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The development and validation of survey measures for electronic nicotine and non-nicotine
delivery system (ENDS) use has not kept pace with the burgeoning research on them. This, along
with the diverse and evolving nature of ENDS, presents several unique measurement challenges
and hampers surveillance and tobacco regulatory research efforts. In this commentary, we identify
four important areas related to ENDS use (describing ENDS products; defining current use;
evaluating frequency and quantity of use; and characterizing devices and e-liquids) and summarize
a selective review of the measurement and definitions of these constructs across prominent
national tobacco use surveys and 30 projects within the 14 federally-funded Tobacco Centers of
Regulatory Science. Across these national, regional, and local studies, there was considerable
variability and relatively little consensus in ENDS use measures — thus highlighting the need for
caution when comparing findings across studies or over time until more research is available to
evaluate the sensitivity of findings to differing measures. Drawing from the nascent ENDS use
measurement research literature and our experiences, we conclude with general considerations for
measuring ENDS use for tobacco researchers as an initial step towards the development of
CONSEeNsUS measures.

Keywords

electronic nicotine device systems; electronic cigarette; e-cigarette; measurement; consensus
measures

1. Introduction

Despite a large and growing federal investment in research on electronic nicotine and non-
nicotine delivery systems (EN DS/ENNDS),l interpretations of findings from this research
and their application to inform policy has been hampered by a lack of validated
measurement tools for ENDS. The recent market entry of ENDS, along with their diversity
and rapidly evolving nature, has presented unique measurement challenges. As a result, few
standards and data on the psychometric properties of ENDS use measures exist to guide
researchers on measurement development, selection, and interpretation. Furthermore, the
validity and reliability of measures may change as the nature of ENDS products and their
use continue to evolve. Thus, there is an ongoing, critical need for guidance in selecting and
developing measures to assess ENDS use. This commentary article identifies four important
areas related to the evaluation of ENDS use in population surveys: (a) describing ENDS
products (terminology, images); (b) defining current use; (c) evaluating frequency and
quantity of use; (d) characterizing devices and e-liquids (device type, flavors, and nicotine
content). We provide a summary (conducted August-October 2015) of the measurement of
these constructs across national tobacco use surveys and 30 projects within the 14 federally-
funded Tobacco Centers of Regulatory Science (TCORS; see Tables 1 & 2), with emphasis

Iwe acknowledge that there is neither consensus nor consistency in terminology for referring to these devices in the scientifi c
literature. Multiple terms are used and each is arguably imperfect. In this paper, we use “electronic nicotine and non-nicotine delivery
systems” as a variation of a commonly used term in acknowledgement that many youth and some adult users report using the devices
without nicotine (Miech, Patrick, O’Malley, & Johnston, 2017; Weaver, Kemp, Heath, Pechacek, & Eriksen, 2017). For brevity, we
abbreviate as “ENDS,” hereinafter.
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on areas where there is greater consistency and possibly emerging consensus. Additionally,
we provide considerations for selecting ENDS use measures for future studies.

2. Product Description

Despite the widespread awareness of ENDS (Weaver et al., 2016), terminology varies among
both consumers and researchers, and continues to evolve over time. Accordingly, many
national tobacco use surveys and TCORS studies provide preamble text to describe ENDS
prior to question administration, often by using multiple terms and identifying their common
characteristics (e.g., flavored e-liquids, battery powered) and brand names. Consistent across
preambles was the use of some variant of electronic cigarette, e-cigarette or e-cig when
referring to ENDS. Less consistent was the inclusion of additional terminology (e.g., vape
pens, vaping devices, mod, personal vaporizer), length and detail of the preamble text, and
reference to specific characteristics (e.g., nicotine, flavors, disposable, refillable). Images of
ENDS products were included in roughly half of the TCORS surveys, most of which were
online surveys, as well as in the Population Assessment of Tobacco and Health (PATH)
Study (Wave 3). Research is needed to evaluate the sensitivity of participant responses with
respect to how ENDS are described (Walton et al., 2015). Findings from a recent study
suggest a shift is occurring away from “e-cigarette” terminology towards “vapor”
terminology, prompting the authors of that study to advise defaulting to “vapor” terminology
(e.g., describing use as “vaping” and users as “vapers”), although another study found that
“e-cigarette” and “vape” are widely understood among smokers participating in a web-based
smoking intervention (Ayers et al., 2016; Pearson et al., 2016). Nonetheless, researchers
should consider providing a preamble with sufficient detail and, when feasible, include
images depicting the wide variety of ENDS device types, improving the likelihood that the
target population has a clear understanding regarding the products to which the researcher is
referring (Alexander et al., 2016).

