizing
symptoms and substance use problems (e.g., 55, 56). CUD and cannabis use has been
previously associated with a number of comorbid psychiatric diagnoses including mood
disorders (57, 58) and psychosis (59); however, the strength and directionality of these
relationships remains unclear (60). Some evidence suggests cannabis use during adolescence
is predictive of anxiety disorders, but not major depressive disorder (61), while others
observe a small association between frequent cannabis use and concurrent depressive
symptoms (62). In contrast, little support was observed for a predictive relationship between
cannabis use and later mood or anxiety disorders in the NESARC adult data (48).

Examination of the prospective relationships between psychopathology and later cannabis
use/CUD revealed no clear homogenous patterns in a sample of German adolescents.
However, endorsement of other SUDs or any other psychological disorder at baseline was
associated with increased rates of cannabis use and CUD, and having three or more
disorders further increased these rates. Unipolar and bipolar mood disorders increased rates
of cannabis use and CUD at follow-up; and panic disorder was found to predict cannabis use
(but not CUD) at follow-up. Conduct disorders, but not attention-deficit/hyperactivity
disorder (ADHD) or oppositional defiant disorder (ODD), were also found to predict
increased rates of cannabis use, but not CUD (63).

Similarly, other studies have reported mixed associations between externalizing
psychopathology symptoms and later CUD. Proximal externalizing factors during
adolescence (but not distal childhood factors) were found to be moderately strong predictors
of time to CUD onset, when controlling for demographic variables, family characteristics,
and internalizing psychopathology (64). A meta-analysis which assessed for CUD in
prospective longitudinal cohorts of school-age children diagnosed with ADHD found an
initial association between childhood ADHD and elevated CUD risk in young adulthood;
however, the authors noted substantial heterogeneity and cautioned against inferring a strong
relation between the constructs (65).

Taken together, the relationship between pre/comorbid psychopathology and CUD remains
unclear. The extant data seems to point to stronger prospective associations between
psychopathology and cannabis use, as opposed to CUD development. This relationship may
reflect an individual’s attempt to cope with their psychological distress through cannabis use
(i.e., “self-medication”); however, more carefully designed longitudinal work in this area is
needed before any strong conclusions of causality can be drawn.

Conclusions

The need for greater understanding of the etiology of CUD is critical given the increasing
rates of cannabis use across the US. Approximately 9% of cannabis users will develop a
CUD in their lifetime (3); however, what determines whether one will transition to
problematic use or not remains largely unknown. Longitudinal studies, particularly those
beginning in adolescence, have begun to shed light on the pathways to increased risk for
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transitioning from cannabis use to CUD; however, little consilience exists in the extant
literature.

CUD development most likely depends on a range of factors spanning biological and
psychosocial domains. CUD has shown to be markedly heritable (29); yet, the environmental
and psychological contexts of cannabis use appears to significantly modulate the risk of
transitioning to CUD. Of the studies outlined, the most consistently identified risk factors
include: male sex, past substance use (especially tobacco), and the presence of pre/comorbid
psychopathology (especially mood disorders). Social motives for cannabis use and peer
involvement likely also play a role and should be considered in much greater detail in future
studies of CUD development. Importantly, many risk factors appear to be unique pathways
of disorder development beyond exposure to cannabis, suggesting that non-specific
psychosocial factors such as general life and psychological distress may be driving
disordered use behavior.

Despite these inconsistencies, the field shows commitment in elucidating the nature of this
complex phenomenon. Large scale longitudinal studies (e.g., the Adolescent Brain Cognitive
Development (ABCD) study) will hopefully shed light on the various pathways of CUD
development with enhanced attention to developmental and neurologic mechanisms. The
extant research strongly suggests the risk for CUD must be considered within a
developmental framework as this transition from use to disorder is most common in late
adolescence/early adulthood (16, 18). Adolescence is marked by changes in brain
maturation, psychological functioning, and social role transitions/peer involvement. Thus,
the pursuit of sensitive and specific risk factors and cannabis use trajectories originating
during this time frame would greatly facilitate etiological theories of CUD development.
This knowledge could then be used to inform targeted intervention approaches that would
ultimately reduce the potential burden of CUD on the individual and society at large.

Acknowledgments

This review was partially supported by the National Institutes of Health Grants 1KL2TR001444 of CTSA funding
and T32AA013525 from NIAAA.

References

Papers of particular interest, published recently, have been highlighted as:
 Of importance
s Of major importance

1. Hasin DS, Kerridge BT, Saha TD, Huang B, Pickering R, Smith SM, et al. Prevalence and
Correlates of DSM-5 Cannabis Use Disorder, 2012—-2013: Findings from the National
Epidemiologic Survey on Alcohol and Related Conditions—I11. American Journal of Psychiatry.
2016; 173(6):588-99. [PubMed: 26940807]

2. Berg CJ, Stratton E, Schauer GL, Lewis M, Wang Y, Windle M, et al. Perceived harm, addictiveness,
and social acceptability of tobacco products and marijuana among young adults: marijuana, hookah,
and electronic cigarettes win. Subst Use Misuse. 2015; 50(1):79-89. [PubMed: 25268294]

3ee. Lopez-Quintero C, Perez de los Cobos J, Hasin DS, Okuda M, Wang S, Grant BF, et al.

