Preventive Medicine 157 (2022) 107006

ELSEVIER

Contents lists available at ScienceDirect
Preventive Medicine

journal homepage: www.elsevier.com/locate/ypmed

Prevalence and factors associated with self-reported exposure to
secondhand cannabis smoke in the United States and Canada in 2019

Pete Driezen >

David Hammond ”

& Department of Psychology, University of Waterloo, Waterloo, Ontario, Canada

b School of Public Health Sciences, University of Waterloo, Waterloo, Ontario, Canada
¢ Ontario Tobacco Research Unit, Toronto, Ontario, Canada

4 Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada
€ Centre for Addiction and Mental Health, Toronto, Ontario, Canada

, Pamela Kaufman ©“, Michael Chaiton “®¢, Samantha Goodman ”,

b

ARTICLE INFO ABSTRACT

Keywords: Little is known about exposure to secondhand cannabis smoke (SHCS) among residents of detached single-family
Cannabis homes and multiunit housing (MUH). Using data from the 2019 International Cannabis Policy Study, the
Secondhand smoke prevalence of (a) self-reported exposure to SHCS at home (n = 33,024) and (b) self-reported SHCS incursions into
ls;if\-;szi MUH (defined as SHCS from another unit/the outdoors, n = 15,634) was estimated in (1) Canada; (2) US states

where non-medical cannabis use was legal, and (3) US states where it remained illegal. Factors associated with
exposures and incursions were assessed using weighted logistic regression. Overall, 16.9% of residents in Canada,
20.6% in US legal states, and 15.5% in US illegal states reported exposure to SHCS in their homes at least once in
the previous month. One quarter (25.7%) of Canadian MUH residents, 26.6% from US legal states, and 20.1%
from US illegal states reported at least monthly incursions. Sociodemographic factors associated with incursions
suggested MUH residents reporting incursions lived in qualitatively different MUH than those not reporting
incursions. Irrespective of the legality of non-medical cannabis use, smoke-free policies in MUH should protect

Multiunit housing

residents from involuntary exposure to all types of secondhand smoke.

1. Introduction

In 2019, 25% of Canadians and 18% of Americans reported using
cannabis in the previous year (Health Canada, 2019; Substance Abuse
and Mental Health Services Administration, 2020). In both countries,
smoked cannabis is the most common form used (Government of Can-
ada, 2017; Schauer et al., 2016; Goodman et al., 2020a). Although ev-
idence linking cannabis smoking and secondhand cannabis smoke
(SHCS) to chronic disease outcomes is limited (Ghasemiesfe et al., 2018;
Ravi et al., 2018; Holitzki et al., 2017), SHCS contains many of the same
toxic chemicals known to cause cardiac and respiratory disease as
secondhand tobacco smoke (SHTS) (Moir et al., 2008; Wang et al., 2016;
Graves et al., 2020). Smoking cannabis joints indoors produces higher
concentrations of fine particulate matter than other combustible
methods (Ott et al., 2021). Metabolites of cannabis smoke have been

found in nonsmokers under controlled laboratory conditions and among
nonsmokers exposed to SHCS in occupational settings (Cone et al., 2015;
Herrmann et al., 2015; Wiegand et al., 2020). While smoke-free tobacco
laws protect nonsmokers from SHTS, the liberalization of cannabis laws
permitting non-medical use in several US states and Canada may in-
crease the prevalence of involuntary exposure to SHCS.

Involuntary exposure to SHCS at home is particularly concerning. As
the prevalence of regular cannabis use increases among parents living
with children, potential exposure to SHCS may also increase (Goodwin
et al., 2018). Children whose parents smoke cannabis inside their home
have greater risk of acute adverse health outcomes (e.g., ear infections,
bronchitis; Posis et al., 2019). Involuntary exposure to SHCS also occurs
among residents of multiunit housing (MUH), often defined as semi-
detached homes, townhouses, apartment buildings, and condomin-
iums. In 2017, an estimated 827,000 adults from Ontario living in MUH
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(7.5% of the population) noticed cannabis smoke entering their homes
from neighbouring units or the outdoors at least once in the previous six
months (Chu et al., 2019). In 2018, 67% of residents living in 21 sub-
sidized high-rise buildings in New York City reported smelling cannabis
smoke in their homes (from other units or the outdoors) at least once in
the previous year (Anastasiou et al., 2020).

