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Abstract

Over the past two decades, cannabis policies have liberalized in the United States, culminating in
the legalization of recreational cannabis in Colorado and Washington state in 2012. This review
will focus on the impact of recreational cannabis legalization in Colorado. While the prevalence
of past-year and past-month cannabis use has remained relatively steady among adolescents
post-legalization, the prevalence of young adult use has continued to rise. Cannabis products with
increased potency have become more prevalent and widely used. There are concerns that the

use of products with increased potency will increase risk for cannabis use and comorbid mental
health disorders, particularly cannabis-induced psychosis and suicidal behavior, although more
research is needed to fully understand the impact of high-potency products. Since the legalization
of recreational cannabis, numerous additional public health concerns have emerged: unintentional
overdoses requiring acute care visits, electronic vaping-associated lung injury, increased motor
vehicle collisions related to cannabis consumption, and higher rates of cannabis use during
pregnancy. Lessons learned from the first decade of cannabis legalization emphasize the need for
research efforts to provide evidence-based guidelines, inform prevention strategies, and implement
selective interventions for at-risk populations including youth, individuals with comorbid mental
health disorders, and individuals who are pregnant.
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Introduction

In the United States, public opinion on cannabis has transformed, leading to gradual
changes in cannabis policy at the state level through political processes. To date, 36
states and the District of Columbia have legalized or decriminalized medical cannabis in
some form. Additionally, 18 states have legalized recreational cannabis, with Colorado
and Washington’s state being the first to do so in 2012. Overall, 68% and 34% of the
US population now live in a state with legal access to medical and recreational cannabis,
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respectively [1]. Over the past decade, the body of literature investigating the impact of
recreational cannabis legalization and the effects of cannabis use on youth has grown.
Focusing on recreational cannabis legalization in Colorado, we will review regulations to
protect youth, increasing cannabis potency and modes of use, the prevalence of cannabis
and other substance use, and changing risk perceptions among Colorado youth. Next, we
will review the impact of legalization on cannabis use disorder and comorbid mental health
problems, including suicidal behavior and cannabis-induced psychosis. We will then explore
other public health concerns that have emerged since cannabis legalization.

Cannabis legalization in Colorado

Medical cannabis legalization

In 1975, Colorado reduced charges for possession of cannabis of up to one ounce from a
misdemeanor to a petty offense, marking the first re-legalization effort in Colorado history
[2]. In 2000, Colorado voters approved Amendment 20, legalizing medical cannabis for
specific medical conditions, requiring a prescription from a physician [3]. The United States
Deputy Attorney General wrote a memorandum in 2009 to all United States Attorneys
recommending low prioritization, or prosecutorial discretion, of enforcement of federal drug
laws with considering medical cannabis patients and programs [4]. Near this time, the
Colorado state legislature rejected caregiver-patient limits and authorized the creation of
medical dispensaries [5]. Following these events, Colorado saw significant increases in the
number of applications for medical cannabis per month, from 495 applications in January
2009 to 10,115 applications in December 2009 [3].

The canonization of cannabis as “medicine” by a political process rather than a scientific
process presents a unique challenge for clinicians. The state of Colorado has not restricted
medical cannabis health or physical benefits claims in advertising or merchandising;
however, such claims may not be included on the label or packaging materials (C.R.S.
44-10-203(2)(f), C.R.R. 212-3). Simultaneously, minimal regulatory attention has been
given negative health impacts of cannabis use, which dispensaries and providers have not
been required to disclose. Perceptions about the benefits of medical cannabis may also be
amplified by the hemp industry, which has expanded rapidly across the United States as a
natural, herbal source of cannabidiol (CBD), a primary cannabinoid. To date, the impact
of industry-sponsored health claims on perceived harm and patterns of cannabis use is
unknown.

Legalization of medical cannabis is not associated with increased adolescent marijuana

use or CUD whereas it is associated with increases in adults [6]. In Colorado, to obtain

a medicinal cannabis license for youth under 20 years old, they must be diagnosed by

two physicians from two different medical practices as having a disabling or debilitating
medical condition. Prior work has demonstrated that youth with CUD are more likely to
seek legal access to cannabis through a medical license, particularly when legal recreational
cannabis is not available [7]. Other studies have demonstrated that youth with chronic
medical conditions such as inflammatory bowel disease are likely to report cannabis use
[8]. Many such youths do report relief of pain as a substantial motivator of use, although
they also reported high incidences of CUD. Physicians caring for youth with medical
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conditions, particularly those associated with pain, should screen for cannabis use, assess the
motivations for use including perceived benefit, as well as screen for symptoms of CUD.