Probability and predictors of transition from first use to dependence on nicotine, alcohol,

Curr Addict Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Courtney et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 10

cannabis, and cocaine: results of the National Epidemiologic Survey on Alcohol and Related
Conditions (NESARC). Drug Alcohol Depend. 2011; 115(1-2):120-30. — This report provides a
recent and broad analysis of the rates and predictors of transitioning from cannabis use to CUD in
a large nationally represantative sample. Discrepancies in predictors of nonproblemmatic use and
disorder development are highlighted. [PubMed: 21145178]

. Budney AJ, Roffman R, Stephens RS, Walker D. Marijuana Dependence and Its Treatment. Addict

Sci Clin Pract. 2007; 4(1):4-16. [PubMed: 18292704]

. Copeland J, Swift W. Cannabis use disorder: Epidemiology and management. International Review

of Psychiatry. 2009; 21(2):96-103. [PubMed: 19367503]

. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 5th.

Washington, DC: 2013.

. Volkow ND, Baler RD, Compton WM, Weiss SR. Adverse Health Effects of Marijuana Use. N Engl

J Med. 2014; 370(23):2219-27. [PubMed: 24897085]

. Fergusson DM, Boden JM. Cannabis use and later life outcomes. Addiction. 2008; 103(6):969-76.

discussion 77-8. [PubMed: 18482420]

. Compton WM, Gfroerer J, Conway KP, Finger MS. Unemployment and substance outcomes in the

United States 2002-2010. Drug Alcohol Depend. 2014; 142:350-3. [PubMed: 25042761]

Meier MH, Caspi A, Ambler A, Harrington H, Houts R, Keefe RS, et al. Persistent cannabis users
show neuropsychological decline from childhood to midlife. Proc Natl Acad Sci U S A. 2012;
109(40):E2657-64. [PubMed: 22927402]

Cerda M, Moffitt TE, Meier MH, Harrington H, Houts R, Ramrakha S, et al. Persistent Cannabis
Dependence and Alcohol Dependence Represent Risks for Midlife Economic and Social
Problems: A Longitudinal Cohort Study. Clinical Psychological Science. 2016; Epub ahead of
print. doi: 10.1177/2167702616630958

Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem. 2013; 59(3):478-92.
[PubMed: 23220273]

Rogeberg O, Elvik R. The effects of cannabis intoxication on motor vehicle collision revisited and
revised. Addiction. 2016; 111(8):1348-59. [PubMed: 26878835]

Cerda M, Moffitt TE, Meier MH, Harrington H, Houts R, Ramrakha S, et al. Persistent Cannabis
Dependence and Alcohol Dependence Represent Risks for Midlife Economic and Social
Problems: A Longitudinal Cohort Study. Clinical Psychological Science. 2016

Schulenberg JE, Patrick ME, Kloska DD, Maslowsky J, Maggs JL, O’Malley PM. Substance Use
Disorder in Early Midlife: A National Prospective Study on Health and Well-Being Correlates and
Long-Term Predictors. Subst Abuse. 2015; 9(Suppl 1):41-57. [PubMed: 27257384]

Stinson FS, Ruan WJ, Pickering R, Grant BF. Cannabis use disorders in the USA: prevalence,
correlates and co-morbidity. Psychol Med. 2006; 36(10):1447-60. [PubMed: 16854249]

Jacobus J, Squeglia LM, Meruelo AD, Castro N, Brumback T, Giedd JN, et al. Cortical thickness
in adolescent marijuana and alcohol users: A three-year prospective study from adolescence to
young adulthood. Dev Cogn Neurosci. 2015; 16:101-9. [PubMed: 25953106]

Silins E, Horwood LJ, Patton GC, Fergusson DM, Olsson CA, Hutchinson DM, et al. Young adult
sequelae of adolescent cannabis use: an integrative analysis. Lancet Psychiatry. 2014; 1(4):286-93.
[PubMed: 26360862]

von Sydow K, Lieb R, Pfister H, Hofler M, Wittchen HU. What predicts incident use of cannabis
and progression to abuse and dependence? A 4-year prospective examination of risk factors in a
community sample of adolescents and young adults. Drug Alcohol Depend. 2002; 68(1):49-64.
[PubMed: 12167552]

Hayatbakhsh MR, Najman JM, Bor W, O’Callaghan MJ, Williams GM. Multiple risk factor model
predicting cannabis use and use disorders: a longitudinal study. Am J Drug Alcohol Abuse. 2009;
35(6):399-407. [PubMed: 20014907]

Baggio S, N’Goran AA, Deline S, Studer J, Dupuis M, Henchoz Y, et al. Patterns of cannabis use
and prospective associations with health issues among young males. Addiction. 2014; 109(6):937—
45, [PubMed: 24450535]

Feingold D, Fox J, Rehm J, Lev-Ran S. Natural outcome of cannabis use disorder: a 3-year
longitudinal follow-up. Addiction. 2015; 110(12):1963-74. [PubMed: 26212076]

Curr Addict Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Courtney et al.