Given the chemical similarity between SHCS and SHTS (Moir et al.,
2008; Graves et al., 2020; Ott et al., 2021) and the ease with which
secondhand smoke transfers throughout MUH (Nguyen et al., 2016), itis
important to protect residents from involuntary exposure to both SHTS
and SHCS, especially as jurisdictions legalize non-medical cannabis use.
Because little is currently known about personal exposures to SHCS (Ott
et al., 2021), this study estimated the prevalence of self-reported expo-
sure to SHCS in three jurisdictions: US states where non-medical
cannabis use was legal in 2019 (US “legal” states: Alaska, California,
Colorado, Maine, Massachusetts, Michigan, Nevada, Oregon, Vermont,
Washington, and the District of Columbia); US states where non-medical
use was illegal in 2019 (US “illegal” states: all remaining states); and
Canada, where non-medical use was legalized in 2018. Specific objec-
tives were to (1) compare self-reported exposures among residents who
did not use cannabis or did not smoke cannabis inside their homes by
dwelling type (detached single-family homes vs. MUH) within jurisdic-
tions; (2) compare self-reported SHCS incursions into MUH across ju-
risdictions; and (3) examine factors associated with (a) self-reported
exposures and (b) self-reported incursions into MUH.

2. Methods
2.1. Sample

Data came from Wave 2 (2019) of the International Cannabis Policy
Study (ICPS), a cross-sectional, web-based, population survey of adults
aged 16 to 65 living in Canada and the US (Goodman et al., 2020b).
Respondents were recruited from the Nielsen Consumer Insights Global
Panel. Email invitations were sent to a random sample of panelists;
ineligible respondents, based on age and country, were not invited. All
respondents provided consent before completing the survey and were
remunerated according to their panel's usual incentives. The ICPS was
reviewed by and received ethics clearance through a University of Wa-
terloo Research Ethics Committee (ORE# 31330).

Overall, 45,735 respondents completed the Wave 2 Survey (Canada
n = 15,256; US illegal states n = 10,275; US legal states n = 20,204).
Respondents completed the survey via smartphone (49.3%), tablet
(7.2%), or computer (43.6%). Post-stratification sampling weights were
computed and calibrated to census estimates within jurisdictions and
population subgroups using a raking algorithm. Complete details of the
ICPS study are available elsewhere (Hammond et al., 2020; Goodman
et al., 2020b).

2.2. Measures

2.2.1. Dwelling type

Current housing conditions were assessed by asking “Which of the
following best describes where you live?” Responses were dichotomized
into detached single-family homes vs. MUH (an attached house, e.g.,
townhouse, semi-detached house; a multiple unit building e.g., apart-
ment building, condominium apartment, duplex; and shared accom-
modations e.g., rooming house, residence/dorm, retirement home).
Respondents not reporting dwelling information (“don't know” or
“refuse”, n = 1301) were classified as missing and excluded from the
analysis.

2.2.2. Primary outcome measures

Exposure to SHCS was assessed by asking “In the past 30 days, how
often were you exposed to secondhand marijuana smoke in your home?”
Respondents could answer “not at all”, “less than once a week”, “more
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than once a week”, “every day”, or “several times a day”. Responses
were classified to create three binary indicators of exposure: (1) any
exposure in the previous month (less than once a week, more than once a
week, every day, or several times a day) vs. none (not at all); (2) at least
weekly exposure (more than once a week, every day, or several times a
day) vs. less frequent exposure (not at all, less than once a week); and (3)
daily exposure (every day or several times a day) vs. less frequent
exposure (not at all, less than once a week, more than once a week).
Analysis was restricted to respondents who did not use cannabis, or
those who used cannabis but did not smoke it inside their homes in the
previous year (n = 33,024).

Cannabis smoke incursions into the home were assessed by asking “In
the past 6 months, have you noticed any marijuana smoke entering your
home from a neighbouring unit or from outside your building?” Re-

2

spondents could answer “never”, “at least once in the past 6 months”, “at
least once in the past 3 months”, “at least once a month”, “at least once a
week”, or “every day”. Responses were also classified into three binary
indicators of exposure: (1) any exposure in the previous month (at least
once a month or more often vs. less frequently); (2) weekly exposure (at
least once a week vs. less frequently); and (3) daily exposure (daily vs.
less frequently). Analysis was restricted to respondents living in MUH
who provided valid data for self-reported cannabis smoke incursions,
irrespective of whether they smoked cannabis inside their homes in the
previous year (n = 15,634).

2.2.3. Covariates

Sociodemographic measures were sex at birth (male vs. female), age
group (16-25, 26-35, 36-45, 46-55 vs. 56-65), ethnicity (other/mixed
race/not reported vs. white), education (high school/equivalent, some/
completed post-secondary, Bachelor's degree or higher vs. less than high
school), and income adequacy (“Thinking about your family's income,
how difficult or easy is it to make ends meet?”). Income adequacy was
defined as difficult (“difficult/very difficult”), neither, not stated vs.
easy (“easy/very easy”). Respondents were also asked whether they
currently lived with children younger than 18 (yes vs. no). Women who
reported being pregnant were classified as currently living with children
(n = 310).

Cannabis use was defined as never used, used more than 12 months
ago, used in the past 12 months, current monthly use, current weekly
use, and current daily/almost daily use. Current cigarette smoking was
defined as current daily/occasional smoker vs. non-smoker. Current e-
cigarette use was defined as current daily/occasional user vs. non-user.
Finally, respondents were asked whether they smoked cannabis inside
their home in the past 12 months (yes, no, non-cannabis user).

