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Abstract

Objectives To examine the association of family smoking
status and exposure to secondhand smoke (SHS) at home
with the use of electronic cigarettes among US adolescents,
in particular the medication effect of SHS on the associa-
tion between family smoking status and electronic cigarette
use.

Methods Data from the 2013 National Youth Tobacco
Survey were used and logistic regressions were conducted
to model electronic cigarettes use. The mediation effect of
SHS was tested using the Sobel-Goodman mediation test.
Results  Overall, 8.1 % of the US adolescents reported
ever use of e-cigarettes. Among both the overall population
and never-cigarette smokers, adolescents living in smoker
households were significantly more likely to report ever
use of e-cigarettes (p < 0.05). However, the associations
were attenuated after including SHS exposure at home
during the past 7 days. SHS exposure at home was posi-
tively associated with ever use of e-cigarettes, adjusting for
family smoking status (p < 0.05).

Conclusions The association between smoking habits of
the family and e-cigarette use was mediated through SHS
exposure. The promotion of smoke-free home rules may
help prevent the uptake of e-cigarettes among teenagers.

This article is part of the special issue “Electronic Cigarettes and
Public Health”.
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Introduction

Electronic cigarettes (e-cigarettes) are battery-powered
devices that vaporize e-liquid containing nicotine, flavor-
ings and other chemicals. Introduced into the US market in
2007, e-cigarettes have been gaining popularity. It is esti-
mated that in 2013, 8 of 10 adults were aware of
e-cigarettes and 1 in 10 had used the devices at least once
(King et al. 2014). Use of e-cigarettes has also risen rapidly
among US adolescents. Between 2013 and 2014, the
prevalence of e-cigarette use during past 30 days increased
from 4.5 to 13.4 % among high school students, and from
1.1 to 3.9 % among middle school students (Centers for
Diseases Control and Prevention 2015). Although e-ci-
garettes are marketed as tools that help with smoking
cessation (Grana and Ling 2014), existing evidence is
unsupportive of this claim (Adkison et al. 2013; Vickerman
et al. 2013) and even suggests that e-cigarettes may cause
nicotine addiction among youth (Lee et al. 2014; Dutra and
Glantz 2014).

Past studies indicate that a number of characteristics at
the individual and household levels predict e-cigarette use
among adolescents including age, sex, race/ethnicity, and
use of other tobacco products. In general, e-cigarette use is
more likely to be reported by youth who are older, male,
non-Hispanic white, and who use conventional cigarettes
or hookah (Lee et al. 2014; Dutra and Glantz 2014; Barnett
et al. 2015). Living with someone who smokes cigarettes
was also positively associated with e-cigarette use,
regardless of the cigarette smoking status of the adolescent
(Cardenas et al. 2015). It is speculated that the increased
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likelihood was attributed to hearing about or having access
to the devices at home since e-cigarette users also tend to
be current cigarette smokers (Cardenas et al. 2015; Choi
and Forster 2013). On the other hand, the effect of family
members’ smoking habits on e-cigarette use among chil-
dren may be mediated through exposure to secondhand
smoke (SHS). Previous research has found that SHS
exposure at home is a mediator between parental smoking
and smoking initiation among children, probably because
SHS conveys a pro-tobacco message and/or has a direct
physical additive impact (Wang et al. 2011). Similarly,
SHS exposure can mediate the effect of family smoking
status on e-cigarette use in children. However, no study has
examined this pathway.

This current study used data from the 2013 National
Youth Tobacco Survey (NYTS) to investigate the associ-
ation of family smoking status and exposure to secondhand
smoke at home, the primary source of SHS exposure
among children (Committee on Environmental Health-
Health et al. 2009), with the use of e-cigarettes among
adolescents in the US. We also tested the hypothesis that
SHS exposure at home mediates the association between
family smoking status and e-cigarettes use among teens.

Methods
Study sample

This cross-sectional study used 2013 NYTS data, which is the
most recent wave available. The NYTS is a school-based,
self-report survey designed to investigate tobacco-related
beliefs, attitudes, behaviors and exposure to pro- and anti-
tobacco influences among public middle and high school
students. The survey employs a multistage sampling design to
produce a nationally representative sample of US students
from public and private schools in grades 6—12. Detailed
information about the survey has been published by the US
Centers for Disease Control and Prevention (Arrazola et al.
2014). In 2013, 250 schools were selected and 187 agreed to
participate in the survey. A total of 18,406 students completed
the survey, yielding an overall response rate of 67.8 %. Par-
ticipants who were less than 11 years old or 19 years old or
older (1.2 % of the study sample) were excluded from the
study so that the final sample included 18,092 students.