Page 11

23e+. van der Pol P, Liebregts N, de Graaf R, Korf DJ, van den Brink W, van Laar M. Predicting the
transition from frequent cannabis use to cannabis dependence: a three-year prospective study.
Drug Alcohol Depend. 2013; 133(2):352-9. — van der Pol and colleagues (2013) provide a
unique perspective on the assessment of risk for CUD development by highlighting the role of
psychosocial factors within a large sample of established cannabis users. [PubMed: 23886472]

24. Kosty DB, Seeley JR, Farmer RF, Stevens JJ, Lewinsohn PM. Trajectories of cannabis use
disorder: risk factors, clinical characteristics and outcomes. Addiction. 2016

25. Swift W, Coffey C, Carlin JB, Degenhardt L, Patton GC. Adolescent cannabis users at 24 years:
trajectories to regular weekly use and dependence in young adulthood. Addiction. 2008; 103(8):
1361-70. [PubMed: 18855826]

26. Vingerhoets WA, Koenders L, van den Brink W, Wiers RW, Goudriaan AE, van Amelsvoort T, et
al. Cue-induced striatal activity in frequent cannabis users independently predicts cannabis
problem severity three years later. J Psychopharmacol. 2016; 30(2):152-8. [PubMed: 26645206]

27. Everitt BJ, Robbins TW. From the ventral to the dorsal striatum: devolving views of their roles in
drug addiction. Neurosci Biobehav Rev. 2013; 37(9 Pt A):1946-54. [PubMed: 23438892]

28. Vollstadt-Klein S, Wichert S, Rabinstein J, Buhler M, Klein O, Ende G, et al. Initial, habitual and
compulsive alcohol use is characterized by a shift of cue processing from ventral to dorsal
striatum. Addiction. 2010; 105(10):1741-9. [PubMed: 20670348]

29. Verweij KJ, Zietsch BP, Lynskey MT, Medland SE, Neale MC, Martin NG, et al. Genetic and
environmental influences on cannabis use initiation and problematic use: a meta-analysis of twin
studies. Addiction. 2010; 105(3):417-30. [PubMed: 20402985]

30. Kosty DB, Farmer RF, Seeley JR, Gau JM, Duncan SC, Lewinsohn PM. Parental transmission of
risk for cannabis use disorders to offspring. Addiction. 2015; 110(7):1110-7. [PubMed: 25754308]

31e. Tarter R, Kirisci L, Reynolds M. A new approach to researching the etiology of cannabis use
disorder: integrating transmissible and nontransmissible risk within a developmental framework.
Subst Abus. 2014; 35(4):336—43. — This article provides a review of the extensive transmissible
risk and cannabis use literature and advances a novel framework for understanding the etiology
of CUD. [PubMed: 25157645]

32. Vanyukov MM, Kirisci L, Moss L, Tarter RE, Reynolds MD, Maher BS, et al. Measurement of the
risk for substance use disorders: phenotypic and genetic analysis of an index of common liability.
Behav Genet. 2009; 39(3):233-44. [PubMed: 19377872]

33. Ridenour TA, Kirisci L, Tarter RE, Vanyukov MM. Could a continuous measure of individual
transmissible risk be useful in clinical assessment of substance use disorder? Findings from the
National Epidemiological Survey on Alcohol and Related Conditions. Drug Alcohol Depend.
2011; 119(1-2):10-7. [PubMed: 21715106]

34. Cornelius JR, Kirisci L. Assessing TLI as a Predictor of Treatment Seeking for SUD among Youth
Transitioning to Young Adulthood. Adv Psychol Res. 2013; 98:85-94. [PubMed: 25379028]

35. Kirisci L, Tarter RE, Ridenour T, Reynolds M, Vanyukov M. Longitudinal modeling of
transmissible risk in boys who subsequently develop cannabis use disorder. Am J Drug Alcohol
Abuse. 2013; 39(3):180-5. [PubMed: 23721533]

36. Kirisci L, Tarter R, Mezzich A, Ridenour T, Reynolds M, Vanyukov M. Prediction of Cannabis Use
Disorder between Boyhood and Young Adulthood: Clarifying the Phenotype and Environtype. Am
J Addict. 2009; 18(1):36-47. [PubMed: 19219664]

