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Abstract
Purpose of Review This review aims to summarize and critically evaluate the current literature on the associations between
individual and socio-cultural factors that increase risk for cannabis use disorder (CUD), and policy change.
Recent findings Epidemiological studies show that areas with permissive legal cannabis climates are associated with greater
individual risk factors for CUD. This includes (1) higher rates of edible consumption and vaping, (2) higher delta-9tetrahydrocannabinol (THC) potency and lower cannabidiol (CBD) levels, and (3) younger age of initiation of use.
Summary A change in the socio-cultural level, such as shifts in the legalization of cannabis, could interact with individual-level
factors in their associations with CUD. There is currently a lack of empirical studies that evaluate this interaction. We propose that
future research consider a bioecological framework for CUD to allow for a comprehensive understanding of the effects of legal
climate that could inform policy and clinical practice.
Keywords Cannabis use disorder . Risk . Public health . Legalization . Bioecological model . Cultural

Introduction
The recent shift towards legalizing cannabis in the USA and
worldwide has been met with some preliminary evidence of
increased rates of cannabis use disorder (CUD; [1, 2••]).
However, increased rates of CUD in historically cannabis legalized regions have generally been inconsistent [3–5]. While the
mechanisms that mediate the association between cannabis-legal
climates and rates of CUD are still unknown, epidemiological
studies describe a potentially elevated role of certain risk factors
in a cannabis-legal climate. For example, attitudes such as perception of harm coincide with an increased number of individuals seeking treatment for CUD. Take for instance a ~ 13%
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increase in CUD-related treatment from 2003 to 2016 globally
that co-occurred with a ~ 24% decrease in perceived harm from
cannabis from 2010 to 2016 [3]. However, countries with the
highest rates of cannabis dependence, such as the United States,
Canada, Australia, New Zealand, and those in Western Europe,
have varying degrees of cannabis legalization. In the case of New
Zealand, for example, that has one of the highest rates of cannabis use and cannabis dependence, cannabis is illegal [3–5] (see
Table 1). This contradicts findings from epidemiological studies
and suggests that there may not be a direct relationship between
cannabis legalization and CUD rates. Instead, the relationship
between these two variables is likely due to mediating factors,
such as earlier age of initiation reported in decriminalized regions
[1, 4–8].
The question then becomes, what are these mediators and
how do they impact risk towards CUD in a legalized climate?
Addressing this question relies on the assumption that these
factors interact, such as conceptualized in a bioecological model.
A bioecological model conceptualizes the presumed interactions between an individual’s biological makeup and the
social environment [9]. Bronfenbrenner first introduced a
bioecological interaction between biological maturation, the
immediate family/community environment (microsystem),
and the societal landscape (macrosystem) that shapes human
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Belgium
France
Germany

USA

Columbia
Mexico

Illegal
Illegal (personal possession decriminalized
in 2009, medical legalization in 2017)
Mixed (majority illegal/decriminalized,
legal in minority)
Personal possession is depenalized
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Study

N

Age of sample Individual factors Use variables

13.7
34.6
27.7
12.3
13.7
5.7
1.9
11.0
61.8

Micro-environment factors

development [9]. In this view, changes in any given system
could lead to a cascade of effects in all systems.
Bronfenbrenner’s bioecological model suggested that nature
and nurture interact as opposed to the notion that one of these
factors predominate the effects (e.g., environment, over and
above personality, is the key factor in the development of
resilience [10]). Applications of this model have informed
the development of education and treatment strategies in
childhood adversity [10]. Several disease models have also
adopted bioecological models, including mental health disorders such as depression, anxiety, PTSD, schizophrenia, and
ADHD to understand the onset and progression of symptoms
as well as treatment outcomes. A study by Atzaba-Poria et al.
(2004) found that microsystem interventions are better suited
to prevent aggressive behavior in children, while macrosystem
interventions are best to forestall anxiety and depression.
Thus, a bioecological framework for CUD could facilitate
more effective intervention.
Towards the goal of understanding how legal cannabis climates impact risk towards CUD, in this report, we summarize
the known risk factors for CUD, describe studies that examine
the relationship between legalization and CUD, and interpret
how legalization might interact with risk factors such as in a
bioecological framework.

