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A B S T R A C T

Purpose: To estimate the prevalence of secondhand smoke (SHS) exposure among never-smoking
adolescents and identify key factors associated with such exposure.
Methods: Data were obtained from nationally representative Global Youth Tobacco Surveys
conducted in 168 countries during 1999e2008. SHS exposure was ascertained in relation to the
locationdexposure inside home, outside home, and both inside and outside home, respectively.
Independent variables included parental and/or peer smoking, knowledge about smoke harm,
attitudes toward smoking ban, age, sex, and World Health Organization region. Simple and mul-
tiple logistic regression analyses were conducted.
Results: Of 356,414 never-smoking adolescents included in the study, 30.4%, 44.2%, and 23.2% were
exposed to SHS inside home, outside home, and both, respectively. Parental smoking, peer
smoking, knowledge about smoke harm, and positive attitudes toward smoke ban were signifi-
cantly associated with increased odds of SHS exposure. Approximately 14% of adolescents had both
smoking parents and peers. Compared with never-smoking adolescents who did not have both
smoking parents and peers, those who had both smoking parents and peers had 19 (adjusted odds
ratio [aOR], 19.0; 95% confidence interval [CI], 16.86e21.41), eight (aOR, 7.71; 95% CI, 7.05e8.43),
and 23 times (aOR, 23.16; 95% CI, 20.74e25.87) higher odds of exposure to SHS inside, outside, and
both inside and outcome home, respectively.
Conclusions: Approximately one third and two fifths of never-smoking adolescents were exposed
to SHS inside or outside home, and smoking parents and/or peers are the key factors. Study
findings highlight the need to develop and implement comprehensive smoke-free policies
consistent with the World Health Organization Framework Convention on Tobacco Control.
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IMPLICATIONS AND
CONTRIBUTION

Harmful effects of second-
hand smoke exposure are
well established; however,
magnitude among vulner-
able populations including
never-smoking adoles-
cents still remains un-
known. The study
estimates prevalence and
identifies factors for
secondhand exposure
among never-smoking ad-
olescents in 168 countries.
The findings have potential
to inform development
and implementation of
comprehensive tobacco-
free policies worldwide.

Although secondhand smoke (SHS) exposure and its harmful
health effects were first reported in 1920s [1], the issue gained
scientific interest in early 1980s when exposure was linked to lung
cancer in healthy adults nonsmokers [2] and in late 1980s when
exposure was linked to increased respiratory infections and
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diminished rate of lung growth in children and adolescents [3]. The
scientific consensus on the adverse health effects of SHS exposure
beganwith earlier reports by Trichopoulos et al. [4], Hirayama et al.
[5], Garfinkel et al. [6], and the U.S. SurgeonGeneral [3]. Since then,
many studies have been conducted across the world and have
documented evidence about the harmful effects of SHS [7,8]. This
led to the realization that smokerswere not only putting their own
health at risk but also the health of never smokers.

SHS is a common indoor air pollutant and a significant public
health problem. Comprehensive assessments and reviews by sci-
entific bodies have shown that SHS exposure has been associated
withhealth outcomes in children and adolescents, including lower
respiratory tract infections, middle ear infections, sudden infant
death syndrome, asthmatic exacerbations, mental health disor-
ders, cognitive dysfunction, sleep disorders, and metabolic syn-
drome [9e13]. In addition, SHS exposure has psychosocial
influence on adolescents’ health-seeking behaviors, especially
when exposed in homes or cars, or when they observe their
parents, peers, and others smoke [14]. Worldwide, it has been
estimated that SHS exposure kills over 600,000 people each year
[7]. Despite well-documented health effects, the increasing
prevalence of smoked tobacco products use [7], particularly in
low- and middle-income countries (LMICs), suggests that more
never smokers, including vulnerable populations such as children
and adolescents, are continuously being exposed to SHS.