Recreational cannabis legalization

Before recreational cannabis legalization, Colorado residents had favorable attitudes towards
cannabis and one of the lowest rates of perceived harm in the United States [9]. In 2012,
Colorado passed Amendment 64 to legalize possession and retail sales of recreational
cannabis [10]. Under this amendment, adults aged 21 years or older are allowed to grow

up to six cannabis plants privately (increased to 12 plants in 2018) [11]. Individuals may
legally possess all cannabis from the plants they grow at home, legally possess up to one
ounce while traveling, and give a gift of up to one ounce of cannabis to other citizens

21 years or older [10]. This law was met with a mixed reception by county legislators:

a study of county-level cannabis policies found that only 23.4% of all Colorado counties
allowed all types of recreational cannabis facilities and nearly half (48.4%) of Colorado
counties prohibited all types of cannabis facilities as of April 1, 2019 [11]. Still, retail sales
became available in January 2014 in the permitting counties, cultivating a marketspace for
recreational sales of cannabis that has substantially grown. As of June 2020, 2709 licensed
cannabis businesses were registered in Colorado, 60% of which were in three counties along
the Front Range: Denver, El Paso, and Pueblo [5]. The year 2020 also saw annual record
highs for cannabis sales in dispensaries of nearly $2.2 billion, with nearly $400 million in
annual tax revenue [12].

Colorado statute distinguishes the licensing of medical and recreational cannabis
dispensaries. While there are differences in individual daily sales limits and taxes, cannabis
products are generally not exclusive to a category. Recreational cannabis sales comprise

the largest proportion of Colorado sales, and most medical users also report recreational
cannabis use [13]. Further, nearly three-fourths of adolescents entering substance use
treatment report diversion of medical cannabis from registered users [7]. Adolescents who
used diverted medical cannabis also reported using cannabis 20 or more days a month, very
easy availability, and no friend disapproval of regular cannabis use [14]. Commercialization
of cannabis and the implementation of dispensaries is also positively associated with
problematic cannabis use in youth [15]. The perceived ease of access among Colorado high
school students increased significantly from 46.5 to 52.1% in the first year of commercial
sales [16].

Regulations to protect youth

With increasing evidence of the potential adverse effects of cannabis legalization on youth,
Colorado has enacted several policies to reduce potential harm to this population. Though it
is a dynamic process that has had varying levels of success [17], and many of the nuances
of regulations are subject to county-by-county differences, certain measures are enacted
statewide:

. Legal age limit for purchasing and possession of 21 years old [10].
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. Regulated cannabis businesses may not exist or advertise on any outdoor sign
that is within 500 feet of elementary or secondary schools, places of worship, or
public playgrounds [18].

. Possession or use of retail cannabis or its products is illegal on all school
properties [19].

. Each local jurisdiction may allow or ban retail cannabis businesses, regulate
the density of retail cannabis shops, and extend limits from locations where
children or other vulnerable populations (i.e., substance use treatment programs)
are present [20].

. Direct advertising to minors is not permitted [21].

To reduce the appeal to minors, Colorado has imposed limits on advertising. Specifically,
television, radio, print, or internet ads or sponsorships related to cannabis retail are not
permitted unless less than 30% of the audience is under 21 years old [18]. Similarly,
outdoor advertising is generally prohibited, and individuals under 21 are not allowed inside
dispensaries [18]. While efforts have been made to restrict recreational cannabis businesses
and advertising to adult consumers, children and adolescents continue to experience
increasing levels of exposure to the acceptability and availability of cannabis through the
high prevalence of adult use, coverage and commentary by local media personalities, and
presence of dispensaries near major attractions (i.e., sports arenas). Further, most cannabis
businesses and dispensaries maintain online and social media presences. Few safeguards
were implemented to minimize adolescent exposure and engagement online. Bierut et al.
surveyed dispensaries in Colorado and found that only 5% require users to enter one’s
birthdate and just over half (54%) require the user to affirm minimum age requirements by
clicking “yes” [21]. Young adults aged 20-29 years old are the most common demographic
to follow cannabis social media profiles, with 15% of followers being younger than 20 years
old.

Other regulatory initiatives to prevent youth cannabis use in the community include criminal
statutes targeting the provision of cannabis to minors by adults who are older than the

youth by at least 2 years (Colorado Senate Bill 13-250) [22]. Moreover, the Colorado state
legislature developed marijuana tax-funded youth outreach programs (Senate Bill 14-215),
including the YESS Institute, a marijuana tax-funded afterschool program to enhance
positive youth development, social/emotional learning, and education about cannabis use
(www.yessinstitute.org) [23]. Other tax-funded programs include the High Costs Campaign,
an advertising campaign to adolescents in Colorado about cannabis-related risks and facts
(www.thehighcosts.com), and the Colorado Department of Public Health and Environment
Retail Marijuana Education Program [23]. As these programs yield information on their
longer-term effectiveness of preventing youth cannabis use, lessons will be learned on how
to best protect Colorado youth from the potential harms related to cannabis legalization.

Early lessons from cannabis edibles

Initially, there was little regulation of edibles’ labeling, packaging, or manufacture in
Colorado following the rollout of recreational sales [24]. One of the earliest and most
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urgent consequences of cannabis sales and commercialization in Colorado was a sharp rise
in unintentional overdoses in adolescents and adults and symptomatic ingestion by children.
Following the surge in individuals receiving medical cannabis in Colorado, there was a
significant increase in emergency department visits for children less than 12 years old for
cannabis exposure at an academic tertiary pediatric hospital in Colorado, with 57% of these
cases being due to exposure to edibles [25]. Additionally, Colorado regional poison center
cases for pediatric cannabis increased significantly and more than the national average from
2009 to 2015, with significant increases in pediatric cannabis exposures in the 2 years
following recreational legalization [26].