Individual/biological factors have been widely recognized to
influence the risk for CUD. These factors range from genetics
and biological variables such as biological sex, to personality/
mood characteristics, psychological status, behavior, and
neurocognitive functioning as well as demographic characteristics. In terms of CUD, individual/bioecological factors include being male [11–15], Native American, and being
widowed, separated, or divorced [12]. In addition, poor school
performance and low educational attainment have been linked
to CUD [5, 16•]. On the other hand, being Black, Asian, or
Hispanic have been shown to be associated with decreased
risk for CUD [12]. Mood- as well as personality-related variables also play a significant role in the development and maintenance of CUD, such as low levels of self-esteem, poor coping skills, and increased responsivity to stress [13, 17]. High
levels of discomfort intolerance (inability to tolerate discomfort) are associated with reduced vulnerability to cannabisrelated problems, although this effect is lessened in depressed
individuals [18]. Moreover, individual differences in
neurocognitive functioning have been found predictive, such
that motivational processes like craving and functioning of the
underlying brain networks seem to be a risk factor, whereas
cognitive control-related processes seem to be protective [19,
20•, 21].
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Genetic risk similarly contributes to the development of
CUD. The results of family, twin, and adoption studies provide evidence that there are heritable influences on cannabis
use, abuse, and dependence [22]. For example, acute and
long-term response to cannabis has been associated with variants in the catechol-O-methyltransferase (COMT), AKT
serine/threonine kinase 1 (AKT1), dopamine β-hydroxylase
(DBH), cannabinoid receptor (CNR1), and serotonin transporter (5-HTTPLR) genes [23•]. Depending on the allele an
individual may carry, these specific genetic polymorphisms
seem to provide protection through the mediation of the relationship between cannabis use severity and symptom manifestation [23•, 24–26]. On the other hand, carrying another
allele of these genetic polymorphisms can increase the likelihood of a psychiatric comorbidity such as schizophrenia spectrum disorders, major depressive disorder, social anxiety, conduct disorder, bipolar disorder, ADHD, anti-social personality
disorder, panic disorder, sleep disorders, and PTSD [4, 11, 12,
22, 23•, 24, 27–41].
Finally, drug use patterns have been associated with progression to CUD. Initiation early in childhood or adolescence
has been consistently associated with increases in the risk for
CUD [42, 43]. Furthermore, using cannabis in an increasingly
frequent manner has been shown to predict the development
of CUD [16•, 44]. Additionally, previous studies have shown
that using tobacco and alcohol is correlated with using cannabis, and early initiation of tobacco use and alcohol consumption is predictive of early initiation of cannabis use [17, 45,
46].

Microsystem Factors for CUD
One level beyond the individual/biological factors are
microsystem factors. Microsystem factors are influences from
the immediate social environment such as family and peer
relationships, childhood experiences, and exposure to illicit
activities [13, 17, 44–46]. For instance, family history of substance use disorders, immediate availability of drugs, and peer
drug use predicts progression to cannabis use [13, 17, 44, 45].
Similarly, a more positive attitude towards cannabis use or low
perception of harm has been associated with increased cannabis use [13]. Many studies have found an association between
life stressors and increased risk of CUD [47]. Experiencing
early trauma and stress, whether through adverse life events or
childhood maltreatment, are predictive of early-onset use and
later progression to addiction [47]. Dysfunctional family environments may not only disrupt the maturation of selfregulatory systems involved in stress response but also spearhead maladaptive coping skills, which can encourage risky
patterns of cannabis use [46]. Other facets of an individual’s
home environment have been associated with the development of CUD, including low socioeconomic status and less
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time spent with parents [13, 45]. Of the microsystem factors
linked to CUD, home environment and peer group are the
most consistent contributors to cannabis use [7, 13, 17, 45,
48].
Although less research has focused on protective factors
outside of genetic interplay, several microsystem factors have
been recognized as protective for CUD. Just as a negative
family environment in which a child may be subject to abuse
and maltreatment can encourage use, a family environment
composed of strong support among all members along with
an individual’s positive perception of parental care can serve
to decrease the risk for CUD [44]. Additionally, perceived
disapproval of cannabis use by parents and close friends as
well as the individual’s disapproval is associated with decreased risk for CUD [49].

