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Abstract 
Background 

Within the scope of the 2nd Joint Action on Tobacco Control (JATC 2), more than 20 partners from different 
EU member states (MSs) are working together to enhance a better understanding of the properties, health 
impact and regulatory implications of e-cigarettes, novel tobacco and nicotine products (aim of Work Package 
7). The objective of Task 7.2a of the Work Package 7 is to elaborate a common and systematic approach to 
perform a health risk evaluation for e-cigarettes, new tobacco and related products, which will then be 
performed within the other tasks of WP7. 

Using the evaluation framework developed by RIVM, Staal et al. (2021), this document aims to describe a 
common approach for evaluation of health impact and abuse liability of e-cigarettes, emerging tobacco 
products, novel tobacco products and other relevant tobacco as well as tobacco-free products. Conceptual 
model for evaluation of attractiveness, addictiveness and toxicity includes all products that may be used as 
alternatives to traditional tobacco products, with or without nicotine, excluding traditional tobacco products 
such as combustible cigarettes and nicotine replacement therapies, other medicines or assimilated products. 

To illustrate how the model can be effectively applied, a rapid literature search was carried out to provide 
existing studies detailing the different factors and associated parameters on electronic cigarettes and related 
tobacco and nicotine products (ECRTP). Recent publications were prioritized supposing that they have taken 
into account existing literature. 

 

Parameters contributing to attractiveness 

Product related factors 

Sensory properties/palatability (taste/smell; harshness/mildness; throat hit) 

There are substances already recognized as improving the sensory experience for the users. Menthol and 
analog substances (e.g., geraniol) typically enhance mildness and may improve the smoking experience for 
some consumers. In general, compounds that provoke fresh or cooling sensations probably affect positively 
the sensory experience for users, whereas throat irritations or feelings of dehydration/dry mouth may deter 
them from using a product. 

Availability and variety of flavors 

The growing diversity of nicotine products available on the market with a variety of flavors necessarily 
influence attractiveness. Access to a variety of flavors is likely to be associated with higher abuse potential 
and appeal of vaping products. The majority of regular vapers consume flavors different from tobacco. 
Flavors such as fruit and candy were associated with greater satisfaction and enjoyment. However, different 
age groups may have different preferences. For example, it was reported that participants who are 40 years-
old and over are declaring tobacco as their most often used flavor. 
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Nicotine content 

ECRTP may be attractive to people seeking a surrogate to tobacco to fulfill their need for nicotine. Higher 
nicotine concentration in vaping products is likely to be associated with higher abuse potential and appeal of 
vaping products. The consumption of products without nicotine may imply different user behaviors and 
corresponding attractiveness as well. 

Design of product (looks/aesthetics; Functionality/ease of use) 

Manufacturers of ECRTP offer many possibilities for personalization of devices, refills or accessories to allow 
a better appropriation of the products. For e-cigarettes, a diversity of functionalities was noticed for devices, 
typically temperature or airflow adjustments. There were also personalized accessories using for instance 
smartphone connectivity. This trend is also observed for electronic waterpipe or heated tobacco products. 
The functionality and/or ease of use may be a parameter to take into account as well for places where 
smoking is prohibited or restricted. This is particularly true for oral products such as nicotine pouches and 
has been documented as well for e-cigarettes with a phenomenon called “stealth vaping”. 

Design of package (looks/aesthetics; health warnings) 

The introduction of plain packaging has improved the understanding for consumers of health outcomes 
related to tobacco and has not burdened retailers, even though research is limited to policy makers and 
important gaps in the literature remain. Communications and warnings about ECRTP affect perception and 
intention to use, particularly for specific populations such as young adults, non-smokers, or people that 
already use tobacco products and related products. For example, on-pack relative-risk messages may 
increase the appeal of vaping products for smokers, whereas increased-risk messages may prevent uptake 
among non-smokers, occasional or former smokers. Images may deliver more efficiently the health warnings 
compared to text-only communications. 

Price/Affordability 

Raising tobacco taxes could reduce tobacco use. Tax increases have more impact on low-incomes and young 
individuals. Higher taxes on combustible tobacco can lead to increase of vaping among adolescents. For 
specific products such as HTPs, taxes are generally lower compared to cigarettes but that it does not 
necessarily translate into lower final prices (e.g., cost of device). These economic considerations may 
influence attractiveness of ECRTP. 

Health effects 

If users experience or associate positive or negative health effects when consuming ECRTP, it might facilitate 
or deter them from pursuing their consumption. For instance, among past smokers, the ones that used HTPs 
declared experiencing physical benefits from this product transition. When it comes to the short-term effects 
of ad libitum use of these ECRTP, the authors typically found increased heart rate for people using e-
cigarettes compared to abstinent. Still about potentially experienced effects, nicotine can cause rewarding 
or cognitive effects, for instance antinociception that blocks the detection of painful stimulus. However, side 
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effects such as irritation, bitter taste, and even nausea or dizziness were also documented. Relaxation and 
coping with stress or anxiety were perception aspects in relation to health effects most important for youth. 
Some studies show significant improvements in COPD exacerbations for smokers who switched to vaping, 
while others conclude that vaping may increase the risk of COPD development. 

 

Situational factors 

Accessibility (points of sale; age restriction; restrictions on use in public places) 

The age restriction on sales of tobacco and related products is not systematic in every EU member state and 
age limitations may differ. National strategies worldwide to have a smoke-free generation are considering 
new ways for age restrictions, based for example on birth year. Emerging or new products (e.g. nicotine 
pouches, stealth vaping) might challenge existing restrictions on use in public places and make control 
measures difficult to apply. The current literature provides limited empirical evidence of the association 
between tobacco retailer availability and smoking or e-cigarette use. More research with uniform measures 
of environmental exposure to tobacco retailers is needed to allow for greater comparability between studies. 

Marketing and advertising (health claims; social media) 

Marketing of novel tobacco products, whether physical or online, using for example social media, has been 
documented by different studies. Marketing posts on social media can encourage products trial and use, 
specifically among susceptible populations such as youth. Young people perceive these products as a safer 
alternative than cigarettes and view them as an effective cessation tool. This parameter can therefore 
strongly influence attractiveness of ECRTP. 

Public information (media articles; government communication) 

The amount and growing number of articles over time may increase exposure for the population and modify 
public perception, thus raising awareness and contributing to the normalization of novel tobacco products. 
Reports from public health agencies around the world along with associated recommendations necessarily 
affect attractiveness. This can affect positively or negatively the attractiveness depending on the conclusions 
of the reports. 

