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Abstract

Background—Awareness and use of electronic cigarettes (e-cigs) has increased significantly in
the last five years, but little is known about the experiences, satisfaction, opinions and preferences
of e-cigs users.

Method—1177 participants completed an online survey about their electronic cigarette
preferences, of which 200 were randomly selected for analysis. The data was analyzed using both
qualitative and quantitative methods.

Results—Participants found the design, the ability to customize, and the quality of vapor to be
the most important characteristics of the device. Participants thought the most positive aspects of
e-cig use were help to quit smoking, improved overall health, and reduced cost. The negative
aspects associated with use were mainly related to side effects, such as dry mouth. When asked to
explain how e-cigs were used differently than cigarettes, participants reported puffing more
regularly, but taking fewer puffs per session.

Conclusions—Experienced e-cig users stated that initiating e-cig use helped them to quit or
reduce their conventional smoking, which they believe reduced their health risks. In comparison to
cigarette smoking, e-cig users reported using their e-cig more times per day, but with fewer puffs
at each use time. Users acknowledged that more research is needed to understand the safety and
long-term effects of use. They mentioned dry mouth as a common side effect and common
problems with reliability of e-cigs. Understanding these views may help health professionals to
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assess and assist e-cig users, and in the future, may help regulators to improve quality and reduce
risks.
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Introduction

Awareness and use of electronic-cigarettes (e-cigs) has increased significantly in the United
States and many other countries, particularly among current smokers (Adkison et al., 2013;
Ayers, Ribisl, & Brownstein, 2011; King, Alam, Promoff, Arrazola, & Dube, 2013; Pearson,
Richardson, Niaura, Vallone, & Abrams, 2012). One large survey (HealthStyles), carried out
by King et al., found awareness of e-cigs among US adults has increased from 40.9 to 57.9%
from 2010 to 2011. During the same time, e-cig use rose from 3.3 to 6.2% among US adults
(King et al., 2013). More recently, a study of US adults by McMillen et al identified the
current use of e-cigs to be 6.8% in 2013 (McMillen, Gottlieb, Shaefer, Winickoff, & Klein,
2014). In addition, the number of e-cig devices entering the market has drastically increased
(Rose et al., 2014; Zhu et al., 2014). Although the number of e-cigs users and devices has
continued to increase over the past five years, little is known about user's experiences and
what e-cig characteristics they value.

Prior studies have shown that e-cig users initiate use for various reasons, most frequently as
a smoking cessation aid (Adkison et al., 2013; Caponnetto, Polosa, Russo, Leotta, &
Campagna, 2011; Dawkins, Turner, Roberts, & Soar, 2013; Etter, 2010; Etter & Bullen,
2011; Farsalinos, Romagna, Tsiapras, Kyrzopoulos, & Voudris, 2014; Foulds, Veldheer, &
Berg, 2011; Goniewicz, Lingas, & Hajek, 2013). Additionally, e-cigs are used to alleviate
the craving to smoke traditional cigarettes either after quitting or as a replacement to
smoking where smoking is banned (Bullen et al., 2010) or may be used by current smokers
who want to reduce cigarette consumption (Caponnetto et al., 2011; Polosa et al., 2011;
Siegel, Tanwar, & Wood, 2011). The increasing popularity of e-cigs may be due in part to
their ability to satisfy nicotine cravings and provide the behavioral component associated
with smoking, such as hand to mouth experience, sensory stimulation and visible smoke-like
vapor (Farsalinos, Romagna, Tsiapras, Kyrzopoulos, & Voudris, 2013). The behavioral and
sensory similarity to smoking is largely absent in nicotine replacement therapies (NRTS) and
oral medications. The ability to deal both with the physical and the behavioral components
may explain why the e-cigs have become more popular than approved medications over a
relatively short time (Farsalinos et al., 2013; Steinberg et al., 2014).