Macrosystem Factors for CUD
Macrosystem factors compose the larger societal environment
of the individual beyond the microsystem. These factors encompass the legal/political environment, economy, predominant societal views, overarching cultural influences of the region, and cultural environment of the individual.
Unfortunately, empirical studies on macrosystem factors contributing to CUD risk are limited. We are only aware of one
study on macrosystem factors and cannabis use. This study
found that as per-capita, personal consumer expenditure
(PCE) increases so does adolescent cannabis use [7]. Due to
the scant literature on this topic, insight from studies examining related factors may be useful to understand these effects.
Indeed, one study in Norway found that cannabis dealers were
typically committed to either street culture or cannabis culture
prior to dealing. Therefore, the culture an individual was exposed to early in life predicted initiation of cannabis dealing
[50]. A study by Sznitman and Bretteville-Jensen (2015)
found that perceived medicinal benefits of cannabis predicted
an individual’s support for cannabis legalization. A recent
review found that willingness to acknowledge CUD-related
symptoms vary depending on the region [51]. However, participating in cannabis dealing, supporting cannabis legalization, and willingness to acknowledge CUD symptoms do not
directly equate to increased/decreased risk for CUD. Thus far,
precursory evidence suggests that macrosystem factors, specifically those at the socio-cultural level, can influence an
individuals’ level of involvement with cannabis, public opinion of its use, and acknowledgement of CUD symptoms.

Cannabis Legalization and CUD
Given the role that macrosystem factors may play as described
in the previous section, it is equally important to shed light on

Illegal (up until
medical
legalization in
2017)

Germany

156 twin
24–36
pairs
discordant for
cannabis
dependence
8841
16–85

Lynskey et al.
(2004)

Poulton et al.
(1997)

Illegal

Illegal

New
Zealand

Norway

Pedersen (1990)

Veen et al.
(2004)

1311

641

133

2446

Sydow et al.
(2002)

Netherlands Depenalized

1228

Hofler et al.
(1999)

Teesson et al.
(2012)

336

Clough et al.
(2004)

13–19

15–21

15–54

14–24

14–17

13–36

18+

10641

Degenhardt et al.
(2001)

14–15

Age of
sample

2032

Illegal (up until
medical
legalization in
2016)

Australia

N

Coffey et al.
(2000)

Cannabis legal status* Study

Micro-environment factors

Alcohol use (OR 10.4) and tobacco use
(OR 19.0) associated with current
cannabis use.
---

--

Peer cannabis use (OR 2.1) and nicotine -use (OR 2.0) associated with cannabis
use.
---

Use variables

Strong association between CUD Prevalence of lifetime and past 12-month -and affective disorders (OR
CUD 6% and 1% respectively.
3.0).
Strong association between CUD and
alcohol use disorder (OR 3.6)
Cannabis use more common in males
(OR 2.0) and younger users (OR 4.6).
Affective disorders (COR 2.9)
Baseline history of alcohol use (COR
Family history of substance use disorder
and low self-esteem (COR
5.2) predictive of cannabis use.
with a cumulative odds ratio (COR)
1.72) associated with cannabis
of 1.43 predictive of cannabis use.
use.
Baseline use of other illicit drugs
Parental death before age 15 and
predicted cannabis dependence.
deprived socio-economic status
predicted cannabis dependence.
Availability of drugs, peers’ drug use,
and a more positive attitude of the
individual towards drug use predicted
cannabis use.
--Cannabis users had earlier first
symptomatic episodes of
psychosis compared to
non-users.
-Males were more likely to use and be
-dependent on cannabis than females.
Early use substantially increased the
risk for the development of cannabis
dependence in young adulthood.
Poor mental health (determined -by number of depression and

Early MDD (OR 3.40 in
dizygotic pairs, n.s. in
monozygotic pairs) associated
with subsequent cannabis use.

