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Abstract

Implications: The electronic cigarette (ECIG) research community faces several challenges when it
comes to regulatory science; not only is the ECIG market changing at a rapid pace, but the terms
used by researchers, health organizations, ECIG users, and ECIG manufacturers/distributors to
describe devices are inconsistent. These discrepancies make it difficult to advance science and de-
velop regulations. Although researchers have used “generations” to categorize ECIG device types
based on various characteristics, with the constantly evolving ECIG market, it is unclear where one

“generation” of devices ends and the next begins.

Electronic cigarettes (ECIGs) were released into the US marketplace
in 2006. By the end of 2014, there existed over 460 ECIG brands!
and researchers began documenting the variation in ECIG design.>?
ECIG products can differ on several characteristics related to the de-
vice (eg, battery size, number of coils/atomizer design) and the liquid
(eg, nicotine concentration, solvent ratio); such an inexhaustible list
of product configurations presents challenges for advancing science
and developing regulations. Complicating matters further is that nei-
ther ECIG users nor researchers are consistent with the terms they
use to describe ECIG devices. Though some attention has been paid
to ECIG users’ terminology to improve survey work,* no work has
addressed the terms used in the scientific community.

As a product class, ECIGs have been referred to as e-cigarettes,
electronic nicotine delivery systems,® nicotine vaping products,®
or electronic nicotine products,” creating obstacles for researchers
searching databases to keep up with the ECIG literature. Within
the class of products, Table 1 demonstrates researchers’ attempts
at making sense of the variation; devices have been categorized
based on shared features and referred to in terms of their gener-
ation. “First generation” devices have been defined as resembling
a cigarette (a.k.a. “cigalikes”**1%) and are small in size." The li-
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quid storage container has often been called a “cartridge, and

is not refillable.®” “First generation” ECIGs also are fully dispos-
able and not rechargeable® and have low, fixed-power batteries.*!
“Second generation” devices are larger than “first generation” de-
vices," allowing for a larger battery and increased power.»'%!2 The
battery also is rechargeable,®'>'* and the liquid container evolved
into a “tank”>!° (a.k.a. “clearomizer”>!%!!) that can be refilled as
needed.>$-101314 “Second generation” devices have been described
as having a “pen-like” appearance.>*!> “Third generation” de-
vices are similar to “second generation” devices in that they are
relatively large,' as well as rechargeable®'? and refillable.®? They
are usually distinguished from “second generation” devices by
having modifiable features (adjustable power®®!>-'5) and thus are
referred to as “mods.”»$%11-1315 Some “third generation” devices
assumed the label of “box mod” due to their shape being akin to
a small box.'>' In addition to these device features, ECIG gener-
ations differ in other ways that can have important implications
for their use, such as variation in atomizer design (eg, thickness,
metal type).’> Importantly, the evolution of ECIG product design
for these initial generations appeared to parallel their nicotine de-
livery capabilities; in general, delivery was shown to be lowest for
“first generation” followed by “second generation” and then “third
generation” devices.!®
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Enter JUUL, a product released in 2015 that challenged this cat-
egorization system. JUUL has some features that mimic “first gen-
eration” devices: smaller size, fixed power, and prefilled, disposable
liquid storage containers. However, JUULs battery is rechargeable
and the storage container, called a “pod,” is a different shape from the
earlier “cartridges” and “tanks.” The liquid nicotine used by JUUL
is very high in concentration compared with earlier generations and
includes salts rather than freebase. JUULs combination of device/
liquid features spurred what is now known as “fourth generation”
or “pod-style” ECIGs.® Although recent work suggests that JUUL
may deliver more nicotine than earlier generation devices,'” little is
known about the capabilities of “fourth generation” products gen-
erally. Moreover, given how rapidly ECIG devices are released to the
market, these newer devices may ultimately not fit neatly into the
“fourth generation” category. Indeed, “pod-style” devices as a class
seem to be less standardized in terms of their individual features;
they can be fully disposable (eg, Puff Bar) or rechargeable’ and
may have liquid storage containers that are prefilled® or refillable,*’
making them capable of using liquid nicotine containing salts or
freebase. Likewise, their designs take on a wider variety of shapes:
teardrop (eg, Suorin Drop), duckbill (eg, Suorin Reno), diamond (eg,
Smoant Karat), and comma (eg, HQD Comma). While these later
generation devices continued to evolve, earlier generation devices
also were being redesigned. For instance, “first generation” models,
originally one-piece and fully disposable, are now available as two-
and three-piece options with a rechargeable battery.>*1° Similarly,
some devices that normally would be categorized as “second gen-
eration” (based on shape/size) allow for power adjustments (eg,
Vertex Variable Voltage 510 Battery). Of course, confusion in the
research community is a direct result of confusion in the market-
place. In the absence of strict regulation, manufacturers continue to
reinvent their products to meet consumer demands, and do so at a
pace that is incompatible with the scientific process. It is therefore
vital that researchers take caution when describing ECIG products.

