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A B S T R A C T

Exposure to secondhand smoke (SHS) can result in several adverse health consequences. SHS concentrations in
vehicles can significantly exceed levels present in other enclosed spaces. Years after the adoption of smoke-free
car laws, this study examined the prevalence of exposure to SHS in vehicles among adolescents. Data were
utilized from the 2016–2017 Canadian Student Tobacco, Alcohol and Drugs Survey (n= 48,444). The pre-
valence of exposure to SHS in cars was estimated by grade level and demographic characteristics. The results
showed a gradient by grade level in exposure to SHS with students in upper-grade levels reporting a higher
prevalence of SHS in cars. SHS varied by province, with the lowest rate found in British Columbia (15.6%) and
the highest in Saskatchewan (36.9%). The provinces with laws that extend protections to older children also had
high rates of SHS exposure among students in upper-grade levels. Students exposed to SHS were more likely to
engage in risky behaviors, including the use of marijuana, alcohol, cigarettes, and e-cigarettes. Despite laws
prohibiting smoking in vehicles carrying children, SHS prevalence remains high. While enforcement of these
laws may be challenging, persuasion campaigns highlighting that children are especially vulnerable to the health
risks of SHS may be beneficial.

1. Introduction

Tobacco use causes 7 million deaths each year, making it the
leading cause of preventable death worldwide (World Health
Organization, 2017). In Canada, tobacco use was the leading cause of
all substance use attributable deaths in 2014, accounting for 47,562
deaths, more than double the next leading substance (Canadian
Substance Use Costs and Harms Scientific Working Group, 2018). To-
bacco smoke is recognized as a Group 1 carcinogen by the International
Agency for Research on Cancer (IARC Working Group on the Evaluation
of Carcinogenic Risks to Humans, 2012; World Health Organization &
International Agency for Research on Cancer, 2004), and even the ne-
gative health effects of exposure to secondhand smoking (SHS) have
been found to be a factor in> 800 deaths annually in Canada (Rehm,
Gnam, Popova, et al., 2007). The presence of SHS can lead to several
adverse health consequences, including coronary heart disease, stroke,
and lung cancer (U.S. Department of Health and Human Services,
2014). Infants and children are more vulnerable to the adverse health
effects of SHS, as they have no control over the exposure from their
caregivers, have immature immune systems, and have higher re-
spiratory rates (Action on Smoking & Health, n.d.). Some of the

damaging effects of childhood exposure to SHS include respiratory tract
infection, asthma, cancer, and sudden infant death syndrome (Cheraghi
& Salvi, 2009; Dybing & Sanner, 1999; Håberg, Stigum, Nystad, &
Nafstad, 2007; Lam, Leung, & Ho, 2001; Olivo-Marston, Yang,
Mechanic, et al., 2009). SHS remains a significant public health issue,
with an estimated 40% of children globally exposed to SHS in 2004
(Öberg, Jaakkola, Woodward, Peruga, & Prüss-Ustün, 2011).

Although exposure to SHS can occur in a myriad of locations, in-
cluding bars, restaurants, homes, vehicles are one of the top sources of
exposure to SHS among children (U.S. Department of Health and
Human Services, 2006). This is troubling because SHS concentrations in
vehicles have been found to significantly exceed levels present in other
enclosed spaces such as bars, restaurants, and casinos (Northcross,
Trinh, Kim, et al., 2014). One study found that nicotine concentrations
in the air were higher in vehicles compared to other venues in the 24-
hours after smoking had ceased (Jones, Navas-Acien, Yuan, & Breysse,
2009). Even with car windows down and the ventilation systems op-
erating in attempts to clear the smoke, SHS levels may remain high
(Jones et al., 2009; Sendzik, Fong, Travers, & Hyland, 2009). There is
evidence linking SHS in vehicles with an increased incidence of per-
sistent wheezing in adolescents 14 years of age (Sly, Deverell, Kusel, &
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Holt, 2007). In addition to the health risks, smoking in cars may act as a
distraction with evidence suggesting a possible association with motor-
vehicle accidents (Lam, 2002; Vafaee-Najar, Khabbazkhoob, Alidadi-
Soltangholi, Asgari, & Ibrahimipour, 2011). There is no safe level of
SHS exposure (Potera, 2010; Strulovici-Barel, Omberg, O'Mahony,
et al., 2010; U.S. Department of Health and Human Services, 2006), and
recent action in the form of smoke-free laws prohibiting smoking in
vehicles carrying children has been undertaken (American Nonsmokers'
Rights Foundation, n.d.; Department of Health, 2015; Department of
Health and Social Care, 2017; DeRosenroll & Cunningham, 2007). Si-
milar public smoking bans in other venues are commonplace in many
jurisdictions and share the goal of reducing the health risks associated
with SHS. Smoke-free laws that ban smoking in public places such as
schools, bars, restaurants, and workplaces have been shown to reduce
exposure to SHS (Akhtar, Currie, Currie, & Haw, 2007; Azagba, 2015;
Azagba, Kennedy, & Baskerville, 2016; Dove, Dockery, & Connolly,
2010), and thus are generally considered successful.