3. Definitions of Current Use

Establishing meaningful definitions of ENDS use is key to understanding use patterns and
the population health impact of ENDS. Whereas definitions and measures of lifetime use of
ENDS are generally consistent across national and TCORS studies, there are important
differences and scholarly debate in defining “current use.” Most commonly, particularly with
youth studies, current use refers to any past month use. However, the value of this definition
has been challenged for its inclusion of recent experimenters or recent former users, and for
lumping infrequent users with frequent, established users (Amato, Boyle, & Levy, 2015,
2016; Kozlowski & Giovino, 2014). In studies of adults, current users are often defined by
self-identification of current use through reported frequency of use (e.g., “some days”,
“every day”, or “rarely”). The PATH Study survey programming (Wave 3; see Table 1)
distinguishes regular current (some days or every day) adult users from experimental current
users by whether they reported having ever “fairly regularly” used the product. A few studies
have defined current use as =5 days of use during the past 30 days, suggesting this threshold
might exclude infrequent, potentially experimental, users (Amato et al., 2015, 2016). The
potential relevance of such a distinction is underscored by a recent study indicating that
daily, but not non-daily, ENDS use was predictive of greater cigarette cessation attempts and
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reduced smoking among UK adults (Brose, Hitchman, Brown, West, & McNeill, 2015).
Definitions of current ENDS use should incorporate this important distinction; however,
broad consensus is lacking on the measures and the criteria for defining user groups,
particularly across different study populations (e.g., youth and adults) where differential
criteria for current use may be warranted.

Prevalence rates generated by different definitions can vary considerably, compromising
comparisons across studies. Until there is consensus on how to define ENDS use status,
researchers should consider including sufficient questions to permit application and
reporting of multiple definitions to facilitate comparisons with other studies. At a minimum,
this could entail assessing frequency of use (e.g., number of days used in past 30 days) and
whether the individual self-identifies as a “current” user of ENDS. If distinguishing regular
from experimental use, a measure of lifetime frequency or quantity of use would be
necessary, although we are not aware of any validated measure or demarcation.

4. Frequency and Quantity

Compared to measuring cigarettes, assessing the frequency and quantity of ENDS use has
been more challenging. ENDS use is less finite, entailing anything from a puff or two at a
time, a longer session, or relatively continuous use throughout the day. For this reason,
ENDS use is substantially more variable and more difficult to quantify than cigarette use
(Kim, Davis, Dohack, & Clark, 2016). Most TCORS studies and national surveys have
focused on measuring frequency, rather than quantity, of use. Most commonly, frequency
was measured by asking the number of days respondents used ENDS in the past 30 days.
Many TCORS studies and the PATH study (among daily users only) included one or more
follow-up questions asking the number of times or occasions used per day. Few studies
assessed quantity of ENDS use, likely due to the difficulties in consistently and accurately
capturing these data from respondents across the wide range of devices and use patterns
(e.g., number of puffs, disposables, cartridges, or refills; size of cartridge/tank; volume of e-
liquid used) (Cooper, Harrell, & Perry, 2016; Hinds et al., 2016; Kim et al., 2016). A
shortcoming of questions assessing the quantity of disposables or cartridges is that they do
not permit comparable responses from those using products that include a refillable e-liquid
tank; similarly, questions assessing volume of e-liquid are both difficult for participants to
answer and not applicable to disposable or cartridge ENDS users (Cooper et al., 2016).

Beyond general frequency estimations of the number of days used, it may not be possible to
obtain reliable and detailed frequency or quantity data from users via standard, single-wave
or infrequent longitudinal surveys. Diary and other methods such as ecological momentary
assessment (EMA\) or electronic measurements recorded by the device may comprise more
valid and reliable approaches, although these procedures may be more burdensome, or alter
the user’s behavior. In sum, besides measuring number of days used in the past 30 days,
there currently exists little consensus on frequency/quantity measures.
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5. Device and e-Liquid Characteristics

