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ABSTRACT
Introduction: Electronic cigarettes (EC) remain a controversial topic with uncertainty about
harm reduction in current smokers, their efficacy in smoking cessation, their potential for
addiction, the need for regulation, and the type of information needed to educate the public
about the benefits and hazards of EC. Multiple medical institutions and organizations have
conducted surveys to investigate the demographics and perceptions of EC consumers in
adult and youth populations. However, it is unknown whether these surveys use consistent,
reliable, or accurate measures for EC use.
Methods: We analyzed 13 survey articles identified during a review of the use of EC during
smoking cessation programs to determine the characteristic features of the surveys and to
determine how frequently they satisfied the measurement of important core items suggested
by recent articles.
Results: Our analysis focused on 13 studies. These studies represented the work of 13
separate research groups and were published in 10 different biomedical journals with
a median impact factor score of 4.1. The median number of participants in the studies was
2,624 (Q1-Q3: 662–6,356); the number of participants ranged from 179 to 19,414. The median
number of e-cigarette users in the surveys was 840 (Q1-Q3: 256–3,849). All studies provided
clear study goals in their introduction. Five surveys used on-line methods to collect informa-
tion; four studies provided limited information about the reliability of their data. All studies
reported study outcomes and considered limitations. Five studies had limited external
validity. None of the surveys collected a complete set of core information recommended by
recent authorities on survey methodology for EC.
Conclusions: The surveys reviewed in this project had significant variability in study design,
survey population, and study goals. Consequently, comparisons across studies become
difficult and limit the external validity of survey studies on EC.
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1. Introduction

For centuries, cigarettes have remained a highly effective
and simple method to administer nicotine [1]. However,
burning tobacco generates carcinogens, oxidizing agents,
and other toxins, which damage organs and increase the
risk for several cardiopulmonary disorders [1]. In
response to these concerns, the tobacco industry has
aggressively marketed electronic cigarettes (EC) in
Western markets as safer and cheaper alternatives to
traditional cigarettes [1]. Electronic cigarettes use
a battery-powered aerosolizer to disperse ultra-fine par-
ticulates containing propylene glycol, vegetable glycerin,
nicotine, and other flavoring agents without producing
combustion products [1]. SeveralWestern countries, e.g.,
England, have approved EC as a safer and effective
method for smoking cessation, and some countries have
approved EC use in pregnant women [1].

Despite their wide acceptance and increasing sales, EC
remain a controversial topicwith uncertainty about harm
reduction in current smokers, their efficacy in smoking

cessation, their potential for addiction, their potential for
long-termharm, the need for regulation and policies, and
the type information needed to educate the public about
the benefits and hazards of EC [2]. Several meta-analyses
and clinical studies showed that EC increase endothelial
dysfunction, arterial stiffness, and the long-term risk for
coronary events [2–5]. A recent high profile case series
report and editorial highlight the growing epidemiologi-
cal phenomenon of EC-related lung injury and hospita-
lization in the USA, noting further a current lack of
attribution on the exact precipitating cause of these ill-
nesses [6,7]. At the time of this writing, six state or city
health departments in the USA have reported deaths
associated with e-cigarette use [8–11]. The World
Health Organization has rejected EC use for smoking
cessation and adopted an abstinence-only approach
along with government policies focused on tax increases,
advertising bans, and media campaigns against EC pro-
ducts [12]. The FDAhas increased their efforts to regulate
EC by restricting youth access, conducting retailer and
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manufacture checks, increasing requirements for electro-
nic cigarette manufactures, requiring pre-marking
reviews, and preventing youth tobacco use with enforce-
ment actions, policy, and education [13].

Hammond et al. recently reported the prevalence
of vaping and smoking among adolescents from 16 to
19 years of age in Canada, England, and the USA
using repeat cross-sectional surveys in 2017 and 2018.
This study reported that the prevalence of vaping
during the last 30 days prior to the survey increased
in Canada from 8.4% to 14.6% and in the USA from
11.1% to 16.2% but not in England [13]. Companies
that make EC have expanded their marketing efforts
toward these younger users who often perceive EC as
novel and harmless [1]. This change in marketing
strategy has important implications for the health of
adolescents and young adults and has raised concerns
that EC will function as gateway drugs to the use of
conventional cigarettes and other illicit drugs.
Therefore, information about the number of EC
users, their characteristics, their use pattern, and
their perceptions about these devices becomes essen-
tial to establish use regulation and develop informa-
tion to inform the public.

