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Fig 2. Illicit heroin price, purity and US anti-drug expenditures, 1992 – 2002
(Source: Global Commission on Drug Policy, 2012)



“Legalize, regulate, and restrict access…”



INTRODUCTION

• Measures of drug supply, demand, and 
enforcement prioritized under prohibition

• Increasing calls for metrics which focus on 
impacts of drug policy on public health and 
human rights 

• Debate over legalization in Canada 
focused on perceived harms of cannabis 
and not population-level harms and 
benefits



INTRODUCTION

Objective: Review the scientific literature to 
develop a suite of population-based 
indicators to inform evaluations of the public 
health and safety impacts of new regulatory 
framework



OUTLINE

1. Review proposed measures to evaluate 
the public health impacts of cannabis 
regulation in Canada;

2. Review preliminary evidence from legal 
medical/non-medical jurisdictions in 
United States;

3. Identify gaps in epidemiology of cannabis 
use



METHODS

Aim: Identify indicators relevant to public 
health & safety under Canada’s proposed 
regulatory regime for cannabis

– Searched five scientific databases (Medline, 
Embase, Academic Search Complete, 
CINAHL, Web of Science)

– Keywords included: cannabis use, cannabis 
policy, public health

– Date of publication: 2012–2017



METHODS

Included:
– Studies in humans, reviews, commentaries

Excluded:
– Specific cannabinoids and synthetic 

cannabinoids 
– Clinical management of specific health 

conditions (e.g., HIV, pain)



METHODS

Protocol:
– Database search;
– Screen of title/abstract;
– Full-text review;
– Grouped into topic categories;
– Further search to identify data sources and 

preliminary evidence from legalized 
jurisdictions

– All coauthors reviewed and revised proposed 
indicators



RESULTS

Topic categories:
1. Public safety (8 indicators);
2. Cannabis use trends (9);
3. Other substance use trends (5);
4. Cardiovascular and respiratory health (2);
5. Mental health and cognition (4)



1. PUBLIC SAFETY

• Effect on road safety among most debated 
aspects of legalization
– Clear evidence intoxication impairs skills 

required by driving
– Surveys indicate substantial prevalence of 

driving after cannabis consumption



1. PUBLIC SAFETY

# INDICATOR
1.1 Prevalence/frequency of cannabis-impaired driving;
1.2 Number/incidence cannabis-related motor vehicle-

related injuries/fatalities;
1.3 Number/rates all-cause motor vehicle-related injuries 

and fatalities;
1.4 Prevalence/frequency of alcohol-impaired driving;
1.5 Number/rates alcohol-related motor vehicle-related 

injuries and fatalities;

















1. PUBLIC SAFETY

Effect of legalization on impaired driving 
unclear:

– CO/WA: Increases in detection of THC in 
suspected impaired driving and fatal motor 
vehicle accidents (MVA);

– CO/WA: No differences in rates of fatal MVA 
compared to control states;

– Declines in rates of alcohol-related MVA 
fatalities associated with medical cannabis 
systems



1. PUBLIC SAFETY

# INDICATOR
1.6 Prevalence of dating and intimate partner violence;
1.7 Number/rates of cannabis-related workplace 

injuries/fatalities, overall and across sectors;
1.8 Rates of violent and property-related crimes, 

especially in relation to cannabis retail sites



1. PUBLIC SAFETY

Preliminary evidence on impact of 
legalization on crime:

– WA: 98% decline in charges for low-level 
cannabis crimes;

– WA: 10% decline in violent crime and 13% 
decline in homicide rate, consistent with long-
standing trends;

– CO: No significant changes in rates of violent 
and property crimes in Denver pre/post



2. CANNABIS USE

• Reducing rates of cannabis initiation and 
use among youth key aim of legalization

• Concerns legalization/commercialization 
lead to increases in use, harms and 
dependence
– Increased prevalence of use;
– Increased use of high-potency cannabis;
– Increased use among groups vulnerable to 

cannabis-related harms



2. CANNABIS USE

• Plausible that implementation of public 
health framework could lead to:
– Increases in age at initiation;
– Promotion of lower-risk cannabis practices;
– Decline in use of contaminated cannabis



2. CANNABIS USE

# INDICATOR
2.1 Incidence and average age at initiation of cannabis 

use;
2.2 Prevalence/frequency of recent (e.g., past month, 

past year) use among youth
2.3 Prevalence/incidence of cannabis use disorder
2.4 Prevalence of unregulated cannabis use







2. CANNABIS USE

Preliminary evidence from legalized 
states:

– WA: Prevalence of past 30 day use increased 
among 8th & 10th (but not 12th) graders

– CO: No significant differences 
– Declines in treatment admissions for cannabis 

in CO & WA
– No data on use of unregulated cannabis



2. CANNABIS USE

# INDICATOR
2.5 Trends in cannabis use products and practices (e.g., 

potency, dosing, route of administration);
2.6 Prevalence/frequency of cannabis use among 

expectant and breastfeeding mothers;
2.7 Rates of cannabis-related healthcare utilization (e.g., 

ED visits);
2.8 Number of poison centre calls related to cannabis 

intoxication;
2.9 Cannabis-attributed burden of disease (e.g., DALY, 

QALY, YLL)