Most of the research on e-cigs has been quantitative in nature and based on what public
health researchers already know or suspect about e-cigs, requiring users to respond to a
series of multi-choice or quantitative questions. This may not fully capture the users'
perspective. There may be other important e-cigs characteristics, or experiences of users of
which public health researchers are totally unaware. Qualitative research provides an
opportunity to understand how people feel about e-cigs use and why they make the choice to
use e-cigs (Denzin & Lincoln, 2011; Etter, 2010). To date, only few qualitative studies have
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focused on e-cig users have been published (Barbeau, Burda, & Siegel, 2013; Etter, 2010;
McDonald & Ling, 2015; McQueen, Tower, & Sumner, 2011; Peters, Meshack, Lin, Hill, &
Abughosh, 2013). Etter used a French-language Internet survey, which was posted in 2009
in Europe. In this survey, participants (N=81) answered open-ended questions about their
usage pattern, reasons for use, and opinions about e-cigs. Participants reported the major
motivation to use e-cigs was to quit smoking, but several respondents were also concerned
about the potential toxicity of e-cigs (Etter, 2010). Mcqueen et al. interviewed e-cig users
(N=15) individually, or in small groups, who attended a convention or club meeting. This
study found that there is a learning curve associated with e-cig use and that users learn over
time what e-cig characteristics are important to them (McQueen et al., 2011).

Three other studies were conducted in focus group settings. The first study was conducted
among a small (N = 11) convenience sample of e-cig users. The authors identified the
following five themes about why e-cigarettes were efficacious in quitting - 1) bio-behavioral
feedback, 2) social benefits, 3) hobby elements, 4) personal identity, and 5) distinction
between smoking cessation and nicotine cessation(Barbeau et al., 2013). Peters et al.
investigated the beliefs and perceived social norms of e-cig use among self-identified
“current e-cigarette smoker” teenage boys (N= 47) (Peters et al., 2013). The majority of
respondents reported that they used e-cigarettes because they can be used quickly and they
are easy to conceal. Finally, McDonald and Ling conducted 17 focus groups followed by 12
semistructured interviews among young adult smokers (N=87) to understand use of e-cigs
and other similar ‘vapor’ delivery systems. These young adults were integrating e-cigs into
their existing patterns of tobacco use and motivation to use e-cigs included pricing,
promotional events, available flavors, perceptions of safety, their desire to quit smoking, the
ability to use in smoke-free spaces and the perception that e-cigarettes are novel
technological gadgets (McDonald & Ling, 2015). As these products are new and rapidly
evolving, and most of the products come with minimal instructions or published data, it is
possible that we may learn about them by listening to those with significant experience using
the products. While user perceptions may require verification via empirical study, they
remain important determinants of user behavior.

The current study aims to improve understanding of experienced e-cig users' perceptions of
e-cigs and to identify factors they believe are important from a public health prospective.

The basic method for data collection has previously been described (Foulds et al., 2014) but
the procedure is summarized here. Electronic cigarette users completed a comprehensive
158-item online survey aimed at understanding the use of electronic cigarettes, including
how frequently they are used, reasons for use, and important characteristics related to use.
Participation in the study was completely voluntary. Responses to the survey were
anonymous, although individuals who wished to volunteer for a separate laboratory study
entered their contact details at the end of the survey. Responses were stored on REDCap
(Research Electronic Data Capture), a secure, web-based application designed exclusively to
support data captured for research studies (Harris et al., 2009).
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The survey was first posted to the internet in December 2012. Links to the survey were
posted on a variety of websites including webMD.com and sites frequented by e-cig users,
including www.e-cigarette-forum.com, one of the largest e-cig user websites. Visitors to
these sites were also able to cross-post the survey link to friends and other websites. Data
reported here were collected from December 2012 to October 2013. This study was
approved by the Penn State University Institutional Review Board.

Eligible participants were current adult e-cig users who completed all survey questions,
including all open-ended questions. In the survey, participants were asked multiple choice
questions followed by related open-ended questions. Following 4 open ended questions were
asked.

1 Compared to how you smoke/smoked your traditional cigarettes, please describe
any ways that you use your e-cig differently?

2. Please describe any other e-cig characteristics that are important to you?

3. Please describe any other effects that you have experienced as a result of using e-
cigs?

4 Please provide any additional information you believe a public health researcher

should know, in order to understand the electronic cigarette?

For the purpose of this study, a computerized SPSS program was then employed to
randomly select a sample of 200 participants. The flow of data collection and analysis for
this study is shown in Figure 1. In this study, we used mixed methods research design
(Creswell, 2012), in which we collected and analyzed both quantitative and qualitative data
simultaneously to better understand experienced e-cig users' perceptions. Quantitative data
was analyzed using SPSS v. 9.2. Analysis of baseline characteristics was completed on all
eligible participants. Medians rather than means were used for continuous variables because
medians are less sensitive to outliers(Etter, 2010). Percentages are reported on categorical
data.

