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Abstract

Social attitudes and cultural norms around the issue of substance abuse are shifting rapidly around
the world, leading to complex and unpredictable consequences. On the positive side, efforts to
more intensly disseminate the scientific evidence for the many connections between chronic
substance use and the emergence of measurable and discrete brain dysfunctions, has ushered in an
evolving climate of acceptance and a new era of improved access to more effective interventions,
at least in the United States. On the negative side, there has been a steady erosion in the public
perception of the harms associated with the use of popular drugs, especially cannabis. This
worrisome trend has sprouted at the convergence of several forces that have combined, more or
less fortuitously, to effectively change long-standing policies away from prohibition and toward
decriminalization or legalization. These forces include the outsized popularity of the cannabis
plant among recreational users, the unflagging campaign by corporate lobbyists and patient
advocates to mainstream its medicinal use, and the honest realization in some quarters of the
deleterious impact of the drug war and its draconian cannabis laws, in particular, on society’s most
vulnerable populations.

Updating drug policies is a desirable goal, and significant changes may indeed be warranted.
However, there is a real concern when policy changes are hurriedly implemented without the
required input from the medical, scientific, or policy research communities. Regardless of how
well intentioned, such initiatives are bound to magnify the potential for unintended adverse
consequences in the form of far ranging health and social costs. To minimize this risk, science
must be front and center in this important policy debate.

Here, we review the state of the science on cannabis and cannabinoid health effects, both adverse
and therapeutic. We focus on the prevalence of use in different populations, the mechanisms by
which cannabis exerts its effects (i.e., viathe endocannabinoid system), and the double-edged
potential of this system to inspire new medications, on one hand, and to cause short and long term
harmful effects on the other. By providing knowledge of cannabis’ broad ranging effects, we hope
to enable better decision making regarding cannabis legislation and policy implementation.
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Introduction

Cannabis policy is evolving rapidly, not only in the United States (US) but also in many
countries around the world. To date, in the US, twenty-eight states plus the District of
Columbia (D.C.) have legalized medical use of cannabis while sixteen states have legalized a
component of the cannabis plant called cannabidiol (CBD) (National Conference of State
Legislatures, 2016). Eight states plus D.C. have legalized the recreational use of cannabis for
individuals over the age of 21 (National Conference of State Legislatures, 2016). These
changes in State laws have occurred largely without significant input from the medical,
scientific, or policy research communities, a stance that, unfortunately, appears to follow
historical tradition when it comes to crafting cannabis policy. Consequently, the degree to
which the current scientific evidence base has complemented other critical domains, like
social science or economic methods, to inform the implementation of those policy changes
is highly variable and, at best, minimal, While there is general consensus that cannabis use
has risks, particularly for children and adolescents, there is also a recognition that
prohibition has been ineffective or worse; leading, for example, to a disproportionate
incarceration of ethnic and racial minorities (Drucker, 1999). At the same time, there are still
many areas of contention and scientific ambiguity in need of further research. This paper
briefly highlights the current state of the science regarding: a) the prevalence of cannabis
use; b) the endocannabinoid system where cannabis’ active ingredients exert their effects; c)
the potential for cannabis/cannabinoid based therapeutic development; d) the known and
suspected risks associated with cannabis use; and e) some of the research gaps that need to
be addressed in order to judiciously influence policy. The paper focuses on the basic science
of cannabis and the endocannabinoid system in order to complement the extant
epidemiological and policy literature discussed in this special issue.

Prevalence of Cannabis Use

Cannabis is the most commonly used ///icit substance in the US and globally. An estimated
22.2 million Americans aged 12 or older reported current (past month) use in 2014 and
approximately 181.8 million people worldwide, ages 15-64, consumed cannabis for
nonmedical reasons in 2013 (Center for Behavioral Health Statistics and Quality, 2015)
(Hall, Renstrom, & Poznyak, 2016). Approximately 4.2 million individuals in the US met
diagnostic criteria for cannabis dependence in 2014 while about 5.7 million reported daily or
almost daily use in the past 12 months (300 or more days) in 2013, up from 3.1 million in
2006 (Center for Behavioral Health Statistics and Quality, 2015) (Substance Abuse and
Mental Health Services Administration, 2014). Not surprisingly, according to the National
Survey on Drug Use and Health (NSDUH), the highest prevalence rate is among young
adults aged 18-25 (approximately 19.6% of whom reported past month use in 2014), but this
rate has been relatively stable over the last 5 years.. Increases in use were reported by adults
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over the age of 26, where past month cannabis use rose from 4.6 percent in 2009 to 6.6
percent in 2014 (p=0.01) (Center for Behavioral Health Statistics and Quality, 2015).

Among high school students (8th, 10th, and 12th graders), use also appears to have
stabilized (or decreased in 8! graders) over the past 5 years, despite a declining perception
of harm associated with occasional or frequent cannabis use during the same period
(Johnston, Malley, Miech, Bachman, & Schulenberg, 2016). In 2015, 31.9% of 12th graders
perceived regular cannabis use as risky compared to 46.8% in 2010, and 78.6 percent in
1991 (Johnston et al., 2016). In this age group, recent (past month) cannabis use (21.3%)
exceeds that of cigarettes (11.4%) and e-cigarettes (16.2%) (Johnston et al., 2016). Also, 1.2
million youth aged 12 to 17 used cannabis for the first time in 2014 (Center for Behavioral
Health Statistics and Quality, 2015)

Of greatest concern is the nearly 6% of 121" graders who report daily or almost daily
cannabis use (Johnston et al., 2016). This statistic likely underestimates the true percentage
for this age range, since regular cannabis use is associated with higher levels of school
dropout, and Monitoring the Future (the source of these data) is a school-based survey
(McCaffrey, Pacula, Han, & Ellickson, 2010) (Silins et al., 2014). Among regular users,
cannabis’ cognitive impairing effects outlive its intoxicating effect, lasting between one and
a few days (Solowij, 2002) (H. G. Pope et al., 2003). Thus, daily users are likely performing
at sub-optimal levels all or most of the time, when they should be advancing academically
and developing emotional maturity and social skills.