2. CANNABIS USE

Preliminary evidence on use patterns:
– Living in medical cannabis state associated 

with greater likelihood of vaping or eating vs. 
smoking









2. CANNABIS USE

Preliminary evidence on acute harms:
– Increases in rates of hospitalization/ED 

presentations/ poison centre calls after 
legalization in CO

– Number/severity of cases modest







Outcome Cannabis use 
disorder

Schizophrenia Lung cancer Traffic injuries

Mortality 2 (1–3) 191 (15–510) 94 (58–137)

Years of life lost 
due to premature 
mortality

51 (19–98) 6000 (479–
16,019)

4,481 (2763–
6516)

Years of life lost 
due to disability

48,606 
(31,474–
65,638)

6,776 (2,489–
13,204)

67 (5–178) 364 (171–644)

DALYs 48,606
(31,474–
65,648)

6,827 (2,538–
13,256)

6,067 (543–
16,096)

4,846 (3,115–
6,899)







3. OTHER SUBSTANCE USE

• Use of alcohol, tobacco, non-cannabis 
drugs (e.g., opioids, cocaine) associated 
with high levels of social, economic, legal, 
and health-related harms

• Unprecedented numbers of deaths from 
contaminated illicit opioids are a public 
health crisis



3. OTHER SUBSTANCE USE

• Pre-clinical data implicates human 
endocannabinoid system in physio/psych 
processes fundamental to dependence

• Preliminary observational data describes 
intentional substitution of cannabis for 
other substances



3. OTHER SUBSTANCE USE

# INDICATOR
3.1 Prevalence of medical/illicit opioid use and opioid use 

disorder;
3.2 Number/rate of non-fatal and fatal drug overdoses, 

including opioid-related;
3.3 Prevalence of stimulant (e.g., cocaine, crack-cocaine, 

amphetamine) use and stimulant use disorder;
3.4 Prevalence/frequency of alcohol use and prevalence 

of alcohol use disorders;
3.5 Prevalence/frequency of tobacco use and prevalence 

of tobacco use disorder



















“Windows of opportunity” for cannabis-
based interventions in overdose crisis

1. Prior to initiating opioid treatment for chronic 
pain;

2. As an opioid dose-sparing strategy;
3. As an adjunct therapy for pharmacological 

treatment of opioid use disorder (e.g., 
methadone, buprenorphine/naloxone)



3. OTHER SUBSTANCE USE

Preliminary findings:
– Preliminary data supporting substitution effect
– Observational data suggests beneficial impact 

of cannabis legalization on opioid-related 
overdose mortality

– Lack of data on tobacco or stimulant use



4. CARDIOVASCULAR/RESPIRATORY

• Evidence linking cannabis use to 
acute/chronic cardiovascular/respiratory 
disease
– Smoked cannabis linked to respiratory 

problems;
– Inconsistent data linking cannabis use to 

ischemic stroke and myocardial infarction



4. CARDIOVASCULAR/RESPIRATORY

# INDICATOR
4.1 Incidence and prevalence of respiratory disease, 

including chronic obstructive pulmonary disorder and 
lung cancer

4.2 Incidence of cardiovascular problems including 
myocardial infarction and ischemic stroke



5. MENTAL HEALTH/COGNITION

• Consistent associations between cannabis 
use, psychopathologies and impaired 
cognitive functioning
– Causal links unproven despite extensive long-

term investigation
– Associations often confounded by other 

substance use, social/structural determinants
– Prevalent mental health concerns (e.g., 

anxiety, depression) among most common 
reasons for therapeutic cannabis use



5. MENTAL HEALTH/COGNITION

# INDICATOR
4.1 Incidence/prevalence of psychosis and psychotic 

disorders (e.g., schizophrenia) especially among 
youth;

4.2 Prevalence of depression and anxiety
4.3 Incidence of suicidal ideation and suicide (attempted 

and completed)
4.4 Levels of cognitive functioning and educational 

attainment among youth







CONCLUSION

Review produced measures to evaluate 
harms/benefits of cannabis regulation

– Developed 28 indicators in five broad themes
– Preliminary data from United States:

• Some data supporting increases in acute harms 
(e.g., cannabis-related hospitalization) but little 
data on impacts on chronic outcomes

• Possible benefits as a result of substitution of 
cannabis for other higher-risk substances



CONCLUSION

Good coverage of pre-/post-legalization 
outcome data

– e.g., Canadian Community Health Survey 
(CCHS), Canadian Cannabis Survey, etc.

– Limitations of survey-based data (e.g., 
telephones, online)

• Social desirability: Differential bias pre/post?
• Adequate sampling coverage and 

representativeness?
• No repeated measures



CONCLUSION

Crucial lack of validated exposure data
– “The dose makes the poison”
– Need for standard cannabis unit
– Current measures (e.g., last 30 day frequency) do 

not encompass all elements of cannabis use:
• Route of administration (e.g., smoked, eaten…)
• Form of cannabis (e.g., flower, concentrate…)
• “Strains,” or concentrations of THC, CBD and other 

cannabinoids
• Frequency of use
• Intentions of use (medical, therapeutic, non-medical)



CONCLUSION

Validity of dependence screens post-
legalization?

– Research into chronic harms requires valid 
screens for cannabis dependence

– e.g., Cannabis Use Disorder Identification 
Test (CUDIT)

– All items (e.g., time required to get cannabis, 
social stigma) valid post-legalization?

– Incorporation of therapeutic/medical use?



Conclusions:
– Public health framework for cannabis requires 

evaluation of public health impacts
– Implementation of national, provincial and 

municipal rules provides valuable opportunity 
to comparatively measure harms & benefits

– Need to develop better cannabis science 
measures, especially around dose & 
dependence




