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SUMMARY

In recent years, the tobacco- and/or nicotine-containing
product (TNP) portfolio has expanded to include products
such as e-vapor products, heated tobacco products, and
nicotine pouches. Although scientific papers and regulatory
requirements/recommendations related to the assessment
of product use behavior and exposure to product use have
been published for these novel TNPs, there is great diver-
sity in the terminology used to characterize and assess
these types of products. The aim of this paper is to define
the terms and methods used for assessing product use
behavior and exposure, with the objective to suggest a
uniform application of terms used by scientists working in
this field of research. This publication is the work product
of a cross-industry work item commissioned by the
Cooperation Centre for Scientific Research Relative to
Tobacco (CORESTA) Product Use Behaviour and Bio-
markers Subgroups. [Contrib. Tob. Nicotine Res. 33 (2024)
217-233]
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ZUSAMMENFASSUNG

In den letzten Jahren hat sich das Portfolio der tabak-
und/oder nikotinhaltigen Produkte (TNP) um Produkte wie
E-Zigaretten, erhitzte Tabakprodukte und Nikotinbeutel
erweitert. Obwohl fiir diese neuartigen TNP wissenschaftli-
che Arbeiten und regulatorische Anforderungen/Em-
pfehlungen in Bezug auf die Bewertung des Produktnut-
zungsverhaltens und der Exposition gegeniiber dem
Produktkonsum veréffentlicht wurden, gibt es grole Unter-
schiede in der Terminologie, die zur Charakterisierung und
Bewertung dieser Produktarten verwendet wird. Ziel dieser
Publikation ist es, die Begriffe und Methoden zu definieren,
die fuir die Bewertung des Produktnutzungsverhaltens und
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der Exposition verwendet werden, um eine einheitliche
Anwendung der von Wissenschaftlern in diesem For-
schungsbereich verwendeten Begriffe vorzuschlagen.
Diese Verdffentlichung ist das Ergebnis einer branchen-
iibergreifenden Arbeitsgruppe, die von der Kooperations-
stelle fiir wissenschaftliche Forschung im Zusammenhang
mit Tabak (CORESTA), Untergruppen fiir Produktnut-
zungsverhalten und Biomarker, beauftragt wurde. [Contrib.
Tob. Nicotine Res. 33 (2024) 217-233]

RESUME

Ces dernicres années, la gamme des produits contenant du
tabac et/ou de la nicotine s’est élargic pour inclure des
produits tels que les produits de vapotage, les produits du
tabac chauffés et les sachets de nicotine. Bien que des
articles scientifiques et des exigences/recommandations
réglementaires relatives a 1’évaluation du comportement
d’utilisation des produits et de I’exposition a 1’utilisation
des produits aient été publiés pour ces nouveaux PNT, la
terminologie utilisée pour caractériser et évaluer ces types
de produits est trés vari¢e. L objectif de ce document est de
deéfinir les termes et les méthodes utilisés pour évaluer le
comportement d’utilisation des produits et 1’exposition,
dans le but de suggérer une application uniforme des
termes utilisés par les scientifiques travaillant dans ce
domaine de recherche. Cette publication est le fruit d’un
travail interprofessionnel commandé par les sous-groupes
«Comportement d’utilisation des produits» et «Biomar-
queurs» du Centre de coopération pour la recherche
scientifique relative au tabac (CORESTA). [Contrib. Tob.
Nicotine Res. 33 (2024) 217-233]

INTRODUCTION

The process of smoking a cigarette comprises many
complex behaviors, with factors such as puff frequency,
puff volume, and depth of inhalation displaying high
variability between individuals (1). Together with many
other parameters, such smoking characteristics are referred
to as “smoking behaviors”. Thus, smoking behaviors are
actions, that are taken by an individual and are associated
with the burning of the tobacco rod and inhalation of the
tobacco smoke generated. These behaviors have been
researched and evaluated to complement the assessment of
exposure to tobacco smoke under standardized machine
smoking conditions.