Impact of Medical Cannabis Laws on Non-medical Use

A number of researchers have investigated the impact of changes in cannabis’ legal status on
its use, particularly in young populations (Gorman & Huber Jr., 2007) (Lynne-Landsman,
Livingston, & Wagenaar, 2013) (Pacula, Powell, Heaton, & Sevigny, 2014). This research
has mainly focused on medical cannabis laws, since legal recreational use (for those 21 and
older) has only been enacted very recently. Although not all studies have drawn the same
conclusions, the evidence suggests that the passage of medical cannabis laws does not per se
increase the prevalence of cannabis use among adolescents (Stolzenberg, D’ Alessio, &
Dariano, 2016) (Hasin, Wall, et al., 2015) (Pacula et al., 2014). In fact, among 8t graders,
where use has been decreasing, perceived harmfulness has risen in states that have passed
medical cannabis laws (Keyes et al., 2016). However, youth in states with medical cannabis
laws do report obtaining cannabis from friends or family members that have been authorized
to receive it, suggesting significant diversion of medical cannabis (Johnston et al., 2016)
(Salomonsen-Sautel, Sakai, Thurstone, Corley, & Hopfer, 2012). Moreover, states that have
medical cannabis laws also have higher rates of cannabis use by youth (even before
legalization) than those that do not (Hasin, Wall, et al., 2015). These findings may reflect a
more permissive attitude towards cannabis, which might also have contributed to its
legalization within these states in the first place.
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Knowledge Gaps

Whereas national surveys provide useful data tracking the prevalence of cannabis use over
time, these measures only provide snapshots that often fail to capture important information,
including the quantity, frequency, and potency of the cannabis being used in the community
(Hall, 2015) (Solowij, Lorenzetti, & Yiicel, 2016). The potency of cannabis, defined as the
concentration of the plant’s main psychoactive ingredient responsible for the “high” or
reinforcing effects (A%-tetrahydrocannabinol or THC), has been steadily increasing in the
US, from approximately 3% in the 1980’s to over 12% in recent years (EISohly et al., 2016).
However, these estimates are based on the potency measured in samples seized by the US
Drug Enforcement Administration (DEA) and may not reflect the potency of cannabis
strains being sold in dispensaries in States with legal cannabis access or the cannabis strains,
formulations, and/or routes of administration (e.g. dabbing, shatter) that purportedly contain
or achieve very high concentrations of THC (e.g., 70% or more). The effects of such high
levels of THC exposure on the brain are unexplored, and may be particularly hazardous for
young users, whose brains are actively developing, or for new users, who are not
experienced at titrating their intake and may be more prone to suffering adverse reactions
(llan, Gevins, Coleman, EISohly, & de Wit, 2005) (Molkow et al., 2016).

The value of current surveillance instruments is also limited because of their inadequate
capacity to assess polysubstance use, especially the combination of cannabis and tobacco
(e.g., “spliffs or blunts™), or cannabis and alcohol (Grucza, Abbacchi, Przybeck, & Gfroerer,
2007) (Fairman, 2015). Thus, additional research is needed to better characterize the
patterns, types, and frequencies of cannabis use among various populations and their social,
behavioral, and cognitive impact, while taking into account the changing legal environment
of cannabis.

The Endocannabinoid System (ECS): How Cannabis Exerts its Effects

Cannabis has been used for many centuries for various reasons; however, it was not until
1964 that researchers in Israel isolated and identified THC as the main psychoactive
component of cannabis (Gaoni & Mechoulam, 1964). More than two decades after the
discovery of THC, researchers in the US identified the first type of cannabinoid receptor
(CB1) located throughout the central nervous system, mainly on neurons and glial cells in
the brain, but they can also be found in several other organs throughout the body (Devane,
Dysarz Il1, Johnson, Melvin, & Howlett, 1988). A few years later, another group of
researchers found a second type of cannabinoid receptor (CB2), which was primarily
expressed in the periphery, and most prominently in cells of the immune system (Munro,
Thomas, & Abu-Shaar, 1993). With the discovery of these receptors, a search for the natural
(i.e., endogenous) ligands that bind to them and the role of this system in normal physiology,
in animals and humans, followed (Fride & Mechoulam, 1993) (Sugiura et al., 1995)
(Mechoulam & Hanus, 2000). Our growing knowledge about the endocannabinoid system
(ECS) combined with intense research documenting the interaction between THC and
cannabinoid receptors (CBRS) have dramatically increased our understanding of how
cannabis exerts its effects.
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The ECS comprises the cannabinoid receptors (CB1 and CB2), their endogenous ligands
(the best characterized of which are anandamide (AEA) and 2-arachidonoylglycerol (2-
AQG)), and the enzymes responsible for their synthesis and break down (including FAAH,
MAGL, DAGL, NAPE-PLD, ABHD6, GDEL) (Piomelli, 2003). CB1 receptors are among
the most ubiquitous receptors in the brain; understanding their distinct brain distribution has
contributed greatly to our understanding of both ECS function and the effects of cannabis.
For example, brain CBL1 receptors reach their highest density in areas like the hippocampus
(involved in memory formation), cerebellum and basal ganglia (involved in coordination and
initiation of movement), cerebral cortex (involved in regulating executive function and
enhanced sensation), hypothalamus (involved in regulating appetite), dorsal vagal complex
(involved in emesis), and spinal cord (important in pain transmission/perception) (See Figure
1) (Mackie, 2008) (Herkenham et al., 1990). On the other hand, identification of brain
structures with few CB1 receptors (such as those controlling respiratory function) help
explain why cannabis does not typically depress respiration, the way other abused
substances do (e.g., opioids) (Herkenham et al., 1990). CB2 receptors play an important role
in the regulation of immune function and possibly pain, and are found in high concentrations
in the spleen, gastrointestinal system, peripheral nervous system, and testes (Roche & Finn,
2010). They are also found in the brain to a lesser extent, where their function is less clear
(Xietal., 2011) (Malfitano, Basu, Maresz, Bifulco, & Dittel, 2014).