37. Tarter RE, Kirisci L, Mezzich A, Ridenour T, Fishbein D, Horner M, et al. Does the “gateway”
sequence increase prediction of cannabis use disorder development beyond deviant socialization?
Implications for prevention practice and policy. Drug Alcohol Depend. 2012; 123(Suppl 1):S72-8.
[PubMed: 22365896]

38. Kirisci L, Tarter R, Ridenour T, Zhai ZW, Fishbein D, Reynolds M, et al. Age of alcohol and
cannabis use onset mediates the association of transmissible risk in childhood and development of
alcohol and cannabis disorders: evidence for common liability. Exp Clin Psychopharmacol. 2013;
21(1):38-45. [PubMed: 23205723]

39. Feske U, Tarter RE, Kirisci L, Gao Z, Reynolds M, Vanyukov M. Peer environment mediates
parental history and individual risk in the etiology of cannabis use disorder in boys: a 10-year
prospective study. Am J Drug Alcohol Abuse. 2008; 34(3):307-20. [PubMed: 18428073]

Curr Addict Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Courtney et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 12

Tarter RE, Fishbein D, Kirisci L, Mezzich A, Ridenour T, Vanyukov M. Deviant socialization
mediates transmissible and contextual risk on cannabis use disorder development: a prospective
study. Addiction. 2011; 106(7):1301-8. [PubMed: 21320228]

Beck KH, Caldeira KM, Vincent KB, O’Grady KE, Wish ED, Arria AM. The social context of
cannabis use: relationship to cannabis use disorders and depressive symptoms among college
students. Addict Behav. 2009; 34(9):764-8. [PubMed: 19497678]

Tucker JS, Ellickson PL, Collins RL, Klein DJ. Does solitary substance use increase adolescents’
risk for poor psychosocial and behavioral outcomes? A 9-year longitudinal study comparing
solitary and social users. Psychol Addict Behav. 2006; 20(4):363-72. [PubMed: 17176171]
Creswell KG, Chung T, Clark DB, Martin CS. Solitary cannabis use in adolescence as a correlate
and predictor of cannabis problems. Drug Alcohol Depend. 2015; 156:120-5. [PubMed:
26365838]

Ridenour TA, Tarter RE, Reynolds M, Mezzich A, Kirisci L, Vanyukov M. Neurobehavior
disinhibition, parental substance use disorder, neighborhood quality and development of cannabis
use disorder in boys. Drug Alcohol Depend. 2009; 102(1-3):71-7. [PubMed: 19268495]

Sonon K, Richardson GA, Cornelius J, Kim KH, Day L. Developmental pathways from prenatal
marijuana exposure to Cannabis Use Disorder in young adulthood. Neurotoxicol Teratol. 2016;
Epub ahead of print. doi: 10.1016/j.ntt.2016.05.004

Hicks BM, lacono WG, McGue M. Index of the transmissible common liability to addiction:
heritability and prospective associations with substance abuse and related outcomes. Drug Alcohol
Depend. 2012; 123(Suppl 1):S18-23. [PubMed: 22245078]

Arria AM, Vincent KB, Caldeira KM. Measuring Liability for Substance Use Disorder among
College Students: Implications for Screening and Early Intervention. Am J Drug Alcohol Abuse.
2009; 35(4):233-41. [PubMed: 20180676]

Blanco C, Hasin DS, Wall MM, Florez-Salamanca L, Hoertel N, Wang S, et al. Cannabis Use and
Risk of Psychiatric Disorders: Prospective Evidence From a US National Longitudinal Study.
JAMA Psychiatry. 2016; 73(4):388-95. [PubMed: 26886046]

Patton GC, Coffey C, Lynskey MT, Reid S, Hemphill S, Carlin JB, et al. Trajectories of adolescent
alcohol and cannabis use into young adulthood. Addiction. 2007; 102(4):607-15. [PubMed:
17286642]

Degenhardt L, Hall W, Lynskey M. The relationship between cannabis use and other substance use
in the general population. Drug Alcohol Depend. 2001; 64(3):319-27. [PubMed: 11672946]
Anthony JC. Steppingstone and gateway ideas: a discussion of origins, research challenges, and
promising lines of research for the future. Drug Alcohol Depend. 2012; 123(Suppl 1):S99-s104.
[PubMed: 22572210]

Badiani A, Boden JM, De Pirro S, Fergusson DM, Horwood LJ, Harold GT. Tobacco smoking and
cannabis use in a longitudinal birth cohort: evidence of reciprocal causal relationships. Drug
Alcohol Depend. 2015; 150:69-76. [PubMed: 25759089]

Prince van Leeuwen A, Creemers HE, Verhulst FC, Vollebergh WA, Ormel J, van Oort F, et al.
Legal substance use and the development of a DSM-IV cannabis use disorder during adolescence:
the TRAILS study. Addiction. 2014; 109(2):303-11. [PubMed: 24033662]