Multiple medical institutions and organizations have
conducted surveys to investigate the demographics and
perceptions of EC consumers in adult and youth popu-
lations [14]. Surveys about EC use can provide informa-
tion to the public, to health authorities, to regulatory
agencies, and to practicing clinicians. The utility of
these surveys depends on multiple factors, including
the study population, sample collection, survey ques-
tions, and reliability, which potentially limits the inter-
pretation and application of the surveys to inform
public policy [14]. Recent publications have outlined
core items that are potentially important in these sur-
veys [14–16]. Pearson and coauthors recommended
eight core items to assess e-cigarette use in population-
based surveys to allow accurate comparisons across
different jurisdictions [16]. Their conclusions were
based on a series of meeting sponsored by the Robert
Wood Johnson Foundation which included 65 indivi-
duals from 15 countries.Weaver et al. reviewed national
tobacco use surveys and projects supported by the fed-
erally funded Tobacco Centers of Regulatory Science to
identify important measures of electronic cigarette use
patterns to use in surveys by tobacco researchers [14].
These included ever use, frequency, device type, flavors,
and nicotine content. Important publications used in
this study were published between 2014 and 2016.
Gibson et al. collected and reviewed 371 survey items
on electronic cigarette perceptions from 7 of the 14
Tobacco Centers of Regulatory Science sites [15].
Their analysis resulted in four specific categories of
perception, including benefit, harm, addiction, and
social norm.

We analyzed a small set of research articles report-
ing surveys of EC use to determine the characteristic
features of the surveys and to determine how fre-
quently they satisfied the core measurement require-
ments suggested by the three review articles discussed
above. We also determine how frequently these sur-
veys provided the key information about the central
elements of any survey project. These elements would
include survey design, survey reliability, internal
validity, external validity, and construct validity (an
overview of a project goals and outcomes).

2. Methods

A PubMed search was performed for articles with
publication dates between 1/1/2007 and 1/31/2015
using the following search term within title/abstract:
‘Electronic cigarette*’, ‘e-cig*’, ‘electronic nicotine
delivery’, ‘electronic nicotine delivery device*’,
‘ENDD’, ‘Electric cigarette*’, “Electric nicotine deliv-
ery “, ‘Electric nicotine delivery device*’. A total of
721 articles were recovered, and the titles were
reviewed to identify potentially relevant articles. The
titles and abstracts were then reviewed to identify
articles that considered the use of EC as cessation
aids for conventional cigarette smoking. This review
was restricted to articles published in English.
Information collected from these articles was used
to create a narrative review of EC and to do a meta-
analysis on the use of EC in smoking cessation
[17,18]. A subset of these articles was also used to
develop a presentation at the Southern Society of
Clinical Investigation meeting in 2016 (Pane JD,
Orellana-Barrios MA, Payne D, Nugent K, Nugent
R. The Use of Electronic Cigarettes as Cessation
Aids and in Conjunction with Conventional
Cigarettes in Adults: A review of the Survey
Evidence (SSCI Regional Meeting, New Orleans LA,
Feb 2016; 10.1136/jim-2015-000035.402). The articles
used in this meeting presentation were used to
develop this project [19–31]. No other criteria were
used to select articles used in the current analysis, and
these selections were not based on research group or
publication year.

Analysis of survey design includes four core ele-
ments: reliability, internal validity, external validity,
and construct validity [32,33]. Reliability measures
the consistency of survey results. This can be deter-
mined by including 2–3 questions in the survey
which should give the same result or answer. This
can also be measured by test/retest protocols. Internal
validity measures the degree to which the questions
in the survey measure what they are designed to
measure. External validity measures the degree to
which survey results can be extrapolated to other
groups at different locations, in different timeframes,
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or with different demographics. Construct validity
measures the degree to which the survey provides
interpretable information about the underlying ques-
tion, as, for example, Why do you use electronic
cigarettes? Each article reviewed in this study was
analyzed by two authors (JK, KN) for content and
by one author (JD) for study design. Ideally, the
survey authors should report their assessment of the
core elements in their publication. In the absence of
these conclusions, the authors of this review made
decisions about these core elements based on their
reading of the manuscript and analysis of study out-
comes in relationship to the study goals.

3. Results

Our analysis focused on 13 studies. These studies repre-
sented the work of 13 separate research groups and were
published in 10 different biomedical journals with
a median impact factor score of 4.1 (Quartile 1 < Q1/>-
Quartile 3 < Q3/>: 2.5–4.6). The median number of par-
ticipants in the studies was 2,624 (Q1–Q3: 662–6,356);
the number of participants ranged from 179 to 19,414.
The median number of e-cigarette users in the surveys
was 840 (Q1–Q3: 256–3,849). Based on information from
seven surveys, the median number of participants in the

age range of 26 to 50 years was 51% (Q1–Q3: 38.2–-
62.4%); more participants were males (median: 53.0%;
Q1–Q3: 45.1–55.1%; 9 surveys) The median percentage
of Caucasian participants was 75.8% (Q1–Q3: 65.7–
86.7%; 6 surveys). Slightly less than one half of the parti-
cipants were in college or had a college degree (median:
48.8%; Q1–Q3: 34.2–64.5%, 10 surveys); the median per-
centage of participants with incomes greater than 60,000
dollars per year was 27.1% (Q1–Q3: 24.5–50.1%; 6
surveys).

The study goals for the surveys are summarized in
Table 1. The first authors for these publications had
advanced terminal degrees and worked either in univer-
sities or at research centers. Survey participants were from
multiple countries; six surveys were exclusively from the
USA. The surveys focused on interests in and beliefs about
e-cigarette (7 surveys), or on their use (3 surveys), or on
potential benefit in smoking cessation (3 surveys).