The ECS is tightly regulated, with endocannabinoids being synthesized “on demand” in
dynamic response to the activity state of a particular neural network (Figure 2). After being
synthesized, endocannabinoids (e.g., 2-AG) travel back to the transmitting [presynaptic)
neuron where they bind to cannabinoid receptors to dampen the activity of other
neurotransmitter systems (e.g., GABA or glutamate) before being degraded through the
action of specific hydrolytic enzymes (DAGL, in the case of 2-AG) (Piomelli, 2003). Thus,
activation of cannabinoid receptors can lead to a blunting of excitation or inhibition within a
circuit, depending on the types of neurons affected. While cannabinoid receptors are located
on multiple neuron types (and glia cells), the most common are the glutamatergic
(excitatory) and the GABAergic (inhibitory) neurons (Alger, 2012). Regional selectivity is
conferred by the location of the neurons and the circuits they are a part of. This is why, when
THC (or other cannabinoid agonists) activates cannabinoid receptors, it does so in a non-
selective way, affecting CB receptors throughout the brain (and the body) thereby producing
a non-physiological response. The enzymes that rapidly break down the endocannabinoids to
halt their activity do not metabolize THC, so its effects persist rather than being under tight
temporal control (Pertwee, 2008). With repeated exposure to THC, the endocannabinoid
system may undergo plastic changes in an attempt to adapt to a chronically increased
cannabinoid level (Hoffman & Lupica, 2013). This maladaptive process typically involves
reductions in the number of CB1 receptors, which can lead to the ECS becoming less
sensitive to endogenous cannabinoids and/or natural stimulation (Ceccarini et al., 2015)
(Hirvonen et al., 2012). Moreover, users may experience this as tolerance, or a decrease in
cannabis’ effects, which could lead to more frequent use or to the use of more potent
cannabis strains. Yet, it is important to point out that these adaptations may be reversible: for
example, CB1 receptor downregulation recovered following a 4 week period of monitored
abstinence in daily cannabis users (Hirvonen et al., 2012). Finally, synthetic cannabinoids,
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like Spice, K2, and others, are considered “super agonists” because they exert a profound
and long-lasting supraphysiological effect on the cannabinoid system, which can lead to
severe toxic reactions, including psychosis (outlasting the drug’s intoxication effect), heart
attacks, vomiting, seizures, etc. (Rosenbaum, Carreiro, & Babu, 2012).

Potential Therapeutic Applications

The ubiquity of cannabinoid receptors (type 1 and 2) and their endogenous activators in the
brain and the body has led researchers to study the ECS in myriad physiological processes in
both health and disease. In fact, it is nearly impossible to find a health condition in which the
ECS has not been hypothesized to play some role (Pacher & Kunos, 2013). Thus, it is not
surprising to find great interest in investigating ways for exploiting cannabis’ medical
potential. A number of strategies are being employed to this end. For example, researchers
are synthesizing and testing compounds that block the activity of the enzymes that break
down the endogenous cannabinoids, such as FAAH or MAGL (Piomelli et al., 2006)
(Blankman & Cravatt, 2013). This could allow for a selective response enhancing
cannabinoid effects only in those neurons and circuits that happen to be active at the time of
administration. FAAH inhibitors have been shown in animal models and some human
studies to reduce anxiety, depression, nicotine and cannabis intake, and to improve social
behavior in a model of autism spectrum disorders (Scherma et al., 2008) (Gunduz-Cinar,
Hill, McEwen, & Holmes, 2013) (Marco et al., 2015) (Blankman & Cravatt, 2013). Side
effects have been minimal, and tolerance (loss of efficacy following repeated administration)
does not seem to occur. Another approach is to selectively activate peripheral CB2 receptors
using compounds that do not cross the blood brain barrier, thus minimizing or totally
avoiding undesirable psychoactive effects. Animal studies have provided evidence that such
compounds can alleviate pain through their actions on the immune or peripheral nervous
systems (Pertwee, 2012) (Rahn et al., 2011). There are also compounds being developed that
are called “positive or negative allosteric modulators’ of cannabinoid receptors, which work
by enhancing or reducing the cellular response to stimulation by an endogenous ligand
(Morales, Goya, Jagerovic, & Hernandez-Folgado, 2016) (Baillie et al., 2013). Finally, there
are receptor blockers for cannabinoid receptors that do not have any intrinsic activity on
their own (Console-Bram, Marcu, & Abood, 2012). All these approaches strive for greater
selectivity and physiological relevance to improve function while avoiding disruptive
downstream or countering adaptations that would interfere with or even cancel any potential
therapeutic benefits. Thus, while the evidence-base is still developing, the promise of
therapeutics is marked.