Social network (use and reputation among peers; social media) 

Taking actions for one nicotine-based product may impact and influence factors for other products since the 
consumers will adapt their uses. Reputation of a product, if not evaluated on social media, can be assessed 
as well with the use of questionnaires about awareness, which is defined for one person as knowing about 
the product, ever seen or heard about it. This parameter can be useful to monitor the spread of a novel 
product within a specific population or territory. The reputation of a product can also be characterized by its 
presence in other types of media or cultural content. 
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Parameters contributing to addictiveness 

Presence of nicotine in the contents and/or emissions 

Nicotine is the main substance present in tobacco and related products that causes addiction. 
Neurobiological processes involved with nicotine, notably its reinforcing property and capacity to activate 
the brain's reward system. Childhood and adolescence period, as well as young adulthood, is regarded as a 
sensitive period for brain development. Exposure during this period have been associated with many 
deleterious effects such as: future substance abuse, socialization capacities, aggressive/impulsive behavior, 
impaired sleep quality, poor learning/academic performances, and even depression symptoms or suicidal 
thoughts. 

For vaping products, nicotine dependence has been correlated to nicotine concentrations in e-liquids, with 
participants declaring higher frequencies of vaping as nicotine concentration increased. These results may 
be of particular interest for vulnerable populations such as youth. 

Nicotine can also generate neurochemical alterations that may persist during adulthood. Effects are 
documented for both acute and chronic exposure to ECRTP, especially for vulnerable populations or specific 
stages of life. For instance, exposure during adolescence may increase vulnerability to developing anxiety 
and mood disorders. In particular, e-cigarettes are mentioned because of their capacity to deliver high levels 
of nicotine in a short period of time. 

For inhalation-based ECRTP, the levels of nicotine in emissions should be considered as well since it 
represents at which concentrations the consumers will be directly exposed. Regarding other product types, 
for example oral nicotine products, the effects of nicotine should be evaluated depending on how there are 
consumed. Different biological mechanisms have been observed in any case in relation to nicotine 
concentrations (but not only) and the different effects on the autonomic nervous and hormonal systems. 

Nicotine concentration (only indicative) and its form (salt or free base) 

For e-liquids, the TPD sets a threshold concentration of 20 mg of nicotine per milliliter. However, every 
nicotine product is not necessarily subject to a concentration threshold. The highest nicotine contents are 
likely to cause the highest addictiveness when consumed under similar conditions. When products are 
consumed with a device, characteristics such as electrical power may influence nicotine yields. The form of 
nicotine in products may be an important parameter to consider as well. E-liquids with nicotine salts 
presented higher nicotine and flavor concentrations when compared with free-base nicotine ones. The salts 
are described as providing higher absorption of nicotine and less harshness for users when compared to free 
base nicotine, and may therefore imply higher addictiveness. 

Route and rate of delivery 

Route of exposure is important as well. It highly depends on product type. For inhalation-based ECRTP such 
as ENDS or HTPs, consumers are exposed via the pulmonary route. For other products such as nicotine 
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pouches or smokeless tobacco, nicotine is absorbed through the oral mucosa to the systemic circulation. 
These differences affect the pharmacokinetic properties of nicotine delivery nicotine. 

For e-cigarettes, nicotine delivery highly depends on device characteristics (e.g., device power), consumed 
products (e.g., nicotine content cited previously, PG/VG ratio for e-liquids) and consumer behavior (e.g., puff 
duration, duration of use for oral products). 

Presence of other addictiveness enhancing compounds (Minor tobacco alkaloids; pH modifiers; Substances 
that lead to the formation of MAO (Monoamine oxidase) inhibitors; Substances that facilitate inhalation 
(for inhalation-based ECRTP)) 

The report D9.3 about priority additives in tobacco products published for the first edition of JATC, has 
mentioned the potential addictive effects of nicotine through the mechanism of Monoamine Oxidase 
Inhibition (MAOI). Sugars and humectants, for example guar gum or sorbitol, have been identified as priority 
additives as they may affect addictiveness. 

In its established list of harmful and potentially harmful constituents (HPHCs) of 2012, the US FDA identifies 
the 3 following constituents (besides nicotine) for their addictive property: acetaldehyde, anabasine, 
nornicotine. In that sense, their addictive potential should be further explored, along with whether these 
substances are present or not in ECRTP. 

Substances identified as inhalation facilitators are those that: 

 increase the bioavailability of nicotine; 
 decrease nicotine-related irritation or aversion; 
 increase the concentration of nicotine in the aerosol. 

Another category of substances which is of interest is flavors. Flavors may affect addictiveness of ECRTP. 
Study about vaping among young people (15-24 years old) documented the influence of flavors concentration 
on nicotine dependence. Equivalent dose-response relationship for user groups that consume fruit, mint, or 
menthol flavors was found. Another study evaluated predictors of dependence among never-smoking 
electronic cigarette users. Some device features such as the refillable properties, or parameters related to 
the type of e-liquid used for example tobacco compared with sweet/fruit flavors, with or without nicotine, 
were associated with different declared dependence. 

Other parameters potentially contributing to addictiveness 

There may be other factors that influence uses and addictiveness of ECRTP. For instance, inhalation-based 
ECRTP such as ENDS or HTPs partly reproduce consumption conditions and effects comparable to those 
conferred by conventional cigarettes. In that sense, similar physical or behavioral addiction might be 
expected.  There may also be populations more susceptible to addiction. For instance, correlation was found 
in a study among adolescents between excessive use of the Internet, depression and increased risk of 
waterpipe tobacco consumption. In another study, a correlation was found between reported dependence 
symptoms declared by adolescents and biomarkers levels. This provides evidence as well that specific scales 
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or methods other than chemical or biological measurements may be implemented to evaluate factors such 
as addictiveness. 

 

Parameters contributing to toxicity 

Emerging nicotine products can also strongly distinguish themselves from historic tobacco products, with 
completely different formulations and engineering methods. In that sense, the hazardous compounds that 
are potentially present in ECRTP might be unique to one specific product type. This should therefore be 
considered as well when performing evaluation of health impact. As an example, for heated tobacco 
products, substances of potential concerns have been found uniquely in these products. Moreover, for HTPs 
and e-cigarettes, even though the temperatures are much lower than with conventional cigarettes, different 
researchers warned about chemical reactions that could occur. Finally, ideally toxicity must be evaluated 
directly for the users but also for by-standers. 

Presence of compounds with CMR properties (compound identity) 

Several national and international agencies have made classifications of chemicals according to their 
carcinogenic potential. The following classifications will be used because of the possibility of making 
equivalences between them: 

 Classification Labelling Packaging (CLP) by the European Chemicals Agency (ECHA); 
 International Agency for Research on Cancer (IARC); 
 US Environmental Protection Agency (US EPA); 
 American Conference of Governmental Industrial Hygienists (ACGIH).  

Presence of CMR compounds in ECRTP is a strong indicator of hazard for these products and will be 
considered in priority. 

