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A B S T R A C T

An increasing number of jurisdictions have legalized non-medical cannabis use, including Canada in October
2018 and several US states starting in 2012. The policy measures implemented within these regulated markets
differ with respect to product standards, labelling and warnings, public education, retail policies, marketing, and
price/taxation. The International Cannabis Policy Study (ICPS) seeks to evaluate the impacts of these policy
measures as well as the broader population-level impact of cannabis legalization using a quasi-experimental
research design. The objective of this paper is to describe the ICPS conceptual framework, methods, and baseline
estimates of cannabis use. The ICPS is a prospective cohort survey conducted with national samples of 16–65-
year-olds in Canada and the US. Data are collected via an online survey using the Nielsen Consumer Insights
Global Panel. Primary survey domains include: prevalence and patterns of cannabis use; purchasing and price;
consumption and product types; commercial retail environment; problematic use and risk behaviours; cannabis
knowledge and risk perceptions; and policy-relevant outcomes including exposure to health warnings, public
educational campaigns, and advertising and promotion. The first annual wave was conducted in Aug-Oct 2018
with 27,169 respondents in three geographic ‘conditions’: Canada (n = 10,057), US states that had legalized
non-medical cannabis (n = 7,398) and US states in which non-medical cannabis was prohibited (n = 9,714).
The ICPS indicates substantial differences in cannabis use in jurisdictions with different regulatory frameworks
for cannabis. Future waves of the study will examine changes over time in cannabis use and its effects associated
with legalization in Canada and additional US states.

Introduction

On October 17 2018, Canada became the second country after
Uruguay to legalize non-medical or ‘recreational’ cannabis use and re-
tail sale (Cannabis regulations SOR/2018-144, 2018; C-45: an Act re-
specting cannabis and to amend the Controlled Drugs and Substances
Act, the Criminal Code and other Acts, 2018). Under the Cannabis Act,
the federal government has primary responsibility for production, cul-
tivation, processing, analytical testing, licensing, medical sales, adver-
tising and marketing restrictions, labelling and health warnings, and
shared taxation authority. Provinces and territories have primary re-
sponsibility for regulating retail sales (including online and ‘brick-and-
mortar’ stores), as well as the ability to increase the minimum age,
decrease possession amounts, and impose additional requirements on

personal cultivation and zoning restrictions (Government of
Canada, 2019). The federal government has also committed to using
cannabis tax revenue to fund public education campaigns and increase
funding for mental health and addiction services (Budget 2018.
Equality + growth: a strong middle class, 2018).

The Government of Canada has identified several objectives for le-
galizing cannabis. These include: (1) protecting the health of young
people by restricting access to cannabis; (2) preventing illicit activities
by allowing licit cannabis production and ensuring appropriate legal
sanctions; (3) reducing the burden on the criminal justice system; (4)
providing a quality-controlled cannabis supply; and (5) ensuring
Canadians understand the risks of cannabis (Cannabis regulations SOR/
2018-144, 2018). Evaluating the impact of cannabis use is thus criti-
cally important to examining whether these public health objectives
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have been achieved.
Colorado (2012), Washington State (2012), Alaska (2014) and

Oregon (2014) were the first US states to legalize cannabis production
and sale, followed in subsequent years by California, Maine,
Massachusetts, Nevada, Vermont and Michigan (State medical mar-
ijuana laws, 2019). State regulations share certain similar-
ities—including a minimum purchase age of 21, a ban on public use, a
retail distribution system, and excise taxes on retail sales—as well as
some differences, such as restrictions on advertising and public con-
sumption (State medical marijuana laws, 2019). However, the retail
markets for recreational cannabis in these states are at different points
of transition because it often takes several years after legalization for
the legal retail market to become fully established.

Given that recreational cannabis has only recently been legalized in
specific US states and Uruguay, there is relatively little robust evidence
of its impacts, and the evidence that exists is inconclusive. Early evi-
dence from the first states to legalize non-medical cannabis is somewhat
mixed. Some studies suggest increased rates of adult cannabis use (Data
statistics: Marijuana use in Alaska and the United States, 2016;
Colorado Department of Public Health & Environment, 2018; Kerr, Bae
& Koval, 2018, 2017; Miller, Rosenman & Cowan, 2017; Parnes, Smith
& Conner, 2018; Reed, 2018; Smart & Pacula, 2019; Substance Abuse
and Mental Health Services Administration National Survey on Drug
Use and Health: Comparison of 2008-2009 and 2016-2017 population
percentages 50 states and the District of Columbia, 2017;
Washington State Office of Financial Management, 2016); while other
studies suggest little impact on adult cannabis use (Brooks-Russell et al.,
2019; Cerda et al., 2017; Harpin, Brooks-Russell, Ma, James &
Levinson, 2018; Jones, Jones & Peil, 2018; Mason et al., 2016). Im-
portantly, evidence to date suggests little or no impact on cannabis
prevalence among youth, although there is some evidence of increased
frequency of use among youth who are already using cannabis (Smart &
Pacula, 2019). Beyond prevalence of use, perceptions of risk appear to
have decreased and cannabis-related driving incidents have increased,
although at a rate comparable to that observed pre-legalization (Data
statistics: Marijuana use in Alaska and the United States, 2016; Couper
& Peterson, 2014; Reed, 2018; Reuter & Mark, 1986). Adverse out-
comes from over-consumption, such as unintentional ingestion of edible
products, have increased since legalization (Cao, Srisuma, Bronstein &
Hoyte, 2016; Wang et al., 2016) but plateaued in subsequent years
(Colorado Department of Public Health & Environment, 2018). Further
analyses are needed to determine the extent to which these changes are
a result of legalization or the increased monitoring or reporting of ad-
verse events (Azofeifa et al., 2016; Bull, Brooks-Russell, Davis, Roppolo
& Corsi, 2017; Cannabis regulation: lessons learned in Colorado and
Washington State, 2015). Overall, the impact of cannabis legalization
has yet to be established, due to a lack of detailed longitudinal measures
at the state level, and a lack of comparison groups to help distinguish
between pre-existing secular trends and the impact of legalization.