In recent years, the tobacco and nicotine industry has
significantly expanded its product offerings. In addition to
traditional tobacco products such as cigarettes, the market
now includes a variety of novel products, such as e-vapor
products (commonly known as “e-cigarettes”), heated
tobacco products (HTP), and nicotine pouches. Each one of
these new product categories is associated with their own
unique use behaviors that could differ from the behaviors
measured and characterized in people who smoke.
Therefore, during the last decade, with the emergence of
novel tobacco- and/or nicotine-containing products (TNPs),
smoking behavior research has been broadened to cover
these novel products and is referred to as “product use

behavior” research. Numerous scientific papers have been
published, describing/reporting the behavior of consumers
using these products and assessing the potential health risks
associated with their usage. Examples of these products and
their associated descriptions are:
* Heated tobacco product (HTP) (2-5):
Product containing a tobacco substrate that is designed
to be heated with an electrical heating device or by a
separate source (e.g., warmed aerosol, generated by
drawing air through smoldering carbon) to produce an
inhalable aerosol, rather than being combusted. This
product category is currently marketed in a growing
number of countries. Regulatory agencies, researchers,
and manufacturers use a variety of terms and acronyms
to describe the products, such as non-combusted ciga-
rette (6), tobacco heating product (THP) (7), tobacco
heating system (THS) (8), (novel) tobacco vapor
product (NTV or TVP) (9), and heat-not-burn tobacco
product (HnB) (10).
» E-vapor product (2):
Product not containing tobacco that is designed to
electrically heat a liquid (may also be called an
e-liquid), which usually contains nicotine, propylene
glycol, and/or glycerol, to produce an inhalable aerosol.
Regulatory agencies, researchers, and manufacturers
use a variety of terms and acronyms to describe this
product category, such as electronic cigarette (e-ciga-
rette or e-cig) (5,11-13), vape (14), vapor product (15),
and electrical nicotine delivery system (ENDS) (16,17).
Moreover, they come in many shapes, sizes, and open
or closed device types (e.g., cig-a-like, pen, tank, mod)
(14).
* Nicotine pouch (18):
Pre-portioned, non-pharmaceutical product containing
nicotine, but not tobacco. It is exclusively intended for
oral use with nicotine uptake occurring across the oral
mucosa. This innovative product category is popular in
Sweden and the U.S. and is gaining acceptance in other
countries. Regulatory agencies, researchers, and manu-
facturers use a variety of terms to describe this product
category, such as oral tobacco derived nicotine product
(OTDN) (2), nicotine-containing tobacco-free oral
product (19), modern oral product (MOP) (20), and
tobacco-free nicotine pouch (21).
In 2004, BAKER et al. pointed out that terms related to
smoking behavior were not used consistently in various
papers and proposed terms and their definition for the first
time (22). In 2013, GREGG et al. published a set of terms
and definitions to describe both smoking behavior and
tobacco smoke exposure in relation to conventional ciga-
rettes (23). Over recent years, the expanded TNP portfolio,
as described above (HTP, e-vapor product, and nicotine
pouch), has led to challenges with respect to the diverse
range of terminologies used to describe these products and
their associated behaviors in the scientific literature.
Researchers and regulatory agencies may use varying terms
to refer to similar aspects, potentially leading to confusion
and hindering communication within the field.
To address this issue, the purpose of this paper is to
summarize a standard set of terms and methods for describ-
ing product use behavior and exposure related to these
novel TNPs. By clarifying terminology including syn-
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onyms, scientists working in this field can communicate
more effectively, share findings, and ensure consistency in
research methodologies.

By providing clear and concise definitions of terms like
“product use behavior” (which may encompass consump-
tion, frequency, duration, and patterns of usage), “product
exposure” (referring to the intake of constituents from the
products and uptake into a human body), and other relevant
concepts (e.g., the term ‘biomarkers’ is used to describe
one of the major approaches to quantify uptake of constitu-
ents into the human body), this paper aims to promote a
shared understanding among researchers and facilitate
collaborative efforts in addressing the public health
implications of these products.