Policies banning smoking in vehicles with children have been
widely implemented in many Canadian municipalities and provinces
(see Fig. 1). There is strong public support for the ban on smoking in
vehicles carrying children, with 74% of Canadian smokers supporting
the ban (Hitchman, Fong, Zanna, Hyland, & Bansal-Travers, 2010). In
2008, Nova Scotia became the first province to adopt laws prohibiting
smoking in vehicles carrying children. By 2016, all provinces (except

the Northwest Territories and Nunavut) in Canada had implemented
the ban (Fig. 1). This study examined the prevalence of SHS exposure in
vehicles among Canadian students in Grades 7–12 in 2018, years after
policy implementation. Continuous surveillance of children's exposure
to SHS in vehicles is particularly important given that, at a minimum, it
will provide a gauge of this policy's strength of enforcement.

2. Method

2.1. Data

Data from the 2016–2017 Canadian Student Tobacco, Alcohol and
Drugs Survey (CSTADS; formerly the Youth Smoking Survey) were used
for this study. The CSTADS is a biennial, cross-sectional, school-based
survey of a representative sample of Canadian students attending
schools in 7 through 12 (secondary I through V in Quebec) grade and is
intended to track adolescent and youth substance use behavior. The
survey excluded those living on First Nations reserves, Canada's three
northern Territories (i.e., Yukon, Nunavut, and Northwest Territories),
and those attending special schools or schools on military bases.
CSTADS uses a stratified single-stage cluster design (except the pro-
vince of Quebec), with strata based on health-region smoking rate and
type of school. For each province, two or three health-region smoking
rate strata and two school-level strata were defined. Random selection

Fig. 1. Smoking restriction policy in vehicles carrying children in Canada.
*Applicable age refers to under the age (i.e., 16 means smoking is prohibited in a vehicle carrying someone under 16).
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of schools within each stratum allowed for a generalizable sample for
each province.

All eligible students within selected schools were administered the
survey. Research ethics boards at multiple levels approved the study
(e.g., Health Canada, the University of Waterloo, institutions and school
boards in each participating province). Consistent with school board
requirements, parents provided permission for their child to participate
in the study via active parent permission or existing information-pas-
sive permission protocols. Only students with parental permission were
invited to participate on the day the survey was administered. All
schools that participated in the 2016–2017 survey, except for schools in
Quebec, received a $100 honorarium. Students were not rewarded and
could stop answering the survey at any time. The 2016–2017 CSTADS
was implemented in schools between October 2016 and June 2017. The
province of New Brunswick declined participation in the
2016–2017 cycle. A total of 52,103 students in Grades 7 through 12
completed the survey, corresponding to 76% of the eligible student
population in participating schools.

2.2. Measures

The outcome variable was SHS exposure in a vehicle during the past
30 days, which was derived from the survey question “During the last
30 days, did you ride in a car with someone who was smoking cigar-
ettes?” The possible responses included “I did not ride in a car in the
last 30 days,” “Yes,” “No,” and “Not Stated.” Those who did not ride in
a vehicle in the last 30 days before the survey and did not respond to the
SHS question were excluded from the analysis.