The impact of cannabis legalization will be influenced by the spe-
cific policy measures that regulate the legal cannabis market. Research
in other consumer domains—particularly tobacco—has demonstrated
the impact of policy measures on social norms, prevalence and use
(Glanz, Sallis, Saelens & Frank, 2005; Hall & Kozlowski, 2018;
Pacula, Kilmer, Wagenaar, Chaloupka & Caulkins, 2014). For example,
health warnings for cigarettes increase perceptions of risk, decrease
tobacco use, and increase the use of smoking cessation services
(Hammond, 2011). Restrictions on advertising and marketing tobacco
products have also been influential in reducing use and social norms,
particularly among young people (WHO report on the global tobacco
epidemic, 2013: enforcing bans on tobacco advertising, promotion and
sponsorship, 2013). The retail environment—including proximity to
stores, in-store marketing and product displays—also impacts consumer
behaviour (U.S. Department of Health and Human Services. Preventing
Tobacco Use Among Youth and Young Adults: A Report of the Surgeon
General. U.S. Department of Health and Human Services, Centers for

Disease Control and Prevention, National Center for Chronic Disease
Prevention and Health Promotion, 2012). Taxation and price controls
have a particularly strong influence on tobacco consumption, especially
among youth, who are more price-sensitive (Davis, Geisler & Nichols,
2016). The taxation level and price of legal products will be critical
factors in the extent to which consumers shift from illegal to legal retail
sources (Pacula & Lundberg, 2014; Reuter & Mark, 1986).

To date, there is little evidence on the impact of specific cannabis
policies. Evidence on specific regulatory measures is thus particularly
important because of the variation in policies between legalized can-
nabis markets. Beyond the differences across US states, Canada has
implemented more restrictive policy measures, such as greater restric-
tions on advertising and promotion, and more comprehensive labelling
regulations. The retail market also differs across Canadian provinces in
terms of government-run versus for-profit retail outlets, minimum
purchase age, restrictions on retail location and density, as well as on
whether home growth is allowed (Canadian Public Health
Association, 2018). The variation in these policies represents a series of
‘quasi-experiments’ to examine the potential impact of different reg-
ulatory approaches.

Objectives

The overall objective of the International Cannabis Policy Study
(ICPS) is to examine the impact of cannabis policies in five primary
areas: (1) prevalence and patterns of cannabis use, including use among
‘minors’ (defined according to the minimum legal age in each state/
province) and levels of dependence among users; (2) problematic use
and risk behaviours, including driving after cannabis use and use in
‘high risk’ occupational settings; (3) the commercial retail environment,
including the price and type of products used, the use of high potency
products, and extent to which consumers shift from ‘illegal’ to ‘legal’
sources to obtain cannabis; (4) perceptions of risk and social norms; and
(5) the effectiveness of specific regulatory policies—such as advertising
restrictions, product labelling and warnings, and public education
campaigns—on a diverse range of outcomes, including overall patterns
of cannabis use, use in public spaces and workplaces, second-hand
smoke exposure, and social norms. The objective of the present paper is
to describe the ICPS conceptual framework, methods, and baseline es-
timates of cannabis use.

Conceptual model

The conceptual framework of the ICPS is based on theories of drug
use that highlight the interaction of individual factors and broader
environmental factors, including the social environment and the drug
market environment (Jessor, 1985). These theories recognize the im-
portance of individual risk factors, including biological and personality
factors than influence susceptibility to substance use, as well as broader
environmental factors, such as accessibility to drugs, and differences in
social environments that can influence perceptions of risk and social
norms. The study also draws on conceptual frameworks developed for
evaluating population-level policies in the areas of food (Glanz et al.,
2005) and tobacco (Fong et al., 2006), which highlight the importance
of measuring ‘upstream’ policy measures to understand the impact on
‘downstream’ behaviour changes (“Methods for evaluating tobacco
control policies,” 2008). For example, ‘upstream’ policy factors could
include regulations on advertising, which may influence exposure to
advertising, social norms and ‘downstream’ indicators of substance use.
The study design uses three major strategies to rigorously evaluate the
effects of policies.

The first strategy is the use of a prospective cohort design, in which
the same individuals are measured on the same key outcome variables,
before and after policy implementation (Shadish, Cook, & Campbell,
2002). The first wave or pre-legalization ‘baseline’ for the ICPS was
conducted from August to early October 2018, immediately before
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cannabis legalization in Canada, with at least three additional annual
surveys planned for 12-, 24- and 36-month follow-up post-legalization.
While most countries have national drug monitoring surveys, virtually
all of these surveys use repeat cross-sectional designs, which are limited
in their ability to reveal the underlying causal mechanisms (e.g., assess
causal direction) of policies at the individual level (Shadish, Cook, &
Campbell, 2002). In the ICPS, respondents lost to attrition are re-
plenished over time to maintain the sample size across waves, with
analytical models that account for time-in-sample effects and the cor-
related nature of responses within individuals over time.