Behrendt S, Beesdo-Baum K, Hofler M, Perkonigg A, Buhringer G, Lieb R, et al. The relevance of
age at first alcohol and nicotine use for initiation of cannabis use and progression to cannabis use
disorders. Drug Alcohol Depend. 2012; 123(1-3):48-56. [PubMed: 22071122]

Vanyukov MM, Tarter RE, Kirillova GP, Kirisci L, Reynolds MD, Kreek MJ, et al. Common
liability to addiction and “gateway hypothesis™: theoretical, empirical and evolutionary
perspective. Drug Alcohol Depend. 2012; 123(Suppl 1):S3-17. [PubMed: 22261179]

Zucker RA, Donovan JE, Masten AS, Mattson ME, Moss HB. Early developmental processes and
the continuity of risk for underage drinking and problem drinking. Pediatrics. 2008; 121(Suppl
4):5252-72. [PubMed: 18381493]

Feingold D, Weiser M, Rehm J, Lev-Ran S. The association between cannabis use and mood
disorders: A longitudinal study. J Affect Disord. 2015; 172:211-8. [PubMed: 25451420]

Curr Addict Rep. Author manuscript; available in PMC 2018 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Courtney et al.

58.

59.

60.

61.

62.

63.

64.

65.

Page 13

Lev-Ran S, Roerecke M, Le Foll B, George TP, McKenzie K, Rehm J. The association between
cannabis use and depression: a systematic review and meta-analysis of longitudinal studies.
Psychol Med. 2014; 44(4):797-810. [PubMed: 23795762]

Moore TH, Zammit S, Lingford-Hughes A, Barnes TR, Jones PB, Burke M, et al. Cannabis use
and risk of psychotic or affective mental health outcomes: a systematic review. Lancet. 2007;
370(9584):319-28. [PubMed: 17662880]

Ksir C, Hart CL. Cannabis and Psychosis: a Critical Overview of the Relationship. Current
Psychiatry Reports. 2016; 18(2):1-11. [PubMed: 26685903]

Degenhardt L, Coffey C, Romaniuk H, Swift W, Carlin JB, Hall WD, et al. The persistence of the
association between adolescent cannabis use and common mental disorders into young adulthood.
Addiction. 2013; 108(1):124-33. [PubMed: 22775447]

Horwood LJ, Fergusson DM, Coffey C, Patton GC, Tait R, Smart D, et al. Cannabis and
depression: an integrative data analysis of four Australasian cohorts. Drug Alcohol Depend. 2012;
126(3):369-78. [PubMed: 22749560]

Wittchen HU, Frohlich C, Behrendt S, Gunther A, Rehm J, Zimmermann P, et al. Cannabis use and
cannabis use disorders and their relationship to mental disorders: a 10-year prospective-
longitudinal community study in adolescents. Drug Alcohol Depend. 2007; 88(Suppl 1):S60-70.
[PubMed: 17257779]

Farmer RF, Seeley JR, Kosty DB, Gau JM, Duncan SC, Lynskey MT, et al. Internalizing and
externalizing psychopathology as predictors of cannabis use disorder onset during adolescence and
early adulthood. Psychol Addict Behav. 2015; 29(3):541-51. [PubMed: 25799438]

Charach A, Yeung E, Climans T, Lillie E. Childhood attention-deficit/hyperactivity disorder and
future substance use disorders: comparative meta-analyses. J Am Acad Child Adolesc Psychiatry.
2011; 50(1):9-21. [PubMed: 21156266]

Curr Addict Rep. Author manuscript; available in PMC 2018 June 01.



Page 14

Courtney et al.