State of the Science for the Medical Use of Cannabis or its Extracts

As a result of the current legal status of medical cannabis in many states across the US and
nations around the world (e.g., Israel, Germany, the Netherlands, Canada, Mexico), various
derivatives of the cannabis plant are routinely being used to treat over 50 conditions or
symptoms, despite the paucity of clinical trials showing efficacy of the whole plant for any
specific condition (Madras, 2015) (Whiting et al., 2015)(Koppel et al., 2014). This is further
complicated by: 1) the inherent variability of botanical products stemming from genetic
variations, growing conditions, use of pesticides, time of harvest, etc.; 2) the large number of
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compounds that comprise the plant which may or may not have significant, harmful, or even
opposite biological activities (cannabis contains 400 compounds, including at least 100
cannabinoids); 3) the lack of information regarding optimal routes of administration and
appropriate dosing; and 4) the absence of risk benefit analyses in different patient
populations to guide prescribing practices and use (differential impact on, for example,
terminally ill patients with no other options, children with severe intractable seizure
disorders, or young adults with minor aches and pains).

The Food and Drug Administration’s (FDA’s) drug review and approval process is designed
to ensure that new medicines, including those derived from botanicals, are appropriately
evaluated for safety and effectiveness, are cultivated and manufactured under safe conditions
for human consumption, and are consistent from batch to batch (U.S. Food and Drug
Administration, 2014). In the current environment, many patients are using cannabis-derived
products or extracts that have not undergone rigorous clinical trials, are not regulated for
consistency or quality, and are indicated for medical conditions with an insufficient (or no)
evidence base supporting their effectiveness.

Research is ongoing using the entire cannabis plant or its extracts, and most of it has focused
on two cannabinoids: THC and CBD or their combination. As stated previously, the
euphoric psychoactive effects of cannabis are caused by THC’s actions on CB1 receptors.
CBD has a very low affinity for the CB receptors (100-fold less than THC), and does not
appear to produce euphoria or intoxication. In fact, CBD’s actions may attenuate some of
the effects of THC, although there is some disagreement about this in the literature. CBD’s
(Vann et al., 2008) mechanism of action is not well understood, however, multiple signaling
systems (e.g., the serotonin 5-HT 1, receptor, orphan G-protein-coupled receptor GPR55, the
a3 and al glycine receptors, and others) have been implicated (Devinsky et al., 2014)
(Detyniecki & Hirsch, 2015). Preclinical studies have provided some evidence that CBD
may have neuroprotective and anti-inflammatory effects (Hampson, Grimaldi, Axelrod, &
Wink, 1998). CBD has also sparked a lot of attention for its potential therapeutic effects in
severe forms of pediatric epilepsy, as well as in psychiatric conditions, including anxiety,
psychosis, and addiction (Devinsky, Marsh, et al., 2015) (Paolino, Ferretti, Papetti, Villa, &
Parisi, 2016) (Leweke et al., 2012) (Zuardi et al., 2012) (Mechoulam, Parker, & Gallily,
2002) (Blessing, Steenkamp, Manzanares, & Marmar, 2015) (Prud’homme, Cata, & Jutras-
Aswad, 2015).

To date, the FDA has approved three cannabinoid-based medications, all of which are
synthetic formulations identical or similar to THC: dronabinol (Marinol), an oral dronabinol
solution (Syndros), and nabilone (Cesamet). These compounds have been approved for the
treatment of severe nausea and vomiting in patients undergoing cancer chemotherapy, or
wasting in patients with AIDS. A number of other countries have approved an oromucosal
spray (nabiximols, trade name Sativex) that contains a purified cannabis extract with
approximately equal parts THC and CBD for the treatment of spasms and pain associated
with multiple sclerosis (Chaplin & Dobson, 2010) (Sastre-Garriga, Vila, Clissold, &
Montalban, 2011). In addition, Phase 3 clinical trials are ongoing for the use of another GW
Pharma product containing only CBD extracted from the cannabis plant (trade name

Int J Drug Policy. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weiss et al.

Page 8

Epidiolex) for the treatment of Dravet and Lennox-Gastaut Syndromes (severe forms of
epilepsy) (Devinsky, Thiele, et al., 2015).

Recent scientific reviews in JAMA (Whiting et al., 2015) and by the American Academy of
Neurology (Koppel et al., 2014) have concluded that there is strong evidence for the use of
phytocannabinoids (nabiximols) to treat spasms and pain associated with multiple sclerosis,
and moderate evidence for the treatment of neuropathic pain (using THC and nabiximols),
although these indications are not yet approved by the FDA. A number of other conditions
or symptoms are also being investigated, including Tourette’s syndrome, insomnia, obesity,
cancer, anxiety, irritable bowel disease, autoimmune disorders, and more; however, the
clinical trials data are not yet sufficient to show efficacy, and some of these indications are
based solely on preclinical (animal or cell culture) data, which, more often than not, fail to
translate into effective therapeutics (Zettl, Rommer, Hipp, & Patejdl, 2016) (Tsang &
Giudice, 2016) (Curtis, Clarke, & Rickards, 2009) (Ben Amar, 2006) (Tanasescu &
Constantinescu, 2010) (Grotenhermen & Miiller-Vahl, 2012).