2.3. Statistical analysis

Demographic characteristics were described by the full sample as
well as by SHS groups (SHS in the vehicle vs. no SHS in the vehicle).
Demographic variables were reported with unweighted counts and
weighted percentage. Descriptive statistics and Rao-Scott Chi-Square
tests were used for comparing characteristics between groups.
Prevalence of exposure to SHS was estimated by grade levels (7–9 lower
grade and 10–12 upper grade) since provincial policies vary slightly by
age. However, all students in Grades 7–9 should be protected from
exposure to SHS in vehicles according to the smoke-free policies. For
each grade level, the analysis also examined exposure to SHS by de-
mographic characteristics (sex, level of urbanization, and province of
residence).

Additionally, we examined the correlates of exposure to SHS with
the following included in the analysis: grade level, sex, involvement in
risky behavior (i.e., use of tobacco, e-cigarettes, alcohol, and mar-
ijuana), level of urbanization, and province of residence. All analyses
took account of the sample design by using the bootstrap weights
provided in the 2016–2017 CSTADS. All tests were two-sided and used
a 5% significance level. All of the statistical analyses were performed
using SAS 9.4 (SAS Institute, Inc., Cary, NC).

3. Results

Of all 48,444 students included in our study, 15,001 (25.6%) were
exposed to SHS in a vehicle during the 30 days prior to the survey,
51.0% were male, and 83.1% lived in an urban area. The descriptive
statistics and weighted percentage by SHS status are shown in Table 1.
Compared to no exposure to SHS in a vehicle, students in the SHS group
tended to be an upper grade and living in a rural area. Additionally,
students in the SHS group were more likely to engage in risky behaviors
such as cigarette use, e-cigarette use, alcohol use, and marijuana use.

Fig. 2 shows the prevalence of SHS exposure in vehicles by grade
level. The results show a gradient in exposure to SHS by grade, with
those in high school reporting a higher prevalence of exposure. The
prevalence of SHS in Grade 12 (35.5%) was more than twice the

prevalence of that in Grade 7 (16.8%). Fig. 3 shows the prevalence of
SHS exposure by demographic characteristics for students in lower
grades (Action on Smoking & Health, n.d.; Håberg et al., 2007; Lam
et al., 2001) and upper grades (Cheraghi & Salvi, 2009; Dybing &
Sanner, 1999; Olivo-Marston et al., 2009) separately. The prevalence
was higher in all subgroups for upper-grade students compared to
lower-grade students. In lower grades, the prevalence was lower in
males (20.4% vs 22.1%, respectively) and students living in urban areas
(19.3% vs 32.3%, respectively). The prevalence of SHS varied by pro-
vince with the lowest rate found in British Columbia (15.6%) and the
highest in Saskatchewan (36.9%). However, in upper grades, the dif-
ference between males and females became marginal, but the pre-
valence of SHS exposure for both male and female students in urban
areas was still lower than that for students in rural areas. The pre-
valence was lowest in British Columbia (23.5%) and highest in Sas-
katchewan (56.8%) for upper grades, with the prevalence much higher
when compared to lower grades.

Regression analyses of the correlates of SHS exposure are presented
in Table 2. Female students had higher odds of SHS exposure in vehicles
(AOR 1.15, 95% CI 1.05–1.27). Involvement in risky behaviors was
significantly associated with higher odds of exposure to SHS (cigarette
use, AOR 5.39, 95% CI 4.33–6.72; e-cigarette use, AOR 1.89, 95% CI
1.67–2.14; alcohol use, AOR 1.97, 95% CI 1.77–2.18; marijuana use,
AOR 2.21, 95% CI 1.91–2.55). Students living in urban areas were less
likely to be exposed to SHS in vehicles compared to peers living in rural
areas (AOR 0.63, 95% CI 0.50–0.79). Compared to Quebec students,
students in Newfoundland and Labrador (AOR 1.32, 95% CI 1.09–1.58),
Prince Edward Island (AOR 1.29, 95% CI 1.00–1.67), Nova Scotia (AOR
1.35, 95% CI 1.07–1. 71), and Saskatchewan (AOR 1.84, 95% CI 1.
51–2.25) had higher odds of SHS exposure. Students in British Co-
lumbia (AOR 0.59, 95% CI 0.47–0.75) had lower odds of SHS exposure
in vehicles. Similar results were found in the analysis stratified by grade
level, with fewer significant provincial differences among students in
lower grades (Table 2). Students in Grades 7–9 in Saskatchewan had
higher odds of SHS exposure. Students in British Columbia still had
lower odds of SHS compared to students in Quebec.