The second strategy is the use of a quasi-experimental design, in
which outcomes in one group exposed to a policy are compared to
outcomes in a group not exposed to the policy (Shadish, Cook, &
Campbell, 2002). This is particularly important in the area of cannabis
policy because of ‘secular trends’ in cannabis use; e.g. decreases in the
perceived risks of cannabis use in many jurisdictions prior to legaliza-
tion and increasing use in response to the rapidly evolving cannabis
industry and the diversity of new cannabis products (Borodovsky et al.,
2017; Carlini, Garrett, & Harwick, 2017; Cerda et al., 2017;
Daniulaityte et al., 2018; Davenport & Caulkins, 2016; Macdonald &
Rotermann, 2017; DrugFacts: Monitoring the Future Survey: high
school and youth trends, 2018; The legalization of marijuana in
Colorado: the impact, 2017; Russell, Rueda, Room, Tyndall & Fischer,
2018; National Survey on Drug Use and Health: Comparison of 2008-
2009 and 2016-2017 population percentages 50 states and the District
of Columbia, 2017; Vigil et al., 2018; Zhang, Zheng, Zeng & Leischow,
2016). Research designs need to be able to distinguish between these
secular trends and the effects of legalization. Unfortunately, it is not
possible to conduct controlled experiments on drug policy or cannabis
legalization because governments, not researchers, control how and
when policies are implemented. In the ICPS, comparison groups are
represented by US ‘illegal’ and ‘legal’ states. At the time of Wave 1, nine
US states had legalized the use/possession of non-medical cannabis:
Alaska, California, Colorado, Maine, Massachusetts, Nevada, Oregon,
Vermont, and Washington, plus the District of Columbia (DC). Addi-
tional states are expected to legalize over the study period, as has al-
ready occurred (i.e., Michigan in 2018; Illinois in 2020). This will allow
for pre-post comparisons in states that transition from ‘illegal’ to ‘legal’
status. It is worth noting that not all ‘legal’ states have legalized sales of
non-medical cannabis (at the time of writing, Maine, Vermont, and DC
have legalized use but not sales). Both the legal status of cannabis sales
and date since legalization of use/possession and/or sales will be con-
sidered when analyzing the retail market and effects of specific reg-
ulatory policies. Combining a prospective cohort design and a quasi-
experimental design in a single study yields a pre-post design with
comparison groups, and a higher degree of internal validity than either
feature alone (see Fig. 1) (Shadish, Cook, & Campbell, 2002). While
some recent research in the Southern Cone is examining cannabis le-
galization in Uruguay (Schleimer et al., 2019), to our knowledge, there
are few prospective cohort studies examining the impacts of changing
drug policies across Canada and the US.

The third strategy is to measure policy-specific variables such as
exposure to cannabis marketing, and proximity to retail outlets across
the three ‘conditions’, as well as between US states and Canadian pro-
vinces. We refer to these as ‘proximal’ variables because they are con-
ceptually close to the policy that is being evaluated, and thus are less
likely to be affected by other factors. As described below, the ICPS

survey includes measures in six primary policy domains. Fig. 2 illus-
trates the policy-specific variables with respect to advertising and
promotion. For example, in the area of labelling, the policy-relevant
variables include survey measures that assess awareness and knowledge
of warning labels on products. The study also assesses measures of
health knowledge and risk perceptions. Therefore, the study is capable
of examining whether differences in health warnings across jurisdic-
tions that have legalized cannabis translates into differences in use and
health beliefs. The study will also be able to assess the impact of
changes to health warnings within a jurisdiction over time, such as
revisions to the health warning messages in Canada in 2019. This type
of methodological approach has been widely used in tobacco control to
evaluate specific regulatory policies, as noted in the paper. These three
strategies, particularly when accompanied by the inclusion of other
variables (covariates) that may explain differences between jurisdic-
tions, allow for stronger inferences about the causal effects of policies.

Methods

Data for Wave 1 were collected from August 27—October 7, 2018.
All data collection for the ICPS occurred online; respondents were
discouraged from using smartphones due to small screen size and ren-
dering of images, but not restricted from doing so. Online data collec-
tion provides several advantages in terms of automated skip logic and
questionnaire routing to address complicated patterns of cannabis use
and various product types (Groves et al., 2009; Johnson, 2016). Online
surveys also permit the use of images, which are important in assessing
cannabis consumption amounts (Goodman, Leos-Toro & Hammond,
2019). Compared to interviewer-assisted survey modes, self-adminis-
tered surveys can reduce social desirability bias by providing greater
anonymity for sensitive topics (Dodou & de Winter, 2014;
Krumpal, 2013).

Respondents completed an online survey (median survey time:
19.9 min, or 22.8 and 16.6 min among ‘ever’ and ‘never’ cannabis users,
respectively). The project was reviewed by and received ethics clear-
ance through a University of Waterloo Research Ethics Committee
(ORE#31330).

Data integrity practices—The ICPS study incorporates best practices
for online surveys to ensure data quality, including ‘trap’ questions to
identify ‘speeders’ and disengaged respondents American Association of
Public Opinion Research (2010, 2019). As a data integrity check, re-
spondents were asked near the end of the main survey to select the
current month from a list. The month selected by the respondent was
compared to the month the survey was submitted. Respondents with
month discrepancies were excluded from the analytic sample, unless
the selected month was within 2 days of the submission date. Overall,
1071 respondents were excluded from the analytic sample due to dis-
crepancies with the month selected. At the end of the survey, re-
spondents were asked, “Were you able to provide ‘honest’ answers
about your marijuana use during the survey?” (‘No’, ‘Yes to some
questions’, ‘Yes to all Questions’). The 208 respondents who answered
‘No’ were excluded. The final analytic sample comprised 27,169 re-
spondents.