ECIG product terminology in the scientific literature is hetero-
geneous and inconsistent (see Table 1). Using the liquid storage
container for “second generation” devices as an example, this fea-
ture has been referred to as a cartridge,® a clearomizer,>'%!" and a
tank.>!° Regardless of the term chosen, details regarding the con-
tainer are not always provided, but can be important for under-
standing devices capabilities and potential effects on behavior. For
instance, the optimal quantification of ECIG consumption for dis-
posable “cartridges” may be the number of containers used (eg,
one per day), whereas for refillable “tanks” may be the volume
of liquid used (eg, 3 mL per day).'"® Another example is use of
the term “tank,” a feature initially used to distinguish “second
generation” devices from others early in the literature despite the
fact that many “third generation” devices also use a “tank.”%’
Specifically, “second generation” devices are typically referred

» L1214 whereas “third gener-

to as “tank systems” or “tank-style
ation” devices are referred to as “mods.”3$%11-13.15 Still, more re-
cent work has referred to “third generation” devices as those that
are “tank-like,”**!3 or has seemingly collapsed these two gener-
ations into a single category (ie, “tanks/mods”)."” Adding to the
confusion is the term “pod mod” to refer to some “fourth gener-
ation” devices like JUUL. This particular device has no modifiable
features in the sense that its liquid containers are prefilled and
disposable, and the power level is fixed, though newer “pod-style”
devices do permit users to refill the containers and/or adjust the
power level (eg, Smok Nord 4). Then there’s the Gemini Hybrid

Pod Mod that allows users to switch between a “pod” container
and a “tank” container, both of which are refillable. Clearly, ECIG
technology has advanced such that features of previous designs
are being combined in new ways, and products can no longer be
categorized in meaningful ways.

Now more than ever researchers should be mindful of the
products available to consumers and the ways in which these
products are advertised. For instance, blu PLUS+ and Vuse Vibe
containers are marketed as “tanks” even though they are prefilled
and their physical appearance closely resembles what researchers
have historically called “cartridges” or “cartomizers.”?**' There
also are containers that look arguably like a “tank” but are mar-
keted as “pods” (eg, Smok Thallo S??) or even “pod tanks” (eg,
VooPoo DRAG 3?%). Manufacturers and sellers may be adopting
terms as they become popular to attract buyers, without concern
for the confusion being generated. These same terms are then
perpetuated through various outlets. Take IQOS for example, a
heated tobacco product that was introduced to the US market
in 2019. IQOS has been described as an acronym for “I quit or-
dinary smoking” by users on vaping forums,”* by major health
organizations,” and by researchers in peer-reviewed scientific art-
icles.?® Its use implies that IQOS is a smoking cessation aid despite
any evidence to support this designation.?® Although the manu-
facturer of IQOS (Phillip Morris International) publicly rejects
the acronym, some would not be surprised if they were covertly
facilitating its use.? Let us not forgot the myriad of tactics used by
the tobacco industry to deceive the public, and the fact that some
ECIG companies have modeled these tactics.?”

Our use of ECIG terminology has implications for regulatory
science, with inconsistencies and inaccuracies impeding our ability
to make cross-study comparisons, understand device capabilities,
survey specific device types to identify trends, and communicate
with public health offices and consumers. As an example, the ref-
erence to “generations” to categorize ECIG device types is likely
insufficient for capturing the complexity of products that are
available today. Indeed, it is increasingly unclear where one device
“generation” ends and the next begins. Likewise, exclusive use of

» «

terms like “tanks” (“second generation,” “third generation,” and/
or newer hybrid devices) and “disposables™ (early cigalikes and/or
modern pod-styles) to reference a device subgroup is non-descript.
We therefore recommend that researchers err on the side of pro-
viding more rather than less detail not only to avoid confusion
when referring to products generally but also when those details
might convey important information about device capabilities
(eg, nicotine delivery, modifiable features, appeal). Such details
include: refillable versus prefilled storage containers, recharge-
able versus disposable batteries, fixed versus variable voltage, salt
versus freebase nicotine, etc. Together, these small changes can
have a big scientific impact.
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