5.1. Device Type

5.2. Flavors

The recently issued FDA Deeming Rule has explicitly acknowledged the relevance of ENDS
for health and safety considerations by including device components and parts in the final
rule and requiring a separate premarket application for each device (Food and Drug
Administration, 2016). Assessment of the device type used is also critical to the study of use
patterns, with some literature suggesting that some device types may be more or less
conducive to smoking cessation or reduction due to nicotine delivery efficiency (Vansickel &
Eissenberg, 2013). As the ENDS market continues to evolve, it is becoming increasingly
difficult to characterize the wide range of products available. Several characteristics of
ENDS products have been frequently used to classify the type of device, including whether
the device is an open or closed system, is rechargeable, or refillable vs. used with prefilled
cartridges, though terminology for each type and the extent of further classification varies
across studies. Studies (e.g., PATH) have increasingly used photographs in conjunction with
terms in order to clarify the type of device used, though this practice remains uncommon
(Hinds et al., 2016). Some studies have queried users on specific brand names that might be
later coded for device characteristics of interest, but the vast number of ENDS product
brands and rapid evolution of the market makes collection of these data difficult.

Measures of device elements (i.e., disposable, rechargeable, modifiable, refillable) will
generally be imprecise proxy measures for the technological features and capabilities of the
products that directly influence nicotine delivery, comparability to combusted cigarettes,
convenience of use, exposure to toxic compounds, and satisfaction with the device.
However, these measures have shown predictive validity in terms of patterns and frequency
of use, user satisfaction, and cessation outcomes (Hitchman, Brose, Brown, Robson, &
McNeill, 2015; Yingst et al., 2015). It may be helpful to provide illustrative photographs for
the different device types and components being assessed (Hinds et al., 2016).

The availability of a wide array of flavors in ENDS plays an important role in the
maintenance of tobacco use and in the appeal to new users, particularly youth, who are
exploring this “attractive” feature in ENDS (Hoffman, Salgado, Dresler, Faller, & Bartlett,
2016; Pepper, Ribisl, & Brewer, 2016). There is concern about the potential for exposure to
flavoring chemicals that are known respiratory toxins (Barrington-Trimis, Samet, &
McConnell, 2014; Behar et al., 2016; Farsalinos et al., 2013; Hutzler et al., 2014; Kosmider
et al., 2016; Leigh, Lawton, Hershberger, & Goniewicz, 2016; Tierney, Karpinski, Brown,
Luo, & Pankow, 2015). The challenge is in the assessment of a wide array of flavor
categories and heterogeneous user behaviors, including the use of various flavors
simultaneously.

Surveys generally use broad categories, which may include fruit and candy/dessert (most
common), mint/menthol, tobacco, alcohol, coffee, spice, or other (including unflavored).
These flavor categories may capture some relevant dimensions, particularly those related to
product appeal. However, more research is needed to ascertain how reliably the 7,000+

Ad(dict Behav. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weaver et al.

Page 6

flavors currently available in the market can be categorized, particularly when flavors may
not neatly fit into a predefined category (Zhu et al., 2014). Depending on the research
question(s), it may be important to assess the flavor of the respondents’ first ENDS product,
currently and regularly used flavors, and whether and how multiple flavors are used by the
same user. The availability and range of flavored ENDS may change as a result of certain
provisions within FDA’s final Deeming Rule that will require registration and product listing
for each distinct e-liquid product (Food and Drug Administration, 2016), which could have
implications for measurement.

5.3. Nicotine Content

Assessment of nicotine content is also important to the characterization of ENDS use. The
FDA does not consider e-liquids absent of tobacco or tobacco-derived nicotine to be a
covered tobacco product under its Deeming Regulation (Food and Drug Administration,
2016). However, its measurement is complicated by the diversity of available products and
the lack of current regulation of e-liquids. Prior research has found that many youth, often
classified as experimental users, were unaware whether the e-liquid they used contained
nicotine (Hinds et al., 2016). Several studies examining nicotine concentrations have noted
inaccurate description of some “nicotine-free” e-liquids (Hutzler et al., 2014), and that the
labeled nicotine concentration is often incorrect by 10% or more (Davis, Dang, Kim, &
Talbot, 2015; Goniewicz, Kuma, Gawron, Knysak, & Kosmider, 2013; Lisko, Tran, Stanfill,
Blount, & Watson, 2015).

Few national and TCORS studies assessed nicotine concentration, but those that did asked
for the level of nicotine concentration in mg/mL. However, this measurement can further be
affected by puffing behaviors and type of device used, thus rendering assessment of nicotine
delivery (a more relevant measure than nicotine concentration) challenging. Compared to
first generation devices — such as disposable ENDS — advanced open-tank delivery systems
with higher voltage and temperature capabilities are far more efficient and thus require far
lower nicotine concentrations to achieve the same level of nicotine delivery (Farsalinos et al.,
2014). The level of nicotine may be relevant to studies of the abuse liability and addiction
potential of ENDS, which has not yet been comprehensively evaluated.