General self-rated health was classified as excellent/very good/good
vs. fair/poor. Self-rated mental health was classified as experiencing at
least one of the following mental health issues in the previous 12 months
(vs. none): anxiety, depression, post-traumatic stress disorder, bipolar
disorder/mania/borderline personality disorder, psychosis or dissocia-
tive identity disorder, schizophrenia, alcohol or other drug use, eating
disorder, attention deficit disorder/attention deficit hyperactivity dis-
order, or Autism spectrum disorder.

Societal norms about cannabis use were assessed by asking “In the
past 12 months, how often have you noticed someone using marijuana
near you in a public place?” (don't know, less than monthly, at least
weekly vs. not in the past 12 months). Perceived harmfulness of cannabis
smoke was assessed by asking “Based on what you know or believe, can
marijuana smoke be harmful?” (yes vs. no/maybe/don't know).

2.3. Statistical analysis

Sample characteristics were described using weighted descriptive
statistics. Weighted multivariable logistic regression estimated the
adjusted prevalence of self-reported exposure to SHCS in the home
among the subset of respondents who did not use cannabis or who did
but did not smoke cannabis inside their homes in the previous year (n =
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33,024). Among MUH residents (n = 15,634), weighted logistic
regression estimated the adjusted prevalence of self-reported SHCS in-
cursions in MUH. For all outcomes (any, at least weekly, and daily ex-
posures/incursions), the adjusted prevalence was estimated using
average marginal effects from the logistic models that account for dif-
ferences in covariate distributions across jurisdictions and are the
regression-based equivalent of epidemiological standardization
methods (Graubard and Korn, 1999; Muller and MacLehose, 2014).
Adjusted percentages controlled for survey device, sex at birth, age
group, ethnicity, education, income adequacy, living with children,
cannabis use (or smoking cannabis inside the home for SHCS in-
cursions), and dwelling type.

The overall prevalence of self-reported exposure was estimated
within jurisdictions. A second logistic model estimated jurisdiction-
specific prevalence by dwelling type using a two-way jurisdiction-by-
dwelling type interaction. Differences in prevalence across jurisdictions
and by dwelling type within jurisdictions were tested. For self-reported
SHCS incursions in MUH, jurisdiction-specific prevalence was estimated
and differences in prevalence between jurisdictions were tested. All
comparisons within models accounted for multiple testing using the
false discovery rate (FDR) adjustment (Benjamini and Hochberg, 1995).

Adjusted odds ratios (aOR) were estimated using weighted multi-
variable logistic regression to assess correlates of self-reported SHCS
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exposure and self-reported SHCS incursions in MUH. Sociodemographic
covariates were survey device type, sex at birth, age group, ethnicity,
education, income adequacy, and living with children. Cannabis use (or
smoked cannabis use inside the home for SHCS incursions), cigarette
smoking status, and e-cigarette use were included, as were general
health, mental health, noticing cannabis use in public, and perceived
harmfulness of cannabis smoke. Statistical analyses were conducted
using SAS-callable SUDAAN (Version 11.0.3) to account for the sam-
pling design and sampling weights.

3. Results
3.1. Sample characteristics

After weighting to the population of each jurisdiction, the sex,
gender, ethnic, and income adequacy distributions of respondents were
similar across jurisdictions (Supplementary Table 1). A smaller per-
centage of respondents living in Canada than the US had more than a
high school education or lived with children; 43.8% of respondents in
Canada lived in MUH compared with 31.1% in US illegal states and
37.0% in US legal states.
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Fig. 1. Adjusted percentage of people reporting exposure to secondhand cannabis smoke in the home by jurisdiction and housing type among those not using
cannabis in the previous year or not smoking cannabis inside their home in the previous year (n = 33,024; International Cannabis Policy Study, 2019). Estimates are
adjusted for survey device type, sex at birth, age group, ethnicity, education, income adequacy, living with children under 18, cannabis use, and dwelling type.
Jurisdictions having different letters are statistically different (adjusted p < 0.05). Within jurisdictions, differences between detached single-family homes and MUH
were tested. All p-values were adjusted for multiple comparisons using the false discovery rate adjustment. * p < 0.05; ** p < 0.01; *** p < 0.001; ns =

not significant.
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3.2. Prevalence of exposure to secondhand cannabis smoke

3.2.1. Self-reported exposure to SHCS at home

Among respondents who did not use cannabis in the previous year or
did not smoke cannabis inside their homes in the previous year, 16.9%
from Canada and 15.5% from US illegal states reported any past-month
exposure to SHCS after adjusting for dwelling type and sociodemo-
graphic covariates (Fig. 1). Prevalence in Canada and US illegal states
was significantly lower than in US legal states, where 20.6% of residents
reported any exposure (both p < 0.001). In all jurisdictions, a signifi-
cantly greater percentage of MUH residents reported any exposure to
SHCS than residents of detached single-family homes (all p < 0.001).