In response to unintentional overdoses, new standard serving size and packaging
requirements for edible products were enacted [27]. Colorado statute now requires a
maximum THC dose equivalent of 10 mg per serving, with clear packaging and demarcation
of servings, and a maximum content of 100 mg or less per package. Cannabis products

must be sold and leave the store in child-resistant packaging and must not use images

or cartoons that appeal to children. Packaging of edibles must also display the Universal
Symbol for cannabis and require wording that the consumer may not feel the effects of THC
intoxication for two or more hours after consumption [24]. Subsequently, the state-required
testing for THC concentration for recreational cannabis edibles [28]. Warning labels are
similarly required for cannabis product packaging, including statements about health risks,
that the product was produced without regulatory oversight, warnings about driving while
intoxicated with cannabis, and that the product is intended for use by individuals aged 21
years or older, among others [24].

Cannabis potency and modes of use

Perhaps the most significant impact of recreational cannabis legalization to date is the

sharp increase in cannabis potency, products, and modes of use. Over the past two decades,
A-tetrahydrocannabinol (THC) potency, THC:cannabidiol (CBD) content, and products and
modes of use have changed significantly [29-32]. State-regulated markets now offer flower
products that are twice as potent as black-market flower products available just before
recreational legalization (20-25% THC) [33, 34]. Further, licensed dispensaries also offer
high-concentrate products that are up to four times more potent than dispensary flower

and over seven times more potent than black-market flower (80-90% THC). Sampled
concentrates as part of the state’s monitoring system routinely have THC concentrations as
high as 90-95% [35].

Since legal markets opened in Colorado, annual concentrate sales have increased by 480%
(from $113 million up to $655 million), whereas flower sales have increased by 129% and
edible sales have increased by 332% (Fig. 1). Whereas concentrates made up just 17% of
the market in 2014, they now make up 32% in Colorado. Adolescent concentrate use appears
to be common and may have significant psychosocial effects (for review, see Bidwell et al.
[36]). Adolescents who report lifetime concentrate use (24%) make up 72% of those who
report lifetime use of any cannabis product (33%) [37].
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The Colorado Department of Public Health and Environment (CDPHE) conducts a biennial
survey of high school students, the Healthy Kids Colorado Survey (HKCS). While low
response rates have impacted the survey over the past few years, important use patterns have
emerged. In 2017, 35.6% of adolescents reported ingesting edibles, while 34.4% reported
dabbing and 20.3% reported vaping. From 2015 to 2017, the use of high-concentrate
cannabis products by dabbing (7.6%) or ingesting edibles (9.8%) as the primary method

of consumption increased to their highest levels (from 4.3 and 2.1%, respectively) [38].
Adolescents who identify as male were more likely to report vaping, dabbing, and ingesting
edibles [39]. Edible use was also more common among youth who wanted to discretely
consume cannabis in public, including at school [40]. The prevalence of vaping was found
to be highest among Asian and White adolescents, and vaping was associated with the
diversion of marijuana from a person with a medical marijuana card (OR 3.4, 95% ClI
2.0-5.6) [40].

Prevalence of cannabis use in youth

To date, research on the impact of recreational cannabis legalization on the prevalence of
cannabis use among youth has demonstrated relatively stable prevalence among adolescents
younger than 18 years old and increasing prevalence among young adults aged 18-25 years
old [41]. The National Survey on Drug Use and Health (NSDUH) is conducted annually by
the Substance Abuse and Mental Health Services Administration (SAMHSA) and surveys
individuals aged 12 years old and older, allowing investigation of trends among youth [42].
The prevalence of cannabis use in adolescents aged 12—17 years old has remained relatively
steady over the past two decades, though both the rates of past-year (17.6% vs. 12.8%) and
past-month cannabis (9.8% vs 7.0%) use are notably higher in Colorado compared with the
United States (Fig. 2a, b). Past-month cannabis use among Colorado youth aged 12-17 years
old is 43% higher than the national average [43].

These findings are consistent with the analysis of MTF, a biennial survey of substance use
among 8th, 10th, and 12th grade students, which found that states with legalized medical
marijuana have a higher prevalence of adolescent marijuana use compared with states where
marijuana is not legal (15.87% vs 13.27%, OR 1.27, 95% CI 1.07-1.51, p= 0.0057)

[44, 45]. The prevalence of daily or almost daily users is also higher among Colorado
adolescents than the national average [46]. Additionally, 80% of cannabis consumption may
be accounted for by only 20% of users by some estimates [47].

Interestingly, in the HKCS, the highest rates of past 30-day cannabis use are observed
among high school juniors and seniors (26.3% and 27.8%, respectively, followed by young
adults aged 18-25 (26.1%) [48]. Adolescents who identify as gay, lesbian, or bisexual
(30.9%), adolescents who identify as mixed race (27.1%), and adolescents who identify as
Native Hawaiian or Pacific Islander (23.1%) reported a higher prevalence of past 30-day
cannabis use. Other risk factors associated with past 30-day use include male gender, older
age, lower perceived harmfulness or wrongfulness, earlier age of initiation (< 13 years
old), and current cigarette or alcohol use [40]. While medical and recreational cannabis
legalization has not been associated with further increases in the prevalence of adolescent

Eur Child Adolesc Psychiatry. Author manuscript; available in PMC 2023 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinckley et al.