The qualitative data was analyzed using thematic analysis. Thematic analysis is a method for
identifying, analyzing, and reporting themes in a dataset (Braun & Clarke, 2006). Specific
events, thoughts and actions were coded or identified as themes by two independent
evaluators (RB and KC). The evaluators read through all participant responses separately
and assigned each sentence or paragraph a descriptive and interpretive code. This process
was done iteratively to test, revise and refine the thematic classification of text responses.
Evaluators met on a weekly basis to compare codes and to discuss the most salient themes.
The final coded responses were compared between evaluators to ensure complete agreement
and that all comments by participants were acknowledged. Where participant responses
included more than one theme, all themes were identified.
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Results

Quantitative Analysis

Sample—=8814 participants entered the survey between December 2012 and October 2013.
5000 (56.7%) completed all forced-response questions while only 1177 (13.4%) participants
completed all forced-response and all open-ended questions. Comparison between the
eligible participants who completed (N = 1177) and those who did not complete (N = 3823)
all open-ended questions revealed no significant difference in sex, location, race, education
or employment status. However, those who completed all the open-ended questions were
significantly older than those who did not (40.7+12.4 vs. 38.9+£12.7, p <0.001). Comparisons
of the random sample (N = 200) and the remainder of eligible participants (N = 977)
revealed no significant difference in age, sex, location, race, education and employment
status. This study examined the random sample of 200 participants, shown in Figure 1.

Most respondents were men (73%) from the United States (87.5%). Approximately 83%
were former smokers, while 17% reported continued use of smoking traditional cigarettes
either occasionally or on a daily basis. Participants had an average of five previous attempts
to quit smoking. Almost all former smokers (92%) quit smoking after starting using e-cigs.
Approximately one-fourth (20-40%) of the smokers also had a history of using other forms
of tobacco including pipe, cigar, chewing tobacco and hookah (Table 1).

These results are presented in Table 1.

Use of the electronic cigarette—The majority of e-cig users reported using their device
for 6 months or more, and were using it approximately 15 times per day (Note: the survey
defined one “time” as consisting of “around 15 puffs, or use for around 10 minutes™). Most
e-cig users had tried at least 3 different models prior to the one they were using currently.
Almost half of users spent more than 50 U.S. dollars on their current e-cig with a weekly
maintenance cost of approximately 10 U.S. dollars. The most frequently used e-cig
contained a button to press prior to inhalation/puffing (79.5%), had a tank to hold the liquid
(58.5%), and used both propylene glycol (PG) and vegetable glycerin (VG) (68.8%). The
single most important reason cited for use of e-cigs was the perception that it was less
harmful to health (36.5%). Other frequent reasons for use were the desire to quit smoking or
to prevent relapse (25%). The most frequently reported “important” e-cig characteristic was
the ability to provide good vapor quality (94%), followed by long battery life (82%) and
variety of liquid flavors (59%). The most frequently reported negative side effects from use
were dry mouth (24%), dry cough (4%) and throat irritation (3.5%). The majority of users
reported starting e-cig use to quit tobacco soon (73.5%) and almost every user reported that
e-cigs helped them to quit smoking (93.5%). These results are displayed in Table 2.

Qualitative Analysis

Differences in use between e-cigs and traditional cigarettes—Nine common
themes were identified from 276 comments. The most frequent answers were: fewer puffs
per occasion, but more frequently (53 comments, “puff on it more frequently but only do so
once or twice in a row multiple times a day”); shallow or less deep inhalation (51 comments,
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“inhale less deeply”); less frequently (50 comments, “use my electronic cigarette less than |
smoked regular cigarettes.”); more frequently (39 comments); about the same in both
frequency and inhalation (28 comments); deeper inhalation (23 comments); about the same
in inhalation (15 comments); longer puffs (11 comments), and about the same in frequency
(6 comments).