Participants who were cannabis
dependent had a OR 2.84 for
developing psychosis.
--

--

Individual factors

Compendium of studies in a single region on factors related to the development of CUD across different levels of cannabis permissiveness (in terms of legal status)

Region

Table 2
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USA

1709

55230

43093

Hasin et al. (2015) Time 1:
43093
Time 2:
36309

Cerda et al. (2012) 34653

Mixed
Stinson et al.
Illegal/decriminalized:
(2006)
Majority of states
Legal:
Alaska, California,
Colorado, District
of Columbia
(D.C.),
Hawaii, Maine,
Massachusetts,
Winters & Lee
Montana, Nevada,
(2008)
Oregon, Vermont,
Washington
Buckner et al.
(2008)

Illegal
(up until medical
legalization in
2010)

Illegal
Legal

Norway
and
Israel
United
Kingdom

N

Sznitman and
2175
Bretteville-Jen- 648
sen (2015)
Best et al. (2005) 2078

Cannabis legal status* Study

Region

Table 2 (continued)

--

--

anxiety symptoms) correlated
with heavy use.

Individual factors

Past year cannabis use higher in
Israel (13%) compared to Norway
(5%), (p < .001).
--

Use variables

Lifetime cannabis users less likely to
spend time regularly with both their
mothers and fathers, but more likely
to spend free time with friends who
smoked, drank alcohol and used
illicit drugs, and with friends
involved in criminal activities.

Parental divorce correlated with heavy
cannabis use (having ever used the
drug 50 times or more).
--

Micro-environment factors

Greater odds of dependence for Sample had an OR of 0.3 for past
-those
12-month cannabis dependence. In
widowed/separated/divorced.
those who were cannabis dependent,
In those who were cannabis
the prevalence for alcohol use disorder
dependent, the prevalence for
was 54.7% and 48.7% for nicotine
any mood disorder was 48.2%,
dependence.
any anxiety disorder was
43.5%, and any personality
disorder was 76.7%
18-26
-Increased odds ratio of initiation of use in -teenage years (12-18) compared to
years 22-26; ORs 3.9-7.2.
16.6
14-year longitudinal study. Social --(average
anxiety disorder (SAD) at
age at
study entry was associated
time 1with 6.5 greater odds of
start of
cannabis dependence.
study)
30
(time 4end of
study)
18+
-States with medical marijuana laws
-(MMLs) had a higher OR (1.92) for
marijuana use and marijuana
abuse/dependence (OR 1.81) than
states without MMLs.
4.1 to 9.5% increase in use prevalence,
1.5% to 2.9% increase in DSM-IV
cannabis use disorder in total sample,
and

18+

14–16

18+

Age of
sample
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Not listed

N

Maier et al. (2017) Not listed

Borodovsky et al. 2838
(2016)

Reed (2016)

Cannabis legal status* Study

32.5
(Average at
time of
study)

Age of
sample

Individual factors

**Countries with missing data on the provided variables were excluded from this table.

Micro-environment factors

35.6% to 30.5% decrease in DSM-IV
cannabis use disorder in previous
users from 2001 to 2013.
21 to 31% increase in use prevalence in Increased THC-only and THC-positive
18–25 year-olds from 2006 to 2014.
motor vehicle fatalities, and
decreased perception of health risk of
use in adolescents from 2006 to 2014.
Individuals in MML states had a
-significantly higher likelihood of ever
use of vaping (OR 2.04) and edibles
(OR 1.78) than those in states without
MMLs. In the vaping model, MML
status was a significant predictor (OR:
1.77, p < 0.001), but neither
recreational legalization status nor
dispensary status were significant
predictors (OR 1.17–1.71, p =
.27–.02). In the edible model both
MML status and dispensary status
were significant predictors (OR 1.33,
p = .007; OR 1.88, p < .001) while
recreational legalization status was not
(OR 1.39, p = .18).
No significant differences in property
and violent crime rates from 2010 to
2014

Use variables

*At the time of the study, parentheses () indicate the year of policy change, if any. Data obtained primarily from EMCDDA reports.