The survey design and study population, study loca-
tion, contact method and language, and answer formats
are reported in Tables 2 and 3. Six surveys provided
information on the response rate. The surveys used
short answer questions in clear language that could either
be answered with a yes or no or on a Likert scale. Only
four surveys reported any information relevant to relia-
bility testing (Table 4). None of the surveys directly

Table 1. Study goals of surveys analyzed in this project.
Berg [19]a. How often are current smokers interested in using or switching to e-cigarettes and what are the correlates of interest in using or switching
to e-cigarettes?
PhDb, Universityc, JS-nicotine, drug, tobacco research, IF-4.6

Brown [30]. How effective are e-cigarettes compared to nicotine replacement therapy bought over-the-counter in smokers attempting to stop
smoking?
PhD, University, JS-nicotine, drug, tobacco research, IF-6.9

Christensen [21]. What is the profile of the e-cigarettes users in adults in Kansas and is there an association with quit attempts and abstinence?
Masters Public Health, State Depart Health, JS-environmental, public, preventive health, IF-3.4

Coleman [22]. Is the use of e-cigarettes in young non-smokers associated with being open to future conventional cigarette smoking?
Masters Public Health, US Food Drug Administration, JS-nicotine, drug, tobacco research, IF-4.6

Farsalinos [23]. What are the characteristics of e-cigarettes use and the perceived benefits?
MD, Research Center, JS- Environmental, public, preventive health, IF-1.5

Goniewicz [24]. What are the reasons and patterns of use of electronic cigarettes among users in Poland and what are their attitudes towards
e-cigarettes?
PhD, Research Center, JS-nicotine, drug, tobacco research, IF-2.9

Hiscock [25]. How often do clinicians involved in the smoking cessation programs receive questions about e-cigarettes? Do these clinicians consider
e-cigarettes a positive or negative development?
PhD, Research Center, JS-nicotine, drug, tobacco research, IF-2.1

Hummel [29]. What is the prevalence of e-cigarettes awareness and use and what are the characteristics of tobacco smokers who have used
e-cigarettes in the Netherlands?
PhD, University, JS-nicotine, drug, tobacco research, IF-4.2

Kasza [26]. What are the demographics and smoking-related predictors of the use of unconventional tobacco products, including e-cigarettes, in
cigarette smokers? What are the predictors of the use of these products as an alternative to quit smoking? MA, Research Center, JS-nicotine, drug,
tobacco research, IF-4.6
MA, Research center

Lechne [27]. What is the effect of the duration of e-cigarettes use on current cigarette smoking, the dependence on e-cigarettes, the frequency of use
of e-cigarettes, and the strength of nicotine solution?
Masters of Science, University, JS-nicotine, drug, tobacco research, IF-4.6

Li [28]. What is the use, perception, and acceptability of e-cigarettes in New Zealand?
PhD, Government agency, JS- broad coverage, IF-0.7

Martinez-Sanchez [31]. What is the support for and the correlates of the use of e-cigarettes and indoor work places and selected public and private
places?
PhD, Research Center, JS-broad coverage, IF-2.8

Choi [20]. What are the characteristics associated with awareness and use of e-cigarettes among young adults? What are the characteristics associated
with selective perceptions of electronic cigarettes?
PhD, University, JS-environmental, public, preventive health, IF-4.1

aReference number.
bTerminal degree of first author.
cOrganization employing first author.
JS, journal scope; IF, journal impact factor.
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addressed internal validity, but all summarized study out-
comes and limitations (Table 5). Based on study goals
(Table 1) and study outcomes (Table 5), the authors of
this review reached conclusions regarding external validity
of the various studies, and these are summarized in Table
4. Information in Table 6 outlines our analysis of the
completion rates for the core items identified in three
recent articles which provided recommendations for sur-
vey studies on EC.Most studies did not collect a complete
set of information relevant to these recommendations,
and the percent completion based on one point per item
summed for all 13 surveys was 43%.

4. Discussion

Our analysis indicates that the surveys in our sample
had different designs, different objectives, and varying
numbers of participants and did not always report infor-
mation relevant to reliability and validity. The lack of

consistent and reliable methodology for EC survey
research potentially limits our understanding about
the safety of EC and their effectiveness in smoking
cessation and limits the comparison of important infor-
mation in different geographical locations, cultures, and
economies. [34,35]. Overall, research on EC users and
EC use patterns trails the rapid development of new
products and the increasing prevalence of EC use in
the public [34,35]. Little research has investigated the
differences in the craving and addiction levels associated
with traditional cigarettes and EC [34,35]. The popular
belief that EC reduce craving and increase cigarette
cessation is largely unsubstantiated [34,35] and requires
randomized controlled studies. Furthermore, most EC
survey research does not have a reliable method to
compare addiction and dependence between traditional
cigarette and EC users [34,35]. Therefore, many policy
makers, health educators, clinicians, and members of
the public have a poor understanding of EC and their
risks and benefits [5,36–41].