Presence and quantities of other hazardous compounds (compound identity; above levels that could cause 
adverse effects) 

The starting point to identify other hazardous compounds potentially present in ECRTP could be to consider 
the list of HPHCs established by the US FDA. These 93 substances may be harmful to health with identified 
properties such as carcinogen, respiratory toxicant, cardiovascular toxicant, reproductive or developmental 
toxicant or addictive. In the event where the consumers of ECRTP are exposed to fewer substances from the 
HPHC list or reduced levels, it may constitute a first step to decreased health effects for a specific population 
sub-group: smokers switching completely to ECRTP. Other criteria that may be used as well for rapid hazard 
assessment of a substance are some included in the CLP classification. For e-cigarettes or heated tobacco 
products, in parallel to the substances contained in the products themselves, the devices used for the heating 
must be considered as well. 



11 
2

  

This activity has received funding from the European Union’s Health Program (2014-
2020) under grant agreement N°101035968. 
The content of this document represents the views of the author only and is his/her sole responsibility; it cannot be 
considered to reflect the views of the European Commission and/or the European Health and Digital Executive Agency 
(HaDEA) or any other body of the European Union. The European Commission and the Agency do not accept any 

responsibility for use that may be made of the information it contains. 

 
 

To identify the complete set of substances to which the individuals could be exposed, it is recommended to 
base the evaluation on results from non-targeted analysis. This type of chemical analysis allows the 
comprehensive identification of all substances present. After the identification phase, the non-targeted 
analysis has to be completed with quantification methods that allow an estimation of levels at which the 
consumers are exposed. 

 

Discussion and methodological considerations 

In the scope of JATC2 and WP7 particularly, specific attention will be given on how the parameters can be 
evaluated. The objective is to define what can be done for data collection and data analysis depending on 
the available resources to perform the evaluation of health impact and abuse liability (e.g. time, persons, 
existing methods, etc.). 

Strategy about data collection 

Before investigating the literature, the first step and major strength within JATC2 is exploiting EU-CEG data 
from multiple EU countries. Then, after priority is given to EU-CEG data, the parameters or questions that 
could not be evaluated may be searched in literature, with a primary focus on independent systematic 
reviews and even meta-analysis. Methods similar to umbrella reviews will be applied. 

Strategy about data analysis 

When possible, approaches for data analysis using weights of evidence should be prioritized as they allow 
describing the levels of certainty associated with each outcome. If not possible, there are other existing 
methods to assess the quality of the data. 

  

Conclusion 

This report describes parameters contributing to three main factors related respectively to attractiveness, 
addictiveness and toxicity. This information will be used to identify possible health risks based on the 
information provided by manufacturers in EU-CEG (tasks 7.2b and 7.2c). In addition, data from literature on 
specific products may be used to complement this information, ultimately to be able to provide an indication 
of a products’ health risk. 
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Background 
Within the scope of the 2nd Joint Action on Tobacco Control (JATC 2) briefly detailed with the editorial 
published by Straarup et al. (2022), more than 20 partners from different EU member states (MSs) are 
working together to enhance a better understanding of the properties, health impact and regulatory 
implications of e-cigarettes, novel tobacco products and other relevant tobacco as well as tobacco-free 
products (aim of Work package 7). This joint action has started on October 2021 and has a duration of 3 
years. One of the key aspects of this work package is the elaboration of an evaluation framework that will 
include curated information declared on the EU Common Entry Gate (CEG) and data from literature. This 
common approach will guide the data search and the classification of products that will be performed at a 
later stage, based on their health risk profiles. It will also provide input for the data collection regarding 
product use, familiarity, perception and awareness that will be completed by a questionnaire to users 
planned to be administered in multiple MSs. The result of this work, providing further information regarding 
health impact and regulatory implications for potentially harmful products, will help European legislators to 
define regulatory targets and prevent or reduce abuse potential. 

Using as a starting point the evaluation framework developed by RIVM, Staal et al. (2021), for tobacco and 
related products and coupling it with references from other sources (e.g., trajectories of uses, public health 
impact), this document aims to describe a common approach for evaluation of health impact and abuse 
liability of e-cigarettes, novel tobacco products and other relevant tobacco as well as tobacco-free products. 
The factors to be considered encompass the toxicity of the product itself and more global aspects such as 
attractiveness or addictiveness. It will allow the identification and determination of which substances and 
product properties are the most relevant for health impact and abuse liability assessment. This evaluation 
will be based on existing evidence and not carry out specific studies. 

A brief description of e-cigarettes, novel tobacco products or related products will be provided. The 2014 
European Tobacco Product Directive (TPD) defines and regulates some of these products. In the current work, 
the entire scope of tobacco products will be considered and not only the ones defined by the TPD, including 
e-cigarettes, emerging tobacco products, novel tobacco products and other relevant tobacco as well as 
tobacco-free products. Not all products are novel in the sense of the TPD which has a specific definition for 
these kinds of products1. In the rest of the document, the acronym ECRTP (electronic cigarettes and related 
tobacco and nicotine products) will be used to broadly represent the included products. However, in the 
current work, traditional tobacco products such as combustible cigarettes are excluded. Furthermore, it 
should be further detailed that the aim of this document is not to determine in which legal category the 
products fall or not. The debate about smoke or combustion is not within the scope of JATC2. The objective 
remains to characterize the health risks related to the substances at which the consumers are exposed. 

 
1 The regulation stipulates that "Article 2 (14) ‘novel tobacco product’ means a tobacco product which: (a) does not 
fall into any of the following categories: cigarettes, roll-your-own tobacco, pipe tobacco, waterpipe tobacco, cigars, 
cigarillos, chewing tobacco, nasal tobacco or tobacco for oral use; and (b) is placed on the market after 19 May 2014;” 
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In terms of definitions, electronic cigarettes or e-cigarettes are electronic devices containing a liquid (often 
with nicotine) which is heated to produce an aerosol to be inhaled. Heated tobacco products are tobacco 
products which resemble e-cigarettes with an electronic device that heats specially formulated 
manufactured tobacco sticks, producing nicotine-containing aerosols to be inhaled. There is also a product 
type often referred in studies as “smokeless” because there is no aerosol generated. Often presented in small 
pouches that contain tobacco (in that case it can also be named as “snus” and is not a novel product per se) 
or nicotine only (usually under the form of nicotine salts), these products are taken orally and placed between 
gum and lip for up to an hour before being disposed of. Another product type that is not necessarily novel 
(at least not novel as defined by the TPD) but potentially emerging are herbal products for smoking, vaping 
or heating, with mixtures containing different herbs or blends. They may contain tobacco or only nicotine. 
Another product with uses that are possibly developing is waterpipe tobacco, also referred as “narghileh”, 
“shisha” or “hookah”. It requires an instrument which heats the product and generates an aerosol which 
then goes through a liquid recipient (generally water) before being inhaled by the consumer. 