4. Discussion

Recognizing the health risks associated with exposure to SHS in
cars, all Canadian provinces have implemented laws prohibiting
smoking in vehicles carrying children. This study aimed to examine the
prevalence of exposure to secondhand smoke in vehicles among
Canadian adolescents in Grades 7–12, years after policy implementa-
tion. Our results show that Saskatchewan had the highest prevalence of
SHS in vehicles. This remained true when prevalence by demographic
characteristics for lower grades and upper grades were examined se-
parately, although rates were much higher in upper grades compared to
lower grades. In comparison to other provinces, Saskatchewan has the
highest estimates of current smoking among youth aged 15–19 and has
some of the highest rates of adult smoking (Reid et al., 2019). Students
in Quebec, Newfoundland and Labrador, Prince Edward Island, Nova
Scotia, and Saskatchewan had higher odds of SHS exposure. Not sur-
prisingly, some of these provinces (Newfoundland and Labrador, Nova
Scotia, Saskatchewan) have also displayed the highest rates of adult
smoking in recent years (Reid et al., 2019). British Columbia had the
lowest prevalence of SHS exposure in vehicles; this province con-
sistently has one of the lower smoking rates in both adults and youth
(Reid et al., 2019), which could indicate that adults are not exposing
children to SHS in vehicles as often as provinces with higher rates of
smoking. Additionally, past research has found that Saskatchewan has
greater prevalence of smoking compared to some other provinces, in-
cluding British Columbia (https://uwaterloo.ca/tobacco-use-canada/
adult-tobacco-use/smoking-provinces, 2017).

Findings show a gradient in exposure to SHS in vehicles by grade,
with a higher prevalence of exposure to SHS among upper-grade level
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Table 1
Descriptive statistics of study population, Grades 7–12 students in Canada.

Full sample SHS in car No SHS in car p-Value

n 48,444 15,001 (26.56) 33,443 (73.44)
Grade <0.0001
7 8186 (16.19) 1687 (10.23) 6499 (18.34)
8 8594 (16.21) 2115 (12.85) 6479 (17.42)
9 9922 (17.04) 2933 (16.42) 6989 (17.27)
10 8154 (17.17) 2829 (19.02) 5325 (16.50)
11 7726 (17.12) 2927 (19.73) 4799 (16.17)
12 5862 (16.27) 2510 (21.74) 3352 (14.29)

Sex 0.40
Female 24,545 (49.01) 7725 (49.64) 16,820 (48.78)
Male 23,899 (50.99) 7276 (50.36) 16,623 (51.22)

Urban/rural <0.0001
Urban 36,594 (83.14) 9940 (75.28) 26,654 (85.98)
Rural 11,850 (16.86) 5061 (24.72) 6789 (14.02)

Province <0.0001
Newfoundland and Labrador 5615 (1.37) 2081 (1.99) 3534 (1.14)
Prince Edward Island 4227 (0.44) 1507 (0.64) 2720 (0.36)
Nova Scotia 4528 (2.66) 1685 (3.95) 2843 (2.19)
Quebec 3033 (18.30) 884 (19.34) 2149 (17.92)
Ontario 9424 (44.73) 2540 (39.04) 6884 (46.79)
Manitoba 3545 (4.06) 1086 (5.13) 2459 (3.68)
Saskatchewan 3195 (3.33) 1394 (5.97) 1801 (2.38)
Alberta 8893 (12.21) 2756 (14.36) 6137 (11.44)
British Columbia 5984 (12.90) 1068 (9.58) 4916 (14.10)