ICPS Sample— Individuals were eligible to participate if they resided
in a Canadian province or US state, were 16–65 years of age at the time
of recruitment, and had access to the internet. Respondents were re-
cruited using the Nielsen Consumer Insights Global Panel, which

Fig. 1. International Cannabis Policy Study (ICPS) quasi-ex-
perimental design.
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maintains panels in Canada and the US (http://www.nielsen.com/ca/
en/about-us.html). The Nielsen panels are recruited using both prob-
ability and non-probability sampling methods in each country. For the
current project, Nielsen drew stratified random samples from the online
panels in each country, based on known proportions in each age group.
To account for differential response rates, Nielsen modified these
sampling proportions to place greater weight on sub-groups with lower
response rates. Respondents from Canadian provinces and US states
were provided with incentives according to Nielsen's regular re-
muneration structure. All respondents provided informed consent, and
16–17-year-olds were recruited through their parents, who also pro-
vided parental consent. Participation rates are provided in the
Technical Report (Goodman & Hammond, 2019). Briefly, 44,364 re-
spondents accessed the survey link, of whom 6722 (15.2%) partially
completed the survey and 28,471 (64.2%) completed the survey. Only
‘complete’ surveys (i.e., in which the respondent reached the end of the

survey) were included in the analytic sample. Overall, 2.8% of parti-
cipants completed the survey in French; the remainder completed it in
English. To maintain the cohort, Nielsen recontacts previous re-
spondents at each wave using a unique subject ID. In order to ensure
consistency in the number of completed surveys at each wave, re-
spondents lost to attrition will be replaced at 12-, 24- and 36-month
follow-up to ensure a consistent sample size at each wave. Note that
only 14 participants from DC completed the Wave 1 survey; these re-
spondents were excluded due to inadequate cell sizes for weighting (see
Technical Report; Goodman & Hammond, 2019). The ICPS sample
profile is compared with estimates from national benchmark surveys in
Canada and the US, as shown in Supplemental Tables S1-S7, described
below.

Fig. 2. Conceptual framework for cannabis marketing restriction policies.
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Survey content

Survey measures were drawn or adapted from national surveys or
based on previous research. Development of new measures was in-
formed by focus groups conducted with 35 cannabis users and non-
users aged 16–24 (Leos-Toro, 2019, a) and cognitive interviewing
among 10 adult cannabis users (Goodman et al., 2019). An extensive
pilot study was conducted in October 2017 with 870 Canadians aged
16–30 Leos-Toro, 2019, a(Follow as above). The survey was available to
respondents in English, as well as French in Canada.

The ICPS survey includes modules on the following content areas:
prevalence and patterns of cannabis use; cannabis purchasing and price;
cannabis consumption and product types; cannabis knowledge, per-
ceptions of risk and social norms; indicators of problematic use; sub-
stance use and other risk behaviours; demographic factors, postal code
and socio-economic status; exposure to health warnings and public
educational campaigns; and exposure to cannabis marketing and
branding (Hammond et al., 2018).

Consumption—Prevalence of cannabis use (lifetime, past 12 months,
past 30 days), frequency of use, age of initiation, and susceptibility
among non-users are assessed. A 6-level ‘cannabis use status’ variable
(Never user; Used >12 months ago; Used in past 12 months; Monthly
user; Weekly user; Daily/almost daily user) was derived from three
survey questions: ever use (Yes; No); most recent cannabis use (More
than 12 months ago; More than 3 months ago but less than 12 months
ago; More than 30 days ago, but less than 3 months ago; Within the past
30 days); and frequency of use (Less than once per month; One or more
times per month; One or more times per week; Every day or almost
every day).

Consumption quantity is assessed using reference images (e.g.,
Figs. 3 and 4) and the amounts for various cannabis product types used.
Respondents were given a choice of units and timeframe (usual day,
week, month or past 12 months) to report their consumption of each
product type. Units and reference images for each product type are
available in the survey document (Hammond et al., 2018).

Types of products—Respondents are asked to report consumption
frequency, amounts and THC:CBD ratio for 10 types of cannabis pro-
ducts: dried herb (smoked or vaped); cannabis oils or liquids ingested
orally (e.g., drops or capsules); vaped cannabis oils or liquids; cannabis
edibles/foods; cannabis drinks (e.g., cola, tea or coffee); concentrates
(e.g., wax, shatter, budder); hash or kief; tinctures; topical ointments

(e.g., skin lotions); and ‘Other’ (open-ended).
Retail source, price, and products—Respondents who report pur-

chasing cannabis in the past 12 months are asked to provide informa-
tion about their purchases, including type of cannabis (dried herb,
edible, concentrate, etc.), quantity, price paid, purchase source, and
THC and CBD levels, if known.

Medical use—Respondents are asked about whether they had asked
and/or received approval to use cannabis from a health professional;
had used it to manage physical or mental health symptoms; and had a
personal and/or family history of trauma or specific mental health is-
sues.

Knowledge, attitudes, and beliefs—General risk perceptions and per-
ceptions of specific risks are assessed (e.g., perceived consequences of
impaired driving, use during pregnancy, and adverse mental health
effects). Other attitudes and beliefs assessed include perceived ease of
access, stigma, and social norms surrounding cannabis. These items
assess respondents’ level of comfort using cannabis around others, self-
reported number of close friends who use cannabis, and perceived level
of societal approval or disapproval of cannabis use.