About the exposure assessment and associated risks for the consumers, priority will be given to primary 
exposure, related to the users. Some complementary elements may be retrieved for secondary or tertiary 
exposure with the scope of this work but are not the main focus and will depend on available ressources. 

Before detailing the framework, it appears important to remind a few principles and definitions related to 
risk assessment. Its evaluation is a function of hazard and exposure. Hazard can be defined as the intrinsic 
capacity of a substance, event or agent (e.g. physical) to generate harm. It relates to the field of toxicology 
and the objective is to characterize the damage potentially caused. Exposure allows to estimate at which 
frequency and levels the public are exposed to. It relates to the field of exposure science, and for a product, 
it depends for example on its properties (e.g., harmful substances in the product) but also on how it is being 
used by the consumers. Ultimately, the assessed risks are calculated based on the hazard´s potency and the 
likelihood of exposure. Due to assumptions that usually have to be considered in this process, a certain level 
of uncertainties is in general inherent to risk assessments. 

 

Preliminary data and approach for current work 
A conceptual model for evaluation of attractiveness, addictiveness and toxicity of ECRTP has already been 
elaborated and published by RIVM (Staal et al., 2021). It includes all products that may be used as alternatives 
to traditional tobacco products, with or without nicotine, and it excludes nicotine replacement therapies and 
other medicines or assimilated products. 

Parameters that may influence attractiveness, addictiveness and toxicity of tobacco products and their 
interrelationships were defined based on data from literature and experts’ discussions. Among the 
references used, the following ones can be underlined: COT (2017), US FDA (2017a), SCHEER (2016) and Staal 
& Talhout (2016). 



16

  

This activity has received funding from the European Union’s Health Program (2014-
2020) under grant agreement N°101035968. 
The content of this document represents the views of the author only and is his/her sole responsibility; it cannot be 
considered to reflect the views of the European Commission and/or the European Health and Digital Executive Agency 
(HaDEA) or any other body of the European Union. The European Commission and the Agency do not accept any 

responsibility for use that may be made of the information it contains. 

 
 

After discussions and deliberations, parameters were grouped into 3 factors, namely attractiveness, 
addictiveness and toxicity. Draft models were adjusted during several sessions until consensus was reached. 
The model has also been verified using product information on heated tobacco products (HTP), specifically 
the brands IQOS and Glo produced respectively by the manufacturers Philip Morris International (PMI) and 
British American Tobacco (BAT). The model was fit for qualitative risk assessment and an application to vaping 
products from the JUUL manufacturer was given as case study. Key aspects of the parameters included in the 
model to build the factors were already documented in prior work, with a systematic review performed by 
Kienhuis & Talhout (2020) regarding characteristics that affect attractiveness, addictiveness and toxicity of 
waterpipe products. Advices for the regulators were provided as well. 

Further description and details about the parameters and the conceptual model will be given in the following 
sections. Every parameter and factor will be discussed with possible adaptations for example to broaden the 
approach. The objective remains to elaborate a common and systematic approach to perform a health risk 
evaluation for ECRTP, which will then be performed within the other tasks of WP7. 

To illustrate how the model can be effectively carried on, a rapid literature search has been carried out to 
provide existing studies detailing the different factors and associated parameters. For instance, documents 
will be cited about how some of the parameters or factors could be assessed, on an individual or population 
level, and typically if quantification of some of the criteria is feasible. Recent publications were prioritized 
supposing that they must have taken into account existing literature. Consequently, this should not be 
viewed as comprehensive literature data. It should rather be compared to a scoping or narrative review as it 
only represents the starting point of the future work. The identified references also result from a monthly 
watch in scientific journals and specialized press about tobacco and nicotine products. 
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Common approach for evaluation of e-cigarettes, novel tobacco products 
and other related tobacco and nicotine products 
Parameters contributing to attractiveness 
Parameters affecting attractiveness were divided into 2 categories in the model: product-related and 
situational ones. It should be highlighted that certain parameters may be intertwined, within a same factor 
or wider. Moreover, attractiveness should always be determined with respect to specific consumer groups 
and may change over time. Different legislations or cultural differences may affect as well some of the 
parameters, such as the age restriction for sale, the smoking prevalence within the general population or 
even the traditional use of tobacco during specific rituals in some parts of the world. 

To address legislative differences within European Union, assessors are encouraged to use the results from 
task 7.1b, notably the deliverable D7.1 entitled “Report on regulation of novel tobacco products and e-
cigarettes in different EU MS”. In fact, even if all member states (MS) are subject to the 2014 European 
Tobacco Product Directive (TPD), national implementations caused important differences that have to be 
considered. Furthermore, specific nicotine products or tobacco-assimilated products without nicotine do not 
necessarily fall under the TPD scope. In that case, very different regulations or even no regulation at all may 
apply to these products. 

 

Product related factors 

Sensory properties/palatability (taste/smell; harshness/mildness; throat hit) 
Nicotine has a harsh taste and elicits irritation of the throat upon exposure. The review elaborated by 
Carstens & Carstens (2022) provide details about the neurobiological processes induced by nicotine. It also 
documents all the sensory effects that occur when consuming nicotine. The authors describe the differences 
depending on age or gender, as well as potential interactions with other substances, for example menthol. 
To reduce the irritation caused by nicotine, manufacturers may indeed use flavor additives to increase 
product appeal. Several substances are recognized as improving the sensory experience for the users. 
Menthol and analog substances (e.g. geraniol) typically enhance mildness and may improve the smoking 
experience for some consumers. They can also work synergistically. The inhalation facilitating properties of 
menthol were one of the key outcomes of Work Package 9 of the first JATC. The report D9.32 about priority 
additives in tobacco products pointed as well to flavorings or sweeteners that possibly impact the palatability 
of tobacco products: e.g., carob bean, cocoa, diacetyl, fenugreek, fig, geraniol, guaiacol, guar gum, licorice, 
maltol, menthol, sorbitol. Generally, compounds that provoke fresh or cooling sensations probably positively 
affect the sensory experience for users, whereas throat irritations or feelings of dehydration/dry mouth may 

 
2 Available at the following adress: https://jaotc.eu/wp-content/uploads/2021/04/D9.3-Report-on-the-peer-review-
of-the-enhanced-reporting-information-on-priority-additives.pdf (discussed in pages 8 to 10). 
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deter them from using a product. Nicotine pouches for example can cause a burning sensation, an irritation 
that may be associated with not pursuing usage. 