Important characteristics of E-cigs—Fifteen common themes were identified from
272 responses. The most important e-cig characteristics identified were: design (40
comments, “looks nice and feels good in my hands”); ability to control voltage (35
comments, “Variable voltage, variable watt, ability to adjust these on the fly depending on
the ‘juice’ being used™); simple to operate and maintain (34 comments, “Ease of service and
maintenance”); followed by durability (26 comments); consistent performance of e-cig
device and experience (20 comments); taste and variety of flavors (18 comments); throat hit
(16 comments); compatibilities of variety of e-cig components (14 comments); machine
quality (14 comments); cost of e-cig device including maintenance cost (14 comments);
battery life (11 comments); tank size (10 comments); safety features (10 comments); easy
availability of e-cigs device components and flavors (9 comments), and the ability to
customize liquids and coils (6 comments).

Effects associated with E-cig use—There were 14 themes identified from 124
responses. Approximately one fourth of responses were related to experiencing no
undesirable effects (25 comments, “No negative effects, they have all been positive”). The
most common negative effects were: symptoms related to dehydration including dry mouth,
chapped lips and bad breath (25 comments, “Dry mouth occurred more when | first started
using the e-cig and was every time | used it”); worsening respiratory symptoms (10
comments, “Exacerbation of asthma symptoms™); side effects possibly related to nicotine
effects (8 comments, “headaches are from high nicotine”); followed by throat and nasal
irritations (8 comments), transient headache (6 comments), increased heart rate (5
comments). A number of other symptoms were mentioned by only one respondent.

Of the participants who reported undesirable effects, 13 spontaneously mentioned the
transient nature of the undesirable effects (“In the first few months when | was trying all
those new kinds | did have dry mouth & other symptoms but not with what I use now”).

Positive Aspects of E-cigs—There were 15 positive themes identified from 492
responses. The most frequently cited positive aspects of e-cig use were: assisted in smoking
cessation and reduced cigarette consumption (81 comments, “As far as Nicotine
Replacement Devices go, ecigs are fantastic. Both my wife and | quit smoking after 15
years”); beneficial effect on health (71 comments, “My blood pressure has stabilized and
have, under doctors [sic] orders, quit taking some of my medications for it”); improved
breathing, decreased cough, fewer sore throats (70 comments, “Breathing is easier. No
hacking cough at any time of the day”); safe way to use nicotine (42 comments, “I'm still on
nicotine, but much less. I'm avoiding close to 4000 chemicals in a traditional cigarette.”);
followed by pleasure of inhaling and smoking-related actions (34 comments); comparatively
less toxic than smoking tobacco (33 comments); improvement in sense of smell and taste (32
comments); less expensive than cigarettes (28 comments); feasibility to use e-cigs (23
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comments); similar gestures or action of smoking cigarette (21 comments); not associated
with unpleasant odors and ash or dirt (21 comments); taste and variety of flavors (12
comments); safe for others or bystander with no second hand smoke (10 comments); helped
relieve the craving for tobacco (10 comments), and improvement in dental health (4
comments).

Information relevant to Public Health—The most common themes were: it helps to
quit smoking (65 comments, “Without the ecig, | am extremely skeptical my quitting would
have been as easy, or as successful.”), health benefits (44 comments, “my health is better in
every regard, ...stabilized blood pressure”) and improvement in respiratory status (34
comments, “I can breath [sic] better. No longer have the smokers cough), and a safer way to
use nicotine (33 comments, “It should be marketed as an alternate nicotine deliver system as
it allows smokers to enjoy the same recreation as smoking a normal cigarette with all the
benefits of inhaling water vapor instead of tar and other toxins”).

Many mentioned that there was need for more research on e-cigs safety and long-term
effects (24 comments, “like to see some double-blind studies”). Some people were
concerned about the harmful effects of e-cigs and their addiction potential (15 comments,
“quitting an e-cig would be as hard as quitting cigarettes cold turkey”). A few commented
that e-cigs are better than available nicotine replacement therapy (NRT) and Food and Drug
Administration (FDA) approved medications (12 comments, “after repeated attempts to quit
using NRT which did not work for me for longer than 2 months, | quit Tobacco in 2 days
with an E-Cig”). A small number complained about available NRT and medications (5
comments, “Any researcher worthy of the name should press the FDA to disallow Chantix”).

Regarding the regulations, a few were against regulation by the FDA (9 comments, “Please
do not let our govt [sic] ban these, they are the most effective method to get off tobacco and
that is the main goal”), while others were in favor of government regulation (4 comments, “I
think electronic cigarettes need to be regulated equal to tradition tobacco products. Addictive
additives must be prohibited or they will be just as bad as smoking™).