Although closely associated with conventional cigar-
ette use, EC consumption patterns may present quali-
tative measurement difficulties secondary to differing
quantifiable units (e.g., number of cigarettes vs. amount
of EC use or cartridges consumed). Further, the varia-

Table 2. Study design.
Author,
reference

Study population
# responses

Age/gender
Race/ethnicity Location

Berg [19]
2015

Cross sectional
survey of online
panel
2,501

Y, Y
Y

USA, oversample
Southeast USA

Brown [30]
2014

Cross sectional
representative
sample
5,863

Y, Y
N

England

Christensen
[21]
2014

Population-based
random sample
9656

Y, Y
Y

Kansas, USA

Coleman
[22]
2015

Nat Adult Tobacco
Survey, nationally
representative,
subgroup 18–29
4,310

Y, Y
Y

USA

Farsalinos
[23]
2014

E-cig users, current,
former, never cig
smokers
19,414

Y, Y
Translation
into 10
languages

Europe, Americas,
Asia, Australia,
Africa

Goniewicz
[24]
2013

E-cig smokers
179

Y, Y
N

Poland

Hiscock [25]
2014

Smoking cessation
advisers
587

N, N
N

England

Hummel
[29]
2015

Current smokers
6,602

Y, Y
N

Netherlands

Kasza [26]
2014

Adult smokers
6,110

Y, Y
Y

USA

Lechner [27]
2015

Customers – E-cig
retail locations
159

Y, Y
Y

Oklahoma, USA

Li [28]
2013

Current and recent
quitters
840

Y, Y
Y

New Zealand

Martinez-
Sanchez
[31]
2014

Representative
sample of adults
in Barcelona
736

Y, Y
NR

Barcelona, Spain

Choi [20]
2013

Population-based
prospective
cohort
2,624

Y, Y
Y

Minnesota and
surrounding
states, USA

Y, yes; N, no; NR, not reported.

Table 3. Study contact method and answer format.

Author, year
Reference #

Contact method;
Response rate [8] Language

Answer
reporting
format

Berg [19] On line survey;
32% participation rate
overall

English Y, N, Likert

Brown [30] Face-to-face interviews;
NR

English Y, N

Christensen
[21]

Telephone – landline, cell
NR

English Y, N, Likert

Coleman
[22]

Telephone;
44.9%

English Y,N, Likert

Farsalinos
[23]

Web site for EC advocates;
NR

10 different languages

Y, N, Likert

Goniewicz
[24]

Internet – 16 discussion
forums, retail outlets –
5;
NR

Polish Multiple
short
answers

Hiscock [25] 2 on line surveys in 2011
and 2013;
5.6%

English Multiple
choice,
free text

Hummel
[29]

Web database interview
NR

Dutch Y, N, Likert

Kasza [26] Interview by telephone;
21–35%

English Y, N, how
often

Lechner [27] Direct contact
NR

English Usually
single
answer

Li [28] Random digit dialing,
interviews;
NR

English Y, N, Likert

Martinez-
Sanchez
[31]

Face-to-face interviews;
72.9%

Spanish Y, N, Likert

Choi [20] Computer-assisted
telephone interview;
68.9%

English Y, N, Likert

aResponse rate calculations were not uniform and depended on the
study.

Y, yes; N, no; NR, not reported.
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tion in EC delivery devices and products, including
differing levels of nicotine and other additives, presents
a challenge for measuring precise differences across
a large sample of users who may pay minimal attention
to such details [42,43]. A recent case series report sug-
gests that EC-related pulmonary disease may be asso-
ciated with the use of EC devices for the delivery of
tetrahydrocannabinol and cannabidiol [6]. This finding
suggests that future surveys on EC use will need to ask
about use of non-nicotine EC products. However,

determining the use patterns may be complicated by
the variable legal status of cannabis products across
study locations.

In the USA, the lack of information about EC and
public health has resulted in EC regulatory policies that
vary significantly across state and local jurisdictions [44].
This variation reflects the controversy concerning
whether EC could increase the rates of smoking cessation,
sustain smoking cessation, and improve public health
[44]. Different clinical studies have shown contradictory

Table 4. Study analysis and quality.

Author, reference
Reliability
testing

Internal
validity External validity

Descriptive
statistics Modeling statistics

Berg [19] Yes ND Yes, at country level Y Logistic regression, cluster
analysis

Brown [30] NR ND Limited to smokers trying
to quit

y Logistic regression

Christensen [21] NR ND Yes, at state level Y Logistic regression
Coleman [22] Reported some missing data ND Yes, young adults at

country level
Y Logistic regression

Farsalinos [23] NR ND Yes, E-cig users world wide Y Logistic regression
Goniewicz [24] Eliminated surveys with inconsistent

answers
ND Limited, small sample size Y N

Hiscock [25] Did a limited pilot study ND Limited, unique survey
group

Y N

Hummel [29] Reported some missing data ND Yes, at country level Y Logistic regression
Kasza [26] NR ND Yes, at country level Y Logistic regression
Lechner [27] NR ND Limited, unique survey

group
Y Linear & logistic regression

Li [28] NR ND Yes, at country level Y Logistic regression
Martinez-Sanchez
[31]

NR ND Limited, at city level Y Logistic regression

Choi [20] NR ND Yes, young adults Y Linear models

Y, yes; N,no; NR, not reported; ND, not discussed.