Region

Table 2 (continued)
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the potential influence of shifts at the socio-cultural level for
CUD. Changes in legalization are likely to have social and
economic impacts [52–55]. To date, the literature has not yet
directly examined the interaction between legal climate and
risk/protective factors for CUD; however, hypotheses on the
effect of macrosystem factors can be drawn from comparisons
across different cannabis legal climates.
Tables 1 and 2 provide a summary of findings from different levels of cannabis permissiveness based on cannabis legalization status. These tables highlight how regions with drug
policies have variability in perceived availability of cannabis
and levels of peer drug use. These findings from the tables are
exemplified by a study by Bogt et al. (2006) that found that
increased perceived availability of cannabis is a better predictor of frequent and lifetime use than the level of cannabis use
in older individuals in the community, p = 0.007 and p = 0.040
respectively. In contrast to the variability observed in perceived availability of cannabis, psychosis symptoms are associated with cannabis use across the board [56, 57]. In terms of
substance use factors, the association between early initiation
of cannabis use, other substance use, and CUD development
is consistent worldwide, regardless of legal status (Table 1). A
similar study by Degenhardt et al (2008) in 17 countries found
that New Zealand, the USA, France, Germany, and the
Netherlands had the highest percent of users initiating use
before the age 21 despite the fact that at the time of the study,
the USA and the Netherlands were the only regions with legalization or structured decriminalization, suggesting a null
effect of permissiveness on early-onset use (i.e., < 21 years
old) [4]. This result is discordant with other studies demonstrating that the primary difference between cannabis legal and
illegal climates was the onset of use, with decriminalized regions having an earlier age of initiation [1, 4–8]. For the majority of countries with legalized cannabis use, the average age
of onset is in adolescent-to-early adulthood. Specifically, in a
study, in a sample of over 80,000 individuals worldwide, the
median age of onset of cannabis use was found to be between
18 and 22 years of age [4]. Given that studies have found that
early initiation is a risk factor for CUD-related problems later
on [13, 45, 58], this difference should be acknowledged.
Additionally, studies have suggested an upward trend of cannabis abuse and dependence in regions where cannabis is legal
or decriminalized compared with those in which it is illegal.
However, these results were either only trending towards significance or influenced by confounding factors [59, 60].
Furthermore, legality appears to influence the quantity of
use, as well as methods of use. For example, in the USA,
increased odds of vaping and edible methods of cannabis
use are predicted by medical legalization status and concentration of dispensaries [61••]. Additionally, THC and CBD
levels may be dependent upon the region and legal climate,
although this needs to be confirmed through further empirical
research. Initial studies have shown a relative increase in THC
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potency in areas with partial legalization, such as the USA, but
this is neither consistent across studies nor all countries with
cannabis legalization [62, 63, 64••, 65].
Another empirical approach to the determination of the
impacts of cannabis policies on CUD would be a prospective
design. However, there have only been few such studies that
directly compare CUD risk pre- versus post-policy change
thus far. In two of the studies, prevalence rates of cannabis
use and cannabis dependence were higher in states with legalization compared with those in which cannabis is not legalized
(Table 2). Additionally, one study in Colorado found that the
perception of risk of use declined following policy change [1].
These studies also examined crime statistics pre/post-policy
change, but results were mixed as to whether any significant
changes did occur [1, 66]. Ongoing studies investigating preto post-legal changes in Canada will hopefully shed more light
on these issues [67•, 68, 69].

