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Abstract

Background: The use of electronic cigarettes (EC) has risen exponentially over the past decade, including among
never smokers, and ECs are now the most popular tobacco product among teenagers in the US. While, EC
manufacturers utilize numerous marketing strategies to target both smokers and non-smokers, it is unclear
how perceptions and behaviors differ between these two groups.

Methods: We conducted a survey of 320 adults either via online surveys or in Baltimore vape shops to determine
demographics, behaviors, perceptions, and motivations underlying use of ECs.

Results: Our survey respondents were predominantly young, Caucasian males, 74% of whom identified themselves as
former smokers, while 20% identified as current smokers and 6% were never smokers. Former smokers reported a longer
history of EC use and higher nicotine concentrations than current smokers. For former and current smokers, the primary
motivation for EC use was assistance to quit smoking, and nearly half indicated that they plan to reduce their nicotine
concentration and eventually quit using ECs. Among former smokers, self-reports on use and measures of dependence
were consistent with nicotine replacement as their primary motivation. The majority of former and current smokers also
reported that their respiratory health had improved as a result of EC use, although this effect was stronger for
former smokers. Never smokers reported less frequent EC use and dependence compared to former and current
smokers. Their motivations for use were more commonly for enjoyment and popularity, and they displayed a reduced
desire to eventually quit using ECs.

Conclusions: These responses provide insight into the underlying thoughts and behaviors of smoking and non-smoking
EC users and also suggest that never smoking EC users are an emerging demographic with different motivations and
perceptions than those of current and former smokers.
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Background
Electronic cigarettes (ECs), which are battery-powered
devices that deliver aerosolized nicotine and other constit-
uents [1], have grown exponentially in popularity since
first coming to the US market in 2006, including among
adolescents and never smokers. In 2015, the US EC
market reached $3.5 billion and is projected to exceed $20
billion by 2025 [2, 3]. Recent Centers for Disease Control

and Prevention (CDC) reports showed that ECs have
surpassed tobacco cigarettes as the most popular
“tobacco” product among teenagers, with more than
3 million teenagers currently using ECs [4, 5]. According
to the CDC, EC use increased from 1.5% in 2011 to 16.0%
in 2015 among high school students and from 0.6% to
5.3% among middle school students. The use of ECs has
also increased dramatically among young adults aged 18–
24 years, with 21.6% of these individuals reported to have
tried ECs and 5.1% who are current users [6].
Use of ECs remains a polarizing issue, including concerns

related to: (1) whether they serve as an effective aid for
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smoking cessation versus whether they actually renormalize
smoking and will reverse decades of measures that have
reduced smoking rates; (2) whether or not never-smokers
or former-smokers will be attracted to ECs and become
regular users; and (3) whether or not there will be acute or
long-term health consequences associated with use and
whether these health effects must always be contextualized
with cigarette smoking. These diverse questions will require
a broad array of future studies, but user behaviors, percep-
tions, and motivations underlie all of these issues.
There are many factors that may influence the popularity

of ECs among both smokers and non-smokers, including
the wide assortment of flavors, glamorization by celebrities,
perceptions that ECs are harmless or substantially less
harmful than tobacco cigarettes and advertising campaigns
that are increasingly directed toward young adults and
non-smokers [7–10]. Previous surveys have determined
that motivations for use of ECs are focused on cessation of
smoking [11, 12], while other studies demonstrate that use
is largely recreational and centered on enjoyment [13].
Thus, motivations are likely to depend on many factors,
including demographics and smoking status.
EC companies have invested heavily in market develop-

ment, advertising, and innovation [8, 14]. In May 2016, the
Food and Drug Administration (FDA) finalized a rule to
extend its regulatory authority over electronic cigarettes
[15]. At present, this rule restricts sales of ECs to minors,
and in the near future each product will require FDA pre-
market review before it can be sold. However, the FDA
ruling did not restrict television or radio advertising of ECs.
The manner in which these products are marketed and per-
ceived is likely to impact their use and their net effect on
public health.
The goal of our current study was to investigate behav-

iors, perceptions, and motivations underlying the use of
ECs in adults. We hypothesized that perceptions and
motivations would differ based on smoking status. The
information provided in this study will enhance under-
standing of the underlying behaviors of EC users.

