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BACKGROUND: Policies protecting children from exposure to secondhand smoke (SHS) may 
help prevent SHS-related negative health outcomes in children and discourage them from 
intending to smoke in the future. In this study, we assess the impact of California’s 2007 
smoke-free vehicle law on changes in middle and high school students’ reported exposure 
to smoking in cars. Secondary aims included assessing the association of student-reported 
exposure to smoking in vehicles and lifetime asthma diagnosis and future intentions to 
smoke.
METHODS: Population-weighted data from the California Student Tobacco Survey and the 
National Youth Tobacco Survey were used to evaluate California and national trends, 
respectively. Weighted logistic regression models using California Student Tobacco Survey 
2011 data assessed the association between the number of days of exposure to smoking in 
cars and student-reported lifetime asthma diagnosis as well as intention to smoke in the 
future.
RESULTS: The proportion of California students reporting exposure to smoking in cars in the 
last 7 days declined <1% annually from 2001 through 2005, but declined 12% annually 
from 2007 to 2011. National trends did not show comparable declines after 2006. Students 
reporting exposure to smoking in vehicles were more likely to report having ever been 
diagnosed with asthma and intending to smoke in the future than students who were not 
exposed to SHS.
CONCLUSIONS: These findings support the legislative intent that public policies that are 
designed to protect children from exposure to smoking in vehicles will yield better 
adolescent health outcomes and a lower risk of future adolescent cigarette smoking.

abstract

https://doi.org/10.1542/peds.2017-1026H
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Smoking is the leading cause of 
preventable death and disease in the 
United States.1 Smoking causes 1300 
deaths every day, and 16 million 
Americans are currently living 
with a disease caused by smoking.2 
These statistics include not only 
smokers but also nonsmokers who 
are exposed to the secondhand 
smoke (SHS) generated by nearby 
smokers. The most vulnerable of 
exposed nonsmokers are young 
children. Young children of smoking 
parents have more lung infections 
and are more likely to cough, wheeze, 
have shortness of breath, and get 
more ear infections.3 SHS can also 
trigger asthma attacks and make 
asthma symptoms worse.4 The 
2012 Surgeon General’s report on 
preventing tobacco use among youth 
concluded that there is a causal 
relationship between active smoking 
and wheezing severe enough to be 
diagnosed as asthma in susceptible 
child and adolescent populations.5 
Although active smoking is not 
secondhand smoking, there is a 
growing consensus that exposure 
to secondhand smoking contributes 
similarly to asthma risk.4,  6  
Although significant progress has 
been made in reducing adolescent 
combustible tobacco use, overall 
adolescent tobacco use has remained 
steady because rapidly increasing 
electronic cigarette use has offset the 
reductions in conventional tobacco 
use.7 Research has demonstrated 
that exposure to adult smoking 
during childhood may predispose 
adolescents to smoke as they get 
older.8, 9 Evidence suggests that a 
nonsmoking adolescent’s risk of 
future smoking is more powerfully 
predicted by how much secondhand 
smoking he or she is exposed to than 
by peer smoking status, 10 which is a 
recognized precursor to adolescent 
smoking initiation.11 – 13

Policies to protect children from 
exposure to SHS may reduce SHS-
related negative health consequences 
affecting children as well as 

discourage them from intending 
to smoke in the future. It is well 
established that smoke-free laws 
reduce exposure to SHS in adults.14 –18 
Evidence shows that smoke-free 
laws, such as in the workplace, in 
restaurants, and other outdoor 
spaces, also reduce exposure to SHS 
in children and adolescents19,  20 by 
reducing the overall amount of SHS 
in a community. These policies, in 
turn, stimulate families to voluntarily 
adopt bans on smoking in the home, 
thereby reducing children’s exposure 
to smoking in the home.21 –23 In 
the United States, localities with 
comprehensive smoke-free legislation 
were found to reduce the prevalence 
and severity of asthma symptoms 
(eg, wheezing) among those with 
asthma in homes that did not permit 
smoking.24 Nonsmoking adults who 
were exposed to smoking in a car 
were more likely to report asthma 
than unexposed nonsmokers.25