Page 7

cannabis use [9, 38, 46], the impact of acceptability and availability resulting in a culture of
legalization is unknown.

Though steady in adolescents, the prevalence of cannabis use is increasing for young

adults aged 18-25 years old, who, though often understudied in cannabis policy and
research, remain at risk of the detrimental impact of cannabis use through the completion

of neurodevelopment during young adulthood. Among NSDUH respondents, the prevalence
of past-year and past-month cannabis use has increased in the United States over the past
two decades, with a more rapid increase in Colorado (Fig. 2a, b). In 2019, the most recent
NSDUH results are comparable to previous years, the prevalence of past-month cannabis use
is at its highest level in Colorado and the United States (34.4% and 22.5%, respectively),
with similarly high trends in past-year prevalence (48.5% and 35.1%, respectively) [42].

Per analysis of HKCS, the age of first use of cannabis has remained steady since 2013,

with 82.1% first using cannabis before the age of 16 years [48]. This is consistent with
results from NSDUH, which show a prevalence of annual first use of cannabis is higher
among Colorado adolescents aged 12-17 years old compared to US peers (8.0% vs 5.7%,
respectively), though relatively stable over the past two decades (Fig. 2c). As with the
prevalence of past year and past 30-day cannabis use, a more concerning trend emerges
among young adults, among whom the prevalence of annual first use of cannabis has
increased among young adults aged 18-25 years old, with a more rapid rise among Colorado
young adults (12.5% in Colorado vs. 8.4% in the US; Fig. 2c).

Risk perceptions

Overall, as recorded in the NSDUH, there has been a steady decline in perceptions of harm
from cannabis use among youth in Colorado and the broader US (Fig. 2d). Risk perceptions
also differ between cannabis products. In the 2013 HKCS, adolescents that endorsed

lower perceived harmfulness were more likely to use combustible cannabis products,
whereas adolescents who reported higher perceived harmfulness were more likely to report
ingesting edibles or vaping [40]. By 2015, adolescents who reported higher perceived

harm, wrongfulness, or parental disapproval were not associated with the prevalence of
using combustible cannabis products, whereas these factors were associated with a lower
prevalence of other modes of use, including edibles, vaping, and dabbing [39]. Further, in a
survey of Colorado young adults aged 18-26 years old, Popova et al. found that combustible
products were perceived as more dangerous than vaporizers and edibles [49]. Popova also
found that the risk of unintentional overdose with higher potency products was perceived to
be lower than the health risks of using combustible cannabis.

Use of other substances

Adolescent cannabis use is associated with more frequent use of other substances and

illicit drugs [50]. However, the impacts of recreational and medical cannabis laws on youth
substance use are not well understood. In the two decades before cannabis legalization,
steady declines have been observed in MTF for the prevalence of substances used measured
among United States 8th, 10th, and 12th grade students, except for cannabis use and vaping
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[51]. In Colorado, youth tobacco and alcohol use has declined over the past two decades,
similar to national trends (Fig. 3) [42]. One argument supporting cannabis legalization

is a substitution, particularly for opioids, and a possible subsequent decrease in opioid
overdose deaths. Unfortunately, opioid deaths have risen in Colorado through the period of
legalization and continued to rise to an all-time high in 2019 [43].

Cannabis use disorder

Comorbid

Before recreational cannabis legalization, studies found that regular adolescent cannabis

use with onset before the age of 17 years old was associated with an increased risk of
cannabis dependence through young adulthood [50]. Following the legalization of medical
cannabis, higher rates of adolescent cannabis use disorder (CUD) were reported in Colorado
[52]. Recently, Mennis and Stahler investigated CUD admission trends for adolescents

aged 12-17 from 2008 to 2017 utilizing a national treatment database (Treatment Episode
Data Set: Admissions, TEDS-A) comparing Colorado and Washington state to states where
recreational cannabis use remains illicit [41]. This report showed treatment admission

rates for CUD declined significantly across the United States, including Colorado and
Washington. Taken together, it remains unclear if cannabis legalization is associated with an
increased prevalence of CUD in adolescents.

mental health disorders

Similar to CUD, the impact of cannabis legalization on comorbid mental health disorders
remains understudied and unclear. A number of adolescents in the clinic report using
cannabis to “self-medicate” depression, anxiety, trauma symptoms, and sleep problems.
Among adults, in states with medical cannabis legalization, it appears to be more common
to use cannabis to self-medicate psychiatric symptoms [53]. Further, Coloradans with a
mental health condition are more likely to self-report cannabis use than Coloradans without
a mental health condition [53]. Acute encounters of mental health disorders and cannabis
use have also increased since recreational cannabis legalization. Colorado has experienced
a five-fold greater prevalence of mental health diagnoses in Emergency Department (ED)
visits associated with cannabis use between 2012 and 2014 [54]. There has also been a
significant increase in adolescent cannabis-associated ED and urgent care visits experienced
at Colorado children’s hospital from 2005 to 2015, resulting in 4202 episodes of care.