The burden of SHS exposure supports the need for investigation
intonever-smokingyouthexposure to SHSas adolescents constitute
a vulnerable group in need of policy protection. This demandsmore
attentionconsidering the fact thatonly16%of theworld’spopulation
is covered by smoke-free policies (SFPs) [15]. As there is no scientific
evidence for safe level of SHS exposure, the World Health Organi-
zation (WHO) Framework Convention on Tobacco Control (FCTC),
the first global health treaty negotiated under the auspices of the
WHO, recommended effective measures to protect never smokers
from SHS exposure in its Article 8, “Protection from exposure to to-
bacco smoke” [16]. Effective implementation of Article 8 employs
measures to eliminate/reduce exposure to SHS in indoor public
places, work places, and public transport [7,16]; however, data on
magnitude of SHS exposure among vulnerable populations
includingadolescentsare limited,particularly inLMICs. Fewnational
and global studies [17,18] have been conducted on adolescents’
exposure to SHS, with minimal research on never smokers [19]. In
addition, earlier studies reported onlyestimates anddidnot identify
factors associated with SHS exposure. In this study, we used the
Global Youth Tobacco Survey (GYTS) conducted in 168 countries,
primarily in LMICs, during 1999e2008 to estimate the prevalence of
SHS exposure among never-smoking youth and identify factors
associated with such exposure. Given only few countries have
comprehensive SFPs worldwide [7], we hypothesized that a
significant proportion of never-smoking adolescents were exposed
to SHS. Although it is known that SHS exposure is harmful, under-
standing the magnitude and correlates of never-smoking adoles-
cents’ SHS exposure will inform policymakers and public health
advocates as they develop and implement SFPs and plan preventive
strategies consistent with the Article 8 of theWHO FCTC [16].

Methods

Study population and Global Youth Tobacco Survey

We used the GYTS surveys conducted in 168 countries
(Supplementary Appendix A) during 1999e2008 to obtain

information about never-smoking adolescents’ SHS exposure.
Similar to earlier studies [20,21], we obtained information from
the most recent surveys for countries that conducted the survey
more than once. The GYTS follows a standard protocol and
sampling design while selecting the samples, as previously
described [22,23]. Briefly, the GYTS uses a two-stage cluster
sampling design where clusters of schools proportional to the
student enrollment size were selected during the first stage
followed by random selection of classes during the second stage.
All students in the selected classes were eligible to participate in
the survey. In addition, the GYTS employs a standard method-
ology in survey questionnaire preparation and administration,
data collection, processing and analyses, and reporting the
results [22,23]. A standard and structured GYTS questionnaire
consists of a “core” set of 54 questions designed to gather data on
tobacco use among youth. In addition, every country has the
option to add supplemental questions to obtain information on
tobacco products that are relevant to specific country, region,
province, city, or geographical entity. The survey questionnaires
are translated to respective local or non-English language as
needed and back translated to English to ensure accuracy across
all GYTS survey sites [23]. The study was approved by the Insti-
tutional Review Board at the East Tennessee State University.

Study measures

The outcome variable is SHS exposure among never-smoking
youth. We defined the outcome in relation to the potential loca-
tion that a never-smoking adolescent could be exposedd“SHS
exposure inside home” and “SHS exposure outside home.” The
never-smoking status of an adolescent was determined based on
his/her negative response to the question, “Have you ever tried or
experimented with cigarette smoking, even one or two puffs?” A
never-smoking adolescent’s exposure to SHS inside and/or
outside homewas determined if he/she responded�1 days to the
questions, “During the past week, on howmany days have people
smoked in your home, in your presence?” and “During the past
7 days, on how many days have people smoked in your presence,
in places other than in your home?,” respectively. Because it is
possible that an adolescent might potentially be exposed to SHS
both inside and outside home, we constructed a severity variable,
“SHS exposure inside and outside home,” using the responses for
the aforementioned two questions (Table 1).

Similar to earlier studies [20,21], we constructed seven inde-
pendent variables that could potentially be associated with SHS
exposure. These include (1) parental smoking behavior; (2) peer
smoking behavior; (3) knowledge about harmful effects of
smoking and SHS exposure; (4) attitudes toward smoking ban; (5)
age; (6) sex; and (7) WHO region. During assembly of the study
records, we found that the adolescents who participated in the
survey had ages ranging from 11 years and younger to 17 years
and older; however, we restricted our analysis to those aged
13e15 years to be consistent with the GYTS sampling frame and
with earlier studies [20,21]. Complete details about GYTS survey
questions, responses, and dichotomization of variables used in
this study can be found in Table 1. All variables are categorical and
dichotomized using previously described methods [20,21,23].

Statistical analysis

We performed descriptive analyses and reported sample
(unweighted counts) and population characteristics (weighted
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