Homes and cars are the 2 main 
sources of exposure to SHS among 
children.26 – 29 In the small, enclosed 
space of a car, nonsmoking 
passengers who are exposed to 
smoking are exposed to airborne 
toxins with concentrations typically 
many times higher than what is 
permitted by the Environmental 
Protection Agency even when a 
window is down.30,  31 Moreover, 
gaseous and particulate components 
absorb into upholstery and car 
surfaces, exposing passengers to 
toxins long after anyone actually 
smoked in the car.30 California is 
currently 1 of 8 states in the United 
States that has a smoke-free car 
law.30 California’s smoke-free 
vehicles law was passed in 2007 
and was implemented on January 1, 
2008.32 The California law prohibits 
smoking in a motor vehicle when a 
minor (age ≤17 years) is present. 
Law enforcement may not stop a 
vehicle for a smoking violation alone; 
it must be secondary to another 
infraction, and violators of the law 
can be fined up to $100.

Although smoke-free laws have 
been shown to reduce the risk of 
respiratory illnesses4,  33,  34 and acute 
myocardial infarction34, 35 in adults, 
the evidence for the effects of smoke-
free laws on the health of children is 
limited.36,  37 There is little literature 
in which researchers evaluate the 
impact of smoking bans in private 
vehicles on child exposure to SHS and 
child-reported asthma diagnosis.

There is widespread public support 
for government policies that are 
designed to protect the public from 
involuntary exposure to cigarette 
smoke in public settings, but there 
is less widespread support for 
government policies regulating 
private environments, such as homes 
and cars.38 Smoke-free vehicle laws 
are controversial because some argue 
that they represent government 
overstepping privacy rights; but 
health policy experts argue that the 
right of children to breathe smoke-free 
air is more important than the right 
of adults to act as they see fit in the 
privacy of their vehicles.6 Empirical 
evidence of the health benefits 
associated with banning smoking in 
vehicles when children are present 
may lend support for such laws.

The purpose of the current study is to 
assess the association of California’s 
2007 smoke-free vehicle law with 
students’ (grades 6–12) self-reported 
exposure to SHS in cars and health-
related outcomes. In this article, 
we describe 3 aims. Aim 1 was to 
assess whether the observed decline 
in California’s student-reported 
exposure to smoking in vehicles 
accelerated significantly after the 
enactment of Senate Bill 7 (SB 7), 
the law that banned smoking in 
vehicles when minors are present. 
Cross-sectional California Student 
Tobacco Survey (CSTS) 2011 data 
were used to evaluate aims 2 and 3. 
Aim 2 assessed whether California’s 
student-reported exposure to 
smoking in vehicles was associated 
with students’ self-reported lifetime 
asthma diagnosis. Aim 3 evaluated 
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the association between California’s 
student-reported exposure to 
smoking in vehicles and their 
intention to smoke in the future. 
If confirmed by prospective data, 
significant associations involving 
these 2 aims would suggest at least 2 
concrete benefits to be expected from 
future policies that may successfully 
reduce student-reported exposure to 
smoking in passenger vehicles.

MethODs

sample

Data for this study come from 
the CSTS and the National Youth 
Tobacco Survey (NYTS). The CSTS is 
a stratified, 2-stage, cluster sampling 
design survey of anonymous 
self-reported student tobacco 
use administered every 2 years 
in randomly sampled California 
public schools. The sampling 
methodology has been reported 
elsewhere.39 Data were collected 
biennially from California students 
in grades 6 to 12 beginning with 
school years 2001 to 2002 through 
2011 to 2012 (n = 151 074). Three 
CSTS administrations preceded 
the 2007 passage of SB 7, and 3 
CSTS administrations followed it. 
Most CSTS survey items were taken 
verbatim from the NYTS, but the 
2011 CSTS also included a question 
about lifetime diagnosis of asthma. 
Rates of exposure before and after 
the law were assessed by using data 
from 6 waves of the biennial CSTS. 
These data were compared with 
national data from the NYTS during 
comparable time periods to assess 
whether California trends merely 
mirrored US trends.

The NYTS is an ongoing, nationally 
representative, school-based survey 
that uses a 3-stage cluster sampling 
design to generate cross-sectional, 
nationally representative samples of 
US middle and high school students. 
More detailed information on the 
NYTS can be found elsewhere.40 The 

data used in this study were collected 
in 2000, 2002, 2004, 2006, 2009, 
and 2011 (n = 164 570). The present 
analysis included NYTS participants 
for whom complete data were 
available.