Methods
The survey was conducted in three Baltimore area stores
that sell EC/vaping products (referred to as vape shops)
or online from December 2014 to July 2015. Oral con-
sent was provided by both the store owner/manager and
survey participant. Shops were chosen based on conveni-
ence and permission from the store owner. Surveys,
which contained 43 questions, were self-administered by
completing a paper form inside the store (n = 15) or
online (n = 305), depending on the preference of the
participant. Surveys with a majority of missing data or
otherwise unusable responses were excluded (11 of 331
were excluded). Residential zip codes for 207 of the
respondents were within Maryland, while 107 responses

were outside of Maryland and 6 were missing. This
study was approved by the Institutional Review Board of
the Johns Hopkins University. Oral consent was deemed
sufficient since this was a voluntary survey that collected
no identifying or personal information.
Based on responses to multiple questions, respondents

were classified into one of three groups depending on
their reported history of cigarette smoking: never smokers,
former smokers, and current smokers. Never smokers
were individuals who smoked fewer than 100 cigarettes in
their lifetime. Former smokers were individuals who iden-
tified themselves as quitters and reported not smoking a
cigarette in the past 30 days. Current smokers were indi-
viduals who reported having smoked at least 100 cigarettes
in their lifetime and at least 1 in the past 30 days. Because
there were relatively few never smokers (N = 19, 6% of
study respondents), we focused our statistical analysis on
the comparisons between former and current smokers.
However, we did include those responses from never
smokers to observe how they differed from former or
current smokers. Demographic characteristics and responses
to the survey were compared between current and former
smokers by Chi-square tests and Fisher’s Exact Test if a cell
size was 5 or less. Concordance between duration of smok-
ing cessation and duration of EC use among former smokers
was examined with an agreement chart [16].

Results
Survey demographics
We received 331 survey responses, 320 with useable
data. Over three-quarters of respondents were male, 89%
were white, and over half were younger than 35 years of
age (Table 1). 74% of respondents were former smokers,
20% were current smokers and 6% were never-smokers.
Current smokers were younger than former smokers
(p = 0.05). Never smokers were younger than both former
and current smokers. Smoking status was also related to
educational attainment, marital status and employment
status, which was likely due to the age differences among
the groups.

Tobacco use
The smoking history of former or current cigarette smokers
was similar in that both groups reported starting tobacco
use before age 18 years (Table 2). Former smokers reported
a history of higher daily tobacco cigarette consumption
than that reported by current smokers (p < 0.01).

Electronic cigarette use
Regardless of tobacco smoking status, most users reported
using ECs at least 4 times per day (Table 2). Current
smokers were more recent initiators of EC use compared
to former smokers (p = 0.04), and also reported lower
nicotine concentrations than former smokers (p = 0.04),
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although nicotine concentration had high non-response
rates, which was at least partially due to a lack of know-
ledge of the concentration used. The majority of both
groups, 62 to 64%, reported using an e-cigarette within
30 min of wakening, which was much higher than never
smokers (16%). Nearly half of current and former smokers
reported intentions to quit EC use eventually, and most
intended to reduce nicotine concentration. Most never
smokers reported using ECs one year or less (79%) and
reported using lower nicotine concentrations than current
or former smokers. There were no specific EC flavors that
emerged as substantially more popular than others, as
indicated by the 165 unique responses reported as their
most preferred flavor.
The motivations for EC use did not significantly differ

between former and current smokers. The most fre-
quently cited primary motivation for initiation of EC use
among both former and current smokers was to quit
smoking tobacco (42% and 39%, respectively), followed
by the belief that ECs were healthier than tobacco

cigarettes (38% and 33%, respectively). Less commonly cited
primary motivations included that ECs were cheaper than
cigarettes and enjoyable (≤13%). Most never smokers (68%)
said enjoyment was their primary motivation for use. Other
primary motivations for never smokers included stress
reduction and popularity. Health considerations were rarely
(5%) a motivating factor for non-smokers. The relative lack
of concern about health considerations may explain why
only 21% of never smokers reported that they planned to
quit EC use as compared to 40% of former smokers and
45% of current smokers. Since most former smokers re-
ported that they started using ECs to help them stop smok-
ing tobacco cigarettes, we evaluated the agreement between
the initiation of EC use and duration of smoking cessation
(Table 3 and Fig. 1). The agreement chart suggests that the
initiation of ECs is closely tied with cessation of smoking.