Problematic use and risk behaviours—Cannabis dependence and pro-
blematic use in the past 12 months is assessed using the established
ASSIST measure for problematic use, which is used in the Canadian
Tobacco, Alcohol and Drugs Survey (Canadian Tobacco, Acohol and
Drugs Survey CTADS, 2017, 2018; 2019). Measures also assess treat-
ment seeking, polysubstance use and combining cannabis with tobacco,
and self-reported adverse effects, including personal side effects and
accidental ingestion by oneself or others. The ICPS survey measures
also cover the indicators of problematic use outlined in the Lower-Risk
Cannabis Use Guidelines, with the exception of ‘avoiding deep inhala-
tion when smoking cannabis’ (Fischer et al., 2017).

Policy-specific measures—The ICPS includes a range of policy in-
dicators in six primary domains. Advertising and promotion are assessed
using an overall measure of self-reported exposure, as well as exposure
through each of 16 specific channels, along with cannabis brand/
company recognition. Health warnings and product labelling are assessed
through health knowledge, exposure to warnings, recall of health
warning messages, and knowledge of THC/CBD levels and ‘standard
serving’ sizes. Public education campaigns are assessed based on exposure
in each of 17 settings, including mass media, workplaces, and schools.
Retail access and settings are assessed by examining interactions with
online and ‘brick-and-mortar’ retail stores, proximity to stores, and
perceptions of legal and illegal retail sources. Taxation and price policies
are examined using data on purchasing patterns, price paid, and the
prevalence of legal vs. illegal retail sales. Medical cannabis policies are
evaluated through measures of medical cannabis use and consumption
patterns.

Sociodemographic factors & disparities—The ICPS measures age, sex,
gender, sexuality, race/ethnicity, household composition, and preg-
nancy status. In analytical models that assess ‘minimum legal age’, this
variable will be constructed separately for each ‘legal’ jurisdiction to
reflect differences across US states and provinces. Socioeconomic
measures include education, income, and perceived income adequacy.
The survey also collects postal/zip codes. In the 2018 survey, 94.3% of
participants provided this information, which can be linked to neigh-
bourhood or community level indicators of socio-economic status, such
as Deprivation Index (Canadian Institute for Health Information, 2019;
Institut national de santé publique, 2019).

Retail market data—As a complement to the survey data, the ICPS
also collects information on the location of legal retail stores in Canada
and US states that have legalized non-medical cannabis, using lists of
licensed stores from state and provincial regulatory authorities, which
are updated on a biannual basis (Mahamad & Hammond, 2019). Par-
ticipants’ zip/postal code will be used to calculate proximity to legal
retail stores.

Fig. 3. Reference image for dried herb reported as number of joints.
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Analysis

Post-stratification sample weights were constructed based on
Canadian and US Census estimates. Respondents from Canada were
classified into age-by-sex-by-province and education groups.

Respondents from US ‘legal’ states were classified into age-by-sex-by-
legal state, education, and region-by-race groups. Those from ‘illegal’
states were classified into age-by-sex, education, and region-by-race
groups. Corresponding grouped population counts and proportion es-
timates were obtained from Statistics Canada and the US Census Bureau
(Table 17-10-0005-01. Population estimates on July 1st, by age and sex,
2017, 2019, 2019b; 2013-2017 American Community Survey 5-Year
estimates, 2017, Current Population Survey, 2017 Annual Social and
Economic Supplement. Table 1. Educational attainment of the popula-
tion 18 years and over, sex, race, and Hispanic origin: 2017, 2017).
Separately for Canada, US ‘legal’ states and US ‘illegal’ states, a raking
algorithm was applied to the full analytic sample (n = 27,169) to
compute weights that were calibrated to these groupings. Weights were
then rescaled to sum to the sample sizes for Canada, US ‘legal’ states
and US ‘illegal’ states.

Assuming retention rates are sufficient, weighted Generalized
Estimating Equation (GEE) modelling will be the primary analytical
approach used to compare jurisdictions over time. GEE models will
include an indicator variable representing ‘jurisdiction’ (i.e., Canada,
US ‘legal’ state, US ‘illegal’ state). Analyses at 12-, 24- and 36-month
follow-ups will also include a ‘wave’ indicator variable (i.e., baseline vs.
follow-up wave), which will be crossed with the jurisdiction variable.
This analytical approach is similar to a ‘difference-in-difference’ ap-
proach but allows more precise modelling of differences across multiple
survey waves. Models will also include a standard set of covariates
(including age, sex, education, and race/ethnicity) to adjust for socio-
demographic profiles across conditions and examine their association
with outcomes.

Fig. 4. (a) Reference image for dried herb reported in standard units (e.g., g, oz). (b) Reference image for dried herb amounts above ¼ oz.