$1010€ J118U89 puUeR |elusWUOIIAUg

pooysnpe BunoX oy sousdssjope (z1) 8002
wouy uoissaidapyAiaixue Jusisisiad JusIXa aWOS 0} pue ‘Xas ajew ‘(L T—T sabe) SIS 7z aby (sJasn siqeuurd) /T4 T BllRNSNY ‘uoned % ‘pleyusbag
30Uadsajope Burinp asn 029eqo] pue Sigeuued alsisiad pue Juanbaly :aND ‘ulpied ‘Aayo)d ‘YIms
sse[d Ino-Burinyew ayy Ul sfenpiAlpul 0} pasedwod
U3YM SuolieINp dNY aAlFe|NWND J31eall pue ‘s1asuo @D [eliul Jaje| aney (TT) 9702
‘pooyinpe Ajiea Bulinp saoualiadxa 2110ydAsd aney ‘0g pue g sabe usamiaq . . . A
JapJosip Buizijeulaxa ue aney ‘afew aq 03 A|ay1| alow sem ssejd Buisealoul 918 (ueaw) g'o¢ 3y (ueaw) 991 vsn mumwm_&ww W m%\m,wum
JUB)SISIad "SSe|9 Juspuadap-uou pue Buisnge-uou (g) ‘ssejd no-Burinjew 4 791883 %
(2) awn Jano xsil Buisealoul yuassisiad (T) :paiiuapl sasse|d A1010alely saly L
p|o sieak (e) TT0C
G uey) ssa| abe pue ‘Jap.osip Ajifeuosiad 4o A1BIXue ‘poow PICIOWOD ‘(BHYM 68€'L SIeak ¢ +8T vsSn “[e 10 0J8IIND-Zado]
'SA) A1I91UYID SAIBN UBNSE|Y JO URIpU| UedLIBWY ‘dNS J8Ylo ‘Xas ajew :dNd :
Aanss wajqoud (o1)
sigeuued pajolpald auljaseq e uawelind 18] aY} JO UOITRAIJE PAdNPUI-aNd ainldld €e sreak e Te SPUEBLRYIEN 9102 [ 18 S1a0yIabuIn
asn sigeuurd 1oy aAnow e se Buidod pue ‘paduaiiadxa SUaAS 41| anlrebau (s1asn .
10 Jaquinu ‘swodwAs anD awnayl| 40 Jaquinu auljaseq ‘auofe BuiAll :dnd 69¢ sreak e sigeuues Juanbaly) 0e-8T SPUELRYIEN (6) €102 "1 39 |0d 43p ueA
T 8w Je asn Bnup Jaylo pue ‘siqeuued Jo asn Ajrep 1sowje 10 Ajrep ‘suonipuod
|eaipaw Jeak-ised aiow Jo om ‘uibio oulyeT Jo dluedsiH :dn-mojjos 18 (8) STOZ ‘uey-naT]
uoIssIwal BulAsIyde 0} pare|al alam Jey So1IsLIaloRIRYD T SABAN "SICeuUED JO asn vy sreak e (@no) +81 vsn 9 ‘WyYay ‘xo4 ‘pjobule
Buisead INoyIM 0S PIP YIIYM JO 9%/ € ‘dn-moj|0) 18 pantiwal 9,9 Ajarewixoiddy
(ssesn
.IN0-painjeuw,, 0} 95’/ PUe S1asn ,1asuo-ale|,, 01 pauonisuel) og'g) A1obajes ¥80'G SIesk GZ'T 0z puepaZIMS () ¥T0z "2 38 O166eg
asn J1ay pabueyd 9,G'GT PUe ‘DIl SS0IIR (966" T9) SIaSN-UoU paurewal 1SON
X35 a[eN :dND
T e Bupjows ( )
. . 9) 600 ‘SWEIIIM
Jeusalew pue ‘4T abe e Burjulp joyoaje Jo Burjows analebio ‘asnge [enxas . ) " ;
pooyp|1yd Jo aoualadxa ‘T abe e aouewopiad j0oyds abelane mojaq ‘T abe g6 ¢ 1z 3y YHIg-8id elensny ;Umcwm;mw__mmowowmm%
1e Joineyaq Juanbuijapyenissalbibe Jo sjans] ybiy ‘plo sieak T pue G usamiag sem BN "UstprequeAeH
PI1Yd Y3 UsYM Snyes [exew Jiayl pabueyd oym Jayiow e Buiney :and 7 3SN
8T abe 1e asn siqeuurd Jeak-ised pue ‘gT abe Je awi [e100s ©
paJoluowun aow Buiney ‘(enym 'sA) Ad1uyls UBILIBWY URdLYY ‘Bjew :dND 9€5'G2 Gg aby 8T vsn GT0Z “Je 10 wagcm_:;um
8T abe Je Aouenuy pue uoireanpa aba|0d [eluated :gND % 3SN
sBnap 1211 J8Y10 JO 8sn suljaseq )
pue ‘(S3S) Sn1els d1Wou023-0190s MO| ‘GT abe a104aq yreap [eualted :anod . . » . .
sbnup 1191 40 asn snoiaald Jejnfas pue ‘asn Bnip aininy €Ll sreak 5' vevt Avewis mwmmm_ cm.__._w_:_\,.\\,/\,% \Mm_ww_\.,_
spJemo) apniiie aAnisod, alow e ‘sbnip Jo Ajige|iene ‘asn Bnip Jsad :3sN l4d G377 MOPAS
19pJ0sIQ 8N Slqeuur) SNSIaA s siqeuue
sbuipuiy Apnis jeasush ~ .
10 (,.aND.,,) 48pJosip asn sigeuued Jo (,,3SN,,) sh sigeuued Jo S10301pald N dn-mojjod afe suljeseq Anunod E3A Jotpny

Author Manuscript

T alqeL

Author Manuscript

"S8]911Ie PapN|aul JO Arewiwns Jatig pue 1si| N4

Author Manuscript

Author Manuscript

PMC 2018 June 01.