Table 5. Study conclusions and limitations.
Berg [19]. Current smokers have a higher interest in using e-cigarettes than smokeless tobacco for smoking cessation, harm reduction, and novelty.
Limitations include sample from a consumer panel, cross-sectional study design, and self-reporting.

Brown [30]. Smokers trying to stop smoking without professional support are more likely to report abstinence if they use e-cigarettes than smokers who
use a nicotine replacement product or no aid. Limitations include abstinence not verified, recall data, multiple products available for nicotine
replacement therapy and electronic cigarettes.

Christensen [21]. Electronic cigarette use is associated with cessation attempts but not with cigarette abstinence. Limitations include cross-sectional
study design, self-reporting, underreporting.

Coleman [22]. This study demonstrates that the ‘ever use’ of e-cigarettes is associated with being ‘open’ to smoking cigarettes. Limitations include
cross-sectional survey design, observational data, self-reporting, limited sample size of young adults who have never tried cigarette smoking.

Farsalinos [23]. Electronic cigarettes are used as long-term substitutes for smoking. Limitations include convenience sample of dedicated users.
Goniewicz [24]. Electronic cigarette users in Poland primarily use these products as an aid to smoking cessation and to reduce harm. Limitations include
no control group to evaluate adverse effects, small sample size.

Hiscock [25]. There is substantial interest in using e-cigarettes to support quit attempts by smokers seeking smoking cessation services. There is no
consensus among advisers as to whether or not e-cigarettes are a positive or negative development. Limitations include small sample size, recall
needed to describe clients’ experiences, uncertain basis for practitioners’ opinions.

Hummel [29]. Over time e-cigarettes are increasingly used by Dutch smokers. Common motivations include to reduce tobacco smoking and to use
alternative less harmful nicotine products. Limitations include cross-sectional data, small sample size, a limited number of reasons available to choose
for use, uncertain timing for use of smoking cessation pharmacology.

Kasza [26]. Fewer than 15% of cigarette smokers reported using unconventional tobacco products. The use of these products was more prevalent in
adults aged 18–24. Limitations include survey response rates.

Lechner [27]. The daily consumption of traditional cigarettes decreased with increasing duration of e-cigarette use. Limitations include the followwing:
The participants were identified at the retail e-cigarette stores, cross-sectional design, retrospective reporting of behavior, self-reporting.

Li [28]. The use of e-cigarettes by smokers and recent smokers is uncommon in New Zealand. Limitations include use of the question on “ever-
purchase” instead of “ever-use”, asked about the acceptability of e-cigarettes as a cheaper alternative to tobacco cigarettes and a cessation product
but not about other purposes, general lack of knowledge of e-cigarettes in survey population.

Martinez-Sanchez [31]. One half of the general population in Barcelona did not support the use of e-cigarettes in work places or public places.
Limitations include overestimation of older participants in the survey, non-uniform information regarding of e-cigarettes.

Choi [20]. More than two thirds of young adults in this sample were aware of e-cigarettes. Perceptions included help with smoking cessation, less harm,
and less addiction. Limitations included cross-sectional not longitudinal design, regional sample, self-reporting.
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results concerning EC and smoking cessation. A study
examining daily EC users found that 22% quit smoking
after one month and 46% after one year [45]. However,
a similar study in California suggested EC smokers were
less likely to quit tobacco or smoking-related products
[46]. Furthermore, there is little research on whether EC
smoking adversely affects public health through either
direct consumption or second-hand smoke from EC
combustion products [44]. This has further compounded
the confusion and uncertainty among patients whether
EC pose a significant risk to their families’ health or
themselves. Marks et al. surveyed pregnant women and
found that more than half did not know whether EC
contained nicotine, were addictive, or posed
a significant health risk to their fetus [38]. Even medical
professionals have inadequate basic knowledge about the
use and perceptions of EC on patient health [36]. A study
including 853 medical, nursing, pharmacy, public health,
or allied health students found that they were likely to try
or regularly use EC and that many perceived EC as less
expensive, less addictive, and less dangerous than tradi-
tional tobacco products [36]. Interestingly, medical stu-
dents had less education about the epidemiology and
health effects of EC than other health profession students
[36]. Therefore, the uncertainty of scientific and clinical
studies on EC use has prevented policy makers, health
professionals, and the general public from establishing
a cohesive response to both regulate EC use and under-
stand their risks and benefits.