Measures
Sociodemographic characteristics

The survey collected information on adolescents’ age, sex,
race and ethnicity.
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Ever cigarette smoking

Adolescents were asked “Have you ever tried cigarette
smoking, even one or two puffs?” Those who answered
‘yes’ were classified as ever cigarette smokers and those
who answer ‘no’ as never-smokers.

E-cigarette use

In this study, we refer to e-cigarettes use as ever use of
e-cigarettes. A student was classified as “ever used e-ci-
garettes” if he/she reported “e-cigarettes” to the question:
“Which of the following tobacco products have you ever
tried, even just one time?”

Family smoking status

Participants were inquired “Does anyone who lives with
you now...?” and those who reported “smoked cigarettes”
were coded as living in family with one or more smokers.

Secondhand smoke exposure at home

Exposure to SHS at home was measured by the question
“During the past 7 days, on how many days did someone
smoke tobacco products in your home while you were
there?” Adolescents who answered 1 or more days were
considered exposed to SHS at home.

Statistical analysis

We computed descriptive statistics to depict the
prevalence of e-cigarette use. We estimated multiple
logistic regression models to examine the association of
family smoking status and SHS exposure at home with
e-cigarette use, adjusting for sociodemographic factors.
We estimated two models. Model 1 included only
family smoking status and in model 2 SHS exposure
during the past 7 days was added. The mediation effect
of SHS exposure on the association between family
smoking status and e-cigarette use among adolescents
was examined by the Sobel-Goodman mediation test
(Sobel 1982). Because SHS may have a different
impact on participants who do not currently smoke
conventional cigarettes, analysis was conducted in the
overall sample and then in never-smokers. Fully
adjusted analyses incorporated weights provided by the
NYTS to account for the complex sampling design and
non-response in population estimates. All analyses were
performed using STATA/SE 13.1 (StataCorp LP, Col-
lege Station, TX).
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Results

Participant characteristics are described in Table 1. Over-
all, 8.1 % of the 2013 NYTS participants reported ever use
of e-cigarettes, 29.8 % reported living with other smokers,
and 23.9 % reported exposure to SHS at home during the
past 7 days. Most participants (74.8 %) had never smoked
any cigarettes. Compared to the overall sample, never-
smokers had a lower prevalence of e-cigarette use (1.4 %),
living with other smokers (23.9 %) and exposure to SHS at
home during the past 7 days (16.5 %).

After controlling for age, sex, and race/ethnicity, par-
ticipants living in households with one or more smokers
were significantly more likely to report ever use of e-ci-
garettes [Model 1, odds ratio (OR) 1.45, 95 % CI
1.27-1.66, Table 2]. However, this association was atten-
uated after including SHS exposure at home during the past
7 days in Model 2 (Model 2, OR 1.27,95 % CI 1.08-1.48).
The formal test for mediation effects indicated that the
association between family smoking status and e-cigarette
use was partly mediated by SHS exposure at home (Sobel-
Goodman test: p < 0.001). Similar results were obtained in
the subgroup analysis among never-smokers. Living with
other smokers was significantly associated with e-cigarette
use among never-smokers (Model 1, OR 1.90, 95 % CI
1.37-2.61), but this association was no longer statistically
significant after adjusting for SHS exposure status (Model
2, OR 1.34, 95 % CI 0.89-2.03). Likewise, the Sobel-
Goodman test confirmed the mediation effect of SHS
exposure at home (p < 0.001). There was a statistically
significant association between SHS exposure and ever use

Table 1 Characteristics of middle and high school students in 2013
in the USA (n = 18,092)

Overall % Never-
smokers %

Age, years

11-14 49.1 56.6

15-18 50.9 433
Sex

Female 51.3 50.0

Male 48.8 50.0
Race/ethnicity

Non-Hispanic White 56.9 58.3

Non-Hispanic Black 15.9 16.0

Hispanic 219 20.1

Other 53 5.7
Ever cigarette smoker 25.2 NA
Ever used e-cigarettes 8.1 14
Family with one or more smokers 29.8 23.9
SHS exposure at home in past 7 days 239 16.5

of e-cigarettes in both the overall sample (OR 1.37, 95 %
CI 1.17-1.61) and the sample restricted to never-smokers
(OR 2.10, 95 % CI 1.70-2.60).