Measures

Main Exposure Variable

The main exposure variable of time 
was measured in school years and 
used as a continuous variable based 
on the survey year starting in the fall 
for the CSTS (typical survey period 
was October to February) and the 
spring for the NYTS (typical survey 
period was February to June).

Dependent Variables

For most years, exposure to a person 
smoking in the car was assessed in 
the CSTS and NYTS by the following 
item: “During the past 7 days, on 
how many days did you ride in a car 
with someone who was smoking 
cigarettes?” Answer options were 
as follows: 0, 1 to 2, 3 to 4, 5 to 
6, and 7 days. This question was 
slightly altered in the 2011 NYTS 
to read as follows: “During the past 
7 days, on how many days did you 
ride in a vehicle where someone 
was smoking a tobacco product?” 
The 8 answer options provided in 
the 2011 NYTS were recategorized 
to conform to the 5 answer options 
used in previous years. For the main 
analyses for all years, this variable 
was dichotomized into 2 categories: 
0 days (no exposure) and 1 to 7 days 
(exposed). For secondary analyses 
that regressed smoking intention 
or lifetime asthma status onto SHS, 
the SHS independent variable was 
operationalized as a 3-category 
measure: 0, 1 to 2, and 3 to 7.

Asthma Diagnosis

Self-reported lifetime asthma 
diagnosis was assessed with 1 item: 
“Has a doctor or nurse ever told you 
or your parent/guardian that you 
have asthma?” Responses to this 
question were coded as yes or no.

Intention to Smoke

Students were asked, “Do you think 
you will smoke a cigarette at any 
time during the next year?” with 
responses including “definitely 
yes, ” “probably yes, ” “probably 
not, ” and “definitely no.” For 
analysis purposes, answers were 
dichotomized as yes or no. Measures 
of intention to smoke have been 
shown to predict future cigarette 
smoking irrespective of previous 
smoking behavior.41,  42

Covariates

Sociodemographic characteristics 
included sex, grade level (6–12), and 
race and/or ethnicity (Hispanic and/
or Latino, non-Hispanic white,  
non-Hispanic African American, non- 
Hispanic Asian American, and  
non-Hispanic native Hawaiian and/or 
Pacific Islander).

Other SHS Variables

Other SHS exposure questions 
included the following: “During the 
past 7 days, on how many days were 
you in the same room with someone 
who was smoking cigarettes?” (0 [no 
exposure] or 1 to 7 days [exposed]); 
“During the past 7 days, on how 
many days were you in the same 
room at home with someone who 
was smoking cigarettes?” (0 [no 
exposure] or 1 to 7 days [exposed]); 
and “Does anyone who lives with 
you now smoke cigarettes?” (yes or 
no). These variables were included 
as covariates in adjusted models to 
make the results more comparable 
to those reported by other SHS 
studies.29,  43

Data Analysis

All analyses were conducted by 
using Stata/SE 13.0 (StataCorp, 
College Station, TX).44 For aim 1, 
an unadjusted logistic regression 
model of SHS exposure status in cars 
using CSTS data were conducted 
to assess the trends between 2001 
and 2011, followed by an adjusted 
model that included individual-level 
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sociodemographic characteristics. 
Parallel analyses of the NYTS data 
collected in the 1999–2011 time 
frame were conducted to permit 
comparing California SHS exposure 
trends with concurrent national 
SHS exposure trends. The slopes of 
the declines for the national NYTS 
data on student exposure to SHS 
in vehicles were then compared 
with the slopes of the declines for 
the corresponding prevalence of 
student-reported SHS in vehicles in 
the CSTS. The differences between 
the slopes of the observed CSTS 
declines in the 2001–2005 and 
2007–2011 periods and the slopes 
of the declines in NYTS student-
reported SHS in vehicles prevalence 
estimates in the 2002–2006 and 
2006–2011 periods were evaluated 
by using Stata’s postestimation 
hypothesis-testing procedures. 
The decision was made to exclude 
the 2005–2007 CSTS interval from 
consideration because of the active 
political campaign involving SB 7 
that took place in California during 
the period of March through October 
2007.45 In all logistic regression 
analyses, sampling weights were 
used to reflect the sampling design 
and correct for variations in 
nonresponse. Parallel analyses were 
conducted by using mixed effects 
regression and multinomial logistical 
regression when the answer options 
for the SHS exposure in vehicles 
question were treated as a 3-level 
or 5-level outcome instead of as a 
binary outcome. The results for all 
models yielded similar findings; 
thus, only the logistic regression 
results are reported here for ease of 
interpretation.