Other publications investigated sensory aspects as well, such as Leventhal et al. (2020), who evaluated how 
sensory attributes of e-cigarette flavours and nicotine impact appeal among young adults (aged 18-34 years). 
Bitterness and smoothness were found to play an important role in products’ appeal for young adults. 
Leventhal et al. (2021) also studied how the form of nicotine in vaping products, as free-base or as salt, affect 
sensory experience and the resulting appeal for adult consumers. This clinical study concluded that 
formulations with nicotine as salts appeared to improve the sensory experience of vaping. The Brief Report 
by Nakkash et al. (2021) explored the sensory determinants of hookah/waterpipe tobacco products use for 
young adults in Lebanon. The participants detailed their expectations such as taking a hit, satisfying their 
nicotine craving or relieving stress. 

Baker et al. (2020) further documented harsh and sweet sensations as predictors of positive or negative 
vaping experience. The researchers concluded that harshness negatively affects the liking whereas sweetness 
is positively associated with liking. No influence was found on total nicotine intake since investigators 
observed nicotine self-titration for participants unrelated to the tested conditions. 

Some studies performed tests with animals. Bagdas et al. (2022) for example present results from a taste 
reactivity test in rats to evaluate flavor effects on oral nicotine liking and/or disliking. In that case, menthol 
and benzaldehyde were found to alter the orosensory experience of nicotine and therefore may impact the 
abuse liability for nicotine-containing products. 

 

Availability and variety of flavors 
The growing diversity of nicotine products available on the market with a variety of flavors necessarily 
influences attractiveness. As an example, the systematic review performed by Gades et al. (2022) 
investigated the impact of flavors (and nicotine) on the appeal and abuse liability of e-cigarettes for adults. 
The authors concluded that access to a variety of flavors is likely to be associated with higher abuse potential 
and appeal of vaping products. The survey administered by Gravely et al. (2020) assessed among adult vapers 
how the flavors influence the satisfaction, enjoyment, and eventually the attempts to quit smoking. This 
revealed that the majority of regular vapers consumed flavors different from tobacco. Moreover, fruit and 
candy flavors were associated with greater satisfaction and enjoyment. However, flavor preferences varied 
with age. The authors reported that participants 40 years and older declared tobacco as their most often 
used flavor. This result may indicate that previous experience/use of tobacco could affect attractiveness. 
These aspects about preferences have been documented as well with the survey by Stroud et al. (2021) 
specifically for pregnant women using waterpipe tobacco products. The authors reported greater uses and 
declared preferences for sweet (e.g., fruit, candy, alcohol) and menthol/mint flavored products rather than 
tobacco flavors. 
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Another example of the diversity of flavors is given with the study by Ramamurthi et al. (2022). The 
researchers provide a comprehensive description of all available flavors for disposable electronic cigarettes, 
almost 140 different in total. The vast majority was a fruit variety, more than 82%, and the authors indicate 
an emerging category that combines fruit with menthol/mint to create “Ice”/“icy” fruit flavored products. 
This emerging category of flavor is underlined as well by the review performed by Leventhal et al. (2022a). 
The researchers also indicate that the sensory aspects are improved with these flavors that generate pleasant 
and refreshing sensations. Lack of data is reported about the health effects of these substances. 

Finally, the DIY practice that stands for “Do it yourself”, meaning that the consumer has the possibility to self-
create an e-liquid by mixing all the ingredients, may also influence attractiveness as it allows the users to 
personalize the e-liquid that will be vaporized. The users can buy all ingredients separately and compose their 
e-liquids the way that best fit their tastes. 

 

Nicotine content 
The ECRTP may be attractive to people seeking a surrogate to tobacco to fulfill their need for nicotine. 
Moreover, they may also be attractive to people seeking the feelings associated with nicotine (e.g., dizziness, 
buzz effect). This duality has been discussed in the previously cited review by Gades et al. (2022) who 
investigated nicotine content as a parameter potentially appealing in vaping products. The authors concluded 
that higher nicotine concentration are likely to be associated with higher abuse potential and appeal of 
vaping products. 

The consumption of products without nicotine may imply different user behaviors and corresponding 
attractiveness as well. In a recent study by Gaiha et al. (2022a), the use patterns and non-nicotine e-liquids 
consumed were described for adolescents and adults (13 to 40 years old). The most used flavors were sweet 
and candy ones. The ingredients most frequently declared were related to cannabis and other substances 
such as melatonin, caffeine, or essential oils. A significant number of participants declared use of e-liquids 
with and without nicotine. In conclusion, the possibilities and variety offered by e-liquids with or without 
nicotine, and other products in general, must be considered when evaluating the health impact and abuse 
liability. 

 

Design of product (looks/aesthetics; functionality/ease of use) 
Manufacturers of ECRTP offer many possibilities for personalization of devices, refills or accessories to allow 
a better appreciation of the products. As an example, Staal et al. (2018) described these product 
developments and marketing strategies as potentially influencing consumer interest. For e-cigarettes, a 
diversity of functionalities was noticed for devices, typically temperature or airflow adjustments. There were 
also personalized accessories using for instance smartphone connectivity with applications or Bluetooth. This 
trend is also observed for electronic waterpipe or heated tobacco products. 
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About the ease of use, examples of emerging “ready-to-use” disposable vaping products or other products 
such as nicotine pouches might illustrate how certain products may be specifically attractive for users. For 
example, prospective cohort data from Leventhal et al. (2022b) can be cited as they investigated the 
associations of disposable electronic cigarette use with previous tobacco product use in young adults. The 
authors concluded that disposable devices may appeal to young people since prevalence of use was 
considerable among them (), including among never tobacco product users and former smokers. In another 
study by Gaiha et al. (2022b), vaping devices (along with brands and flavors) were named as attractive for 
young users. Based on online data collected in May 2020, the authors found that past 30-day use for these 
populations was mostly with flavored disposables. 

The functionality and/or ease of use may be a parameter to take into account as well for places where 
smoking or consumption of other tobacco and nicotine products can be prohibited or restricted. This is 
particularly true for oral products such as nicotine pouches but has been documented as well for vaping with 
the industry watch published by Dormanesh & Allem (2022) or the study by Russell et al. (2022). This 
phenomenon is called “stealth vaping” and is defined as the possibility to discreetly consume products 
because for example the devices can be concealed easily or because they resemble everyday products such 
as highlighters. Accessories are also described in some cases as they allow, for example using filters (e.g. 
SLEAV case), to block the exhaled aerosols. The e-liquids can be formulated as well to produce less visible 
aerosols. The authors describe this usage as concerning for young people that are able to discreetly consume 
nicotine products at school or university. This stealth use has been characterized as well in Korea with a 
survey by Lee et al. (2021) for heated tobacco products. 

The brief report published by Berry & Burton (2022) examined how the form of an e-cigarette, resembling to 
cigarettes, could affect the perception by consumers and their willingness to try the products. The authors 
conclude that the form of e-cigarettes is important as it impacts attractiveness of the product and even health 
risk perception. 