Although other novel products, such as nicotine-free
e-vapor products and cannabis containing products, have
also been introduced to the market, this technical document
focuses on TNPs as defined above.

TERMINOLOGY

A list of the terms included in this paper, along with
common synonyms, definitions etc., is shown in Table 1
(updating the list from GREGG et al. (23)). The terms are
divided into two categories: ‘Product use behavior’ and
‘Biomarkers’. The terms related to “Puffing topography”
are listed as a subset of product use behavior. For each
term, units of measurement are provided typically with an
example of the term and a comment on the method of
measurement or its application.

In Table 1, most examples are given in relation to inhalable
products because they are the most widely researched and
form the vast majority of scientific publications on product
use behavior and exposure.

DISCUSSION
Product use status

Based on consensus within the research community
(24-26), throughout the report, we adopt the use of
person-first language (e.g., “people who smoke™) rather
than commonly used labels (e.g., “smokers™) to promote
greater respect and convey dignity for people. It has been
suggested that the use of precise and bias-free language to
describe people who use TNPs has the potential to reduce
tobacco-related stigma and may enhance the precision of
scientific communication (26).

The conventional cigarette smoking status of research
participants is commonly described by three categories:
Participants who currently smoke (CS; previously termed
current smokers), participants who have formerly smoked
(FS; previously termed former smokers), and participants
who have never smoked (NS; previously termed never
smokers). There are several ways to question or survey
participants about smoking status, based on lifetime, past,
and current use. Therefore, the operational definitions of
“CS”, “FS”, and “NS” may vary depending on the
objective of a given questionnaire. Although the definitions
of active smoking status have not been fully standardized,

the definition of people who are established smoking can be
based on the total number of cigarettes smoked in the
respondent’s lifetime (e.g., “Have you smoked 100
cigarettes in your lifetime”) and in a question about status
in a specified time period (e.g., “currently”, “past 12
months”, or “past 30 days”) and/or frequency of smoking
(e.g., “some days” or “every day”) (27-31). In addition,
some different definitions of FS can be found based on the
amount of time that has passed since a person has quit
smoking (27-31).

In contrast, lifetime use criteria to describe other TNP
categories are less definitive (32—36). Several definitions can
be found in the literature. For example, in the Population
Assessment of Tobacco and Health (PATH) Study (31),
e-vapor product use status among the adult population is
assessed by asking the following questions (Q1: Have you
ever used e-cigarettes, even one or two puffs? (Yes / No),
Q2: Have you used e-cigarettes fairly regularly? (Yes / No),
and Q3: Do you now use e-cigarettes? (Every day / Some
days/Not at all)), without a lifetime threshold question (31).
Moreover, currently, there are no established definitions for
use status concerning HTP and nicotine pouches.
Consequently, researchers often resort to using definitions
based on cigarette smoking or e-vapor product use as proxies
when studying the use status of these novel products.

The number of different types of TNPs on the market is
increasing, and concurrent use of two or more products is
now found in a subgroup of people (37, 38). Most
evidence-based literature commonly refers to those who use
both novel TNPs and conventional cigarettes as “dual
users”; whereas those who use more than three products are
referred to as “poly users” (39-43). These terms refer to
individuals who engage in a wide range of hybrid use
patterns of novel TNPs and conventional cigarettes. For
example, BORLAND et al. published a categorization of
“dual use” as four types of concurrent use: 1) predominant
smokers (daily smokers with non-daily vaping); 2) dual
users (daily use of both products); 3) predominant vapers
(daily vapers and non-daily smokers); and 4) non-daily
concurrent users (non-daily use of both) based on the
frequency of use of both conventional cigarettes and
e-vapor products (44).

This variability in definition makes it difficult both to
compare results across studies and to understand what the
patterns mean, but considering the frequency of use of both
novel TNPs and conventional cigarettes is important in
understanding the implications of different patterns of
concurrent use. Those who use only one of the novel TNPs
or who use only conventional cigarettes are referred to as
exclusive or single users (39-44). We advocate that these
terms should also be modified to accommodate people’s
first language.