More frequent exposures to SHCS were less common. Fewer Cana-
dian residents (8.1%) reported at least weekly exposure than residents
from US illegal states (9.2%, p = 0.04) or legal states (11.4%, p < 0.001).
The difference in at least weekly exposure was also significantly lower in
US illegal states than in US legal states (p < 0.001). Only 3.2% of Ca-
nadian residents, 4.4% of residents from US illegal states, and 5.2% of
residents from US legal states reported daily exposure to SHCS. The
prevalence of daily exposure differed by dwelling type within Canada (p
= 0.009) and US illegal states (p = 0.012), but not within US legal states
(p = 0.28).

3.2.2. Self-reported SHCS incursions in multiunit housing

Self-reported SHCS incursions into the homes of MUH residents
differed significantly by jurisdiction (Fig. 2). Overall, the adjusted

(a) At least monthly

(b) At least once/week
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prevalence of at least monthly incursions was significantly higher in
Canada (25.7%) and US legal states (26.6%) than in US illegal states
(20.1%, both p < 0.001), with no difference in Canada versus US legal
states (p = 0.43). A similar trend was observed for at least weekly in-
cursions. There were no significant differences across jurisdictions in the
self-reported prevalence of daily incursions.

3.3. Correlates of exposure to secondhand cannabis smoke

3.3.1. Self-reported exposure among people not using cannabis or not
smoking cannabis at home

Jurisdiction-specific multivariable logistic models were estimated to
qualitatively compare factors associated with any exposure to SHCS in
the previous month (Table 1). Across jurisdictions, males (vs. females),
people aged 45 or younger (vs. those aged 56-65), and those of other/
mixed/unstated ethnicity (vs. white) had significantly greater odds of
reporting exposure to SHCS in the previous month. Cannabis use was
consistently associated with self-reported exposure. In all jurisdictions,
people who used cannabis weekly and daily/almost daily had the
greatest odds of reporting exposure to SHCS compared with never users.
Although living with children was not associated with self-reported
exposure, living in MUH (vs. detached single-family homes) was
significantly associated in Canada (aOR = 1.23, 95% CI: 1.07, 1.41) and
US legal states (aOR = 1.23, 95% CI: 1.09, 1.40).

Self-rated health was not associated with self-reported exposure.
However, people who reported experiencing at least one mental health
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Fig. 2. Adjusted percentage of multiunit housing residents reporting secondhand smoke incursions into their homes by jurisdiction (n = 15,634; International
Cannabis Policy Study, 2019). Estimates are adjusted for survey device type, sex at birth, age group, ethnicity, education, income adequacy, living with children
under 18, and use of smoked cannabis inside the home in the previous year. Differences between jurisdictions were tested. All p-values were adjusted for multiple
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Table 1
Weighted multivariable logistic regression of factors associated with any self-reported exposure to secondhand cannabis smoke in the previous month among re-
spondents who did not use cannabis or did not smoke cannabis inside their homes in the previous year, by jurisdiction (International Cannabis Policy Study, 2019).