Discussion

This is the first study to examine the association between
SHS exposure at home and e-cigarette use, and the medi-
ating effects of SHS exposure in the association between
family smoking status and e-cigarette use among adoles-
cents. Concordant with previous research, adolescents from
households with one or more smokers (including those who
had never smoked conventional cigarettes) were more
likely to use e-cigarettes (Cardenas et al. 2015). In addi-
tion, SHS exposure at home was a significant predictor of
e-cigarette use. However, the impact of family smoking
status on e-cigarette use among children was attenuated
after adjustment for SHS exposure at home, suggesting that
the relationship was mediated through SHS exposure.

The harmful effects of SHS exposure on the physical
health of children have been well documented (US
Department of Health and Human Services 2007). Those
exposed to SHS are at increased risk of sudden infant death
syndrome, acute respiratory symptoms, ear infections, and
more severe asthma. SHS exposure may also increase the
likelihood of smoking initiation among children (Wang
et al. 2011). In the current context wherein the overall
health effects of e-cigarettes remain understudied (Bhat-
nagar et al. 2014), this current study complements previous
research on the harm of SHS exposure among children by
providing evidence on the association between SHS
exposure at home and e-cigarette use among adolescents.
Research is needed to examine the impact of, and possible
mechanisms underpinning, the association between SHS
and exposure e-cigarettes.

If future studies using prospective designs find that SHS
exposure at home triggers e-cigarette use among adoles-
cents, our findings underscore the need for maintaining
homes smoke-free. Although the prevalence of homes with
smoke-free rules has risen over time in the US (Zhang et al.
2012), 40 % of households with one or more smokers and
with underage children had not adopted voluntary smoke-
free home rules by 2010-2011 (Zhang et al. 2015).
Tobacco control and prevention efforts are warranted to
continue to promote the adoption of voluntary smoke-free
home rules. Intervention programs should emphasize strict
enforcement to voluntary smoke-free rules at home. In our
sample, 12.8 % of youth who reported having a smoke-free
home were exposed to SHS at home during the past 7 days
(data not shown).

This study has limitations. First, the design was cross-
sectional, which precludes establishing the temporal
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Tab.le 2 Thf.: association of Overall Never-smokers

family smoking status and

exposure to secondhand smoke Model 1 Model 2 Modell Model 2

(SHS) at home with the use of
e-cigarettes among USA middle
and high school students in
2013 (n = 18,092)

AOR adjusted odds ratio, CI

AOR (95 % CI)

AOR (95 % CI)

AOR (95 % CI)

AOR (95 % CI)

Family with one or
more smokers

No
Yes

Age, years
11-14
15-18

Sex
Female
Male

Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

Cigarette smoking status
Never
Ever

SHS exposure at home
in past 7 days
No
Yes

Ref
1.45 (1.27-1.66)

Ref
1.65 (1.42-1.92)

Ref
1.39 (1.22-1.59)

Ref

0.35 (0.29-0.43)
0.61 (0.52-0.71)
0.57 (0.41-0.77)

Ref
22.7 (19.0-27.1)
NA

Ref
1.27 (1.08-1.48)

Ref
1.65 (1.41-1.93)

Ref
1.37 (1.19-1.56)

Ref

0.36 (0.29-0.44)
0.62 (0.53-0.72)
0.61 (0.44-0.83)

Ref
21.6 (18.0-26.0)

Ref
1.37 (1.17-1.61)

Ref
1.90 (1.37-2.61)

Ref
1.90 (1.38-2.61)

Ref
1.44 (1.05-1.97)

Ref
0.98 (0.64-1.50)
1.22 (0.84-1.79)
0.65 (0.31-1.34)
NA

NA

Ref
1.34 (0.89-2.03)

Ref
2.01 (1.32-2.53)

Ref
1.38 (1.00-1.90)

Ref
0.95 (0.61-1.47)
1.28 (0.87-1.89)
0.70 (0.34-1.45)
NA

Ref
2.10 (1.70-2.60)

confidence interval

relationship of the observed associations. Second, we
focused on ever use of e-cigarettes as the outcome because
the prevalence of current e-cigarette use was relatively low
(2.8 %), which contributed to temporality challenges.
Research with longitudinal study designs is needed to
establish the temporal relationship and examine causation.
Finally, all the data were based on self-report, which could
be subject to information bias.

In conclusion, exposure to SHS at home is associated
with e-cigarette use among US adolescents, regardless of
family smoking status. The association between smoking
habits of the family and e-cigarette use was mediated
through SHS exposure. Promotion of smoke-free home
rules may help prevent the uptake of e-cigarettes among
adolescents.
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