There were also suggestions regarding how to improve the survey (11 comments, “Rather
than ask how many times a day | use my e-cig, | think a more accurate measurement would
be to ask how much e-juice | consume a day”). Some e-cig users commented about the
difference in vaping e-cigs and cigarette smoking (7 comments “Please understand that
vaping is not like smoking at all”’). Respondents also mentioned a need for increased
awareness of e-cig availability and efficacy (7 comments). Respondents were concerned
about the use of e-cigs by adolescents and first time users (5 comments).

Discussion

This analysis, which used both quantitative and qualitative approaches, found that many e-
cig users believe that e-cigs helped them to quit smoking, and by doing so, improved their
health or reduced the severity of health problems. This is consistent with other studies that
found users of electronic cigarettes report reducing cigarette consumption or facilitated
quitting (Caponnetto et al., 2013; Caponnetto et al., 2011; Etter, 2010; Etter & Bullen, 2014;
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Farsalinos, Romagna, et al., 2014; Odum, O'Dell, & Schepers, 2012; Polosa et al., 2011,
Siegel et al., 2011). Also of interest, participants stated that when quitting smoking, the e-cig
devices worked better than approved nicotine replacement therapies (NRT) and smoking
cessation medications that they had tried. Participants stated that they had tried to quit
multiple times but were only successful once they started using e-cigs. Interestingly, in
addition to believing that e-cigs were the most helpful aid to quitting smoking, a recent study
examining perceptions of e-cigarettes vs. approved nicotine replacement therapies (NRT)
found that e-cig users believed that using e-cigs were less risky than using NRT (Harrell et
al., 2015). Moreover, recent study showed e-cig risk perception is associated with e-cig
status; those who viewed e-cigs as less harmful than regular cigarettes were more likely to
smoke fewer cigarettes per day (Sherratt, Marcus, Robinson, Newson, & Field, 2015). This
suggests that there is a general belief among users that e-cigs can be a successful aid in
smoking cessation. Some participants stated safe alternate way to use nicotine and less
harmful to smoke cigarettes.

Participants in this study were predominantly using e-cig devices that were larger than a
traditional cigarette with a button to press just prior to inhalation. More than half of
participants used a tank feed method for the nicotine liquid, with only a small percentage of
participants using prefilled cartridges. With the increasing number of devices now available
on the market (Rose et al., 2014; Zhu et al., 2014) and the reports that some devices may be
more efficient at delivering nicotine (Farsalinos, Spyrou, et al., 2014; Spindle, Breland,
Karaoghlanian, Shihadeh, & Eissenberg, 2015; Vansickel & Eissenberg, 2013), it was not
surprising that most experienced e-cig users in this study were using advanced e-cig devices.
Of the participants who reported the composition of their liquid, most were using a liquid
with both propylene glycol and vegetable glycerin. When asked to rate the importance of e-
cig characteristics, good vapor quality and long battery life were rated as most important.

Qualitative analysis of the participant responses to the open-ended questions revealed the
opinions and preferences of e-cig users in regards to device characteristics. In agreement
with past studies (Dawkins, Kimber, Puwanesarasa, & Soar, 2015; McQueen et al., 2011,
Yingst et al., 2015), many participants reported that the design of the e-cig was very
important. They wanted the device to look good and feel comfortable in their hand and they
liked devices that were customizable, had varying voltage and wattage, and devices that
were compatible with many types of atomizers/clearomizers, etc. They found it important
that the devices be durable, of high quality, reliable, and consistent. Many participants
commented that the ease of use and simplicity of the device was very important, along with
having safety features to avoid battery overheating and liquid leakage. This information is
useful because it provides insight into common problems with e-cig devices that should be
considered when creating regulations on device safety and quality. It may also provide
insight into the reasons why participants transition to advanced generation devices that can
be customized (Yingst et al., 2015).

Although participants held a mainly positive view of e-cigs, undesirable effects associated
with e-cig use were noted. Most commonly, participants stated that they experienced dry
mouth, which caused bad breath, chapped lips, and dehydration. In similar studies, which
measured side effects associated with e-cig use, dry mouth and related mouth conditions
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were also, the most commonly reported side effects (Etter, 2010; Farsalinos, Romagna, et
al., 2014; Gualano et al., 2014; Polosa et al., 2011; Polosa et al., 2014). Some participants
experienced an exacerbation of allergy symptoms, cough, or excessive phlegm production.
Only a very small number of participants reported nausea, headache, dizziness, and throat
irritation. Although participants experienced these symptoms, they were generally transient,
only lasting for a short period of time after initiating use.