Perceived health changes
Although relatively fewer former smokers reported per-
sistent respiratory symptoms like a cough or wheezing

Table 1 Survey respondent demographics by smoking status

Characteristic Total
N (%)

Former smoker
N (%)

Current smoker
N (%)

p-value* Never smoker
N (%)

Respondentsa 320 (100) 237 (74) 64 (20) 19 (6)

Age

18–24 years old 57 (18) 31 (13) 13 (20) 0.05 13 (68)

25–34 years 129 (40) 94 (40) 31 (48) 4 (21)

35 years or older 134 (42) 112 (47) 19 (21) 2 (11)

Gender

Male 248 (78) 182 (77) 48 (75) 0.76 18 (95)

Race

Caucasian 284 (89) 214 (91) 55 (86) 0.27 15 (79)

Other 35 (11) 22 (9) 9 (14) 4 (21)

Education

4 years college + 102 (32) 78 (33) 20 (31) 0.07 4 (21)

College 1 year to 3 years 137 (43) 106 (45) 21 (33) 10 (53)

Grade 12 or less 81 (25) 53 (22) 23 (36) 5 (26)

Marital status

Unmarried couple 68 (21) 46 (19) 17 (27) 0.02 5 (26)

Married 113 (35) 97 (41) 13 (20) 3 (16)

Never married 110 (34) 72 (30) 27 (42) 11 (58)

Was married 29 (9) 22 (9) 7 (11) 0 (0)

Employment status

Student 23 (7) 8 (3) 8 (13) 0.031 7 (37)

Employed 210 (66) 161 (68) 42 (66) 7 (37)

Not employed 40 (13) 29 (12) 7 (11) 4 (21)

Self-employed 47 (15) 39 (16) 7 (11) 1 (5)

*p-values from Chi-square tests for comparisons between current and former smokers
aThis is percent of total respondents
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commonly associated with smoking (20–44%) than current
smokers (45–62%), a greater percentage of former
smokers reported improvements in persistent respira-
tory symptoms (78–90%) and change in health status
after starting EC use than did current smokers (55–
69%, Table 4).

Discussion
Our survey is one of the first to report behaviors and
preferences of EC users among respondents recruited
from vape shops. Our survey respondents were predomin-
antly young, Caucasian males, which is the most common
demographic among current EC users [6]. Additionally,

Table 2 Tobacco cigarette and EC use characteristics

Former smoker Current smoker Never smoker

N = 237
N (%)

N = 64
N (%)

p-value* N = 19
N (%)

Tobacco cigarette use

Age started smoking

< 18 years 153 (65) 46 (73) 0.15 N/A

18 or older 84 (35) 17 (27)

Daily cigarette consumptiona

0–10 cigarettes 30 (13) 28 (47) <.01 N/A

11–20 cigarettes 98 (43) 20 (33)

More than 20 cigarettes 98 (43) 12 (20)

EC use

Length of EC use

About 6 months or less 36 (15) 17 (27) 0.04 6 (32)

About 1 year 47 (20) 17 (27) 9 (47)

Between 1 and 2 years 83 (35) 19 (30) 3 (16)

2 years or more 71 (30) 11 (17) 1 (5)

EC use per day

1–3 times per day 12 (5) 2 (3) 0.52 4 (21)

4 or more times per day 219 (95) 62 (97) 15 (79)

Use different nicotine concentrations

Yes 36 (15) 8 (13) 0.59 1 (5)

Primary nicotine concentration (mg/ml)

Missing 44 (19) 24 (38) 0.04 7 (37)

Low <6 73 (31) 18 (28) 9 (47)

Medium 6–15 90 (38) 18 (28) 2 (11)

High >15 30 (13) 4 (6) 1 (5)

Primary motive for using ECs

Aid to quit smoking 100 (42) 25 (39) 0.12 NA

Cheaper than tobacco cigarettes 8 (3) 6 (9) 0 (0)