Fig. 4. (Continued)
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Sample profile

Socio-demographic profile

Table 1 shows the unweighted and weighted sociodemographic
characteristics for the sample in Canada, US legal states, and US illegal
states. As outlined in the Supplementary Materials (Tables S1–S7), the
Canadian sample aligned quite well with national estimates for edu-
cation, on which the sample was weighted (Education highlight tables,
2016 Census, 2019). In the US sample, the proportion of respondents
with a bachelor's degree or higher aligned with national estimates but
considerably more respondents had a college/associate's degree and
fewer had a high school education or less (Current Population Survey,
2017 Annual Social and Economic Supplement. Table 1. Educational
attainment of the population 18 years and over, sex, race, and Hispanic
origin: 2017, 2017). The proportions of individuals identifying as
‘White/Caucasian’ (Canada and US) and ‘Black or African American’

(US) corresponded closely with those of national surveys. In both
countries, the proportions of other ethnicities were within 3% of na-
tional estimates; however, the ICPS had a lower proportion of re-
spondents identifying as Hispanic compared to the US population (2015
Canadian Community Health Survey CCHS: Ethnic origin, 2015, 2018;
US Current PopulationSurvey: Table 1. Population by age, sex, and
race: 2018, 2019). The ICPS sample had lower self-reported general
health than national sample estimates (Blackwell & Villarroel, 2017;
Canadian Community Health Survey CCHS 2017 Annual Component,
2019). This is a feature of many non-probability samples (Fahimi,
Barlas, & Thomas, 2018), and may be partly due to the use of web
surveys, which provide greater perceived anonymity than the in-person
or telephone-assisted interviews often used in national surveys
(Hays, Liu & Kapteyn, 2015).

Table 1
International Cannabis Policy Study (ICPS) 2018 sample characteristics by study conditiona (n = 27,169).

Canada n = 10,057 US ‘illegal’ states n = 9714 US ‘legal’ states n = 7398

Characteristic Unweighted% (n) Weightedb% (n) Unweighted Weightedb Unweighted Weightedb

Sex (at birth)
Female 58.1% (5845) 49.8% (5012) 61.4% (5968) 50.3% (4887) 66.1% (4887) 50.3% (3721)
Male 41.9% (4212) 50.2% (5045) 38.6% (3746) 49.7% (4827) 33.9% (2511) 49.7% (3677)

Gender identity
Female 57.5% (5781) 49.1% (4937) 60.6% (5891) 49.7% (4829) 65.4% (4836) 49.0% (3628)
Male 41.5% (4178) 49.6% (4993) 38.5% (3738) 49.3% (4791) 33.6% (2488) 49.4% (3656)
Other 0.5% (53) 0.7% (69) 0.6% (63) 0.6% (61) 0.7% (52) 1.1% (78)
Unstated 0.4% (45) 0.6% (59) 0.2% (22) 0.3% (33) 0.3% (22) 0.5% (26)

Age (years)
mean (SD) 45.9 (14.8) 40.6 (14.9) 41.9 (16.6) 40.0 (15.1) 45.9 (14.3) 40.0 (14.8)

Age group
16–25 13.2% (1325) 18.9% (1902) 22.7% (2209) 19.9% (1938) 10.3% (762) 19.6% (1448)
26–35 14.2% (1424) 20.7% (2087) 13.6% (1317) 21.4% (2080) 17.2% (1270) 23.0% (1702)
36–45 15.3% (1538) 19.6% (1969) 15.3% (1484) 18.9% (1840) 17.1% (1268) 17.3% (1279)
46–55 21.7% (2185) 20.8% (2088) 19.4% (1883) 20.1% (1956) 21.2% (1570) 21.7% (1608)
56–65 35.6% (3585) 20.0% (2011) 29.0% (2821) 19.6% (1900) 34.2% (2528) 18.4% (1361)

Ethnicity
White 81.5% (8195) 77.3% (7776) 85.5% (8301) 76.4% (7419) 85.2% (6304) 76.3% (5648)
Other/Mixed/Unstated 18.5% (1862) 22.7% (2281) 14.5% (1413) 23.6% (2295) 14.8% (1094) 23.7% (1750)

Education level
Less than high school 8.7% (873) 15.4% (1552) 16.9% (1646) 15.2% (1474) 4.8% (358) 11.8% (870)
High school diploma or equivalent 15.4% (1548) 26.6% (2671) 16.1% (1567) 19.4% (1887) 13.6% (1003) 15.9% (1175)
Some college, associate degree, etc.c 42.4% (4268) 32.5% (3264) 30.1% (2925) 38.4% (3721) 34.7% (2567) 42.0% (3106)
Bachelor's degree or higher 32.9% (3309) 24.7% (2489) 36.6% (3551) 26.8% (2604) 46.7% (7384) 29.9% (2212)
Unstated 0.6% (59) 0.8% (81) 0.3% (25) 0.3% (28) 0.2% (14) 0.5% (36)

Income adequacy (ability to make ends meet)
Very difficult 8.0% (806) 8.2% (822) 8.7% (847) 9.3% (901) 7.5% (554) 8.9% (656)
Difficult 19.9% (2000) 19.9% (2003) 21.7% (2107) 22.2% (2156) 19.2% (1423) 19.5% (1440)
Neither easy nor difficult 35.7% (3593) 35.9% (3612) 31.0% (3016) 31.6% (3066) 33.0% (2443) 32.1% (2375)
Easy 21.8% (2197) 21.3% (2145) 22.9% (2225) 12.9% (1251) 23.2% (1715) 22.8% (1689)
Very easy 11.8% (1183) 11.2% (1125) 13.7% (1330) 2.1% (202) 15.1% (1118) 13.6% (1009)
Unstated 2.8% (278) 3.5% (350) 1.9% (189) 2.0% (145) 3.1% (230)

Alcohol use
Past 12 months 80.6% (8101) 77.9% (7837) 64.2% (6239) 64.0% (6220) 74.9% (5540) 67.5% (4991)