Covariate (reference group) Canada (n = 11,510) US illegal (n = 7419) US legal (n = 13,550)
aOR  (95% CI) 42 p aOR (95% CI) 7 p aOR  (95% CI) 42 p
Sex (female)
Male 1.45 (1.27, 28.92 < 1.69 (1.41, 2.03) 31.30 < 1.56  (1.38, 53.16 <
1.67) 0.001 0.001 1.76) 0.001
Age group (56-65)
16-25 1.86  (1.44, 40.08 < 3.04 (2.14, 4.31) 61.22 < 2.87 (2.32, 12237 <
2.40) 0.001 0.001 3.56) 0.001
26-35 2.01 (1.59, 2.78 (2.01, 3.83) 2.40 (1.98,
2.55) 2.90)
36-45 1.50 (1.19, 2.13 (1.53, 2.95) 1.97 (1.62,
1.89) 2.39)
46-55 1.33  (1.07, 1.33 (0.95, 1.87) 1.40 (1.15,
1.65) 1.70)
Ethnicity (white)
Other/mixed/not reported 1.87 (1.61, 63.95 < 1.61 (1.30, 1.99) 19.44 < 1.38 (1.20, 21.36 <
2.18) 0.001 0.001 1.58) 0.001
Education (< high school)
High school/equivalent 0.84 (0.64, 1.67 0.644 2.19 (1.50, 3.21) 17.91 < 0.96 (0.69, 15.05 0.002
1.10) 0.001 1.34)
Some/completed post-secondary 0.87  (0.68, 1.82 (1.25, 2.65) 0.76  (0.55,
1.11) 1.04)
Bachelor's degree/higher 0.87 (0.67, 2.04 (1.41, 2.97) 0.96 (0.70,
1.13) 1.32)
Income adequacy (easy/very easy)
Not stated 0.61  (0.35, 25.79 < 0.46 (0.15, 1.45) 4.92 0.178 0.49 (0.28, 10.06 0.018
1.06) 0.001 0.85)
Neither 0.93  (0.79, 0.80 (0.64, 1.01) 0.87  (0.75,
1.10) 1.01)
Difficult/very difficult 1.37  (1.15, 0.91 (0.73,1.14) 0.99  (0.85,
1.63) 1.16)
Interview device (smartphone)
Tablet 0.78  (0.61, 3.59 0.166 0.68 (0.41, 1.12) 2.88 0.237 1.11  (0.87, 0.92 0.631
1.01) 1.43)
Computer 0.95 (0.82, 1.05 (0.86, 1.27) 0.98 (0.86,
1.10) 1.12)
Cannabis user (never used)
More than 12 months ago 1.42  (1.20, 36.97 < 1.38 (1.11, 1.71) 44.39 < 1.27  (1.10, 64.24 <
1.67) 0.001 0.001 1.46) 0.001
Past 12-months 1.22  (0.95, 1.09 (0.74, 1.62) 1.38  (1.09,
1.56) 1.75)
Monthly 1.47 (1.07, 1.92 (1.10, 3.35) 1.94 (1.39,
2.02) 2.70)
Weekly 2.49  (1.69, 3.69 (2.29, 5.94) 210  (1.45,
3.68) 3.04)
Daily/almost daily 1.91 (1.37, 3.20 (1.85, 5.53) 2.89 (2.13,
2.67) 3.94)
Lives with children < 18 (does not)
Lives with children 0.93 (0.78, 0.75 0.385 0.97 (0.79,1.18) 0.12 0.734 1.01 (0.88, 0.03 0.872
1.10) 1.16)
Housing type (detached single-family
home)
Multinunit housing 1.23  (1.07, 8.47 0.004 1.02 (0.83,1.24) 0.03 0.865 1.23  (1.09, 10.58 0.001
1.41) 1.40)
Current cigarette smoker (does not smoke)
Current daily/occasional smoker 1.20 (0.98, 3.26 0.071 1.16 (0.91, 1.49) 1.41 0.235 1.53 (1.30, 24.83 <
1.45) 1.81) 0.001
Current e-cigarette user (does not use)
Current daily/occasional e-cigarette 1.42 (1.09, 6.97 0.008 2.57 (1.94, 3.41) 43.49 < 1.97 (1.59, 38.50 <
user 1.84) 0.001 2.44) 0.001
Self-rated health (fair/poor)
Good/very good/excellent 1.14 (0.94, 1.81 0.178 0.94 (0.73,1.21) 0.21 0.645 1.03 (0.88, 0.12 0.728
1.39) 1.21)
Mental health (no issues in past year)
At least 1 mental health issue 1.29 (1.11, 10.91 < 1.25 (1.03,1.51) 5.23 0.022 1.41 (1.24, 27.86 <
1.50) 0.001 1.61) 0.001
Noticed cannabis use in public (not in past
year)
Don't know 2.23 (1.51, 181.94 < 3.17 (2.10, 4.80) 451.13 < 1.91 (1.40, 358.49 <
3.29) 0.001 0.001 2.61) 0.001
Less than monthly 292 (2.24, 4.21 (3.24, 5.46) 3.20 (2.62,
3.81) 3.91)
At least once/week 5.17 (3.98, 15.07 (11.65, 5.95 (4.90,
6.71) 19.48) 7.23)

(continued on next page)
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Table 1 (continued)
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Covariate (reference group) Canada (n = 11,510)

US illegal (n = 7419)

US legal (n = 13,550)

aOR  (95% CI)  »? p aOR (95% CI) 7 P aOR  (95% CI) 4?2 P
Cannabis smoke can be harmful (no/
maybe/don't know)
Yes 0.69  (0.60, 27.97 < 0.72 (0.60, 0.87) 12.02 < 0.66  (0.59, 45.34 <
0.79) 0.001 0.001 0.75) 0.001

Notes: aOR = adjusted odds ratio; 95% CI = 95% confidence interval.

condition in the previous year had significantly higher odds of exposure
than those not reporting any mental health issues (Canada aOR = 1.29,
95% CI: 1.11, 1.50; US illegal aOR = 1.25, 95% CI: 1.03, 1.51; US legal
aOR = 1.41, 95% CI: 1.24, 1.61). Cigarette smoking status was only
associated with SHCS exposure in US legal states (p < 0.001). Current
use of e-cigarettes was associated with exposure in all jurisdictions (all p-
values < 0.01). Noticing cannabis use in public was strongly associated
with exposure: people who noticed cannabis being used in public at least
once a week had 5.17 (Canada, 95% CI: 3.98, 6.71), 15.07 (US illegal,
95% CI: 11.65, 19.48), and 5.95 (US legal, 95% CI: 4.90, 7.23) times the
odds of reporting SHCS exposure at home compared with people not
noticing public cannabis consumption. Finally, people who believed
cannabis smoke can be harmful had significantly lower odds of reporting
exposure to SHCS at home in the previous month than people who did
not (Canada aOR = 0.69, 95% CI: 0.60, 0.79; US illegal states aOR =
0.72, 95% CI: 0.60, 0.87; US legal aOR = 0.66, 95% CI: 0.59, 0.75).