Adverse Consequences of Cannabis Use: Acute and Chronic Effects

While certain aspects and attributes associated with the chronic use of cannabis remain
contested, the acute effects of cannabis intoxication i.e., relaxation, appetite stimulation,
heightened sensation, impairment of balance and motor coordination, increased heart rate,
impairment of short-term memory and learning, interference with executive function,
including judgement and decision-making, and possible mental health disturbances,
including psychosis and paranoia (especially with high doses or oral administration) have
been well established (Volkow, Baler, Compton, & Weiss, 2014) (Volkow et al., 2016).
However, our understanding of the sequelae of chronic cannabis use is less developed,
particularly with regard to causality and permanence of effects. There are a number of
reasons for this in particular, the preclusion of randomized controlled exposures (for ethical
reasons) that could rule out pre-existing differences, and the common use of multiple
substances (e.g., alcohol and tobacco) especially in adolescents. Nevertheless, there are
some outcomes that are clearly linked to chronic cannabis use while animal studies can help
determine causality.

Cannabis Use Disorder (CUD; Addiction)

There is overwhelming evidence that a subset of cannabis users will develop cannabis use
disorders (CUD--formerly referred to as abuse, dependence, or addiction), evinced by
trouble controlling intake, use in risky situations, social impairment, tolerance and
withdrawal symptoms (Elkashef et al., 2008) (Budney & Hughes, 2006) (Stinson, Ruan,
Pickering, & Grant, 2006). Prior research on the development of cannabis dependence
suggests that approximately 9% of individuals that report everusing cannabis ultimately
develop dependence (addiction) (Anthony, Warner, & Kessler, 1994) (Lopez-Quintero et al.,
2011). Data collected from cannabis users in 2004—-2005 indicated that the probability of
transitioning to dependence was 8.9% with transition occurring more rapidly in cannabis
users as compared to nicotine or alcohol users (Lopez-Quintero et al., 2011). Reports of
global prevalence suggest that over 13 million individuals met the criteria for dependence in
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2010, with higher population prevalence rates in males (0.23 percent [0.20-0.27 percent])
than in females (0.14 percent [0.12-0.16 percent]) (Degenhardt et al., 2013).

Trends in the prevalence of cannabis dependence or CUD are unclear, with two national
surveys reporting discrepant results. NSDUH, which is conducted annually, reports no
change or decreasing rates of dependence (among 12-17 year olds) between 2002 and 2014,
but NESARC found a doubling in the rates of cannabis use and disorders in two waves of
data collection covering approximately the same time frame (2002-2003-2012-2013)
(Grucza, Agrawal, Krauss, Cavazos-Rehg, & Bierut, 2016) (Center for Behavioral Health
Statistics and Quality, 2015) (Hasin, Saha, et al., 2015). Further analyses are ongoing to
clarify the reasons for this difference.

Psychosis

Adverse mental health outcomes, including anxiety, depression, and suicidal ideation have
all been linked to chronic cannabis use; however, the data supporting these associations have
not been consistent (Molkow et al., 2016) (Minozzi et al., 2010) (McLaren, Silins,
Hutchinson, Mattick, & Hall, 2010). In contrast, the link to psychosis (or schizophrenia) has
been well replicated even though most cannabis users do not develop schizophrenia.

It is well established that ingestion of high doses of cannabis can produce an acute psychotic
reaction, which typically resolves once the intoxication wears off and cannabis is cleared
from the user’s system (Radhakrishnan, Wilkinson, & D’Souza, 2014). However, multiple
lines of research have also suggested that cannabis use can be a risk (or component causal)
factor for the development of chronic psychosis or schizophrenia in individuals with a
genetic vulnerability. In addition, cannabis use is linked to an earlier onset of disease, and a
more severe course of illness (Moore et al., 2007) (McLaren et al., 2010) (Volkow et al.,
2016) (Arseneault et al., 2002). Cannabis is also frequently used by people with
schizophrenia, in spite of the fact that it may worsen positive symptoms (hallucinations,
delusions, confused thinking).

The link between cannabis use and psychosis was first described in a longitudinal study of
Swedish conscripts by Andreasson et al, where 45,570 individuals were followed for 15
years, beginning in 1969/1970. Conscripts who reported cannabis use onset before or at age
18 were 2.4 times more likely to develop schizophrenia and those reporting more than 50
lifetime uses of cannabis were 6 times more likely (Andreasson, Engstrom, Allebeck, &
Rydberg, 1987). These findings have been confirmed in other cohorts studies, which have
also reported that individuals with cannabis use onset before or at age 18 are at an increased
risk of developing psychosis (Arseneault et al., 2002) (Large, Sharma, Compton, Slade, &
Nielssen, 2011) (Di Forti et al., 2014). Among the factors that may contribute to this
enhanced vulnerability are genetic predisposition (e.g., polymorphisms of catechol-O-
methyltransferase (COMT), AKT1, and DAT1, DRDZ2genes), family history, early initiation
and regular use, and daily use of high THC potency products (Caspi et al., 2005) (Proal,
Fleming, Galvez-Buccollini, & DeL.isi, 2014) (Giordano, Ohlsson, Sundquist, Sundquist, &
Kendler, 2015) (Volkow et al., 2016).
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Neuroimaging results support the linkage, since there are common morphological changes in
CUD and schizophrenia, which may contribute to an exacerbation of psychotic symptoms in
chronic cannabis users (Smith et al., 2014) (Yucel et al., 2008) (Van Erp et al., 2016); and
research showing altered cannabinoid receptors in patients with schizophrenia suggest a role
for the ECS in vulnerability to psychosis (Molk, Eggan, Horti, Wong, & Lewis, 2014) (Wong
et al., 2010). These findings, and the typical age of onset of schizophrenia (late adolescence
to early adulthood) suggest that cannabis may disrupt brain development during a vulnerable
period, in those with a family history/genetic predisposition to psychosis. Additional
research is needed to delineate the exact nature of the association and the potential
mechanisms by which cannabis use can affect psychosis risk and onset; as well as
determining risk and protective factors that influence outcome.