in

available

1

Curr Addict Rep. Author manuscript



Page 15

Courtney et al.

dn-mojjoy Bulinp anod

(52) 6002 ‘el18p[ed

01 Buiuonisues sem pue N 1ULINJUOI YIM PateIdosse Alljigel| a|qISSIsuel | 8T0'T sreak ¢ (suapms ab2]100) 6T-LT vsn 79 JUADUIA ‘BlUY
89udasajope Burinp swoydwAs and . (¥2) ST0Z ‘unie
pue asn siqeuued Juanbaly JUsLINdUOI YIM PajeId0sse asn Siqeuued Alejos Ly 5z 3y 61-ct vsn 7 e ‘Buny) ‘[lamsai)
swia|qo.d paje|al-aourIsgns pasealoul pue yifeay jeaisAyd . (€2) 900z ‘UM %
Jamo| pajaipald aouadasajope Burnp (sigeuued Buipnjour) asn aduelsgns Alejos eoee €z 3y opeib y8 vsn ‘SUIf|0D ‘UosyaI|[T “JexanL
slasn onrewa|qoud
-UOU JUB]SISUOI UBY} UOIIEH|1J8) [BID0S JO IX8JU0D B Ul SIqeuued asn 0}
A1931] 10w a1am Apnis ay1 Burinp gnD e padojanap oym sjenpiaipu] “dn-moj|oy} 2z Jeak T (swuapnis 8b8]10D) 6T-LT vSn (22) 6002 e 18 X299
1e S1asn d1jews|gold-uou Uey) uted [eUOIIOWS pue LUOITR|IJe) [B190S 4O SIX81U0D
3y} Ul Siqeuued asn 03 A|ax1| aJsow Apuediiubis alsm dnD e UM S[enpiAipu|
dnD Pue asn sigeuued Jale| pue ‘uoreAnow Buie|oin
-WJou 92UBUILIOP [B190S ‘10IABY3] aAIINesSe ‘pooyloqybiau pabeiuenpesip sAoq 802 (T2) 6002 ‘e 18 Jouel
u9amIaq diysuorie|as sy parelpaw plo sieak ZT—QT Je [9A3] U0ISIS0ISaL
any pue asn siqeuued 0} NS [elusted pue Aifenb pooysoqybisu .
woJy syred ay} pajeipaw pjo sieak ZT—-QT e UOIIGIYUISIP [eI0IARYS]OINaN shoq otz (02) 6002 “[e 12 Jnouapry
and
pue asn aouelsgns uo diysuone|al pjiyo-uaied Jo Alfenb usamiaq diysuonejal
3} pajelpal SapN}iie [B190S dAITRWIOU pUe ‘gND PUB asn aduelsqns
yum sdiysuoize|al Joineyaq anijeladood pue diysuoirelas pjiys-juased jo Aujenb ¥S2 (6T) TTOZ “"[e 18 JaueL
pajeIpawl osje 9T abe 1e JUBLIUOIIAUB 183d gz abe 1e anD paloipald yaiym
6T 9be 1e asn Bnup pue Ajiger] a|qISSILSURL} pooyp[Iyd usamiaq diysuone|as
3y} parelpaw 9T abe Je SapN1INe [B190S SAITRLLIOU PUE JUSWUOIIAUS J33d
2z by 2101 vsn
AN pue ¥su 8|qISSILSUEL} POoyp[Iyd (sAoq Buisn (8T) 210z “[e 10 JoveL
U93M1aq UOIIeID0SSe ay} palelpal 9T afe Je uoKezl[e100s aAllewIou-uoN sigeuued) T/T
dn pue UoIGIYUISIP [eIOIARYS]OINAU UaMIag UOIRID0SSE ay} .
pajeIpaw pue N paripaid 9T abe Je passasse UoIIezI|eId0S SAITRWIOU-UON (shoq) 912 (27) 8002 “[e 10 %o
©SI9A 80IA pue QND PalaIpald uoleniul [0Yod|y *dnD pue Aujiger| 6oe (91) €702 “[e 10 'TeYZ
9]qISSIWSURI} USBMIB] UOITRIJ0SSE By} pajelpaw uolieniul 8sn siqeuued o sy nouspry ‘19He] ‘19SLI
(skoa) (021
=) asn ou (g (1) €102
an? 03 dojansp 1ou pIp INg SIqeuUBd Pasn Jare| OYMm sAoq ueyy (8.1 AONAUBA 75 ‘SploUAaY
Aljigel] a|gIssiwsuel) 919A3S a1ow palIqIyxe anD padojanap Jale| oym skogq ayl | =u) >_Aﬁwmw: (z “NOUSPIY aLEL ‘19SLIS
=u)ano(r
Anonytoads 941G pue AlAnIsuss 9G/) zz abe pue (Ano1oads 9605 pue AlAISUsS (skoq) of _ 1) -
%02) 6T 96 Aq AN Jo Jo1d1pald uedlIUBIS & Sem ANIqel| o|qISSILISUel ] ) 9te ce sy Z1-01 vsn ¥T) 6002 “[€ 18 19SLI
Japiosip
Aifeuosiad [e1oosnue Jo saL10is1y [euldled pue ‘(joyodfe Buipnjoul Jou) SI1apIOSIP 6T, o€ aby o _%%%w\_& ”wmw:mw_mmc vsSn (€T) STOZ “[e 12 A1
asn Bnup 3191]|1 Jo salioIsIy [eusaled ‘N JO saloIsIY [eussled Jo [euldrew :anNd 103 i B ve
sButpuy Apnss ressush N dn-mojjo4 abe auljaseg Anunod JeaA oyiny