For aims 2 and 3, CSTS 2011 data 
were used in logistic regression 
models to assess the bivariate 
relationship of student-reported 
exposure to smoking in the car with 
lifetime asthma diagnosis (aim 2) and 
future intentions to smoke (aim 3). 
Models predicting intention to smoke 
were limited to current nonsmokers. 

Subsequent adjusted models included 
individual-level sociodemographic 
characteristics, followed by models 
including potential SHS exposure 
confounders. All analyses involving 
aims 2 and 3 used sampling weights 
to reflect the survey design and 
correct for variations in nonresponse.

Results

California and National exposure to 
shs in Cars

Before the passage of SB 7 in 
November 2007, California’s 
prevalence rates of youth exposure 
to smoking in cars were already 
∼50% lower than the corresponding 
national rates in 2000, with mean 
estimates of youth exposure to 
smoking in cars ranging from 17.9% 
to 25.5% over the 2001–2011 period 
(compared with the US range of 
30.3%–47.6% in the 2000–2011 
period). In an unadjusted logistic 
regression model of exposure by 
year, a significant reduction was 
seen between 2001 and 2011, with 
a 37% reduction in the odds of 
exposure to smoking in cars in 2011 
compared with 2001 (odds ratio 
[OR] = 0.63; 95% confidence interval 
[CI]: 0.57 to 0.70). Figure 1 displays 

the decline in reported exposure to 
smoking in a car from 2001 to 2011 
while controlling for individual-level 
factors by using weighted data. To 
test whether there was regression 
discontinuity in the CSTS data, 
we compared the annual rate of 
decline in the predicted probability 
of exposure during the 2001–2005 
period with the corresponding 
annual rate of decline in the 
predicted probability of exposure 
during the 2007–2011 period (Fig 1).  
Whereas the California rate of decline 
was negligibly different from 0 
during 2001 to 2005 (annual rate of 
decline = −0.003; 95% CI:−0.006 to 
0.007), it accelerated significantly 
during 2007 to 2011 (annual 
rate of decline = −0.012; 95% CI: 
−0.015 to −0.008). If the slope of the 
decline in the prevalence estimates 
observed between 2007 and 2011 
had been the same as the slope of the 
decline between 2001 and 2005, the 
prevalence rates of student-reported 
SHS in vehicles would have been 
23.5% in 2009 and 23.2% in 2011 
instead of the observed rates of 20.5% 
(95% CI: 19.0 to 22.1) in 2009 and 
17.9% (95% CI: 16.8 to 18.9) in 2011.

As seen in Fig 2, evidence from 
the NYTS indicates a secular trend 

FIGuRe 1
Predicted probability of SHS exposure in the car in the last 7 days in California from 2001 to 2011  
(n = 148 664). The figure was adjusted for sex, race and/or ethnicity, and grade level (source: CSTS).



PATEL et alS44

toward reduced child exposure 
to smoking in cars nationally. 
The annual rate of decline in the 
predicted probability of NYTS 
student-reported exposure to SHS 
in vehicles was −0.025 (95% CI: 
−0.033 to −0.018) in the period of 
spring 2002 to spring 2006, a period 
largely overlapping with the CSTS 
period (fall 2001 to fall 2005), but 
the CSTS annual rate of decline of 
−0.003 (95% CI: −0.006 to 0.007) 
was outside of the NYTS 95% CI. The 
NYTS annual rate of decline for the 
2006–2011 period was −0.012 (95% 
CI: −0.018 to −0.005), which was 
significantly less than the −0.025 
annual NYTS rate of decline in the 
earlier interval.