Tobacco cigarette use
Past 12 months 21.2% (2134) 23.3% (2341) 19.5% (1897) 22.1% (2148) 17.9% (1324) 21.0% (1551)
Past 30 days 17.8% (1782) 19.5% (1947) 16.0% (1551) 18.2% (1761) 14.9% (1102) 17.2% (1266)

Cannabis use status (exclusive categories)
Never user 41.8% (4205) 43.5% (4375) 47.0% (4568) 45.4% (4406) 34.0% (2513) 38.5% (2849)
Used >12 months ago 34.2% (3439) 29.0% (2914) 32.4% (3149) 30.9% (3000) 34.3% (2541) 27.3% (2017)
Used in past 12 months 8.5% (850) 8.6% (863) 6.8% (664) 7.0% (676) 10.1% (749) 9.4% (693)
Monthly user 4.0% (407) 4.9% (491) 4.4% (426) 5.2% (507) 5.8% (432) 6.8% (500)
Weekly user 4.0% (407) 5.2% (522) 3.4% (329) 4.1% (403) 5.2% (388) 6.8% (505)
Daily/almost daily user 7.4% (749) 8.9% (893) 6.0% (578) 7.4% (722) 10.5% (775) 11.3% (834)

SD=standard deviation.
a Nine US states (Alaska, California, Colorado, Maine, Massachusetts, Nevada, Oregon, Vermont, and Washington) were considered ‘legal’ states because they had

legalized non-medical cannabis at the time of the study.
b Weighted to Canadian and US national populations and rescaled to sample size.
c This category includes: some college, technical/vocational training or college certificate/diploma; apprenticeship; and some university.
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Cannabis, alcohol, and tobacco use

Supplemental Table S8 summarizes the primary data sources for
national estimates of cannabis prevalence in Canada and the US. As
shown in Table S2, ICPS estimates for lifetime, monthly, and daily
cannabis use in Canada were between the range of estimates from
Canada's two national surveys, the Canadian Cannabis Survey (CCS),
and the National Cannabis Survey (NCS), although much closer to the
NCS estimates for comparable age ranges (Canadian Cannabis Survey
2018 summary, 2018; Canadian Tobacco, Acohol and Drugs Survey
CTADS, 2017, 2018). Mean age of first trying cannabis (19.3 years) was
close to national estimates (18.6–18.9 years) (Canadian Cannabis
Survey 2018 summary, 2018; Table 1. Prevalence of past-year cannabis
use, by age group and sex, household population aged 15 or older,
Canada excluding territories, 2015, 2018). Estimates of prevalence for
types of cannabis products that were directly comparable to those
measured in national surveys (e.g., dried herb, hash, edibles, con-
centrates) were consistent with national estimates, and any differences
were likely due to differences in response options (Canadian Cannabis
Survey 2018 summary, 2018; Canadian Tobacco, Acohol and Drugs
Survey CTADS, 2017, 2018).

In the US, prevalence estimates for cannabis use were higher than
those reported by the National Survey on Drug Use and Health
(NSDUH) (SAMHSA, 2019a). Reasons for the higher estimates in the
ICPS may be due to sampling or differences in survey modes: whereas
the NSDUH is a household survey completed with in-person interviews,
the ICPS is conducted online, which provides greater anonymity and
promotes more truthful reporting on sensitive topics, such as substance
use (Dodou & de Winter, 2014; Krumpal, 2013). It should also be noted
that the different national surveys also provide different prevalence
estimates for cannabis and other substance uses. For example, the
NHANES survey provides estimates 20–30% higher than NSDUH
(Alshaarawy and Anthony, 2017), similar to the current study. There-
fore, while the ICPS estimates of cannabis use are higher than those of
NSDUH, they are within the range of variability across benchmark
surveys.

Overall, past 12-month alcohol use aligned with national estimates
in all three jurisdictions (SAMHSA, 2019a; Canadian Tobacco, Acohol
and Drugs Survey CTADS, 2017, 2018). In Canada, past 30-day and
lifetime tobacco cigarette use were about 4–7% higher than national
estimates, whereas e-cigarette use was similar to national estimates
(Canadian Tobacco, Acohol and Drugs Survey CTADS, 2017, 2018). In
the US, cigarette use was lower than national estimates, with the ex-
ception of past 30-day use among young people aged 18–25 years
(SAMHSA, 2019a). This is likely due to differences in question wording:
while NSDUH asked explicitly about cigarette use (‘Have you ever
smoked all or part of a cigarette?’), lifetime cigarette use in the ICPS
was based on the question, ‘Have you ever used any of the following
drugs?’ (followed by a list of drugs, including ‘tobacco cigarettes’)
(Hammond et al., 2018; 2018 National Survey on Drug Use and Health
NSDUH Public Use Codebook, 2019). ICPS respondents may therefore
have failed to report cigarette use if they had not used other drugs on
the list.

Discussion

The rapid evolution of the cannabis market highlights the need for
comprehensive, sustained monitoring of cannabis use in greater detail
than is assessed in existing population-level surveys. The ICPS study
provides detailed assessments of cannabis consumption, including the
types of products being used, how they are sourced, and associations
with problematic patterns of use.

Ultimately, the impact of cannabis legalization will not be de-
termined simply by whether cannabis is legalized, but how it is regulated
in a legal framework. Therefore, a primary objective of the ICPS is to
examine differences in the emerging cannabis control frameworks by

comparing Canadian provinces and US states that have legalized non-
medical cannabis. The variation in policies between these ‘legal’ jur-
isdictions—including taxation levels, retail access, minimum age re-
strictions, and marketing restrictions—provides an opportunity to
evaluate potential differences in effectiveness. Variables will be created
to represent presence/absence or level of restrictiveness of specific
policies and to examine these across jurisdictions.