10 (,.anD.,,) 4apaosip asn siqeuued 1o (,,.3SN,,) 9sh sigeuued Jo S10121pald

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 June 01.

in

available

1

Curr Addict Rep. Author manuscript



Page 16

Courtney et al.

$9]0J >JOM PUB |00YIS ‘JUSIX3 Jassa| e 03 pue ‘Ajiwey ul sabueyd :3sN rad 4 87—6T sabvy apesb 2T vsn (7€) 0TOZ 18 19 YEIS
(sa1pnis 9 wouy ‘
aHav pooypiyd :and $]0JJU09 pue +871 aby (2T = ueaw) . pabe Jooyods,, sisAfeue-elpN | . mcmm\,_m_vuﬁ.amocmsmw“___ﬂmwms 5
aHav) €8¢ :
10198} (pooyp|1yd) [elsip 1ou Ing (30Uadsajope .
Burinp BurIN220) s10108) BulZIjeUIsIXd [EWIX01d :19SU0 AND 01 dWlL 918 0g 3By ot vsn (ze) 5T0Z e 10 Jouire
slaplosip
alow 10 931y} Buiney ‘(steplosip poow Jtejodiq pue tejodiun ApJejnaied) 0TE'T sieak 0T 1T-VT Auewso (T€) 2002 ““Ie 18 UBYINIAN
JapJosip [ea1fojoydaAsd Jayio Aue 10 SQNS JBYI0 JO JUBWSIOPUd :aND Pue 3sN
PanIasqo SIapJosip . .
AJ8IXuUe 10 poow JaJe| pue asn siqeuurd usamiaq diysuonejal aanoipald oN €59 ve sreah € +81 vsn (0g) 9T0Z "B 30 0OUEIE
ABojoyredoydhsd pigiowod/aid
anDd J0 sl pasealoul ‘ ‘.
pUE 8Sn 8U0J1U pue [oyodJe 15114 ¥e abe JabunoA usamiag diysuoire|al oN otee sieak g (ad Auewiso (62) 2102 “[e 12 1pUBIYEE
(asn Joyoaje AJJea Jou INQ) ash 029eqO} JUBISISUOD pUe 18sU0 AJes :aNDd 8zE'T 6T aby 1T SpuelayIsN (82) y102
’ ' “'|e 19 USMN33T UeA 30Ulld
(ny
30UE)ISqNS JaYMa JO Siasn Aneay ul pasealdul A[iealb ale asn-09 Jo sppo .
a3 Tey} pue ‘aaueIsgnS JaY1o 3y} asn ay} 0} Spea| SIgqeuued Jo 033eqo} JO asN comw%mmwmwa g€ abv g PUB[ESZ MON (22) g102 "I 10 UEIPEG
$18pJ0SIg pPUe 8N dIUBISANS J8YI0
any wanbasgns pue asn sigeuued Jo abe Ajres pajoipaid osfe ydiym ‘o1 abe (92) 9102
1e swoldwAs uoissaidap 01 parejal sem ainsodxa [0Yod[e pue Siqeuued [ereuald . : f
"z 9be 1e uawdojanap N pue ‘(p|o sieak 9T>) UoKRIIIUI 3sh Siqeuurd 065 2z by [EyeuBid vsn >w%owhm:_ov_* m_ﬂ_%whoo
10 abe AjJea ‘siqeuued 03 ainsodxa [ereusald usamiag punoy Aemyred 19811pu| PrRPIY S
sbuipuiy Apnis [esausb N dn-mojjo4 abe auljaseg Anunop JeaA Uoyiny

10 (,.anD.,,) 4apaosip asn siqeuued 1o (,,.3SN,,) 9sh sigeuued Jo S10121pald

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2018 June 01.

in

available

1

Curr Addict Rep. Author manuscript



	Abstract
	Introduction
	Nature and Scope of Cannabis Use Disorder
	Cannabis Use versus Cannabis Use Disorder
	Environmental and Genetic Factors
	Other Substance Use and Disorders
	Pre/Comorbid Psychopathology

	Conclusions
	References
	Table 1