California Asthma Diagnosis

By using data from the 2011 CSTS, 
a dose-response relationship was 
observed between student-reported 
number of days of exposure to 
smoking in a vehicle in the last 7 days 
and students’ self-reported lifetime 
asthma diagnosis in unadjusted 
models (test for linearity F1111 = 
29.25; P < .001). Mean estimates of 
the prevalence of asthma diagnosis 
were 23.5% (95% CI: 22.4% to 
24.5%) for no exposure to smoking 
in vehicles, 27.8% (95% CI: 25.0% 
to 30.7%) for 1 to 2 days per week 
of exposure, and 31.4% (95% CI: 
28.1% to 34.6%) for 3 to 7 days per 
week of exposure. Relative to 0 days 
of exposure, there were increased 
odds of asthma diagnosis for both 
1 to 2 days of exposure (OR = 1.26; 
95% CI: 1.09 to 1.45) and 3 to 7 
days of exposure (OR = 1.49; 95% 
CI: 1.28 to 1.73). After adjusting for 
sociodemographic characteristics, 
including sex, race and/or ethnicity, 
and grade level, the dose-response 
relationship was preserved, with 
student-reported exposure of 1 to 2 
days being associated with 1.24 (95% 
CI: 1.08 to 1.42) greater odds  
of asthma diagnosis than those 
with no exposure and 3 to 7 days of 
exposure being associated with a 

1.46 (95% CI: 1.27 to 1.68) greater 
odds of asthma diagnosis. When 
adjusting for other SHS exposure 
variables, the association with 
asthma diagnosis of 1 to 2 days of 
exposure was no longer statistically 
significant (OR = 1.15; 95% CI: 0.97 
to 1.36), but the association with 3 to  
7 days of exposure was still 
statistically significant (OR = 1.24; 
95% CI: (1.02 to 1.50), and the 
linearity of the dose-response 
relationship remained statistically 
significant (F1111 = 4.57; P = .03). Of 
the covariates, sex (male) and ethnicity 
(non-Hispanic African American) 
were significantly associated with 
asthma diagnosis (Table 1). The 
inclusion of exposure to smoking in 
the home as a covariate attenuated 
but did not extinguish the relationship 
between student-reported exposure 
to smoking in vehicles and the odds of 
asthma diagnosis.

California Youth Intention to smoke

An analysis of the 2011 CSTS 
data revealed a dose-response 
relationship between nonsmoking 
students’ exposure to smoking in 
vehicles and their reported intention 

to smoke in the future (test for 
linearity = F1111 = 56.5; P <.001). 
The mean predicted probability of 
smoking during the next year was 
6.6% (95% CI: 6.1% to 7.0%) for 
students who were not at all exposed 
to smoking in vehicles, 13.9% (95% 
CI: 11.5% to 16.3%) for students who 
were exposed 1 to 2 days per week, 
and 17.1% (95% CI: 13.2% to 21.0%) 
for students who were exposed 3 to 
7 days per week. In an unadjusted 
model, exposure to smoking in cars 
both 1 to 2 days per week (OR = 
3.40; 95% CI: 3.00 to 3.88) and 3 to 
7 days per week (OR = 6.30; 95% 
CI: 5.23 to 7.58) were related to 
intention to smoke during the next 
year. In Table 2, models adjusted for 
sociodemographic characteristics 
(model 1) show a similar dose-
response relationship that increases 
by the number of days exposed, with 
students who were exposed from 1 
to 2 days (OR = 2.27; 95% CI: 1.86 to 
2.76) and 3 to 7 days (OR = 3.03; 95% 
CI: 2.31 to 3.99) stating a greater 
likelihood of intending to smoke in 
the following year than those who 
were not exposed within the past 
week. This relationship persisted 
even after statistically controlling 

FIGuRe 2
Predicted probability of exposure to smoking in a car or vehicle in the last 7 days in the United States 
from 1999 to 2011 (n = 164 570). The figure was adjusted for sex, race and/or ethnicity, and grade 
level (source: NYTS).
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for other SHS exposure, although 
the relationship was attenuated 
(test for linearity = F1111 = 31.8; P < 
.001). Table 2 shows that intention 
to smoke increased with increasing 
grade level when controlling for 
sociodemographic characteristics. 
It also shows that non-Hispanic 
African Americans reported lower 
odds and Hispanics reported higher 
odds of intention to smoke compared 
with non-Hispanic whites when 
controlling for sociodemographic and 
other SHS exposure.