Effects on the Developing Brain

The ECS is a critical signaling system that helps guide neuronal and glial cell proliferation,
differentiation, and migration, beginning as early as embryogenesis (Maccarrone, Guzman,
Mackie, Doherty, & Harkany, 2014). From this early period of fetal development until the
approximate age of 26 the brain continues to mature, mainly through experience-dependent
synaptic pruning and increases in connectivity between cortical and subcortical regions,
which become particularly extensive during the adolescent and early adult years (Gogtay et
al., 2004). Since recent data suggest that prenatal use of cannabis during pregnancy is
common globally (approximately 2—13 percent of women worldwide report cannabis use
during pregnancy), and cannabis use often begins in early adolescence, understanding the
impact of cannabis use on the developing brain is of critical importance (Marroun et al.,
2010).

While there is a paucity of research evaluating the morphological effects of prenatal
cannabis exposure on the human brain, a recent prospective study from the Generation R
cohort in the Netherlands suggests that children with /n utero exposure to cannabis develop
thicker frontal cortices compared to children not exposed (Marroun et al., 2015). In addition,
results from two older prospective longitudinal studies [Ottawa Prenatal Prospective Study
(1978) and the Maternal Health Practices and Child Development Study (1982)], suggest
deleterious behavioral and cognitive impacts, including problems with visual memory,
language, attention and executive function in early childhood and adolescence, as well
increased substance use (Fried, 1995) (Day et al., 1994) (Richardson, Ryan, Willford, Day,
& Goldschmidt, 2002). Several caveats should be mentioned here, including the fact that it is
often difficult to attribute findings to specific drug use, as there may be other variables that
distinguish pregnant cannabis users from non-users, including other drug use (especially
tobacco and alcohol), prenatal care, nutrition, etc. In addition, the early cohort studies,
described above, occurred when cannabis’ potency was much lower than it is today; thus,
effects of cannabis exposure may be underestimated compared to more recent cohorts,
including Generation R, which began with women who were pregnant in 2002.

Taken together with the preclinical findings demonstrating a crucial role of the ECS in
neural development, it would be reasonable to expect that cannabis use during pregnancy
could interfere with normal neurodevelopmental maturation. More research is needed on the
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impact of timing, patterns, and quantities of exposures to cannabis, and its combined use
with tobacco or other nicotine products. This is particularly urgent if use by pregnant women
rises because of its anti-nausea properties and a failure to recognize its potential harms.

Adolescence

Adolescence is the stage in life when most drug use starts, and it is also a time of dramatic
brain development synaptic pruning, axon myelination, and strengthening connections
between cortical and subcortical regions (Casey, Jones, & Hare, 2008) (Spear, 2013)There is
a growing literature suggesting that individuals who report frequent cannabis use during
adolescence and into early adulthood suffer significantly worse outcomes in a variety of
domains, and these effects are frequently “dose related”, with daily users being the most
strongly impacted (Hurd, Michaelides, Miller, & Jutras-Aswad, 2014). These include
academic achievement, income, life satisfaction, mental health, and other substance use or
substance use disorders (Silins et al., 2014) (H. G. Pope et al., 2003) (Fergusson & Boden,
2008) (M. T. Lynskey, Coffey, Degenhardt, Carlin, & Patton, 2003). Alterations in brain
structure and function may underlie some of these outcomes, along with disruptions in
academic and social maturational experiences.

Cognitive function has been studied intensively after both acute and chronic cannabis
exposure, and following various periods of abstinence (Broyd, van Hell, Beale, Yucel, &
Solowij, 2016). While it is clear that cannabis use impairs short-term memory and other
cognitive functions during intoxication, and for hours to days afterwards in chronic users,
the persistence and accumulation of cognitive deficits over the long run is less well
established (Volkow et al., 2014) (Volkow et al., 2016). Multiple studies have documented
worse performance on neurocognitive tests in long-term heavy cannabis users compared to
non-users, often correlated with duration and frequency of use, and earlier age of initiation
(\Volkow et al., 2014) (Molkow et al., 2016). Some, but not all, studies suggest that these
cognitive deficiencies can be reversed following a month or more of abstinence (Bolla,
Brown, Eldreth, Tate, & Cadet, 2002) (H. G. J. Pope, Gruber, Hudson, Huestis, & Yurgelun-
Todd, 2002). Even so, regular cannabis use has been consistently associated with higher
rates of school dropout, which may reflect learning, memory and attention problems leading
to poorer school performance (M. Lynskey & Hall, 2000) (Bray, Zarkin, Ringwalt, & Qi,
2000) (M. T. Lynskey, Coffey, et al., 2003) (Solowij, 2002). Maotivational factors may also
contribute, including reduced dopamine synthesis capacity an amotivational syndrome
linked to chronic cannabis use has been known for years; however, its course and underlying
neurobiology is not well characterized (Bloomfield et al., 2014) (Volkow et al., 2016).
Significant and possibly permanent declines in intelligence quotient (1Q) were reported in a
longitudinal study (Dunedin cohort) among cannabis users who started as adolescents and
developed cannabis dependence, with losses corresponding to severity or duration of
dependence (Meier et al., 2012). A recent twin study questioned the causality implied by
these findings; however, differences in methods make a direct comparison difficult (Jackson
etal., 2016).