Overall, more research is required to understand the
use patterns, the addiction potential, perceptions, and
basic knowledge about EC in health professionals and
the public. Several investigators have argued for the
development of reliable and valid measures of EC depen-
dence to inform public health officials of the long-term
impact and potential costs of EC [2,47–49]. In response,
researchers have developed alternatives to or modifica-
tions of existing tobacco addiction instruments for EC
research [34,35]. The studies found that the Fagerström
Test of Cigarette Dependence (e-FTCD), the e-cigarette
Wisconsin Inventory of Smoking Dependence Motives
(e-WISDM), and the Penn State Electronic Cigarette
Dependence Index (PS-ECDI) had better reliability for
assessing the addiction potential of EC than traditional
nicotine addiction scales [34,35]. Specifically, modifica-
tions in the use of EC terminology and phrasing allowed

researchers to identify participants with a higher risk of
addiction based on whether participants reported
increased usage of EC daily or within the last month or
if they had lower confidence in their ability to quit EC
[34,35]. Pilot testing of EC questionnaires accompanied
by qualitative interviews could help assess the reliability
and validity of the measurement EC consumption [50].
Further, researchers need to stay current with terminol-
ogies associated with EC devices and use patterns, which
can change over time and may differ by demographic
group [51].

The lack of internal reliability or external validity in
the survey studies reduces their utility for providing
information to patients about the risk and benefits of
EC for smoking cessation and overall health. Internal
reliability in surveys can be increased through improved
quality control and ensuring adequate recruitment stra-
tegies, data collection, data analysis, and sample size
[52]. Electronic cigarette surveys need direct interviews
with patients and more analysis of the quantity of nico-
tine consumed by EC users. Similarly, external validity
can be improved through a broader inclusion of study
population criteria resembling the general population
[52]. In most of the surveys we analyzed, the survey
participants were young Caucasian men with moderate
affluence and college education. Future surveys should
include participants in different social, ethnic, and eco-
nomic groups to identify gaps in knowledge, use, and
perceptions about EC. Finally, it remains unknown how
physician perception and knowledge concerning EC
could affect patient use of EC for smoking cessation.
Future studies should try to determine whether
improvement in physician knowledge of EC and
informed discussion with patients changes public per-
ception and possibly government policy towards EC.

LimitationsThis review involved a relatively small
number of studies, and our conclusions necessarily
reflect the information collected from these studies.
But these surveys report information from several
countries using participants with different demo-
graphic characteristics. Consequently, the survey
results provide an overview of EC studies. These
studies were published in 2013–2015, and it is possi-
ble that current approaches to survey studies have
improved and meet the criteria outlined by the
experts better. However, these core elements probably

Table 6. Study analysis based on current recommendations.
Core items in population surveys – Pearson et al. (8 core items) [16]

Studies Ever useFrequencya HarmFormer useDeviceNicotine FlavorReason
13 Total 13 6 9 10 1 4 0 9

Survey measures – Weaver et al. (5 core items) [14]
Studies Ever use FrequencybFlavors Device Nicotine
13 Total 13 5 0 1 4
Perceptions – Gibson et al. (4 core items) [15]
Studies Benefit Harm Addiction Social norm
13 Total 8 6 3 3
aFrequency was defined as how often do you currently use EC (daily, weekly, monthly, etc.).
bThe suggested definition was the number of days EC were used in the last 30 days.
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represent basic information required in surveys and
do not necessarily include all elements related to EC,
especially information related to long-term health
effects. It is possible that information regarding valid-
ity was omitted by the authors because of word
restrictions in manuscript preparation and because
information about study goals, outcomes, and limita-
tions provides the details necessary to consider study
validity. The target cohort or the questions in some
studies were fairly specific (i.e., unique) and would
not support generalization (external validity) to other
survey populations.

5. Conclusion

In summary, some surveys on the public perception and
use of EC frequently have design deficiencies. Most
surveys cannot provide comprehensive information on
the relevant public health concerns related to the use of
EC. Therefore, investigators need to ask very precise
questions, develop surveys that have construct validity,
do pilot tests to determine whether or not the surveys
have internal reliability, and organize the study so that
the response rate is adequate to have external validity for
the particular question posed and the population of
interest. Important questions include Do you use
e-cigarettes? If yes, how often? If yes, for how long? If
yes, do they contain nicotine? If you use e-cigarettes,
have you quit using conventional tobacco cigarettes? If
you use e-cigarettes, do you have side effects possibly
related to them? Questions about awareness seem less
important given the widespread publicity about lung
toxicity associated with electronic cigarette use. Finally,
longitudinal studies are needed to identify chronic toxi-
city, changes in lung function, and sustained abstinence
from conventional tobacco products.

Acknowledgments

None

Authors’ contributions

Each author made an equal contribution towards the writ-
ing, editing, and reviewing of the manuscript before
submission.

Disclosure statement

No potential conflict of interest was reported by the
authors.

Funding

None

ORCID

Jonathan Kopel http://orcid.org/0000-0001-5934-2695
Jeff A. Dennis http://orcid.org/0000-0003-0264-3635

References

[1] Glantz SA, Bareham DW. E-cigarettes: use, effects on
smoking, risks, and policy implications. Annu Rev
Public Health. 2018;39(1):215–235.

[2] Etter J-F. E-cigarettes and the obsolescence of
combustion. Expert Rev Respir Med. 2018;12
(5):345–347.