DIsCussION

The primary purpose of this study 
was to evaluate the association of 
California’s 2007 smoke-free vehicle 
law with students’ rates of self-
reported exposure to smoking in 
vehicles. In this study, we showed 
that the observed 2001–2005 decline 
in California’s rates was smaller 

than the decline in US rates and 
accelerated significantly during the 
years of 2007 to 2011, during and 
after implementation of California’s 
smoke-free vehicle law, in contrast to 
the rate in United States as a whole,  
where the corresponding annual 
decline in 2006 to 2011 was only half 
of what it was from 2002 to 2006. 
Secondary analyses showed a positive 
dose-response relationship between 
exposure to smoking in vehicles and 
both students’ self-reported lifetime 
asthma diagnosis and intention to 
begin smoking in the future.

This current study builds on previous 
research in Canada and the United 
States showing decreasing rates 
of student-reported exposure to 
smoking in vehicles.46 – 48 Despite 
secular, national trends dating 
to 2000, a similar rate of decline 
was not observed for California’s 
middle and high school students 

during the period 2001 and 2005. 
It was only when a smoke-free 
vehicle law was being negotiated in 
2007 by California legislators and 
ultimately signed into law that rates 
of California students reporting 
exposure to smoking in cars showed 
significant decreases over time.

Despite California’s reputation 
as a leader in tobacco control 
and its early adoption of policies 
prohibiting smoking in public 
spaces, the failure of California’s 
students to report any significant 
decline in exposure to smoking 
in cars during the 2001–2005 
period, a time when US students 
were reporting a rapid decline, is 
striking. An obvious defense for 
California’s lack of progress in 
the 2001–2005 period is that its 
student-reported rates of exposure 
to smoking in cars were already so 
low that there was a floor effect. 
However, this possible explanation 
was dramatically undermined in 
the 2007–2011 period, immediately 
after the passage of California’s 
smoke-free car law, when California’s 
rates fell by 12% per year despite 
the absolute prevalence rates being 
already one-third lower than 2007 
US rates. The relatively large drop 
in student-reported exposure to 
smoking in vehicles on the fall 2007 
CSTS, even before the law’s official 
implementation, might have reflected 
increasing public awareness of the 
issue occasioned by the editorials, 
media attention, and legislative 
deliberations that preceded SB 7’s 
passage.45 Smoke-free car legislation 
having an effect just before its official 
implementation is a phenomenon 
that is also documented in the 
adoption of smoke-free car laws in 
several Canadian provinces.48

Overall trends at the national level 
showed increasingly steep declines in 
student exposure to smoking in cars 
during 2000 to 2006 but decreasingly 
steep declines after 2006. A small 
part of the decline up to 2006 may be 
attributed to smoke-free vehicle laws 

tABle 1  Exposure to Smoking in Cars in California in 2011 and Lifetime Asthma Diagnosis, Logistic 
Regression

Factor Model 1 Model 2

n = 21 384 n = 20 941

aOR 95% CI aOR 95% CI

SHS exposure in cars, d
 0 Ref — Ref —
 1–2 1.24 1.08 to 1.42** 1.15 0.97 to 1.36
 3–7 1.46 1.27 to 1.68*** 1.24 1.02 to 1.50*

Sex
 Female Ref — Ref —
 Male 1.11 1.03 to 1.20** 1.11 1.02 to 1.20*

Grade level
 Sixth Ref — Ref —
 Seventh 1.01 0.69 to 1.46 1.00 0.69 to 1.44
 Eighth 1.08 0.75 to 1.55 1.09 0.76 to 1.56
 Ninth 1.00 0.74 to 1.37 1.00 0.73 to 1.36
 10th 0.89 0.65 to 1.22 0.90 0.66 to 1.22
 11th 0.81 0.59 to 1.12 0.82 0.60 to 1.12
 12th 0.90 0.65 to 1.24 0.91 0.66 to 1.26
Race and/or ethnicity
 White, non-Hispanic Ref — Ref —
 African American, non-Hispanic 1.73 1.39 to 2.15*** 1.77 1.42 to 2.20***
 Hispanic and/or Latino 0.97 0.85 to 1.11 0.98 0.86 to 1.12
 Asian American, non-Hispanic 0.82 0.68 to 0.98* 0.83 0.69 to 1.00*