3.3.2. Self-reported, at least monthly SHCS incursions in MUH

Few sociodemographic factors were associated with self-reported
monthly SHCS incursions into MUH (Table 2). In US legal states,
males living in MUH had significantly lower odds of reporting incursions
than females (aOR = 0.78, 95% CI: 0.67, 0.90). Education was also
associated with reporting incursions in US legal states. MUH residents
who completed a Bachelor's degree had significantly lower odds of
reporting incursions than MUH residents with less than a high school
education (aOR = 0.58; 95% CI: 0.39, 0.86). Income adequacy was only
associated with monthly incursions in Canada. Canadian MUH residents
stating it was difficult to make ends meet had greater odds of reporting
monthly incursions than residents who said it was easy (aOR = 1.64;
95% CI: 1.33, 2.03).

In US legal states, MUH residents who smoked cannabis inside their
homes in the previous year had significantly lower odds of reporting at
least monthly SHCS incursions compared with residents not using
cannabis in the previous year (aOR = 0.76, 95% CI: 0.64, 0.90). Ciga-
rette smoking was not associated with reported incursions. However,
MUH residents who noticed cannabis use in public in the previous year
had significantly greater odds of reporting incursions in all jurisdictions.
MUH residents who reported noticing public cannabis consumption at
least once a week had 5.74 (Canada, 95% CI: 4.23, 7.78) to 7.72 (US
illegal, 95% CI: 5.41, 11.00) times the odds of reporting incursions into
their homes than MUH residents not noticing public cannabis con-
sumption in the previous year.

Self-reported mental health and living with children were inconsis-
tently associated with self-reported incursions (Table 2). Only residents
from US legal states experiencing at least one mental health issue (vs.
none) had significantly higher odds of reporting SHCS incursions (aOR
= 1.25; 95% CI: 1.07, 1.46; p = 0.005). Likewise, only Canadian MUH
residents living with children (vs. not) had significantly higher odds of
reporting incursions (aOR = 1.35, 95% CI: 1.11, 1.65). Beliefs about the
harmfulness of cannabis smoke were not associated with self-reported
incursions among MUH residents.

4. Discussion

In 2019, 17% of Canadian residents who did not use cannabis in the
previous year or who did not smoke cannabis inside their homes

reported being exposed to SHCS inside their homes at least once in the
previous month. Self-reported exposure was similar in US states where
non-medical cannabis was illegal (16%) and slightly higher in US states
where non-medical cannabis was legal (21%). More frequent exposures
were less common: only 3% of Canadian residents and 5% of US resi-
dents (both illegal and legal states) reported at least daily exposure.
Almost all levels of exposure (previous month, at least weekly, at least
daily) were significantly more common among MUH residents across
jurisdictions compared with residents of detached single-family homes.
In Canada and US legal states, 26% and 27% of MUH residents,
respectively, reported that SHCS entered their home from another unit
or the outdoors at least once a month while 20% of MUH residents from
US illegal states reported such incursions. Although more frequent in-
cursions were less common, these findings demonstrate that exposure to
SHCS in MUH occurs irrespective of the legality of non-medical cannabis
use.

Similar factors were associated with self-reported home exposures
across jurisdictions, including sex, age, self-reported mental health, use
of e-cigarettes, noticing cannabis use in public, and perceived harm-
fulness of cannabis smoke. These factors include personal characteristics
that are, in part, associated with cannabis use, as well as situational
factors reflecting social surroundings that might increase the likelihood
of exposure. For example, both males and younger people had signifi-
cantly greater odds of reporting previous month exposure to SHCS
across jurisdictions. People who noticed cannabis use in public at least
occasionally also had significantly greater odds of reporting exposure in
the previous month than people who did not notice use in public.

Beyond these factors, people who believed that cannabis smoke can
be harmful had significantly lower odds of reporting SHCS exposure
than people who did not. It is possible that people having greater risk
perceptions are less likely to smoke cannabis themselves (Salloum et al.,
2018; Goodman and Hammond, 2022) and less likely to live in areas
where cannabis use is common. Taken together, these associations
suggest it is important to raise awareness of the potential harms of SHCS.
As Wang et al. point out, policymakers and the general public need to
understand that exposure to SHCS is not harmless (Wang et al., 2016),
especially given recent evidence suggesting smoking cannabis joints
indoors produces significantly higher concentrations of fine particulate
matter compared with other combustible methods (Ott et al., 2021).