Healthier than tobacco cigarettes 89 (38) 21 (33) 1 (5)

Enjoyment 30 (13) 6 (9) 13 (68)

Other 10 (4) 6 (9) 5 (26)

Plan to reduce the nicotine in ECs

Yes 184 (78) 53 (83) 0.66 6 (31)

Time from wakening to first EC

Less than 30 min 143 (62) 39 (64) 0.64 3 (16)

Plan to quit using ECs

Yes 94 (40) 29 (45) 0.72 4 (21)

Abbreviations: EC = Electronic cigarette, N = Total number, NA = not applicable
*p-values from Chi-square or Fisher Exact tests for comparisons between current and former smokers
aFor former smokers, daily cigarette consumption is for use prior to smoking cessation
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6% of the respondents indicated that they were never
smokers, although it is possible that the cross-sectional
design of our study could lead to an over-representation
of this group since our study would have failed to capture
those individuals who had quit nicotine entirely after tran-
sient use of ECs. Furthermore, never smokers who use
ECs may be more likely to visit vape shops than former or
current smokers who are accustomed to purchasing ciga-
rettes in other types of stores. Nonetheless, the prevalence
of never smokers identified here is consistent with several
studies from the US suggesting that an increasing number
of EC users are never-smokers [6, 17–19]; while it
conflicts with a highly publicized report by Public Health
England indicating that a negligible number of never
smokers regularly use ECs [20]. These differing conclu-
sions likely contribute to the contrasting policy guide-
lines between the US and UK and may reflect localized
risks or priorities (i.e., policies that focus on non-
smokers and children versus smokers). These policy
makers have access to the same data, which highlights

the importance of history and values in determining
policy goals and interventions. Our survey supports
that never-smoking EC users are in the minority, but
with approximately 7 million adults in the US who are
current EC users (3.5% of US adults) [19], this repre-
sents an alarming number of predominantly younger
individuals who are using ECs. While smokers may ex-
perience a potential benefit from EC use, never smokers
who use ECs likely receive no benefit. However, it could
be argued that never smokers who use ECs may have
otherwise turned to a more dangerous alternative if not
for ECs. Thus, further evidence is needed to inform the
most appropriate regulatory measures.
Among our survey respondents, the never-smoking

group was younger than former and current smokers.
This is consistent with results from the 2015 CDC’s
National Health Interview Survey, which showed that
while 11.4% of adult EC users were never smokers, the
percentage was highest among those aged 18–24 years
(40%) and lowest among those aged ≥45 years (1.3%)

Table 3 Duration of EC use and time since last cigarette among former smokers

How long since last cigarette, N (% of total)

How long used EC 0–6 months 6 months - 1 year 1–2 years >2 years Total

About 6 months or less 23 9 2 2 36 (16)

About 1 year 7 26 10 3 46 (20)

Between 1 and 2 years 10 10 54 5 79 (34)

2 years or more 2 3 21 44 70 (30)

Total 42 (18) 48 (21) 87 (38) 54 (23) 231

Missing data = 6

Fig. 1 Agreement Chart for the duration of EC use and duration of smoking cessation among former smokers. The size of the rectangle at each
time point reflects the marginal totals for each variable. The area of exact agreement is the dark square, which represents the number of
individuals who reported the same duration for EC use and smoking cessation. The lighter rectangle represents the number of individuals who
reported similar (within one category) durations. The white square area represents area of disagreement
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[19]. Thus, the prevalence of never-smoking EC users
may depend on the age of the surveyed population,
and these data may suggest an alarming trend in which
increasing numbers of young adults who have never
smoked tobacco are becoming regular users of ECs.
Furthermore, while advertising of tobacco products is
aggressively limited, EC advertising is not. Spending on
EC advertising in 2014 was $115 million, and 69% of
middle and high school students (18 million youths)
were exposed to EC advertisements in retail stores, on
the Internet, in magazines/newspapers, or on TV/movies
[14]. Advertising can be quite influential to teens and may
further increase the prevalence of ECs among youth.
Given the unknown health risks of ECs and no possibility
of harm reduction among non-smokers, regulators may
consider more rigorous limitations on the sale and adver-
tising of ECs.
Our comparison of cigarette use between former and