 NH and/or PI, non-Hispanic 1.26 0.93 to 1.71 1.24 0.90 to 1.70
SHS in same room — — 1.04 0.92 to 1.17
SHS in home — — 1.10 0.96 to 1.27
Live with smoker — — 1.15 1.01 to 1.32*

All data presented are weighted to adjust for differential nonresponse and selection. All analyses in Models 1 and 2 were 
controlled for sex, grade level, and race and/or ethnicity. Model 2 was further controlled for SHS in the same room, SHS in 
the home, and living with a smoker. aOR, adjusted odds ratio; NH, native Hawaiian; PI, Pacific Islander; —, not applicable.
* P < .05; **P < .01; ***P < .001.
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in Arkansas and Louisiana and smaller 
geographic locations affecting no more 
than 3 percent of the US population as 
of 2007.49 According to the Americans 
for Nonsmokers’ Rights Foundation, 
as of 2016, 12 localities and 8 states 
have adopted some kind of restriction 
on smoking in vehicles.30 The other 
states with current smoke-free 
vehicle laws include Utah, Louisiana, 
Arkansas, Oregon, Maine, Vermont, 
and Virginia.30 When including 
California, they represent ∼20% of the 
US population.50

Our secondary analyses showed a 
positive dose-response relationship 
between the frequency of exposure 
to SHS in cars with (1) lifetime risk of 
asthma diagnosis and (2) intention 
to begin smoking during the next 
year. This is 1 of the first studies 
in which researchers assess the 
relationship between lifetime asthma 
risk and exposure to smoking in cars 

among adolescents and supports 
previous findings in adults.25 This 
relationship persisted after adjusting 
for other potential SHS-exposure 
confounders. A greater exposure to 
smoking in cars was also positively 
associated with an increase in 
intention to smoke in the future 
among current nonsmokers. These 
findings support the expectation that 
decreasing exposure to SHS in cars 
will reduce the incidence of asthma 
and adolescent vulnerability to future 
cigarette smoking, thereby improving 
the health prospects of adolescents.

Findings based on the CSTS and 
the NYTS are subject to the usual 
limitations of self-report, cross-
sectional surveys. More specifically, 
the CSTS was a tobacco use–specific 
self-report survey administered 
every other year between 2001 
and 2012, administered only in 
California’s public schools, and 

completed anonymously to protect 
students’ privacy, so individuals could 
not be followed over time. Causal 
inferences are not possible with 
cross-sectional data. Nonetheless, 
these results are consistent with 
the expectation that prospective 
data would show that adopting a 
public policy to ban smoking in cars 
when minors are present could yield 
reductions in children’s exposure to 
smoking in vehicles.

Although student response rates 
typically exceeded 70%, and school 
response rates typically exceeded 
80%, 39 some bias was introduced 
by differential nonresponse in 
both the NYTS and CSTS. With both 
surveys, samples excluded dropouts, 
a significant problem for low-income 
school districts, such as the Los 
Angeles Unified School District, 
where the dropout rate is 17%.51 
High school dropouts typically have 
a higher smoking prevalence than 
high school graduates.52 Comparing 
the California student tobacco use 
data with the corresponding NYTS 
data was problematic inasmuch as 
the NYTS data included California 
respondents, who could not be 
distinguished from respondents from 
other states by using the publicly 
available NYTS data. Therefore, 
the California-US differences over 
time in the rates of exposure to 
smoking in cars are even more 
striking given this bias toward null 
differences. Additionally, other states 
(representing 5% of US population) 
have adopted smoke-free vehicle 
laws during the survey periods 
examined here and thereby probably 
attenuated the contrasts between 
the United States and California. Yet 
another limitation in the NYTS data 
is that the question about exposure 
to smoking in vehicles was changed 
in 2011 to include exposure in any 
vehicle and to any combustible 
tobacco product. The relative lack of 
decline in student-reported exposure 
to smoking in vehicles between the 
2009 and 2011 NYTS could be partly 

tABle 2  Exposure to Smoking in Cars in California in 2011 and Nonsmokers’ Intention to Smoke in 
the Next Year, Logistic Regression