Of those, 62% were diagnosed with cannabis use or problematic use and 71% received a
comorbid psychiatric diagnosis, most commonly depression (39%) or mood disorder (22%)
[55]. While more recent data are not available, these trends in comorbid mental health
disorders and cannabis use are concerning and warrant further investigation.

Age of first marijuana use may be an important determinant of later mental health outcomes,
often resulting in overall lower levels of psychological well-being [56]. Further, adolescent-
onset cannabis exposure has been associated with dose-dependent increases in mood
disorders, including depression, and an overall worse course of illnesses [57]. While many
youths self-report using cannabis to ‘self-medicate’ anxiety, however, it does not always
alleviate symptoms and cannabis may be anxiogenic at higher doses [57]. Cross-sectional
and longitudinal studies have shown that adolescent and young adult cannabis users are at
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increased risk for anxiety and panic attacks [57]. A particular subset of youth with attention-
deficit/hyperactivity disorder (ADHD) is especially vulnerable to substance use disorders,
including earlier onset and increased severity. It is estimated that youth with ADHD are 7.9
times more likely to consume cannabis than those without ADHD [58].

Suicidal behavior

Suicide attempts are among the most serious mental health events associated with cannabis
use in youth. Previous research has shown that regular adolescent cannabis use is associated
with an increased risk of suicide attempts [50]. The suicide rate has increased in Colorado
over the past 15 years, and the percent of suicides with cannabis present in the toxicology
report has increased nearly threefold from 2006 to 2018 to a high of 23.3% [43]. Among
youth aged 10-19 years old, cannabis is the most commonly identified substance (22%) and
twice as common as alcohol (10%), whereas alcohol remains the most common substance
identified on toxicology report in adults aged 20 years old or older (40% alcohol vs. 19%
cannabis) [43].

While suicide rates and the percent testing positive for cannabis have both increased,
research is inadequate to determine the role of cannabis in suicidal behavior or the impact

of cannabis legalization. Analysis of the YRBS from 2011 to 2017 found cannabis use was
most strongly associated with attempted suicide for adolescents using 1-2 days per month
up to 20 or more days a month (prevalence ratio 1.98-4.51, respectively), attempted suicide
(prevalence ratio 1.65-2.64, respectively), planned suicide (prevalence ratio 1.43-1.62,
respectively), and seriously considered suicide (prevalence ratio 1.32-1.54, respectively)
[59]. Notably, frequent cannabis use was significantly associated with a higher prevalence of
each category of suicidal behavior, and effects were consistent with a dose—response effect.

Cannabis-induced psychosis

A second mental health outcome of particular concern is cannabis-induced psychosis. Over
the past three decades, clinical research has identified a temporal association between
cannabis use and psychosis [60-62]. It should be noted that most youth who use cannabis
will not develop signs or symptoms of psychosis; the incidence of cannabis-induced
psychosis is unknown. However, due to ongoing neurodevelopment, youth are particularly
vulnerable to the adverse effects of cannabis [63]. The clinical course of cannabis-induced
psychosis is variable in adolescents. While many adolescents achieving full remission in
abstinence, some experience recurrent psychosis with continued cannabis use or develop
early-onset schizophrenia. Yet, others developing treatment-refractory psychosis even when
abstinent and residing in a restrictive setting (i.e., hospital or residential facility). Review
of the literature has identified risk factors associated with cannabis-induced psychosis,
including familial risk for psychosis or schizophrenia [64, 65] and high THC potency,
duration of use, and initiation of marijuana use at a younger age [66-74]. As reviewed

by Bagot et al., initiation of cannabis use in adolescence is associated with early-onset
psychotic disorders, a worse course of illness, and poorer functional outcomes in a dose-
dependent manner [75].
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Following recreational cannabis legalization, there was concern that high school graduation
rates would decrease. Daily users before age 17 years had clear reductions in the odds of
high-school completion (adjusted odds ratio 0.37, 95% CI 0.20-0.66) and degree attainment
(0.38, 0.22-0.66) [50]. However, over the past decade, graduation rates have increased from
72.4% to a high of 81.9% in 2019-2020 [76]. Similarly, over this period, dropout rates have
continued to decline from 3.0 to 1.8% in 2019-2020. To date, the impact of recreational
cannabis legalization on academic achievement, post-secondary education, and employment
is unknown.

Legal consequences

Cannabis-related offenses in Colorado schools peaked in 2014 at 1654 offenses and have
remained relatively stable over the past 3 years [76]. Cannabis is also the number one reason
for law enforcement contact with students, accounting for 24% of all contacts in 2018-2019
(1533 summons and 43 arrests). Of all school disciplinary incidents in the 2019-2020
school year, cannabis accounted for 5% of suspensions, 30% of expulsions, and 34% of

law enforcement referrals [76]. For substance-related school disciplinary incidents, cannabis
accounted for 70% of suspensions, 59% of expulsion, and 77% of law enforcement referrals.
In 2012, Colorado passed legislation (Senate Bill 12-046 and House Bill 12-1345) to modify
zero-tolerance policies and keep more students in school (66). Since that time, the drug
expulsion rate has declined to its lowest level, whereas drug suspensions initially increased
and have subsequently remained relatively stable [76].