current smoking EC users revealed that current smokers
report smoking fewer cigarettes per day than former
smokers did prior to quitting, while former smokers
reported using higher nicotine concentrations and using
ECs longer than current smokers. These differences
suggest that current smokers were at an earlier stage in
their transition from tobacco cigarettes to ECs and were
titrating their cigarette use and supplementing with ECs.
For both groups, the primary motivation for initiating
EC use was as an aid to quit smoking, and nearly half of
current and former smokers indicated that they plan to

reduce their nicotine concentration and eventually quit
using ECs. While many smokers use ECs as a smoking
cessation aid and some studies support the notion that
ECs reduce cravings and cigarette consumption [21, 22],
the effectiveness of ECs as a smoking cessation aid has
been questioned [23]. While our study did not directly
address the efficacy of ECs as a smoking cessation aid,
most current and former smokers reported that they had
either substantially reduced or completely stopped using
cigarettes as a result of EC use.
Furthermore, the agreement observed between duration

of smoking cessation and duration of EC use among
former smokers suggests that users quickly transitioned to
sole use of ECs. However, the success rate of complete
cessation of nicotine use after transitioning from cigarettes
to ECs is unknown. While the most commonly reported
primary motivation for using ECs among both former and
current smokers was as an aid to quit smoking, it is
unclear why the current smokers continue to smoke after
initiation of ECs. It is possible that current smokers may
have previously reduced their cigarette consumption via
conventional means prior to EC initiation, resulting in di-
minished effectiveness of ECs as a smoking cessation aid.
Among current and former smokers, the second most

common motivation for use of ECs was the belief that
ECs were a healthier alternative to smoking. Consistent
with this perception, the majority of both current and
former smokers reported that their respiratory health
had improved as a result of the initiation of ECs. However,
former smokers were more likely to report improved
respiratory symptoms, suggesting that switching to ECs
completely has greater benefit than dual use. Interestingly,
former smokers were less likely to report respiratory
symptoms than current smokers prior to EC initiation,
despite high cigarette consumption. The explanation for
this is unclear, although it is possible that this difference is
due to recall bias and the longer length of time since
smoking. It is also possible that former smokers were
more likely to quit due to concerns about hypothetical
health risks; while current smokers persisted in smoking
even after development of respiratory symptoms and were
either not as concerned about health risks or were unable
or unwilling to completely quit smoking.
Several studies in humans and animal models suggest

that use of ECs has detrimental effects on pulmonary
health [24–26], although these effects are often reported
to be milder than for cigarettes [26–28]. Our results sup-
port that EC use may reduce harm based on self-reported
respiratory symptoms, but our results are likely biased by
respondents’ expectations, and more definitive and longitu-
dinal studies are needed. EC use may have inherent health
risks not associated with tobacco smoking, or for certain
health outcomes, it is possible that ECs may pose more
significant harm than smoking. For example, several studies

Table 4 Perceived health changes

Former
N (%)

Current
N (%)

p-value

Health changes after starting use of ECs

Have not paid attention to this 3 (1) 8 (13) <.01

No 8 (3) 9 (13)

Yes 226 (95) 47 (73)

Persistent symptoms before starting ECs

Cough 63 (27) 40 (62) <.01

Wheeze 48 (20) 34 (53) <.01

Chest tightness 53 (22) 29 (45) <.01

Sputum 82 (35) 30 (47) 0.07

Sinus 104 (44) 35 (55) 0.12

Symptoms improved after start using ECsa

Cough 57 (90) 24 (60) <.01

Wheeze 43 (90) 22 (65) <.01

Chest tightness 46 (87) 16 (55) <.01

Sputum 64 (78) 16 (55) 0.01

Sinus 83 (81) 24 (69) 0.17

*P-value determined with Chi-square test or Fisher’s Exact Test if any response
category had fewer than 5 respondents
aLimited to respondents reporting symptoms
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demonstrate that EC use leads to immunosuppression
[29, 30], and this immunosuppressive effect may be
greater for ECs than for cigarette smoke [31]. The long-
term health effects of chronic EC use are not known,
although the effects on respiratory symptoms reported by
regular EC users in our survey were generally positive
compared to cigarette smoke. However, considering that
6% of our study population were never smokers, it appears
to be inappropriate to only consider the health effects of
ECs in the context of reduction or elimination of cigarette
use, especially since patterns of use in teenagers suggest
that the number of new EC users who have never smoked
cigarettes is likely to continue to rise [32].
Never smokers may be less reliant on EC use, as only