To date, most of the literature examining the impact of legalization
has relied upon cross-sectional surveys that are unable to distinguish
between secular changes and those attributable to legalization. This is
particularly problematic because jurisdictions with historically higher
cannabis use prevalence may also be those more likely to legalize
cannabis. The longitudinal design of the ICPS is better able to char-
acterize secular trends in legal and illegal markets, and to account for
potential state differences when assessing the impact of legalization.
The longitudinal nature of the ICPS will also help to characterize the
transition from illegal to legal markets. In most jurisdictions, it takes
several years after legalization for the retail market to stabilize in terms
of the number of stores and sufficient cannabis supply to meet demand.
The ICPS will examine how quickly and to what extent consumers
transition to legal cannabis sources, with the possibility that both the
pace of this transition and the ultimate ‘settling point’ may differ across
jurisdictions.

Limitations

It is becoming increasingly difficult for surveys to recruit re-
presentative population samples and the non-probability sampling used
for the ICPS represents an important limitation. Declining response
rates represent a challenge for population-based surveys
(Groves, 2011). Random-digit-dialled phone surveys—the traditional
methodology used for generating probability-based samples—suffer
from response rates below 10%. Moreover, they are no longer suitable
for surveying young people (Dennis & Li, 2007) because in Canada and
the US, significantly less than half of 18–34-year-olds have a landline
telephone (Blumberg & Luke, 2009; Blumberg et al., 2011; Residential
Telephone Service Survey, 2016). Including unlisted cell phone num-
bers in a sampling frame further reduces response rates, typically to
under 5% (Blumberg & Luke, 2009).

Online survey methods are a well established, emerging mode of
population-based survey research (Braunsberger, Wybenga & Gates,
2007). Until recently, online surveys were constrained by limited in-
ternet penetration. However, internet penetration now exceeds that of
landlines, even among lower socioeconomic groups: in the US and
Canada, the prevalence of internet use for personal use ranges from
96%−98% among young adults, and daily usage rates exceed 90%
(PEW Research Center, 2018; Calculated using penetration rate and
population data from “Countries and areas ranked by population:
2012,” 2012). The use of the Nielsen panel provides a reliable form of
online recruitment and a representative sample within each of the
conditions, using the same mix of probability and non-probability
sampling in Canada and the US. As indicated in the Supplementary
Materials, the weighted ICPS sample profile is broadly representative
with respect to national benchmark surveys although somewhat more
educated in the US, with moderately higher prevalence of cannabis use
in the US compared to national estimates. One notable exception is that
the ICPS does not include respondents over the age of 65 due to very
low prevalence levels in this age group National Cannabis Survey,
second quarter 2019, 2019. In addition, the ICPS survey was only
available to US respondents in English and not Spanish, which may
have contributed to the under-representation of Hispanic respondents.

The overall study design emphasises comparisons over time be-
tween jurisdictions. Point estimates in any one survey wave may be
biased in comparison with the ‘true’ population value but differences in
trends between jurisdictions should not be attributable to the sampling
design because the same methods are used across jurisdictions and over
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time to replenish respondents lost to attrition. Finally, the inclusion of
sociodemographic variables—such as age, sex, education, and ethnici-
ty—in all analytical models will help to control for potential socio-
demographic differences across jurisdictions.

Social desirability bias represents a general limitation of self-re-
ported survey measures. However, survey research is the only feasible
method for estimating the prevalence of cannabis use, and is the
method used in all national benchmark surveys (Canadian Cannabis
Survey 2018 summary, 2018; 2018 National Survey on Drug Use and
Health NSDUH Public Use Codebook, 2019; Canadian Tobacco, Acohol
and Drugs Survey CTADS, 2017, 2018; Current Population Survey
2018, 2018). As noted above, in an effort to mitigate any potential
social desirability bias, the ICPS stresses the importance of honest re-
porting and the confidential nature of the survey. Respondents who
report that they are unable to provide honest answers are excluded
from analyses.

Longitudinal pre-post measurement of cannabis prevalence may
include other biases. For example, prevalence of cannabis use prior to
legalization was likely underreported due to the illegality of cannabis.
Post-legalization data may be more reflective of truthful reporting. This
idea is supported by the 2018 CCS, in which 31.4% of respondents
indicated that they would be more willing to publicly report their
cannabis use once legalized (Canadian Cannabis Survey 2018 summary,
2018). For example, self-reporting of hospital visits may seem inflated
post-legalization, particularly since public education messaging about
overconsumption advises cannabis users to seek medical attention
when needed. To overcome these biases, more attention should be
placed on the differences between post-legalization years and between
legal markets, to better determine changes in public health outcomes
since legalization. These limitations highlight the importance and ne-
cessity of continued surveillance/monitoring in the years following le-
galization.

Conclusion

Legalization of cannabis production and sale for non-medical use
represents one of the most significant developments in substance use
policy over the past century. As the history of tobacco control has de-
monstrated, the impact of legalization is a process rather than a single
event and its impact on public health will be affected by how the legal
market is regulated (The health consequences of smoking - 50 years of
progress, 2014). Considering that major tobacco control policies con-
tinue to evolve after more than 60 years of regulatory history, evidence
on the effectiveness of specific cannabis policies will be important to
inform the future evolution of cannabis policies and assess the overall
public health impact of legalization.
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