In lieu of mandatory sentencing guidelines for adolescent cannabis offenses, most
individuals are referred through juvenile diversion programs. The primary goal of diversion
is to prevent recidivism among adolescents. Adolescents receive mental health and substance
use disorder screening. Treatment and substance use monitoring by urine drug screen may
be mandated by the court. Diversion programs are supported by state funds, as well as

state and federal grants and marijuana tax cash fund awards [77]. Factors associated with
decreased recidivism include receipt of restorative services; high levels of connection to an
adult family member; and increase in protective services including a sense of accountability,
self-esteem, locus of control, and connection to familial and non-familial adults and the
community [78].

Other public health concerns

Acute care visits

In addition to increased emergency department/urgent care (ED/UC) visits for children,
Colorado youth are also accessing emergency services due to cannabis use at higher rates.
Past-year ED visits with cannabis-related ICD-10 codes are the highest among young adults
aged 18-25 years old, and hospital admissions are highest among youth aged 9-17 years old
[38]. Studies assessing adolescent ED/UC visits for cannabis-related concerns show similar
trends, with rates increasing from 1.8/1000 ED/UC visits in 2009 to 4.9/1000 ED/UC visits
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in 2015 [55]. Cannabis abuse was the most common discharge ICD code (62%), and a
comorbid psychiatric diagnosis was made for 71% of the visits [55].

Electronic vaping-associated lung injury

Recently, there has been increasing concern about marijuana-related lung injuries,
particularly in otherwise healthy youth. Initial concerns favored chronic bronchitis with
cannabis use, for which there is no evidence [79]. However, cannabis use is also associated
with acute lung injuries. In 2018, three cases of adolescent males with acute cannabis-related
lung injuries were reported with eosinophilic pneumonia, silica-induced pneumoconiosis,
and acute hypersensitivity pneumonitis associated with recent cannabis use [80]. In 2019,
there was a multistate outbreak of electronic vaping-associated lung injuries (EVALLI) in

the United States, including 805 cases and 12 deaths [81, 82]. These cases predominantly
consisted of acute lung injuries, often necessitating intensive care interventions and
intubation, in previously healthy individuals [81-83]. Over half of patients were youth
younger than 25 years old (54.2%), with an additional quarter of patients (23.9%) of aged
25-34 years old. The Centers for Disease Control (CDC) revealed that 77% of patients used
THC-containing products in the 30 days preceding the onset of symptoms. Subsequent
analyses of recovered cartridges implicated vitamin E acetate, a diluent used in some
cannabis oil products [84].

Motor vehicle collisions

An important public health concern related to cannabis legalization is the potential for
increased cannabis-impaired driving. Studies have demonstrated that cannabis use affects
motor and cognitive skills essential to driving [15], particularly among those who use
cannabis occasionally as they may have less tolerance for THC [85]. Though the overall
percent of adolescents reporting driving when they have been using cannabis or riding in

a vehicle driven by someone using cannabis remained steady from 2011 to 2017 (21.7%

in 2011; 19.7% in 2017) [14], cannabis-impaired driving among adults remains a public
health concern that may be influenced by cannabis legalization and, more specifically,
cannabis commercialization. For instance, medical cannabis legalization has been associated
with a near doubling of the prevalence of driving while under the influence of cannabis

[17]. However, it was not until the commercialization of medical cannabis in Colorado in
mid-2009 that fatal motor vehicle crashes with drivers who were cannabis-positive increased
significantly (5.9% in early 2009 to 10% at the end of 2011)—an increase not seen in

states that did not adopt medical cannabis legalization [18]. Similar trends were observed
following the start of recreational sales in 2014: the number of driving-under-the-influence
(DUI) citations in which cannabis was the identified impairing substance increased 16%
between 2014 and the first ten months of 2016 [20]. Additionally, fatalities in which

the driver tested positive for cannabinoids increased by 80% between 2013 and 2015 in
Colorado [15].

Use during preghancy

Cannabis use during pregnancy and while breastfeeding has increased since recreational
cannabis legalization [38]. More broadly, women in states where cannabis is legal are more
likely to use cannabis in pregnancy than women in non-legal states [86]. Cross-sectional data
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from the 2014-2015 Colorado Pregnancy Risk Assessment Monitoring System (PRAMS)
estimated the prevalence of cannabis use during pregnancy to be approximately 5.7% in
Colorado, greater than the national estimates of 3.8% [87]. Furthermore, among women

in CO who have ever used cannabis, 35.8% reported use during pregnancy [88]. The
highest rates of cannabis use during pregnancy are among young women who themselves
are vulnerable to cannabis use during neurodevelopment: adolescents aged 15-19 years old
(13.3%), followed by young adults aged 20-24 years old (12.3%) [89]. Cannabis use is
also more common among women with unintended pregnancies than planned pregnancies
(10.4% vs 4.1%). In 2018, a statewide study found that 70% of dispensaries recommended
using cannabis products for morning sickness [89]. Further, some medical providers in
Colorado recommend cannabis to pregnant women, despite opposition by the American
College of Obstetricians and Gynecologists [90].