A growing body of neuroimaging research also suggests that early cannabis use negatively
impacts the structure and function of developing brain circuits (Jacobus & Tapert, 2014).
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The adolescent brain, because it is undergoing dramatic growth, may be particularly
vulnerable. Structural alterations have been reported in cortical (orbitofrontal, medial) and
subcortical (amygdala, hippocampus, cerebellum) regions (Filbey et al., 2014). However,
one important exception was a study comparing the size and shape of various subcortical
structures in adolescent cannabis users vs. controls, which found no differences (Weiland et
al., 2015). The subjects in this study were carefully matched for alcohol consumption, and
this appeared to account for any regional differences in their findings. This highlights one of
the important limitations of these studies, since many adolescents that are heavy cannabis
users also use other substances, it can be difficult to parse out the various influences.
Researchers try to account for these differences statistically, but that may not always be
adequate, especially if there are interactions between the effects of various substances.

Research also suggests that cannabis users have impaired neural connectivity. A study of
adults who began to use cannabis regularly as adolescents found marked decreases in the
connectivity of the fimbria of the hippocampus which is important for memory formation,
and the precuneus region, which is a major hub for many brain circuits (Zalesky et al.,
2012). Functional and resting state neuroimaging studies have also shown altered neural
activity or connectivity, which in some cases, correlated with poorer performance on
neurocognitive tests (Batalla et al., 2013) (Houck, Bryan, & Feldstein Ewing, 2013).

Gateway effects

The age-old concept of cannabis as the paradigmatic “gateway drug” has fueled a
particularly contentious area of research regarding causality linkages (D. Kandel, 1975) (D.
B. Kandel, Kessler, & Margulies, 1978) (Morral, McCaffrey, & Paddock, 2002). In other
words, does exposure to cannabis, particularly during critical periods such as prenatal or in
adolescence, lead to other drug use or drug use disorders? There are a number of relevant
issues to take into account as well as competing explanations: 1) temporal sequencing:
cannabis usually precedes other substance use, except for nicotine and tobacco (which may
be confounded by cannabis’ wide availability); 2) access: users of an illicit substance are
more likely to have access to dealers or peers who can provide other illicit substances; 3)
common liability: the same factors (genetic or environmental) that make an individual likely
to use cannabis also increase their chances of using other substances; and 4) neurobiological
alterations: exposure to cannabis changes a person’s neurobiology in a way that makes them
more likely to use other substances. While all of these factors (and others) are likely to play
arole, it remains true that among users of other substances, cannabis usually comes first;
and also that most cannabis users do not go on to use other drugs. However, two lines of
research are of interest in relation to gateway causal effects. One involves a twin cohort
design comparing outcomes from monozygotic (identical) twins, raised together, who are
discordant for early cannabis use. This controls for genetic and environmental influences as
much as possible in a human study. Several groups have found that early cannabis users are
more likely than their twins to use other drugs and develop a substance use disorder later in
life (cannabis or other) (M. T. Lynskey, Heath, et al., 2003) (M. T. Lynskey, Vink, &
Boomsma, 2006) (Grant et al., 2010). Animal research has also provided intriguing findings,
indicative of not just a gateway effect, but one that may be transmitted across generations.
Research by Yasmin Hurd and her colleagues has demonstrated that exposing mice to THC
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prenatally, or during the rodent equivalent of adolescence, leads to greater intake of heroin
when these animals grow up and are given access to it (Spano, Ellgren, Wang, & Hurd,
2007). Hurd has further documented changes in the sensitivity of the reward system that are
long-lasting and may mediate this effect (Ellgren, Spano, & Hurd, 2007). Animals first
exposed to THC as adults were not similarly affected. More recently, Dr. Hurd found that
rats whose parents were exposed to THC as adolescents (priorto the female rat becoming
pregnant) inherited a vulnerability to heroin when given access that is, they worked harder
than rats whose parents were never exposed to THC to obtain then heroin (Szutorisz et al.,
2014). Whether these effects will translate into human predispositions remains an open
question, but they are intriguing nevertheless.

Research Gaps

Teasing apart the many factors that contribute to worse outcomes in chronic cannabis users,
particularly those who start early, remains a difficult undertaking. Data are rarely available
for the same individuals before they started using substances, and polysubstance use is the
norm, rather than the exception. Also, findings are not always consistent because it is hard to
identify all of the relevant variables that can affect outcomes. In spite of challenges, the
literature has been converging on several findings, especially the one pertaining to the
association between cannabis use during vulnerable periods (i.e., adolescence) and greater
risks of persistent adverse consequences. A more focused basic research effort will be
paramount to help us understand why this may be the case. In particular, large scale,
longitudinal studies using diverse populations are needed to disentangle the multiple
interacting variables (confounding factors) associated with cannabis and other drug use, that
influence brain development and functional outcomes. NIH has launched the Adolescent
Brain Cognitive Development (ABCD) Study in order to address some of these questions in
a large and diverse cohort (~10,000 participants) of 9—10 year olds who will be followed into
early adulthood using brain imaging, behavioral assessment tools, including mobile
technologies, and more(Collaborative Research on Addiction at the National Institutes of
Health, 2016). Additional research will be needed beginning as early as pregnancy to
improve our understanding of normal brain development and how exactly it can be affected
by genetic factors and environmental exposures, including substance use.