 

Design of package (looks/aesthetics; health warnings) 
To first illustrate how this parameter influences attractiveness, plain packaging can be cited as a good 
example of how regulation can be helpful to reduce appeal for consumers. For example, Halkjelsvik et al. 
(2022) evaluated the short-term impact of standardized packaging for tobacco products in Norway on 
smoking and snus use for women and men. The authors observed a decline of smoking among men but an 
increase for snus use. Findings were inconsistent for smoking and snus use among women. The authors 
stated that they could not confirm or disconfirm whether standardized packaging is an effective tobacco 
control measure in a Norwegian context. In France, Pasquereau et al. (2022) assessed the effectiveness of 
plain packaging on smokers’ attitudes and perception. There were more smokers that declared being 
embarrassed to take out their product or that the appearance motivated them to quit or at least try. Globally, 
the review by Moodie et al. (2022) describes the rules for traditional and novel tobacco products in different 
countries, for instance what the existing laws are and what has been learned from these. 
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In that sense, when regulation does not require plain packaging rules, the products can be colorful and 
represent for instance cartoons appealing to specific consumer groups. The packaging may also make the 
products look healthier or more respectful of the environment. There can be pictures as well representing 
food or sweets such as candies. The short communication by Kirkpatrick et al. (2022) pictures different 
examples, analyses marketing content and its possible attractiveness for adolescent population. 
Furthermore, an experiment conducted by Sharma et al. (2022) measured intention to purchase for 
participants exposed to different products advertisements, packaging, and even sensory features such as 
smell and handling. The two tested products were snus and nicotine gum. The researchers found that non-
smokers preferred neither of the products whereas smokers demonstrated greater preference for nicotine 
gum. Intention to try snus was very low in any case. 

Regarding health warnings for ECRTP, it is not always a requirement, or they may be different from messages 
for traditional cigarettes. The impact of health warnings on consumers’ perception have been widely 
documented for HTPs. For instance, the brief report published by Mays et al. (2021) and the study of Liu et 
al. (2021) examined the attention given to health warnings and modified risk claims for IQOS brand by the 
manufacturer PMI and how it can influence perception. They concluded that messages about the products 
affect perception and intention to use, particularly for specific populations such as young adults, non-
smokers, or people that already vape. Regarding electronic cigarettes, Keller-Hamilton et al. (2022) evaluated 
the visual attention reached by a parody of health warnings that the manufacturer Imperial Brands used to 
promote its vaping products under the brand “Blu”. Hoek et al. (2021) performed a choice experiment with 
an analysis of how different reduced-risk messages or addiction warnings could influence the consumers. The 
authors conclude that on-pack relative-risk messages may increase the appeal of vaping products for smokers 
whereas increased-risk messages may prevent uptake among non-smokers, occasional or former smokers. 
For young adults, Wagoner et al. (2022) investigated how exposure to health claims affected perception and 
use, especially when products were presented as smoking cessation aids. The investigators did not find an 
association between exposure to claims and use of e-cigarette in the past 30 days. However, they found 
effects on relative risk perception and conclude that it may motivate some smokers to try the product. 
Regarding other tobacco products, Young et al. (2022) investigated how the packaging of a specific cigarillo 
brand impacted consumer’s perception. The color and the descriptors were found to affect positively the 
perception, in this case purple packaging and the term “natural” in the descriptor, with respondents 
perceiving the product as trendier and of higher quality. Jebai et al. (2022) described how pictorial health 
warnings influence beliefs and perceptions about smoking for waterpipe users aged between 18 and 34 years 
old. The authors conclude that images delivered more efficiently the warnings compared to text-only 
communications. 

Different studies investigated the effectiveness of the packaging and how it could be improved. In Korea, Cho 
et al. (2021) performed an online study to assess the effectiveness of warning labels for HTPs and vaping 
products. The authors report how a dashboard using icons could better communicate about relative risks for 
these products compared with cigarettes. For e-liquids specifically, Morean et al. (2022) evaluated labelling 
designs to raise for adolescents and young adults the understanding of nicotine concentrations and 
associated strengths. The authors emitted several labelling proposals. For cigars, Kowitt et al. (2022) 
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performed an experiment to design more effective health warnings. The researchers tested several 
statements and used models to evaluate the effectiveness depending on different features such as the type 
of health consequence or addictiveness of the product. Mays et al. (2022) even tested an approach that 
requires a minimal number of units per package to reduce attractiveness for cigarillos among young people. 

 

Price/Affordability 
There are methods that allow the estimation of how prices can impact the demand and potential purchases 
of tobacco products. In its 14th volume of Handbooks of Cancer Prevention, the International Agency for 
Research on Cancer (IARC) thoroughly documented the effectiveness of tax and price policies for tobacco 
control. For each method and results, the authors examined all the evidence, assessing the quality of the 
data and appropriateness of the sources, and then voted on the strength of the evidence presented. These 
results about the levels of evidence for 18 concluding statements are detailed in a dedicated chapter 
(number 11). 

This price impact can be illustrated by different recent studies. Chalak et al. (2021) investigated for example 
in three Mediterranean countries how the price elasticity affected the demand for cigarettes and waterpipe 
tobacco products. The researchers compared the products and concluded that raising tobacco taxes could 
reduce tobacco use. Similar methods using price or income elasticity have been widely documented, mostly 
for cigarettes and eventually other tobacco products, in Spain by Martín Álvarez et al. (2020), in Balkan 
Countries by Vladisavljević et al. (2022), in Bosnia and Herzegovina by Gligorić et al. (2022), in Montenegro 
by Cizmovic et al. (2022) or in Bangladesh by Ahmed et al. (2022). These studies mainly conclude that 
changing the taxation policy with price increases would benefit the public health as it is an effective tool to 
decrease consumption prevalence, especially among the low-income households. A similar conclusion has 
been obtained with the systematic review and meta-analysis performed by Jawad et al. (2018) on price 
elasticity and demand of non-cigarette tobacco products. 

However, much attention must be given to the possible interdependencies and effects that regulations on 
one tobacco product can have on other tobacco or nicotine-based products. For instance, using data from 44 
countries worldwide, Chan et al. (2022) found a statistical association between higher taxes on combustible 
tobacco and higher prevalence of vaping among adolescents (13-15 years old). Conversely, a perception 
study performed by Friedman & Pesko (2022) among young adults (18-25 years old) concluded that higher 
taxes on vaping products would reduce their use but increase cigarette smoking for these population groups. 