[3] Skotsimara G, Antonopoulos AS, Oikonomou E, et al.
Cardiovascular effects of electronic cigarettes:
a systematic review and meta-analysis. Eur J Prev
Cardiol. 2019;26(11):1219–1228.

[4] Liu X, Lu W, Liao S, et al. Efficiency and adverse
events of electronic cigarettes: a systematic review
and meta-analysis (PRISMA-compliant article).
Medicine (Baltimore). 2018;97(19):e0324–e0324.

[5] El Dib R, Suzumura EA, Akl EA, et al. Electronic
nicotine delivery systems and/or electronic
non-nicotine delivery systems for tobacco smoking
cessation or reduction: a systematic review and
meta-analysis. BMJ Open. 2017;7(2):e012680.

[6] Layden JE, Ghinai I, Pray I, et al. Pulmonary illness related
to e-cigarette use in Illinois andWisconsin— Preliminary
report. N Engl J Med. 2019;382;10:903–916.

[7] Christiani DC. Vaping-induced lung injury. N Engl
J Med. 2019;382:960–962.

[8] Health officials report death in vaping related lung
disease [press release]. Tapeka (KS): Kansas
Department of Health and Environment; 2019.

[9] Illinois resident experiencing respiratory illness after
vaping dies [press release]. Springfield (IL): Illinois
Department of Public Health; 2019.

[10] Health officials report death in a patient hospitalized
for vaping-related lung injury [press release]. Saint
Paul (MN): Minnesota Department of Health; 2019.

[11] Public health investigates first death associated with
e-cigarettes in LA County [press release]. Los Angeles
(CA): County of Los Angeles Public Health; 2019.

[12] Gottlieb S, Zeller M. A nicotine-focused framework for
public health. N Engl J Med. 2017;377(12):1111–1114.

[13] How FDA is Regulating E-Cigarettes [press release].
U.S. Food and Drug Administration. 2019.

[14] Weaver SR, Kim H, Glasser AM, et al. Establishing
consensus on survey measures for electronic nicotine
and non-nicotine delivery system use: current chal-
lenges and considerations for researchers. Addict
Behav. 2018;79:203–212.

[15] Gibson LA, Creamer MR, Breland AB, et al. Measuring
perceptions related to e-cigarettes: important princi-
ples and next steps to enhance study validity. Addict
Behav. 2018;79:219–225.

[16] Pearson JL, Hitchman SC, Brose LS, et al.
Recommended core items to assess e-cigarette use in
population-based surveys. Tob Control. 2017;27
(3):341–346.

[17] Orellana-Barrios MA, Payne D, Mulkey Z, et al.
Electronic cigarettes: a narrative review for clinicians.
Am J Med. 2015;128(7):674–681.

[18] Orellana-Barrios MA, Payne D, Medrano-Juarez RM,
et al. Electronic cigarettes for smoking cessation. Am
J Med Sci. 2016;352(4):420–426.

222 J. KOPEL ET AL.



[19] Berg CJ, Haardoerfer R, Escoffery C, et al. Cigarette
users’ interest in using or switching to electronic
nicotine delivery systems for smokeless tobacco for
harm reduction, cessation, or novelty: a cross-
sectional survey of US adults. Nicotine Tob Res.
2015;17(2):245–255.

[20] Choi K, Forster J. Characteristics associated with
awareness, perceptions, and use of electronic nicotine
delivery systems among young US Midwestern adults.
Am J Public Health. 2013;103(3):556–561.

[21] Christensen T, Welsh E, Faseru B. Profile of
e-cigarette use and its relationship with cigarette quit
attempts and abstinence in Kansas adults. Prev Med.
2014;69:90–94.

[22] Coleman BN, Apelberg BJ, Ambrose BK, et al.
Association between electronic cigarette use and
openness to cigarette smoking among US young
adults. Nicotine Tob Res. 2014;17(2):212–218.

[23] Farsalinos K, Romagna G, Tsiapras D, et al.
Characteristics, perceived side effects and benefits of
electronic cigarette use: a worldwide survey of more
than 19,000 consumers. Int J Environ Res Public
Health. 2015;11(4):4356–4373.

[24] Goniewicz ML, Lingas EO, Hajek P. Patterns of elec-
tronic cigarette use and user beliefs about their safety
and benefits: an internet survey. Drug Alcohol Rev.
2012;32(2):133–140.

[25] Hiscock R, Goniewicz M, McEwen A, et al.
E-cigarettes: online survey of UK smoking cessation
practitioners. Tob Induc Dis. 2013;12(1):13.

[26] Kasza KA, Bansal-Travers M, O’Connor RJ, et al.
Cigarette smokers’ use of unconventional tobacco pro-
ducts and associations with quitting activity: findings
from the ITC-4 U.S. cohort. Nicotine Tob Res.
2013;16(6):672–681.

[27] Lechner WV, Tackett AP, Grant DM, et al. Effects of
duration of electronic cigarette use. Nicotine Tob Res.
2014;17(2):180–185.

[28] Li J, Bullen C, Newcombe R, et al. The use and
acceptability of electronic cigarettes among New
Zealand smokers. N Z Med J. 2015;126(1375):48–57.