Despite these considerations and limitations in self-report measures of nicotine content, they
may provide useful approximations of relative nicotine exposure (particularly if the device
type is known) and relevant information for perceptions and intentions of use. At a
minimum, we recommend that researchers assess whether the respondent usually uses
ENDS containing nicotine or without nicotine, with a “don’t know” option.

6. Conclusions and General Considerations

Our review of prominent national studies and the national, regional, and local studies
conducted by the TCORS reveals considerable variability in ENDS use measures. This may
partially reflect differing study populations and aims, different periods of data collection, or
changing ENDS technologies, but we suspect that much of this variability is due to the
absence of consensus on optimal, validated measures. There is a need for consensus
measures and efforts (e.g., PhenX-https://www.phenxtoolkit.org/; DHHS harmonization
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across surveys) to facilitate comparisons across studies and over time, and to generate valid
data to guide policy and regulatory actions. With the FDA now regulating ENDS, continued
monitoring of the potential harms and benefits of ENDS use (i.e., the likelihood that ENDS
will attract non-users and prevent/delay/accelerate other tobacco use) is crucial, requiring
fine-tuned measurement of patterns of use and the types of devices and e-liquids used (Cobb
et al., 2015; Villanti et al., 2011). In the absence of consensus measures, there is a need to
consider the potential sensitivity of research findings to the choice of measures, and the
strengths and limitations of the measures for a particular population and the research
questions of interest. Further, measures will require continual re-evaluation in light of the
evolving and uncertain future landscape of the ENDS market. For instance, changes in
terminology and user behaviors, fast-paced technology development and evolution, and
regulatory action have implications for ENDS use measures. Designing measures to
withstand the test of time by paying close attention to market trends and industry
developments, as well as employing multiple variants of a measure may be helpful,
particularly for longitudinal studies.

Until more data on the sensitivity of research findings across different measures of ENDS
use are available, caution is warranted in interpreting differences in prevalence rates and
statistical associations across studies that employ different measures. This caution also
extends to longitudinal comparisons within a study where measures have changed. Those
conducting longitudinal research are in a difficult situation when deciding whether to modify
measures as the product and market landscapes change. Either decision may complicate
interpretation of longitudinal changes; however, we would generally recommend
modification of measures, such as to fully capture an expanding and diversifying ENDS
product category, if doing so seems likely to yield more useful, valid data, even if
comparisons with earlier measures are compromised.

Given the present state of ENDS use measurement, reliance on a single measure for key
constructs is not advisable. Diversity in measurement can be a useful tool to guard against
measurement artifacts and drawing conclusions that are sensitive to a particular measure.
Robustness of findings, or lack thereof, across different measures may not only inform the
development of better measures, but also facilitate a better understanding of ENDS use
phenomena. Opportunities may already exist to exploit variability in extant measurement
with existing data to study the sensitivity of prevalence and other use estimates to choice of
measure, assuming we can overcome challenges stemming from the many ways in which
studies and measures differ, including designs and methodologies employed; data accessing
and sharing issues; and the ongoing, evolving nature of ENDS products and how they are
perceived and used by consumers. We have identified several areas where more
measurement development and validation research is needed. There is an urgent need for
research utilizing various designs (qualitative, natural experiments), approaches (EMA
studies, lab-based studies), and technologies (e.g., objective monitoring devices).
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HIGHLIGHTS

Few standards and data on the psychometric properties of ENDS use
measures exist.

This paper reviews and discusses measurement of ENDS use measures.

There is large variability and relatively little consensus in ENDS use

measures.
. This paper provides some considerations for measuring the use of ENDS.
. Areas in need of measurement development and validation are identified.
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Table 2

Summary of electronic nicotine and non-nicotine delivery system (ENDS) use measurement across the
Tobacco Centers of Regulatory Science (TCORS)

Construct

Summary of Measures

Product Description
(preamble, terminology,
use of images)

Product Description.

Most studies included a brief description of ENDS products, including various terms used to describe the
products, such as vape pens, vaping devices, vapor pens, electronic vapor products, personal vaporizer, and vape.
Some studies provided sample brands, and many mentioned the use of flavors, with fewer mentioning nicotine.
Different product types (disposable, rechargeable, refillable tanks) were included in several descriptions, with
some comparing the appearance of these products to cigarettes and pens.