Conclusions and Recommendations

Here, we highlight the state of scientific knowledge around cannabis’ therapeutic potential
and adverse effects. This is not an exhaustive review, and it is clear that there are areas where
the data are not yet sufficient to inform policy decisions. However, in addition to the basic
science being conducted in various laboratories, there are many ongoing natural experiments
that could prove very useful in the long-term. In the US, the legal landscape for cannabis is
changing rapidly, with multiple such “experiments” taking place in different States. There
are also many different decriminalization/legalization models implemented around the world
that have been in effect for various periods of time and with very different track records
(Greenwald, 2009) (Walsh & Ramsey, 2016) (MacCoun, 2011) (Rocky Mountains High
Intensity Drug Trafficking Area, 2015). It is critical that we learn from all these approaches
as much as possible, so that we can take steps to minimize harm, especially to those most
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vulnerable who are often the most adversely impacted by ill-advised, even if well-
intentioned, policies. We also need to recognize our biases and measure outcomes rationally
and thoughtfully, including consideration of both benefits and harms.

We know full well that policy decisions are complex, and guided by multiple competing
interests. Moreover, it is unlikely that smart solutions will become universal recipes that will
be effectively applicable, without modifications or adjustments, to very different national
circumstances and cultural identities. As mentioned earlier, it is abundantly clear that we do
not have all the answers we need. However, it may be useful to highlight some of what we
consider to be key scientific questions for policy researchers and decision makers to focus
our efforts as we explore the best way forward, to wit:

On the general issue of legalized cannabis:

. How do specific cannabis laws influence incidence and prevalence of use?
Should strain, potency, and routes of administration be regulated, and if so, how
will that be monitored?

. How will legalization affect academic achievement, vehicular and work related
accidents, other drug use, including tobacco, alcohol, and prescription opioids?
How will these be monitored and what preventive measures can be taken to
counter negative effects?

. Will changes in availability have differential populational impacts on prevalence
and further widen existing social, academic, or economic gaps?

. How will any unforeseen yet potentially significant public benefits derived from
cannabis legalization be identified, monitored, and exploited?

. What are the implications of government vs. private vs. non-profit models of
commercialization?

. What is the actual economic impact related to new revenues, healthcare costs (or
savings), criminal justice repercussions, and workplace productivity?

. Should marketing/targeted advertising be permitted? How will it impact youth
and other vulnerable populations?

. What percentage of revenue should be earmarked for research, treatment, or for
education/prevention campaigns intended to reduce demand, and how can
revenue diversion be prevented?

On the issue of “medical cannabis”:

. What policies can be implemented to counteract the dissemination of
unsubstantiated information?

. What policies should be pursued to speed up the research needed to fully exploit
the therapeutic potential of cannabis-derived medications, either as rigorously
validated and standardized botanical products or in the form of pure or synthetic
compounds?
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. Once cannabis derived (botanical) formulations are approved, how do we
develop and enforce Good Manufacturing Practices (GMP) to protect the health
of the public?

. Will approved complex cannabis formulations offer additional benefits, or be
more affordable than isolated active ingredients for specific clinical indications?

We hope that this list of questions will help to partially circumscribe the universe of
potential research avenues and spur international collaborations to advance the goals of what
is shaping up to become an important new sub-field in policy research.

Far from being prescriptive, the goal of this review is to inform policy researchers,
policymakers, and other stakeholders about the current state of the science and the research
gaps and needs v/s 4 vis cannabis. We hope this information will prove useful to their efforts
to craft, promote, and implement smart evidence-based cannabis policy.
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Highlights

. Cannabis is the most commonly used ///icit substance in the world.

. More research is needed to better understand cannabis’ adverse effects.

. Rapidly changing cannabis policies should be informed by science.

. Researchers should study the consequences of current approaches to cannabis
regulation.

. More research is needed to explore the ECS and cannabinoid’s therapeutic
potential.
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Figure 1.
Distribution of CB1 Receptors in the Brain. This figure illustrates the structures of the

human brain with the highest density of CB1 receptor concentrations. Each identified brain
structure is also notated with its attributed function. The figure is reproduced with
permission from the Canadian Consortium for the Investigation of Cannabinoids.
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Figure 2.
The Endogenous Cannabinoid System. This figure illustrates how the endocannabinoid

system transmits a signal from one neuron to another. The left panel shows the molecular
structures of the plant derived (THC) and natural (AEA, 2AG) cannabinoids that bind to the
CB1 cannabinoid receptor. The right panel illustrates how the endocannabinoid system
works, using a schematic representation of a synaptic junction, which is where signals are
passed from one neuron (presynaptic) to another (postsynaptic). When the presynaptic
neuron is activated, it releases neurotransmitters (NT) that bind to receptors on the
postsynaptic cell. Depending on the NT released, these can be ionotropic receptors (iR)
which allow charged particles to flow directly into a cell, or metabotropic receptors (mR),
which initiate a cascade of intracellular event events. In either case, intracellular calcium
(Ca) is released, which stimulates the synthesis of endocannabinoids (AEA or 2AG) from
precursor lipids located within the cell membrane. These endocannabinoids travel backwards
to the presynaptic neuron where they bind to the CB1 receptors. Through a series of
intracellular events, the endocannabinoids attenuate the subsequent release of
neurotransmitter from the presynaptic neuron. Enzymes that breakdown the
endocannabinoids (e.g. FAAH) are also located within this synaptic junction, enabling the
rapid termination of the endocannabinoid signal. THC binds to the same CB1 receptors,
displacing the natural cannabinoids, and remaining active for longer durations.

The figure is reprinted by permission from Macmillan Publishers Ltd: Nature Reviews
Cancer. Guzman, M. Cannabinoids: potential anticancer agents. Nature Reviews Cancer,
3(10), 745-755., Copyright 2003.
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