As the popularity and availability of HTP, e-vapor
products, and nicotine pouches continues to grow among
adults who smoke, the need for specific definitions and
measurement methods for their use prevalence becomes
increasingly critical. Developing tailored and precise
definitions will enable researchers and policymakers to gain
amore accurate understanding of the impact of novel TNPs
on public health, identify potential risks, and implement
targeted interventions and bring consistency to the evidence
generations.
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Inhalable products

*  Use behavior

During a single usage of inhalable products, use behavior

primarily consists of three repeating steps (45-47):

1. drawing out the smoke or aerosol from the product to
the mouth (called “puffing”),

2. inhaling the smoke or aerosol from the mouth into the
trachea and respiratory space with air dilution (called
“inhalation”), and

3. expelling inhaled and puffed constituents from the
respiratory space and mouth or nasal passages (called
“exhalation”).

In addition, there may be mouth-hold and breath-hold

involved, depending on the individual.

* Portable puff recording instruments

A number of researchers have reported use of portable
instruments (e.g., CReSS, SPA-M) to record puffing
topography measurements of inhalable products (47-50).
Typically, these devices measure parameters of puffing
topography such as puff number, puff duration, puff
volume, and puff interval.

Measurement of puffing topography of inhalable products
has been widely researched; however, these studies are
technically difficult and product use parameters are less
well defined for e-vapor products compared to conven-
tional cigarettes. For instance, when smoking a conven-
tional cigarette, certain factors like the number of puffs and
the puffinterval are relatively straightforward to define and
measure. The conventional cigarette is consumed in a short
time frame with a well-defined start (lighting-up and taking
the first puff) and end (burning down to a certain length).
Many HTPs are also consumed in a short time frame, with
certain limits on the number of puffs and/or duration of
heater activation after the HTP device’s heating system is
turned on. For e-vapor products, however, the usage
pattern in particular “session length” is not as easily
defined. People who use e-vapor products have the flexi-
bility to use and puff on a single consumable component,
such as a cartridge filled with e-liquid, intermittently
throughout the day (51, 52). This means that the number of
puffs taken in a single use session might vary widely
among people and circumstance. The variability in use
behavior and the lack of precise definitions for parameters
like the number of puffs with highly variable session
lengths, present challenges for researchers attempting to
compare e-vapor product use behavior with conventional
cigarette smoking behavior. Beyond understanding the
single use behavior of e-vapor product, recent studies have
begun to explore e-vapor product use behaviors in
real-world settings with new instruments or technologies
(e.g., video monitoring, product with built-in topography
measurement capability) that collect puffing topography
data over time, including number of puffs per day, number
of sessions per day, and distribution of puffs in the day (50,
52-55).

Puffing topography instruments are not capable of measur-
ing behavior parameters such as mouth hold, mouth spill or
any parameters associated with inhalation. Therefore,
puffing topography parameters only give an estimate of
human smoking/vaping yield, but do not elucidate an entire

product use behavior cycle. As noted above, there is no
direct relationship between puffing parameters and subse-
quent inhalation, and therefore, measurements of inhalation
and exhalation are also required to complete the product
use behavior cycle (56-58). Despite these limitations,
portable puffing topography instruments are extremely
useful in field studies (i.e., away from a laboratory environ-
ment) and can be used easily in cross-sectional studies.
Portable topography instruments measure several para-
meters of human smoking/vaping and produce data more
rapidly than those obtained with more-labor intensive,
laboratory-based, puffing duplication techniques (59). In
addition, product use behavior is affected by the setting of
the investigation (59) and the use of a portable instrument
in an ambulatory setting may allow a product user to
interact with a consumable in a more ‘real world’ rather
than laboratory environment.

Annotated graphics showing how some of the terms
described above relate to a typical puffing topography
profile and a typical product use topography profile are
shown in Figures 1 and 2.