Marijuana use <0.0001
Yes 5443 (11.18) 3821 (26.76) 1622 (5.63)
No 42,471 (88.82) 10,866 (73.24) 31,605 (94.37)

Alcohol use <0.0001
Yes 12,501 (27.54) 6778 (49.10) 5723 (19.88)
No 34,028 (72.46) 7395 (50.90) 26,633 (80.12)

Cigarette use <0.0001
Yes 3618 (6.33) 3085 (19.39) 533 (1.62)
No 44,771 (93.67) 11,875 (80.61) 32,896 (98.38)

E-cigarette use <0.0001
Yes 6968 (11.14) 4374 (24.95) 2594 (6.13)
No 41,193 (88.86) 10,548 (75.05) 30,645 (93.87)

All descriptive statistic was presented in unweighted counts and weighted column percentage. SHS= second hand smoking. Rao-Scott Chi-Square tests were used for
comparing characteristics and significant p-value (p < .05) was presented in bold.

Fig. 2. Exposure to secondhand smoking in vehicles by grade.
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students. The prevalence was higher in all subgroups for upper-grade
students compared to lower-grade students. The evidence found in our
study that students in Grades 10–12 had particularly high prevalence
and odds of SHS exposure in vehicles, is consistent with past findings.
For example, one prior study found that the prevalence of SHS exposure
increased as the grade increased among middle and high school

students in Texas, with 65.8% of high school students reporting SHS
exposure compared to 50.6% of middle school students (Centers for
Disease Control and Prevention (CDC), 2003).

The prevalence of SHS exposure in vehicles appears to remain high,
even with laws prohibiting smoking in vehicles carrying children. Past
research has found similar findings concerning parental bans of

Fig. 3. Exposure to secondhand smoking in vehicles by demographic characteristics.
*Rao-Scott Chi-Square tests were used for comparing SHS exposure in vehicles by demographic characteristics between students in Grades 7–9 and Grades 10–12.

Table 2
Multivariable analysis of secondhand smoke exposure in vehicles.

Covariates Exposure to secondhand smoke in vehicles

Full sample Grades 7–9 Grades 10–12

Grade
7 0.82 (0.66, 1.01) 0.84 (0.70, 1.00) –
8 0.93 (0.75, 1.15) 0.94 (0.80, 1.11) –
9 1.00 (0.86, 1.16) ref –
10 0.97 (0.85, 1.09) – 0.99 (0.89, 1.11)
11 0.87 (0.76, 0.98) – 0.89 (0.78, 1.00)
12 ref – ref

Sex
Female 1.15 (1.05, 1.27) 1.16 (1.04, 1.30) 1.15 (1.00, 1.33)
Male ref ref ref

Marijuana use 2.21 (1.91, 2.55) 2.26 (1.73, 2.96) 2.22 (1.88, 2.62)
Alcohol use 1.97 (1.77, 2.18) 2.10 (1.80, 2.45) 1.91 (1.68, 2.18)
Cigarette use 5.39 (4.33, 6.72) 3.28 (2.26, 4.75) 6.06 (4.69, 7.82)
E-cigarette use 1.89 (1.67, 2.14) 2.44 (1.99, 3.01) 1.69 (1.46, 1.96)
Urban/rural

Urban 0.63 (0.50, 0.79) 0.61 (0.50, 0.73) 0.65 (0.45, 0.93)
Rural ref ref ref

Province
Newfoundland and Labrador 1.32 (1.09, 1.58) 1.04 (0.85, 1.28) 1.69 (1.29, 2.22)
Prince Edward Island 1.29 (1.00, 1.67) 1.05 (0.84, 1.31) 1.65 (1.06, 2.56)
Nova Scotia 1.35 (1.07, 1.71) 1.15 (0.88, 1.50) 1.62 (1.22, 2.15)
Ontario 0.84 (0.70, 1.02) 0.77 (0.63, 0.94) 0.96 (0.73, 1.26)
Manitoba 1.09 (0.87, 1.36) 0.99 (0.80, 1.22) 1.25 (0.89, 1.76)
Saskatchewan 1.84 (1.51, 2.25) 1.63 (1.31, 2.04) 2.17 (1.60, 2.96)
Alberta 1.13 (0.96, 1.34) 1.07 (0.88, 1.30) 1.27 (1.00, 1.62)
British Columbia 0.59 (0.47, 0.75) 0.62 (0.49, 0.77) 0.61 (0.42, 0.88)
Quebec ref ref ref