[29] Hummel K, Hoving C, Nagelhout GE, et al.
Prevalence and reasons for use of electronic cigarettes
among smokers: findings from the International
Tobacco Control (ITC) Netherlands Survey.
Int J Drug Policy. 2015;26(6):601–608.

[30] Brown J, Beard E, Kotz D, et al. Real-world effective-
ness of e-cigarettes when used to aid smoking cessa-
tion: a cross-sectional population study. Addiction.
2014;109(9):1531–1540.

[31] Martínez-Sánchez JM, Ballbè M, Fu M, et al. Attitudes
towards electronic cigarettes regulation in indoor
workplaces and selected public and private places: a
population-based cross-sectional study. PLoS ONE.
2014;9(12):e114256.

[32] Sullivan GM. A primer on the validity of assessment
instruments. J Grad Med Educ. 2011;3(2):119–120.

[33] Cook DA, Beckman TJ. Current concepts in validity
and reliability for psychometric instruments: theory
and application. Am J Med. 2006;119(2):166.e167-
166.e116.

[34] Dowd AN, Motschman CA, Tiffany ST. Development
and validation of the questionnaire of vaping craving.
Nicotine Tob Res. 2018;21(1):63–70.

[35] Piper ME, Baker TB, Benowitz NL, et al. E-cigarette
dependence measures in dual users: reliability and
relations with dependence criteria and e-cigarette
cessation. Nicotine Tob Res. 2019;22(5):756–763.

[36] Franks AM, Hawes WA, McCain KR, et al. Electronic
cigarette use, knowledge, and perceptions among
health professional students. Curr Pharm Teach
Learn. 2017;9(6):1003–1009.

[37] Gowin M, Cheney MK, Wann TF. Knowledge and
beliefs about e-cigarettes in straight-to-work young
adults. Nicotine Tob Res. 2016;19(2):208–214.

[38] Mark KS, Farquhar B, Chisolm MS, et al. Knowledge,
attitudes, and practice of electronic cigarette use
among pregnant women. J Addict Med. 2015;9
(4):266–272.

[39] Tan ASL, Bigman CA. E-cigarette awareness and per-
ceived harmfulness. Am J Prev Med. 2014;47
(2):141–149.

[40] Tan ASL, Mello S, Sanders-Jackson A, et al.
Knowledge about chemicals in e-cigarette secondhand
vapor and perceived harms of exposure among
a national sample of U.S. adults. Risk Anal. 2016;37
(6):1170–1180.

[41] Webb Hooper M, Kolar SK. Racial/ethnic differences
in electronic cigarette knowledge, social norms, and
risk perceptions among current and former smokers.
Addict Behav. 2017;67:86–91.

[42] DeVito EE, Krishnan-Sarin S. E-cigarettes: impact of
e-liquid components and device characteristics on
nicotine exposure. Curr Neuropharmacol. 2018;16
(4):438–459.

[43] Etter J-F, Zäther E, Svensson S. Analysis of refill
liquids for electronic cigarettes. Addiction. 2013;108
(9):1671–1679.

[44] Sanders-Jackson A, Tan ASL, Bigman CA, et al. To
regulate or not to regulate? Views on electronic cigar-
ette regulations and beliefs about the reasons for and
against regulation. PLoS One. 2016;11(8):e0161124–
e0161124.

[45] Etter J-F, Bullen C. A longitudinal study of electronic
cigarette users. Addict Behav. 2014;39(2):491–494.

[46] Al-Delaimy WK, Myers MG, Leas EC, et al.
E-cigarette use in the past and quitting behavior in
the future: a population-based study. Am J Public
Health. 2015;105(6):1213–1219.

[47] Bold KW, Sussman S, O’Malley SS, et al. Measuring
E-cigarette dependence: initial guidance. Addict
Behav. 2018;79:213–218.

[48] DiFranza JR, Savageau JA, Fletcher K, et al. Measuring
the loss of autonomy over nicotine use in adolescents.
Arch Pediatr Adolesc Med. 2002;156(4):397.

[49] Etter J-F, Eissenberg T. Dependence levels in users of
electronic cigarettes, nicotine gums and tobacco
cigarettes. Drug Alcohol Depend. 2015;147:68–75.

[50] Nichter M, Nichter M, Thompson PJ, et al. Using
qualitative research to inform survey development on
nicotine dependence among adolescents. Drug
Alcohol Depend. 2002;68:41–56.

[51] Coleman B, Johnson SE, Alexander JP, et al. An
e-cigarette by many other names: how users describe
and categorize ENDS. Tob Regul Sci. 2018;4(5):61–70.

[52] Patino CM, Ferreira JC. Internal and external validity:
can you apply research study results to your patients?
J Bras Pneumol. 2018;44(3):183–183.

JOURNAL OF COMMUNITY HOSPITAL INTERNAL MEDICINE PERSPECTIVES 223


	Abstract
	1.  Introduction
	2.  Methods
	3.  Results
	4.  Discussion
	5.  Conclusion
	Acknowledgments
	Authors’ contributions
	Disclosure statement
	Funding
	References