» Intake, uptake, and retention

Regarding inhalable products, the terms intake, uptake, and
retention and their definitions cover subtly different aspects
of exposure to smoke or aerosol. For intake, the definition
refers to the amount of smoke or aerosol constituent that is
delivered into the mouth and enters the body through the
respiratory tract. The approach of other research disci-
plines, such as risk assessment (60—62), defines intake as
the maximum exposure prior to an absorption step, which
is consistent with the definition used in this report. Even if
the smoke or aerosol is expelled from the mouth immedi-
ately after puffing, a portion of the amount of any smoke or
aerosol constituent may be retained in the oral cavity. In a
similar manner, if there is an inhalation step followed by
exhalation, a large portion of any smoke or aerosol constit-
uent may be retained in the respiratory tract. Such constitu-
ent retention may occur by several processes: for example,
particle deposition onto a mucosal surface or by absorption
into the tissue or the bloodstream (47). Uptake is used to
define the absorption of smoke or aerosol constituents into
the human body, which is distinct from retention. For some
smoke or aerosol constituents, such as nicotine, retention
and uptake can be practically identical (62, 63). The topic
of retention has been considered in more detal in a review
by BAKER AND DIXON (46).

Oral Products

»  Use behavior

The use of nicotine pouches does not involve inhalation.
These products are generally placed between the gum and
the lip (upper lip or cheek/jaw) for a flexible period of time
(referred to as mouth-hold time), e.g., 30—60 min as guided
by the product use instructions (64).

» Intake, uptake, and retention

Regarding nicotine pouches, uptake has been assessed by
measuring the difference in the amount of nicotine that can
be extracted from the product before and after use. Several
studies have indicated that the extraction yields of nicotine
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Figure 1. Examples of (A) topography trace of single use of TNP (reprinted from GREGG et al. 2013 (23)), and (B) puff number trace
of TNP use throughout the course of a day (modified from KOSMIDER et al. 2018 (115)).

from nicotine pouches appears to be greater than the
extraction of nicotine from traditional tobacco containing
oral products; 50-60% on average over 60 min compared
with 33% on average from snus (65-67).

Biomarkers

Biomarkers play an important role in assessing product use
behavior and exposure including an assessment of exposure
to smoke constituents (called “biomarkers of exposure”) and
investigation of their potential health risk (called “biomar-
kers of effect” or “biomarkers of potential harm”) (23,
68-70). A biomarker of exposure is defined as a “chemical,
or its metabolite, or the product of an interaction between a
chemical and some target molecule or cell, that is measured

inacompartment in an organism” (69, 71). The measurement
of biomarkers of exposure has become one of the major
approaches to quantify human exposure to constituents in
smoke, aerosol, or product within clinical studies for the
evaluation of novel TNPs (72-75).

The use of biomarkers for constituent exposure assessment
is not straightforward for several reasons. First, the biomar-
ker chosen should be either the constituent of interest itself
or, preferably, a well-characterized metabolite. If such a
biomarker is available, the degree of polymorphism within
the metabolic pathway should also be understood, as fast-
and slow-metabolizers of the constituent could give
different biomarker measurements in body fluids due to the
differences in ADME (absorption, distribution, metabolism,
and excretion) following similar exposure or due to the
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Figure 2. An example of product use topography trace (Source: VAs et al. 2015 (109)). This profile was captured with a Smoking
Behaviour System (SBS). A SBS is a novel system with regard to its capability to measure flow and duration characteristics of typical smoking
cycles, which may provide a real-time profile of the flow and duration of puffing, post-puff inhalation and exhalation topography, thereby
capturing the complete smoking cycle behavior at a resolution of 25 Hz.