16% of non-smokers used their first EC within 30 min of
awakening compared to over 60% of former and current
smokers, indicating less dependence on nicotine. Their
primary motivations for use were enjoyment and popu-
larity, which may explain their lower expectation to
eventually discontinue EC use. These findings suggest
that the daily use of ECs among never smokers is an
emerging public health concern. Future regulations may
prohibit marketing strategies aimed at non-smokers or
teens, who are the likely targets of many current marketing
strategies and receive no direct benefit from use. These
marketing strategies include flavor options that appeal to
younger people. In our survey, we asked individuals to
identify their preferred EC flavor; however, we received 165
unique responses. This diversity of flavors may contribute
to the efficacy of ECs as a smoking cessation aid by
allowing many choices. The wide variety of EC flavors
are appealing to both smokers and non-smokers [33];
however, restricting flavor options may reduce EC
appeal to never smokers without substantially effecting
efficacy of EC as a smoking cessation aid. Regulations
should attempt to minimize initiation of EC use by
never smokers; however it may not be appropriate to
levy regulations to the point where ECs are completely
rejected by smokers.
While this study identified key differences among never

smokers, one important limitation of this study was the
small sample size of the never smoking group. Future
studies are needed to assess the motivations and percep-
tions among this key demographic. Additional limitations
are that we recruited survey participants from vape shops,
which may not represent the entire EC using population.
These users may have greater interest in staying on the
cutting edge of EC technology. Furthermore, our cross-
sectional analysis of current vape shop customers did not
capture individuals who successfully quit smoking via
temporary use of ECs, and thus provides no information
on the transition to no use. Lastly, two-thirds of our re-
spondents resided in Maryland, and thus this survey may
not reflect all regions of the US.

Conclusions
This study elucidates that characteristics of EC users
vary by smoking status and reveals striking differences
in motivations and perceptions based on smoking status.
These differences will aid in understanding factors that
drive EC usage, and may be informative for regulatory
and marketing purposes. Also, the results of this survey
should inform the design of future studies. For example,
since more than half of the EC users were young adults
(18–34 years) who are unlikely to present with overt
disease, longitudinal follow-up of EC users should focus
on sub-clinical disease endpoints and biomarkers. Further-
more, studies must be prepared to follow a mobile popula-
tion over time. Future studies with larger sample sizes and
prospective observation will help us to understand how
perceptions and behaviors continue to evolve and to
determine the impact of the new FDA regulations.

Abbreviations
CDC: Centers for Disease Control and Prevention; EC: electronic cigarette;
FDA: Food and Drug Administration

Acknowledgements
Not applicable

Funding
SB, TS and JH are partly supported by R01DE026031 from the National Institute
of Dental and Craniofacial Research (NIDCR).

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analyzed during the current study.

Authors’ contributions
The study was designed by TES, SB, FGS, JEC, MJB, and RAW; Surveys were conducted
and recorded by FGS and ET; Data was analyzed by JTH, TES, and FGS; Manuscript
was written by TES, JTH, and SB. All authors edited and approved the manuscript.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the Johns Hopkins
University. Oral consent was provided by both the store owner/manager and
survey participant.

Consent for publication
The views expressed in this publication are those of the authors and do not
necessarily reflect the official policy of the Department of Defense,
Department of the Army, U.S. Army Medical Department or the U.S.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Environmental Health and Engineering, Johns Hopkins
Bloomberg School of Public Health, 615 N. Wolfe Street, Baltimore, MD, USA.
2Department of Health, Behavior and Society, Institute for Global Tobacco
Control, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA. 3Department of Medicine, Division of Pulmonary and Critical Care
Medicine, Johns Hopkins School of Medicine, Baltimore, MD, USA.
4Department of Medicine, Ciccarone Center for the Prevention of Heart
Disease, Johns Hopkins School of Medicine, Baltimore, MD, USA.
5Department of Epidemiology, Center for Clinical Trials and Evidence

Sussan et al. BMC Public Health  (2017) 17:686 Page 7 of 8



Synthesis, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA. 6Present Address: United States Army Public Health Center, Toxicology
Directorate, Aberdeen Proving Ground, Aberdeen, MD, USA.