Out study is first to examine ways in which users report smoking and using cigarettes and e-
cigarettes differently. Although the responses varied greatly, the most striking response was
that participants used their e-cig more times per day, but with fewer puffs at each use time.
Because e-cigs are not used in the same way as cigarettes are smoked, the user can choose
the duration of use or how many puffs they want to take at each use time. When smoking a
cigarette, there is an easily defined quantity of use, one cigarette. This suggests that e-cig use
may need to be measured differently than cigarette use or that researchers need to define
what they mean by a typical “use”.

Based on the same original survey, we recently reported that ex-smoking e-cig users appear
to be less dependent on their e-cigs than they previously were dependent on cigarettes
(Foulds et al., 2014). We suggested that this might relate to lower nicotine absorption from
e-cigs. However, user responses from the current study suggest e-cig users also have a
different puffing pattern from cigarette smokers that could relate to the pattern of nicotine
adsorption and dependence; frequent small increments in nicotine absorption from e-cigs,
versus less frequent but larger boosts in blood nicotine levels from cigarettes.

Many participants felt that they needed to defend e-cigs by making statements about how it
is the only thing that has helped them to quit smoking, with some participants going as far as
saying that e-cigs saved their life. Some mentioned their disappointment with currently
available smoking cessation aids and medications. Also, participants wanted to stress that
they have seen improvements to their health since initiating e-cig use. Not surprisingly,
participants were adamant that vaping is not smoking, suggesting that they may think rules
and regulations that regulate both smoking and e-cig use in a similar manner are unfair or
incorrect. Some participants were in support of FDA regulation, while others were not.
Some users were against regulation because they were concerned that in the future there
would be difficulties getting e-cig devices or needed supplies. This is not the first to report
that e-cig users are invested in the outcomes related to the regulation of the devices (Sumner,
McQueen, Scott, & Sumner, 2014).

The main weakness of this study stems from the fact that the survey was completed by a
convenience sample of self-selected volunteers who visited webpages relating to electronic
cigarettes, and then answered all of the survey questions, including the non-compulsory
open-ended questions. These individuals can be considered unusually experienced and
enthusiastic users of e-cigs and so their views may not represent e-cig users as a whole.
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Conclusions

Experienced e-cig users stated that initiating e-cig use helped them to quit or reduce their
conventional smoking, which they believe reduced their health risks. In comparison to
cigarette smoking, e-cig users reported using their e-cig more times per day, but with fewer
puffs at each use time. Users acknowledged that more research is needed to understand the
safety and long-term effects of use. They mentioned dry mouth as a common side effect and
common problems with reliability of e-cigs. Understanding these views may help health
professionals to assess and assist e-cig users, and in the future, may help regulators to
improve quality and reduce risks.
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|

Eligible participants (Completed
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Random Sample
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Not analyzed
977

Figure 1.
Flow of data collection.
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Characteristics of e-cigarette users patternsin specific sample who completed open-ended

guestions (N=200)

Characteristic

Age in years, median (25" and 75! percentile) | 40.5(30-50)
Male % (n) | 73.0 (146)
USA % (n) | 875 a79)
White % (n) | 88.5 (177)
Obtained College Degree % (n) | 39.5 (79)
In Full-time or part-time employment % (n) | 67.5 (135)
Cigarette smoking status % (n)

Past user 83.0 (166)

Current occasional user 6.5 (13)

Current daily user 10.5 (21)

Days Since quit Smoking (Past cigarette users only) median (25t and 75t percentile)

255.0(90-730)

Quit smoking (N=166) % (n)

Long before started using e-cigs 7.8 (13)

After started using e-cigs 92.2 (153)
History of other types of tobacco use % (n)

Pipe smoker 21.5 (43)

Cigar smoker 40.0 (80)

Smokeless/chewing tobacco 34.5 (69)

Hookah user 24.5 (49)
Number of previous attempts to quit cigarettes, median (251 and 75t percentiles) 5(3-10)
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