differences in product use behavior when using the same
TNPs. Genetic polymorphisms are known to cause inter-
individual differences in nicotine metabolism. Therefore,
in the case of estimating nicotine uptake, the parent
molecule plus five (or in certain cases up to nine) metabo-
lites are typically measured (76, 77), to take into account
the polymorphism within the metabolic pathway. Second,
the assays used for biomarker measurement should be fully
validated in line with recognized international guidelines
on bioanalytical method validation. As of May 2022, the
International Council for Harmonization (ICH) finalized
Guideline M10 on bioanalytical method validation and
study sample analysis. Guideline M 10 harmonizes existing
guidelines used in many ICH affiliated countries (78) and
is currently being implemented (e.g., implemented in the
U.S. (79) and Europe (80)). Well-characterized reference
standard materials are crucial to ensure valid bioanalytical
assay measurements. The characterization of the reference
standard will be documented in a certificate of analysis
providing information about the identity and the purity of
the substance (81). In addition, to monitor the accuracy of
assays over time, inter-laboratory comparisons and partici-
pation in ring trials are encouraged. Thirdly, the availabil-
ity of a biomarker and an associated assay does not auto-
matically qualify this biomarker for all uses.

Another aspect of biomarker measurement is the method
used to collect the sample. Biomarkers of exposure are
often measured either by determining urinary excretion of
constituents or metabolites (68—69, 71). For those bio-
markers measured in the urine, 24-h urine collection is
considered the “gold standard” sample collection technique
for assessing exposure, because it estimates the “total daily
exposure” or area under the concentration-time curve,
which is particularly important since the time of product

222

use throughout the day is not fixed and can be highly
variable. However, the 24-h urine collection method has its
limitations, especially in ambulatory clinical studies and
observational studies (e.g., incomplete collection of 24-h
urine samples due to procedural errors). It has been re-
ported that spot urine collection, especially early morning
spot urine (first void in the morning) adjusted for
creatinine, has good potential to serve as a satisfactory
substitute for 24-h urine collection for investigating relative
differences in exposure to different products (82, 83). Spot
urine concentrations are usually normalized to account for
varying dilutions of the urine. Adjustment for urinary
creatinine is commonly applied, albeit other methods like
specific gravity or conductivity may be applicable as well
(84). A biomarker of exposure should be specific for
assessing the use of one TNP type compared to smoking
and/or non-use. This issue was discussed in detail in
GREGG et al. for conventional cigarettes (23). In recent
clinical studies for novel TNPs, a similar selection of
biomarkers of exposure to selected smoke constituents,
listed as HPHCs (harmful or potentially harmful compo-
nents), has been widely assessed (85-87). In order to
demonstrate that novel TNPs reduce exposure to smoke
constituents, biomarker assessment may focus on measur-
ing changes in the levels of biomarkers of exposure when
switching from conventional cigarette to the novel TNPs
(72). Additionally, the identification and measurement of
biomarkers specific to exposure to one product/category,
such as the biomarker of exposure to propylene glycol in
adults who use e-vapor product (88), allows for a more
robust risk assessment of these products.

In this technical document, we have deliberately limited our
description of biomarkers to those concerned with human
exposure to constituents in smoke, aerosol, or product.
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Biomarkers of risk or potential harm have been defined as
“biomarkers that indicate a risk factor for a disease” (89).
The World Health Organization has recommended the use
of the biomarkers to assess potential long-term harmful
effects that are otherwise difficult to observe in short-term
controlled trials or prospective studies (90). Although
clinical outcomes such as cancer, cardiovascular disease
(CVD), and chronic obstructive pulmonary disease
(COPD) are smoking-related diseases (91-93), they take
decades to develop and thus are not practical to assess in
the short term. The 2010 Surgeon General’s Report has
reported that cigarette smoking is associated with a chronic
inflammatory state and elevates levels of biomarkers of
inflammation, well known powerful predictors of
cardiovascular events (94). Therefore, assessing
biomarkers related to inflammation, oxidative stress, and
other conditions, has become one of the major approaches
to investigate the biological changes that may indicate a
change in long-term disease risk within clinical studies for
the evaluation of novel TNPs relative to conventional
cigarettes (70, 95).
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