ref= reference category and significant odds ratios are presented in bold. Logistic regression was used in estimating the adjusted odds of exposure to SHS (95%
CI).
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smoking in cars and homes of children with asthma, with many re-
maining exposed to SHS (Halterman, Fagnano, Conn, & Szilagyi, 2006).
Higher rates among the upper-grade levels are less surprising, given
that only a few laws cover 18–19-year-olds. However, it is important to
note that the provinces that do protect older children (Nova Scotia,
Prince Edward Island, and Alberta) still have high rates of SHS. Of
particular concern are the rates among lower-grade levels, even though
all the existing laws should cover children 16 and under (Grades 7–9).
Contributing to these high rates could be the difficulty of enforcing
these laws. For example, determining the age of a child in provinces
that implement the policy only for children 16 and under may prove
difficult. However, given that the majority of the public support the
bans, including active smokers (Hitchman et al., 2010), and the in-
tention of the laws to influence behavior and norms in society (Saltman,
Hitchman, Sendzik, & Fong, 2010), it is critically important for local
authorities to dedicate more resources to enforcement. Additionally,
family bans of smoking in cars may be an effective means to limit SHS
among adolescents and should be explored in the future. Efforts aimed
at reducing smoking and SHS, particularly in homes and cars, also have
implications for thirdhand smoke (THS). THS refers to residual tobacco
and aged secondhand smoke that remains on surfaces and in the area
(Jacob, Benowitz, Destaillats, et al., 2017), and poses a potential health
risk, though further research is needed (Díez-Izquierdo et al., 2018;
Matt, Quintana, Destaillats, et al., 2011).

Results found that those students involved in risky behaviors may be
more likely to be exposed to SHS. One study found that among college
students, daily or nondaily smoking, binge drinking, and pledging to a
fraternity or sorority were associated with SHS exposure (Wolfson,
McCoy, & Sutfin, 2009). Evidence suggests that bar, nightclub, and
restaurant workers and owners may have a high prevalence of SHS
exposure (Fallin, Neilands, Jordan, & Ling, 2013; Jones, Wipfli, Shahrir,
et al., 2013; Liu, Hammond, Hyland, et al., 2011). The results of this
study must be considered along with its limitations. The self-reporting
nature of the survey introduces the possibility of an inaccurate recall of
events. Additionally, comparing results with past studies is challenging,
considering most use a measurement of SHS exposure in the past 7 days,
and the current study used past 30-day exposure. Another limitation is
that we were unable to measure the frequency of SHS; although it
should be noted that there is no risk-free level of SHS exposure (U.S.
Department of Health and Human Services, 2014), and studies have
shown a dose-response relationship between SHS and adverse health
outcomes (Huang, Xu, Guo, et al., 2018; Oono, Mackay, & Pell, 2011;
IOM (Institute of Medicine), n.d.). Lastly, a grade variable was used in
place of age, as age was not publicly available. We likened Grade 9 to be
around 14–15 years of age and were, therefore, able to examine the
policies based on grade level rather than age.

5. Conclusion

There is a gradient in the prevalence of vehicle SHS exposure by
grade level, indicating that upper-grade level students may be dis-
proportionately impacted by SHS in vehicles. SHS prevalence appears
to remain high, even with laws prohibiting smoking in vehicles carrying
children. While enforcement of these laws may be challenging, an ef-
fective strategy needs to be developed, including a mass media cam-
paign highlighting that adolescents are especially vulnerable to the
health risks of SHS. Future research should consider variations in en-
forcement across provinces.
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