Again, for cigarettes, Parks et al. (2022) examined for individuals the relationship between the pack price and 
smoking initiation, progression, and disparities among young adults (18-21/22 years old). For these 
populations, the authors found an association between exposure to increased prices and lower probabilities 
of smoking. Comparable conclusions have been reached for youth smoking in Poland by Stoklosa et al. (2022) 
which concludes that higher taxes could help to significantly reduce smoking uptake. Study by Cruces et al. 
(2022) in Argentina reinforces these conclusions by highlighting the fact that taxes increases have more 
impact on low-incomes and young individuals. 
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Regarding e-cigarettes, Cheng et al. (2021) evaluated the costs in comparison with smoking in four countries, 
the US, Canada, England and Australia. The researchers concluded that nicotine vaping products prices were 
higher than combustible cigarettes, mostly because the users have to buy first the devices which constitutes 
a high upfront payment and may deter smokers from switching to these alternative tobacco products. 
Though, these greater costs are attenuated over time because e-liquid refills remain cheaper. This has been 
thoroughly described by Ma et al. (2022) about the variety of e-liquids sold online in the US and how excise 
taxes can modify the pricing strategies. The authors indeed qualify these products as very affordable and 
recommend stricter enforcement of taxes in online purchases. A similar study on differences in excise taxes 
has been performed for HTPs and cigarettes with Dauchy & Shang (2022). The researchers analyze how the 
taxes influence the final price across different countries and their evolution over time. They conclude that 
taxes are generally lower for HTPs compared to cigarettes but that it does not translate into lower final prices 
for the two products and therefore the smokers would not have such an economic interest to switch to HTPs. 

 

Health effects 
If users experience or associate positive or negative health effects when consuming nicotine products, it 
might facilitate or deter them from pursuing their consumption. Even though the TPD stipulates for example 
that ingredients in e-liquids should not “create the impression that the consumption of e-cigarette has a 
health benefit or poses lower health risks”, consumers may perceive the products as potentially beneficial. 
In that case, whether they have been scientifically proven or not, some users may seek positive health effects 
procured by ECRTP. These perception aspects have been typically described in the case of HTPs users by 
Havermans et al. (2022). The users were all past smokers and the ones that uniquely used HTPs declared 
experiencing physical benefits from this product transition. For e-cigarettes, the study by Felicione et al. 
(2022) tested among participants the short-term effects of ad libitum use of these products. Different 
parameters were then measured such as puff topography, heart rate, subjective ratings of withdrawal, 
cognitive performance, and choice behaviour. These results were then compared to a control group which 
remained abstinent. The authors typically found increased heart rate for people using e-cigarettes. 

Still about potentially experienced effects, many may be induced by the consumption of nicotine. The 
previously cited review by Carstens & Carstens (2022) about the sensory effects related to nicotine describes 
as well how nicotine can cause rewarding or cognitive effects, for instance antinociception that blocks the 
detection of painful stimulus. However, the researchers also document side effects such as irritation, bitter 
taste, and even nausea or dizziness. These negative effects can eventually lead to aversion towards the 
product and for the users to quit its use. One possibility for the users includes adapting the nicotine levels to 
avoid deleterious effects. 

Other example, cannabidiol-based e-liquids or cannabidiol containing herbal products for smoking may be 
used for pain relief, to improve sleep quality, or to relieve anxiety/stress. There are very few studies on the 
subject of cannabidiol positive health effects, for instance with Shannon et al. (2019) or De Vita et al. (2021). 
In any case, it rarely includes tested products consumed as e-liquids or as tobacco products. 
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To further elaborate on the perception aspects in relation to health effects, it is possible to cite the 
publication of Donaldson et al. (2022a). The researchers investigated among US students in high school the 
reasons for nicotine vaping. Relaxation and coping with stress or anxiety were most important for youth. The 
Brief Report by Nakkash et al. (2021), previously cited for the sensory properties, also found reasons of use 
related to stress relief. However, in this case, even when the consumers experienced negative effects, they 
pursued their use of the products. For vaping products, the subjective experiences related to initiation have 
been documented by Mantey et al. (2021). The experiences globally resembled what is described for 
traditional tobacco products. Authors distinguished positive effects such as euphoria or relaxation and 
negative ones such as dizziness, cough or nausea. In case of positive experience, the probability of pursuing 
the use was found to be higher and also for poly-tobacco use. Cornacchione Ross et al. (2022) even observed 
among young adults using cigars how harm beliefs could influence their practices. The researchers indeed 
found an association between reporting higher harm beliefs and inhaling the smoke into the lungs more 
frequently. 

In parallel, some studies investigated specific population subgroups that suffer from a medical condition, 
typically patients with chronic obstructive pulmonary disease (COPD). In that case, publications from Polosa 
et al. (2018; 2020), based on prospective follow-up data at respectively 3 and 5 years, report as key outcomes 
significant improvements in COPD exacerbations for smokers who switched to vaping (not necessarily 
exclusive use). For information, some authors have declared receiving fees from pharmaceutical companies 
and vape industry associations. 

Similar studies documenting health effects or reasons of use for specific population subgroups can be found 
for other types of products, such as novel tobacco products or smokeless tobacco. For HTPs indeed, Nakama 
& Tabuchi (2021) or Hirai et al. (2021) provide for example data from Japan. They both describe for these 
products the prevalence and reasons of use among people with chronic diseases such as COPD, diabetes, 
cancer or cardiovascular disease. The first study concludes that people with chronic diseases are more likely 
to use HTPs (single or dual use with cigarettes) compared to the general population. The second study found 
that patients using HTPs tended to be younger and with a higher education level. The most declared reason 
of use for these patients was to reduce their consumption of cigarettes. 

In contrast, Wills et al. (2021), based on literature search and meta-analysis of epidemiological studies for 
general population, concluded that vaping is associated with both asthma and COPD, meaning that electronic 
cigarette use could have consequences for these deleterious outcomes. Zhang et al. (2021) reviewed as well 
electronic cigarette use as potential risk factor for COPD. They concluded that vaping may be a cause of COPD 
development and that this should be further explored. For smokeless tobacco, Mu et al. (2021) and 
Laldinsangi (2022) both performed reviews of sex-based differences in health outcomes. The first one 
concluded that smokeless tobacco use was associated with increased risk of oral cavity cancer in women 
compared to men. However, the authors mixed in their meta-analyses the results from different smokeless 
products (e.g., areca nut and Swedish moist smokeless tobacco / snus) which constitutes a methodological 
flaw. The second, focused on female reproductive health, reported adverse health effects on both the mother 
and fetus when snus is used during pregnancy. 
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Another health effect that can negatively affect attractiveness of ECRTP is illustrated by the example of 
physical hazard for electronic cigarettes. This type of hazard is not specific to e-cigarettes and relates to 
battery-powered equipment in general. Several studies document burn injuries resulting from battery failure 
that caused explosions: Rossheim et al. (2019), Wang et al. (2020), Flores et al. (2021) or Dekhou et al. (2021). 

Such adverse health effects may influence the perception and corresponding attractiveness of nicotine 
products for the entire population, including smokers, particularly depending on the news coverage for these 
subjects. This specific parameter will be further discussed later on. 