Received: 28 November 2016 Accepted: 7 August 2017

References
1. American Industrial Hygiene Association. White paper: electronic cigarettes

in the indoor environment. American Industrial Hygiene Association; Falls
Church, VA; 2014.

2. Vapour Products in the US. Euromonitor International 2016.
3. US E-Cigarette and Vaporizer Market - Analysis, Estimation & Forecast (2015-

2025). Research and Markets; 2015.
4. Arrazola R, Singh T, Corey C, Husten C, Neff L, Apelberg B, Bunnell R,

Choiniere C, King B, Cox S, et al. Tobacco Use Among Middle and High
School Students — United States, 2011–2014. In: Morbidity and Mortality
Weekly Report. 2015;64(14):381–5. Centers for Disease Control and
Prevention (CDC)

5. Singh T, Arrazola R, Corey C, Husten C, Neff L, Homa D, King B. Tobacco Use
Among Middle and High School Students — United States, 2011–2015. In:
Morbidity and Mortality Weekly Report (MMWR). Centers for Disease Control
and Prevention (CDC). 2016;65:361–7.

6. Schoenborn CA, Gindi RM. Electronic cigarette use among adults. United
States, 2014. NCHS databrief, no. 217. Hyattsville, MD: National Center for
Health Statistics; 2015.

7. U.S. Department of Health and Human Services. E-Cigarette Use Among
Youth and Young Adults. A Report of the Surgeon General. U.S. Department
of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; Atlanta, GA; 2016.

8. Legacy for Health. Vaporized: e-cigarettes, advertising, and youth. Truth
Initiative; Washington, DC; 2014.

9. O'Dowd A. Doctors criticise new advertising rules that allow celebrities to
endorse e-cigarettes. BMJ. 2014;349:g6180.

10. Czoli CD, Goniewicz M, Islam T, Kotnowski K, Hammond D. Consumer
preferences for electronic cigarettes: results from a discrete choice
experiment. Tob Control. 2016;25(e1):e30–6.

11. Dawkins L, Turner J, Roberts A, Soar K. 'Vaping' profiles and preferences: an
online survey of electronic cigarette users. Addiction. 2013;108(6):1115–25.

12. Etter JF, Bullen C. Electronic cigarette: users profile, utilization, satisfaction
and perceived efficacy. Addiction. 2011;106(11):2017–28.

13. Sutfin EL, McCoy TP, Morrell HE, Hoeppner BB, Wolfson M. Electronic cigarette
use by college students. Drug Alcohol Depend. 2013;131(3):214–21.

14. Singh T, Marynak K, Arrazola R, Cox S, Rolle I, King B. Vital Signs: Exposure to
Electronic Cigarette Advertising Among Middle School and High School
Students — United States, 2014. MMWR Morb Mortal Wkly Rep. 2016;64(52).
Centers for Disease Control and Prevention (CDC)):1403–8.

15. Deeming Tobacco Products To Be Subject to the Federal Food, Drug, and
Cosmetic Act, as Amended by the Family Smoking Prevention and Tobacco
Control Act; Restrictions on the Sale and Distribution of Tobacco Products
and Required Warning Statements for Tobacco Products. Food and Drug
Administration Department of Health and Human Services, vol. FDA–
2014–N–0189, Vol. 81, No. 90 edn: Federal Register; 2016.

16. Bangdiwala SI, Shankar V. The agreement chart. BMC Med Res Methodol.
2013;13:97.

17. McMillen RC, Gottlieb MA, Shaefer RM, Winickoff JP, Klein JD. Trends in
electronic cigarette use among U.S. adults: use is increasing in both
smokers and nonsmokers. Nicotine Tob Res. 2015;17(10):1195–202.

18. Teens and Tobacco in Minnesota, 2014 Update: Data Book for the
Minnesota Youth Tobacco Survey. Minnesota Department of Health, Center
for Health Equity, Center for Health Statistics; 2014.