Discussion

Over the past two decades, cannabis policies have become more permissive in the United
States, culminating in the commercialization of recreational cannabis. As one of the first
states to legalize recreational cannabis, Colorado started with minimal industry regulation
and intervention by the state government. This may have been at the expense of Colorado
youth, who ranked last in the priorities of regulators and stakeholders as the groundwork
was established for recreational cannabis sales [91]. While cannabis use has remained
stable among Colorado adolescents, the prevalence has increased among young adults, who
continue to remain at risk of the neurodevelopmental consequences of cannabis use. Further,
Colorado youth of all ages use at higher rates compared to the United States. However,

one notable limitation of cannabis legalization research is that prevalence is not a sufficient
surrogate measure of the frequency of cannabis use or the quantity of cannabis consumed
by individuals. Thus, it remains unknown if cannabis legalization is associated with other
changes in patterns of cannabis use.

One of the principal effects of recreational cannabis legalization has been
commercialization, which resulted in unprecedented THC concentrations nearing 25%

in flower-based products 95% in concentrate products. Of particular concern, the
THC:cannabidiol (CBD, THC:CBD) ratio has increased sharply from 14:1 to more than
80:1 [92]. THC, which mediates the intoxicating effect of cannabis, is a cannabinoid
receptor partial agonist [93]. Conversely, CBD is a cannabinoid receptor antagonist. It is
hypothesized that CBD exerts some neuroprotective effects against the negative impacts of
THC. To date, the neurodevelopmental, addiction, and mental health impacts of high THC
products remain unknown [94]. Along with the rise in THC potency, product availability
and modes of use have also changed, with increased prevalence of high concentrate products
including vaping, edibles, and wax.

To date, the effectiveness of cannabis regulations and policies has not been studied in
Colorado. Under-regulation of the cannabis industry, however, resulted in variable and
undisclosed product potency and increased unintentional overdoses among all age ranges. It
is important for regulatory agencies to consider mandated potency testing, product labeling,
and packaging to enhance consumer protections. The average consumer is not able to
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quantify the potency of cannabis nor the amount consumed at one time. While there is a cap
on THC content per serving for edibles, the same guidelines should be considered for other
cannabis products. For example, anecdotally, cannabis industry representatives in Colorado
recommend a serving size of half a grain of sand for wax, whereas many youth reports using
one or more teaspoons of wax at a time. THC potency caps have not been implemented in
Colorado, though such measures may provide further consumer protections and emphasize
the health concerns of high-potency THC products.

Throughout the stages of cannabis legalization, there have also been notable decreases in
perceived risks of cannabis. Recreational cannabis legalization has resulted in increased
exposure to cannabis in a socially acceptable perspective [41]. One possible determinant
of perceived harm may be counterbalancing claims of health benefits. Because cannabis is
often described as “natural” and medical uses are canonized in medical cannabis policies
and may be publicly touted, many youths view it as less harmful and less addictive

than other drugs and medications including anti-depressants, anxiolytics, and opioids [49].
Further, Bierut et al. surveyed licensed cannabis retailers and found that the majority in
Colorado made health claims regarding cannabis use [21]. This is particularly concerning
as Colorado statutes expressly forbid cannabis retailers from making or promoting health
claims. Conversely, none of the retail stores listed harmful or adverse effects of cannabis use.

Colorado statute does require cannabis products to be labeled with the following warning
statements: “This product was produced without regulatory oversight for health, safety,

or efficacy” and “There may be long term physical or mental health risks from use of
marijuana including additional risks for women who are or may become pregnant or are
breastfeeding. Use of marijuana may impair your ability to drive a car or operate machinery”
[95]. However, as reviewed herein, numerous specific safety concerns have emerged
including CUD, comorbid mental health disorders, suicidal behavior, cannabis-induced
psychosis, risk of overdose or other effects requiring acute care management, EVALI, and
neurodevelopmental risks to unborn children exposed in utero. Further, a recent review by
Volkow et al. identified the following risks with a high level of confidence: addiction to
cannabis and other substances, diminished lifetime achievement, motor vehicle accidents,
and symptoms of chronic bronchitis [79]. Other risks with a moderate level of confidence
include abnormal brain development, progression to use of other drugs, schizophrenia, and
depression or anxiety. While many warnings are associated with cannabis use and further
studies are needed, it remains vital to provide evidence-based guidance to consumers in the
form of direct, specific warnings.

In addition, selective interventions should be developed to educate populations most at
risk of the adverse consequences of cannabis use, including youth. As noted above, risk
perceptions have decreased significantly among youth. Risk perceptions influence product
selections to avoid combustible products or conceal use. However, many youth do not
recognize signs or symptoms of CUD, nor do they recognize harms of frequent cannabis
use. As reported by Silins et al., daily use of cannabis before age 17 years old is associated
with decreased odds of completing school or attaining a degree, development of CUD,

use of other illicit drugs, and suicide attempt [50]. One challenge presented by changing
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perceptions of cannabis harm and acceptability may be shifting attitudes toward treatment
and decreased treatment-seeking behaviors.