Similar to Chu et al. (2019), few sociodemographic factors were
associated with self-reported SHCS incursions into the homes of MUH
residents. Residents from US legal states who completed a Bachelor's
degree had significantly lower odds of reporting monthly SHCS in-
cursions than those having less than a high school education. It could be
that more highly educated people live in qualitatively different multi-
unit buildings than less educated MUH residents which might reduce
their likelihood of involuntary exposure. In Canada, MUH residents who
reported that it was difficult to make ends meet had significantly higher
odds of reporting SHCS incursions compared with those who said
otherwise. It is possible that the types of multiunit buildings people live
in are constrained by their financial situation which, in turn, is corre-
lated with SHCS incursions. This is supported by a limited study of
subsidized MUH in New York City, which found that SHCS was perva-
sive (Anastasiou et al., 2020).

Across jurisdictions, MUH residents living with children had similar
odds of reporting at least monthly SHCS incursions into their homes.
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Table 2
Weighted multivariable logistic regression of self-reported, at least monthly secondhand cannabis smoke incursions into the homes of residents living in multiunit
housing by jurisdiction (International Cannabis Policy Study, 2019).

Covariate (reference group) Canada (n = 5804) US illegal (n = 2823) US legal (n = 6658)
aOR  (95% CI) 42 p aOR  (95% CI) 7 p aOR  (95% CI) 42 p
Sex (female)
Male 091  (0.77, 1.33 0.248 0.90  (0.70, 0.71 0.399 0.78  (0.67, 10.75 0.001
1.07) 1.15) 0.90)
Age group (56-65)
16-25 1.00  (0.74, 2.68 0.612 1.18  (0.78, 4.02 0.404 0.90 (0.70, 6.66 0.155
1.36) 1.79) 1.15)
26-35 0.88 (0.68, 1.04 (0.70, 0.94 (0.75,
1.14) 1.56) 1.18)
36-45 0.95 (0.73, 0.97  (0.64, 0.99 (0.78,
1.22) 1.45) 1.25)
46-55 1.06  (0.83, 1.38  (0.92, 1.21  (0.96,
1.37) 2.06) 1.53)
Ethnicity (white)
Other/mixed/not reported 1.05 (0.88, 0.32 0.569 1.24 (0.96, 2.68 0.102 1.10 (0.93, 1.24 0.265
1.27) 1.60) 1.29)
Education (< high school)
High school/equivalent 0.99 (0.72, 4.25 0.236 1.33 (0.79, 3.14 0.371 0.75 (0.50, 13.60 0.003
1.35) 2.26) 1.11)
Some/completed post-secondary 0.94 (0.70, 1.44 (0.87, 0.76  (0.52,
1.24) 2.39) 1.11)
Bachelor's degree/higher 0.80 (0.60, 1.59 (0.94, 0.58 (0.39,
1.09) 2.70) 0.86)
Income adequacy (easy/very easy)
Not stated 0.63  (0.33, 32.41 < 0.62  (0.11, 1.68 0.640 0.84  (0.46, 1.74 0.628
1.22) 0.001 3.43) 1.54)
Neither 1.07  (0.87, 1.00 (0.72, 1.00 (0.82,
1.31) 1.38) 1.22)
Difficult/very difficult 1.64 (1.33, 1.15 (0.84, 1.09  (0.90,
2.03) 1.58) 1.32)
Survey device (smartphone)
Tablet 1.17  (0.86, 1.09 0.579 1.24  (0.65, 2.88 0.237 1.15  (0.85, 1.00 0.607
1.60) 2.36) 1.56)
Computer 1.05 (0.89, 1.25 (0.96, 1.05 (0.90,
1.25) 1.63) 1.23)

Smoked cannabis inside home in past year
(non-users)

Did not smoke cannabis inside 0.92 (0.73, 0.61 0.739 1.05 (0.70, 4.53 0.104 0.81 (0.64, 11.39 0.003
1.16) 1.57) 1.03)
Smoked cannabis inside 1.01 (0.82, 1.38 (1.02, 0.76 (0.64,
1.24) 1.87) 0.89)
Living with children < 18 (does not)
Lives with children 1.35 (1.11, 8.99 0.003 1.31  (0.99, 3.58 0.058 1.18  (0.99, 3.46 0.063
1.65) 1.72) 1.41)
Current cigarette smoker (does not smoke)
Current daily/occasional smoker 0.93 (0.76, 0.40 0.526 0.98 (0.73, 0.01 0.919 1.02 (0.84, 0.03 0.861
1.15) 1.33) 1.23)
Current e-cigarette user (does not use)
Current e-cigarette user 0.99 (0.75, 0.01 0.917 1.59 (1.12, 6.81 0.009 1.47 (1.16, 10.11 0.001
1.30) 2.26) 1.86)
Self-rated health (fair/poor)
Good/very good/excellent 0.79  (0.65, 5.37 0.020 0.93  (0.70, 0.25 0.618 1.05 (0.88, 0.26 0.613
0.96) 1.23) 1.24)
Mental health (no issues in past year)
At least 1 mental health issue 1.17  (0.98, 3.09 0.079 112 (0.87, 0.75 0.385 1.25  (1.07, 7.86 0.005
1.38) 1.44) 1.46)
Noticed cannabis use in public (not in past
year)
Don't know 1.32  (0.81, 271.74 < 1.76  (0.97, 159.70 < 1.82  (1.23, 364.86 <
2.13) 0.001 3.18) 0.001 2.68) 0.001
Less than monthly 1.68 (1.21, 2.23 (1.53, 2.20 (1.69,
2.33) 3.25) 2.87)
At least once/week 5.74 (4.23, 7.72 (5.41, 6.80 (5.33,
7.78) 11.00) 8.68)
Cannabis smoke can be harmful (no/
maybe/don't know)
Yes 1.10  (0.94, 1.38 0.240 1.03  (0.80, 0.07 0.792 0.96  (0.83, 0.30 0.586
1.30) 1.33) 1.11)