19. QuickStats: Cigarette Smoking Status Among Current Adult E-cigarette
Users, by Age Group — National Health Interview Survey, United States,
2015. MMWR Morb Mortal Wkly Rep. 2016;65(42):1177. Centers for Disease
Control and Prevention (CDC)

20. McNeill A, Brose L, Calder R, Hitchman S, Hajek P, McRobbie H: E-cigarettes:
an evidence update. Public Health England; 2015.

21. Rahman MA, Hann N, Wilson A, Mnatzaganian G, Worrall-Carter L. E-
cigarettes and smoking cessation: evidence from a systematic review and
meta-analysis. PLoS One. 2015;10(3):e0122544.

22. Biener L, Hargraves JL. A longitudinal study of electronic cigarette use among
a population-based sample of adult smokers: association with smoking
cessation and motivation to quit. Nicotine Tob Res. 2015;17(2):127–33.

23. Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world and
clinical settings: a systematic review and meta-analysis. Lancet Respir Med.
2016;4(2):116–28.

24. Vardavas CI, Anagnostopoulos N, Kougias M, Evangelopoulou V, Connolly
GN, Behrakis PK. Short-term pulmonary effects of using an electronic
cigarette: impact on respiratory flow resistance, impedance, and exhaled
nitric oxide. Chest. 2012;141(6):1400–6.

25. Wang MP, Ho SY, Leung LT, Lam TH. Electronic cigarette use and respiratory
symptoms in Chinese adolescents in Hong Kong. JAMA Pediatr. 2016;170(1):89–91.

26. Husari A, Shihadeh A, Talih S, Hashem Y, El Sabban M, Zaatari G. Acute
exposure to electronic and combustible cigarette aerosols: effects in an animal
model and in human alveolar cells. Nicotine Tob Res. 2016;18(5):613–9.

27. Polosa R, Morjaria J, Caponnetto P, Caruso M, Strano S, Battaglia E, Russo C.
Effect of smoking abstinence and reduction in asthmatic smokers switching
to electronic cigarettes: evidence for harm reversal. Int J Environ Res Public
Health. 2014;11(5):4965–77.

28. Flouris AD, Chorti MS, Poulianiti KP, Jamurtas AZ, Kostikas K, Tzatzarakis MN,
Wallace Hayes A, Tsatsakis AM, Koutedakis Y. Acute impact of active and
passive electronic cigarette smoking on serum cotinine and lung function.
Inhal Toxicol. 2013;25(2):91–101.

29. Sussan TE, Gajghate S, Thimmulappa RK, Ma J, Kim JH, Sudini K, Consolini N,
Cormier SA, Lomnicki S, Hasan F, et al. Exposure to electronic cigarettes
impairs pulmonary anti-bacterial and anti-viral defenses in a mouse model.
PLoS One. 2015;10(2):e0116861.

30. Hwang JH, Lyes M, Sladewski K, Enany S, McEachern E, Mathew DP, Das S,
Moshensky A, Bapat S, Pride DT, et al. Electronic cigarette inhalation alters
innate immunity and airway cytokines while increasing the virulence of
colonizing bacteria. J Mol Med (Berl). 2016;94(6):667–79.

31. Martin EM, Clapp PW, Rebuli ME, Pawlak EA, Glista-Baker E, Benowitz NL, Fry
RC, Jaspers I. E-cigarette use results in suppression of immune and
inflammatory-response genes in nasal epithelial cells similar to cigarette
smoke. American journal of physiology Lung cellular and molecular
physiology. 2016;311(1):L135–44.

32. Barrington-Trimis JL, Urman R, Leventhal AM, et al. E-cigarettes, Cigarettes,
and the Prevalence of Adolescent Tobacco Use. Pediatrics. 2016;138(2):
e20153983.

33. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Spyrou A, Voudris V.
Impact of flavour variability on electronic cigarette use experience: an
internet survey. Int J Environ Res Public Health. 2013;10(12):7272–82.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sussan et al. BMC Public Health  (2017) 17:686 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Survey demographics
	Tobacco use
	Electronic cigarette use
	Perceived health changes

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