Terminology in ltems:
In the actual survey items, most studies used some form of electronic cigarettes, e-cigarettes, or e-cigs.

Use of Images:
Approximately one-half of TCORS surveys used product images in the product description.

Definitions of Use

Lifetime Use:

The most common measure and definition used was “Have you ever used...” with some variation in the verb
(“tried”), nature of use (“as intended”) or minimum amount of use (“used even once”, “even 1 or 2 puffs”). Less
frequent were measures that determined lifetime use by asking the age of first use with a never used option or
asking the total number of times used.

Current Use:

The majority of studies, including nearly all youth studies, defined current use by a measure of recent past use,
where recentwas most typically specified as the past 30 days, or less often the past 7 days. Response options
were most often “yes/no,” number of days used, or time since last use (even if longer than 30 days). Determining
the line between past use and current use is not well-established at this point, nor are the criteria for classifying
one as a past-/ex-user. A minority of studies (all of which involved adult samples) defined current use by self-
endorsement of current use with either a yes/no response option or, more often, every day/some days/not at all
options. One study included a rarely response option. Two studies used multiple criteria to define current use.
One study defined current use based either on a minimum number of days used in the past 4 weeks or any use in
the past week. The other study ascertained current use and then assessed time of last use, though a specific
definition was not provided.

Regular/Established Use:

Criteria for regular use appear to be more variable. Investigators of about half of the projects either did not define
regular use or were uncertain how they would define it. Among those that did define regular use, most used some
threshold of number of days of use, ranging from any use in the past 30 days to more than half of the days in the
past month. A few studies either asked the respondent directly if they “used fairly regularly” or “on a regular
basis.” Similarly, most investigators either did not define regufar/established use or were uncertain how to define
this construct. Among those few studies that did define regular/established use, there was considerable
variability, with most using a specific time-based constraint (e.g., used for 2 months or more) or some
combination of duration with either frequency, condition (i.e., use with nicotine), or recent use.

Frequency and Quantity

Frequency of Use:

The most commonly used frequency questions were, “During the [past xx days], have you used [ENDS term]?”
and “During the [past xx days], how many days have you used [ENDS term]?” Most studies reported the use of
the “past 30 days” time frame. A few studies reported the use of “past 7 days.” Response options included
Yes/No, or an open-ended format or categorical format for the number of days used. Most studies included one
or more follow-up questions asking the number of times used per day if respondents affirmed use during the time
frame. A few studies used the definition of “one time” as being “about 15 puffs” or “lasting about 10 minutes.”
Some studies collected “daily use” data by asking the number of uses per day or by utilizing a daily diary. Other
studies collected frequency measures, such as querying the number of occasions in a specific time period or
intervention period, querying the use with categorical responses (e.g., every day/some days/not at all, weekly or
more/monthly or more/not now/never used regularly), or utilizing a daily diary for 7 days.

Quantity of Use:

The most common question to assess quantity referred to the number of disposable cigarettes, cartridges, or
refills used on those days. A few studies used the number of puffs per occasion; only one study asked about the
number of occasions as well as the number of puffs per occasion. Other studies asked about how long it takes to
use a cartridge/tank; and one study collected the number of puffs recorded by the ENDS device. Note that not all
studies asking frequency-related questions included quantity-related questions.

Device Type and
Characteristics

All items addressing device types and characteristics differed across studies, but some had only slight variations
in wording. Commonly used descriptors included disposable, rechargeable, mod, and refillable. Other studies
also referred to the presence of a device cartridge or tank. In reference to the liquid used to refill cartridges,
studies used terms such as e-liquid and e-juice. Most studies used photos in conjunction with the device type

item, but very few assessed device brand.

Ad(dict Behav. Author manuscript; available in PMC 2019 April 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Weaver et al. Page 18

Construct Summary of Measures

Flavors Out of the categories of flavor descriptors used across studies, fruit and candy/dessert were the most common
categories, followed by mint/menthol, tobacco, alcohol, coffee, spice, and other (including not flavored). The
parameters of flavored use differed across studies, but the most frequent measure was past 30-day use.

Nicotine Content Most studies did not measure nicotine content; those that did assessed typical concentration (mg/mL), usually
providing “zero” and “don’t know” options. One study assessed nicotine content by frequency (always/mostly/

sometimes/rarely/never).

Note. ENDS use measures in TCORS surveys was assessed via an online Qualtrics survey sent to all TCORS and completed August-September
2015 (n=30 TCORS projects).
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