Notes: aOR = adjusted odds ratio; 95% CI = 95% confidence interval.
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While it was not possible to quantify the number of youth exposed using
these data, 5.2% (US illegal) to 6.5% (Canada and US legal) of MUH
residents reported daily SHCS incursions and 13% (US illegal states) to
18% (US legal states) of MUH residents reported weekly SHCS in-
cursions. Although less is known about the health hazards of SHCS than
SHTS, it is important to note that SHCS incursions are involuntary for
children, highlighting the importance of smoke-free building policies
that reduce exposure to SHCS (Chu et al., 2019). There is therefore a
need to increase awareness of the harms of SHCS among MUH residents
and building operators to increase support for comprehensive bans on
tobacco and cannabis smoking in MUH. Although the US Department of
Housing and Urban Development banned smoking in public housing in
2018 (Department of Housing and Urban Development, 2016), addi-
tional work is needed to eliminate involuntary exposure to all types of
secondhand smoke in MUH.

4.1. Limitations

This study is subject to limitations common to survey research. First,
ICPS respondents were recruited from a commercial consumer panel
that used non-probability-based sampling. Although data were
weighted, results are not nationally representative of the Canadian and
US populations. Thus, the prevalence of self-reported exposures to SHCS
in the home and self-reported SHCS incursions into MUH may not
represent the true prevalence in these jurisdictions.

Second, respondents older than 65 were not sampled for the ICPS
survey. Therefore, the extent of exposure to SHCS in this older popula-
tion remains unknown. However, few adults older than 65 use cannabis
(Rotermann, 2019). Thus, the prevalence of self-reported exposures and
incursions is likely lower in areas where a larger proportion of the
population is older than 65. Third, this study reports cross-sectional data
collected at the individual level. As a result, relationships between
personal and situational factors and self-reported exposures are corre-
lational and only suggest the types of people potentially exposed to
SHCS at home or in MUH. It was also not possible to compare residents
of different building types (e.g., high income, market-rate buildings vs.
low-income, subsidized housing).

Fourth, estimates of self-reported exposures in the home were
restricted to the subset of respondents who did not use cannabis in the
previous year or who did but did not smoke cannabis inside their homes.
Including people who smoked cannabis in the home would have
complicated interpretation of results, because it is unclear whether this
group of users is reporting exposure to their own cannabis smoke or the
smoke of others with whom they live. Fifth, some people may be unable
to distinguish cannabis smoke from tobacco smoke (Chu et al., 2019) or
may be unfamiliar with the smell of cannabis smoke. To address this
limitation, sensitivity analyses estimated the prevalence of self-reported
exposures at home (Supplementary Table 2) and self-reported incursions
in MUH (Supplementary Table 3) among respondents who never used
cannabis or had used but not in the previous year. In all cases, self-
reported exposures and incursions were slightly lower among those
who never used cannabis than among those not using in the previous
year. Thus, estimates presented in Figs. 1 and 2 may only slightly un-
derestimate the magnitude of self-reported exposures. Finally, exposure
to SHCS was based on subjective reports rather than quantitative at-
mospheric monitoring. Additional work should assess the relationship
between quantitative measures of SHCS and self-reported exposures.

5. Conclusion

Both Canadian and American residents reported exposure to SHCS in
2019, irrespective of whether they lived in detached single-family
homes or MUH. Across jurisdictions, 20% to 25% of MUH residents re-
ported SHCS incursions in their homes from other units or the outdoors
at least once in the previous month. This was true irrespective of the
legality of non-medical cannabis use. As research on the adverse health
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effects of SHCS accumulates (Wang et al., 2016), efforts are needed to
increase awareness of the risks of exposure, especially among people
who smoke cannabis inside their homes. Smoke-free policies in MUH
must consider both SHTS and SHCS to protect residents from involun-
tary incursions.
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