A Bioecological Framework for CUD Towards
Understanding Cannabis Policy Impacts
The literature highlights large individual variabilities in the
development of CUD, which suggests that specific interactions between the factor levels are essential to determine the
potential effects of cannabis policy changes. As depicted in
Fig. 1, we propose a model where all of the factor levels that
contribute towards CUD are considered in a bioecological
framework. In this model, individual/biological, micro- and
macro-level factors converge towards a combined CUD
vulnerability.
There is sufficient evidence in the current literature demonstrating some of these bioecological interactions. For instance, genetic and micro-environmental factors have been
reported to increase one’s vulnerability to CUD. Dopamine
availability mediated by genes for dopamine receptors
(DRD4, DRD2, CNR1) has been shown to affect an individual’s susceptibility to environmental influences. For example,
carriers of the DRD4 7-repeat allele are more/less likely to use
cannabis during adolescence when levels of parental monitoring are low and high, respectively [70]. Additionally, exposure
to early-life stress or a stressful home environment has been
shown to interact with endocannabinoid genetics to influence
levels of susceptibility to CUD. Specifically, endocannabinoid
genes mediate the predictive effect of early-life stress and
stress response (i.e., HPA axis activity or cortisol levels) on
early-initiation of cannabis use [71]. Due to this evidence and
many similar findings, it is evident that variations in the
endocannabinoid system (measured via genetics or biological
markers) can have a cumulative effect on risk factors identified in all ecological levels [72–79]. Other factor level interactions have shown that individual and macro-environmental
factors can increase one’s vulnerability to CUD. Studies on
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Fig. 1 Bioecological systems
contributing to CUD
manifestation. Proposed
bioecological framework for
determining CUD development
where “I” refers to individual
factors such as personality, mood,
genetics, psychiatric disorders,
and use factors; “m” refers to
microsystem factors such as
family and peer relationships;
“M” refers to macrosystem
factors such as drug policy,
society, and culture. The shaded
area highlights the overlap
between I, m and M that is critical
in understanding development
and treatment of CUD

this interaction have found that sex differences (higher use
rates in males compared with females) are smaller in wealthier
countries [7]. Additionally, the relationship between cannabis
liberalization and increased cannabis use is lower in males
compared with females [80]. These studies suggest that factors
specific to the region can attenuate or amplify the effect of sex
on CUD risk.
Taken together, the endocannabinoid genetic contribution
to the influences of the stress response and home environment
especially in early life should contribute to a bioecological
model of CUD to thoroughly understand the impacts of policy. Additionally, the model should encompass the influence of
macro-environment factors (e.g., the economy of the region
and societal views of cannabis) on Biological Sex differences
in cannabis use risk. By accounting for these factors in the
bioecological model of CUD, we can better anticipate the
effects of policy change and develop novel prevention efforts
to address any cumulative impact it may have on vulnerability
for CUD.
Studying the influence of macrosystem level factors such as
legal climate poses substantial hurdles. For example, cannabis
legalization as a dichotomous variable may be too crude to
measure such a complex relationship. Further, a binary distinction between legalized vs. non-legalized climates does not capture the nuances of varied cannabis legal policies. If we only
examine policy across regions, full legalization is rare [81–83].
With few exceptions, even areas known for open cannabis

consumption have some degree of penal consequence (i.e.,
depenalization or decriminalization) [82]. These low levels of
legalization decrease the penalties associated with cannabis use
but do not mean that the government does not consider the
substance illicit. Furthermore, regardless of legal policy, a population’s level of acceptance of cannabis use in a particular
region can contribute to individual use patterns and attitudes,
which may contribute to increased CUD risk [84–86].
Addressing other macrosystem factors such as healthcare system, support for addiction treatment and mental health, and
societal attitude towards substance use and other psychiatric
disorders could provide a better picture of this interaction.
What may be as important as the legal climate is a society’s
cultural view on cannabis use [84–86]. Culture, however,
must be operationalized. Cultural influences in CUD development can be defined as the normative culture of the region that
is a collection of behaviors considered appropriate, but culture
can also be described as a dynamic interaction of environmental, biological, and psychological factors that contribute to
behavior [50, 51]. Cultural influences are an essential component in the development of addiction and must be recognized
in research. In sum, multidisciplinary studies are warranted
that take into account social, anthropological, behavioral, clinical, genetic, and neurobiological aspects of CUD. These
macro- and micro-system factors can exert influences on the
interaction of risk/protective factors contributing to CUD and
must be included as part of the conceptual framework.
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Conclusions
Current research has provided extensive evidence for the
unique impacts of biological, environmental, and societal influences on the development of CUD. While still relatively
few, emergent studies such as those examining the effect of
genetic influence and societal characteristics on microsystem
risk factors demonstrate interactions between these different
factor levels that result in modulated effects [7, 71]. It is,
therefore, important to examine the interactions between biological, micro-, and macro-level factors within a bioecological
framework to better (1) determine whether effects of these
variables are in isolation or as a culmination of factor-level
effects and (2) define protective and/or risk factors for CUD
[87••] that could inform research approaches, clinical practice,
intervention development, and cannabis policies (see Fig. 1).
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