Factor Model 1 Model 2

n = 23 394 n = 21 716

aOR 95% CI aOR 95% CI

SHS exposure in cars, d
 0 Ref — Ref —
 1–2 2.27 1.86 to 2.76*** 1.54 1.25 to 1.90***
 3–7 3.03 2.31 to 3.99*** 1.92 1.53 to 2.41***
Sex
 Female Ref — Ref —
 Male 1.08 0.94 to 1.23 1.08 0.94 to 1.25
Grade level
 Sixth Ref — Ref —
 Seventh 1.97 0.95 to 4.09 1.97 0.92 to 4.22
 Eighth 3.29 1.57 to 6.90** 3.45 1.62 to 7.35**
 Ninth 3.21 1.55 to 6.63** 3.22 1.54 to 6.74**
 10th 2.83 1.38 to 5.83** 2.90 1.39 to 6.05**
 11th 3.38 1.63 to 7.01** 3.50 1.67 to 7.36**
 12th 4.12 2.01 to 8.47*** 4.20 2.02 to 8.76***
Race and/or ethnicity
 White, non-Hispanic Ref — Ref —
 African American, non-Hispanic 0.74 0.56 to 0.98* 0.60 0.46 to 0.79***
 Hispanic and/or Latino 1.48 1.28 to 1.71*** 1.54 1.33 to 1.79***
 Asian American, non-Hispanic 0.86 0.67 to 1.11 0.86 0.65 to 1.13
 NH and/or PI, non-Hispanic 1.12 0.67 to 1.85 1.04 0.61 to 1.78
SHS in same room — — 1.69 1.37 to 2.08***
SHS in home — — 0.77 0.54 to 1.08
Live with smoker — — 1.72 1.41 to 2.11***

All data presented are weighted to adjust for differential nonresponse and selection. All analyses in Models 1 and 2 were 
controlled for sex, grade level, and race and/or ethnicity. Model 2 further controlled for SHS in the same room, SHS in 
the home, and living with a smoker. aOR, adjusted odds ratio; NH, native Hawaiian; PI, Pacific Islander; —, not applicable.
* P < .05 level; **P < .01; ***P < .001.
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an artifact of the change in question 
wording. Despite these limitations, 
our findings offer guidance to 
researchers of future prospective 
studies of the health impact of 
statewide bans on smoking in cars 
when children are present.

CONClusIONs

Our findings suggest that the 
California smoke-free vehicle law 
was associated with reductions 
in student exposure to SHS not 
explainable by secular trends either 
in California or in the United States. 
We also found consistently positive 
associations between the number 
of days of exposure to smoking in 
cars with the probability of lifetime 
asthma diagnosis and the probability 
of nonsmokers intending to smoke 
in the future. The precautionary 
principle suggests that localities 
that are concerned with minimizing 
tobacco-related harms to children 

would be prudent to consider 
adopting smoke-free car laws similar 
to those implemented in 8 states and 
>12 other US political entities (eg, 
cities). Although there is reluctance 
among legislators to regulate smoking 
behavior in vehicles because they 
are private spaces where individuals 
have historically been protected 
from government intrusion, part 
of their reluctance may stem also 
from a lack of information about the 
possible health benefits of such laws. 
Legislators may not be aware that 
in a recent study in Canada limited 
to smokers with cars, most adult 
smokers, particularly those with 
university degrees, believed that 
protecting children from exposure to 
cigarette smoke in cars is necessary 
and that legislation designed to 
promote this would be effective.53 
Furthermore, another recent repeated 
cross-sectional study of child reports 
of exposure to smoke in cars in the 
United Kingdom suggested that 

voluntary, self-imposed bans on 
smoking in cars yielded smaller 
declines in exposure than legislated 
bans.54 Our findings offer reassurance 
that smoke-free vehicle laws are 
likely to have salubrious effects 
on adolescent exposure to SHS 
and associated health outcomes. 
Our findings should encourage 
other researchers to prospectively 
evaluate the impact of future smoke-
free vehicle laws adopted by other 
localities on SHS exposure and other 
SHS-related outcomes.

ABBRevIAtIONs

CI:  confidence interval
CSTS:  California Student Tobacco 

Survey
NYTS:  National Youth Tobacco 

Survey
OR:  odds ratio
SB 7:  Senate Bill 7
SHS:  secondhand smoke
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