While access to substance use treatment is wholly inadequate, youth seldom recognize
symptoms of problematic cannabis use. In a study of perceived harm Popova et al. found
that many respondents could describe physiologic changes due to regular cannabis use,
though they generally did not identify these signs of tolerance as indicative of problematic
use or CUD [49]. However, many discussed using higher potency products or higher
amounts to overcome these physiologic changes to achieve getting high. Further, few
respondents reported withdrawal symptoms. More research is needed to understand barriers
to engaging youth into treatment and to develop harm reduction strategies in which youth
with problematic cannabis use may be more willing to engage [96]. Diversion programs
should also be considered a necessary component of addressing problematic cannabis use
and substance-using behaviors and crimes among youth. Such programs in Colorado have
proven effective to engage adolescents in substance use and mental health treatment and
decrease recidivism rates.

A second at-risk population that would benefit from targeted educational resources and
selective interventions consists of individuals with comorbid mental health disorders. Prior
to recreational cannabis legalization, numerous studies established associations between
cannabis use and multiple mental health disorders and adverse outcomes, of which suicidal
behavior and cannabis-induced psychosis are the most concerning. Approximately 33%

of adolescents with a substance use disorder and 80% of adolescents entering treatment
for a substance use disorder also have another comorbid mental health disorder [97].
Co-occurring substance use and psychiatric disorders have poorer treatment outcomes,
earlier time to episodes of return to use, and increased treatment dropout. However, the
mechanism by which comorbid disorders interact with problematic cannabis use remains
unclear [98-100].

The most common mental health disorders associated with CUD include depression and
anxiety disorders, psychosis, and earlier onset of mania than youth who do not use
cannabis [101]. There are overlapping symptoms which may contribute to the maintenance
of comorbid disorders, including a motivational state, loss of energy, affective flattening,
and lower overall relationship and life satisfaction [102]. Notably, quasi-experimental
family-controlled study designs support an elevated risk of suicidality and non-suicidal
self-injurious behavior associated with cannabis use [103-107]. Further, some evidence
suggests that adolescents who use concentrates are more likely to report paranoia [108],
consistent with studies finding that frequent, high-THC cannabis use is associated with
earlier psychosis onset than lower-THC cannabis used at a similar frequency [67].

Unborn children of women who are pregnant or may become pregnant comprise a third
at-risk population. The prevalence of cannabis use has increased among pregnant women,
with the greatest increases in adolescents and young women. It is concerning that medical
professionals and cannabis dispensaries continue to recommend cannabis use given the
mounting evidence of negative consequences to the unborn child. Perinatal exposures

to cannabis are of concern as they have been associated with decreased 1Q, impaired
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cognitive function, and attentional capabilities in children [109, 110]. THC rapidly crosses
the placenta, with cord blood THC levels measured three to six times lower than that found
in maternal blood, though there is greater transfer early in pregnancy, when the fetus may be
most vulnerable to the neurodevelopmental consequences of cannabis exposure [111].

In conclusion, cannabis policies have evolved through political processes that have outpaced
and, in some cases, superseded scientific research. The prevalence of cannabis use should
not be the only, nor is it an adequate, public health measure of the impact of cannabis
legalization. Little is known about the frequency of cannabis use among youth in more
permissive regions. Further, increases in THC potency and changes in modes of use continue
to severely outpace cannabis research. It is vital for the medical and research communities
to conduct studies that will provide evidence to inform future policies and regulations.
Particularly as the need for adolescent addiction psychiatric care has exceeded systems
capacity, evidence-based prevention and selective intervention strategies are imperative to
help protect youth and other at-risk populations in this changing cannabis landscape.
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Fig. 1.
Annual cannabis sales in Colorado from 2014-2020 by product type. Annual sales in United

States dollars (millions) is presented for concentrates, edibles, and flower-based products
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Prevalence of cannabis use and perceived harm in youth in Colorado compared to the United
States in the NSDUH. Prevalence of a past-year cannabis use, b past-month cannabis use,
and c annual first use of cannabis, as well as d perceived harm of monthly cannabis use, are
presented from 2002 to 2019. Red: Colorado young adults aged 18-25 years old. Yellow:
United States young adults (including Colorado) aged 18-25 years old. Green: Colorado
adolescents aged 12-17 years old. Blue: United States adolescents (including Colorado)
aged 12-17 years old. For perceived harm of monthly cannabis use (d), there is a one-year
gap between 2014 and 2015 in data reported in the NSDUH
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Prevalence of past month alcohol use, binge drinking, and tobacco use in youth in Colorado

in the NSDUH. The prevalence of past-month alcohol use (blue), binge drinking (gray), and
tobacco use (red) is presented from 2002 to 2019 for young adults aged 18-25 years old
(solid lines) and adolescents aged 12-17 years old (dashed lines). For the past month binge

drinking (gray), there is a 1-year gap between 2014 and 2015 in data reported in the NSDUH
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