 

Situational factors 

Accessibility (points of sale; age restriction; restrictions on use in public places) 
The age restriction on sales of tobacco and related products is not systematic in every EU member state and 
age limitations may differ (e.g. 18/21). National strategies worldwide to have a smoke-free generation are 
considering new ways for age restrictions, based for example on birth year. The case of New Zealand’s 
Smokefree Aotearoa 2025 action plan has been briefly explained for example in tobacco control reviews by 
Gifford et al. (2022) or Hefler et al. (2022). 

The same situation occurs for use restrictions that may vary depending on each country. Also, emerging or 
new products might challenge existing rules and make control measures difficult to apply. As an example, 
oral products such as nicotine pouches are easy to conceal and consume. Mentioned earlier in the document, 
the phenomenon called “stealth vaping”, which consists in the ability to discreetly vape in places where it is 
forbidden, may impact the strategies implemented to build smoke-free environments. For HTPs, the 
previously cited study by Havermans et al. (2022) illustrates quite well these aspects. Dual users of both 
combustible and heated tobacco indeed declared using the latter mostly for specific situations, for instance 
in places where smoking is forbidden. Consequently, these parameters need to be considered when assessing 
the health impact of ECRTP because it influences how they are being used and therefore their attractiveness.  

Regarding the points of sales, the review by Travis et al. (2021) analyzed possible associations between 
tobacco retailer availability (e.g., density/proximity) and cigarette or e-cigarette use among youth. The 
identified literature was not sufficient to provide sound evidence and the researchers underlined knowledge 
gaps on the topic. Based on data from 2018, Venugopal et al. (2020) describes for the USA how the density 
and proximity of vape shops to public schools may influence exposure and access to these products for 
specific communities. The study by Sun et al. (2022a) also investigated the localization of different places of 
sales or consumption of tobacco products (hookah, vape, cigarettes) near colleges in California. The authors 
suggest a clustering for some tobacco retailers and do not exclude possible sales to underage consumers. 

In fact, possible regulation infringements may be considered for the evaluation of ECRTP accessibility factors. 
Underage sales in different states of the USA for vaping products is denounced for instance in the letter 
published by Sussman et al. (2021). Berg et al. (2021) explored a mystery shopper approach to verify 



26

  

This activity has received funding from the European Union’s Health Program (2014-
2020) under grant agreement N°101035968. 
The content of this document represents the views of the author only and is his/her sole responsibility; it cannot be 
considered to reflect the views of the European Commission and/or the European Health and Digital Executive Agency 
(HaDEA) or any other body of the European Union. The European Commission and the Agency do not accept any 

responsibility for use that may be made of the information it contains. 

 
 

compliance to regulations such as age verification. Even though some criteria were found to be compliant, 
the investigators underline concerns about underage access. 

Still for the points of sale, emerging practices need to be considered as well, for instance online purchases, 
legally or not. The industry watch published by Kalan et al. (2021) describes for example the progression of 
hookah home delivery. Studies such as the brief report elaborated by Gupta et al. (2021), that performed a 
systematic content analysis and mapping of the online retail market for herbal smoking products, may help 
improving knowledge about these kind of developing trends. 

 

For vaping products, Blackwell et al. (2022) performed an experiment to evaluate the effects of e-cigarette 
retail displays on attitudes to smoking and vaping in adolescents (13 to 17 years old). The authors concluded 
that e-cigarettes retail display or images did not appear to influence the susceptibility to smoking. 

The policy measures regulating points of sales of various tobacco products can be evaluated prior to their 
implementation. Deelen et al. (2022) for example investigated what would be the impact in the Netherlands 
of marketing restrictions and display bans on products visibility and resulting reduction in sales. 

 

Marketing and advertising (health claims; social media) 
Assessors must bear in mind that advertisement and possibility to present health claims are regulated 
differently depending on the countries. Consequently, it can create differences to consider when performing 
the evaluation of ECRTP. 

Marketing of novel tobacco products, whether physical or online for example using social media, has been 
documented by different studies. Kreitzberg et al. (2019) and Hejlová et al. (2019) both illustrated how 
influencers or celebrities used pictures and hashtags on the social media Instagram to promote HTPs (e.g. 
#IQOSambassador). The authors report how social media associate and present the products as part of a 
healthy lifestyle. The ad watch published by Yi et al. (2021) described conversely how BAT used K-Pop to 
promote its heated tobacco product named “Glo Sens”. On this marketing topic, SRITA (Stanford Research 
into the Impact of Tobacco Advertising) team from the Stanford University elaborated a white paper 
reporting how the manufacturer PMI performs global campaigns to promote its new HTPs. This sizable report 
by Jackler et al. (2020) provide many examples with the use of social media (hashtags, official accounts, brand 
ambassadors, coaches) and other types of marketing: for instance physical events, mobile applications, user 
programs, stores designed specifically to provide positive costumer experience or even other friendly places 
such as cafes. They analyze as well how the different concepts developed for the marketing of IQOS and its 
evolution over time. An industry watch published by Gali et al. (2021) also reported events organized to 
promote the brand Glo manufactured by BAT. 
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A social network analysis that describes the promotion and marketing of HTPs on Instagram has been 
performed as well by Gu et al. (2022), using statistical methods (e.g. nodes mapping) to group the posts, the 
accounts and the used keywords. 

More broadly, the SRITA collection (accessible online at: https://tobacco.stanford.edu/) elaborated by the 
Stanford University gathers numerous advertisements for tobacco products including emerging products 
such as “Heated Tobacco”, “Pod e-Cigs”, “Disposable e-Cigs” or “Pouches & Gums”. Video content is also 
available, typically television ads. 

For vaping products, the industry watch published by Tan & Weinreich (2021) detail promotion using the 
video-sharing social media TikTok for Puff Bars, which are disposable vaping products. The ad watch 
published by Vassey et al. (2021) illustrates the use and possible advertising on another media, a live video-
sharing platform named Twitch. Kostygina et al. (2022) describes the development of a theoretical marketing 
framework to analyze electronic cigarettes promotion on the network Instagram. The authors conclude that 
marketing posts can encourage products trial and use, specifically among susceptible populations such as 
youth. 

Furthermore, the ECRTP may be attractive to people seeking a surrogate to tobacco in a reduced-risk 
approach. Whether the risk reduction has been proven or not, these products are generally presented as a 
safer alternative to traditional tobacco products, which can improve the attractiveness for potential 
consumers. It might impact the attractiveness for non-smokers as well, as they may be less reluctant to start 
using these products if they perceive them as less harmful. Further investigations are required about how 
the health claims associated with these emerging nicotine products may affect the appeal to potential 
consumers. 

For instance, Wackowski et al. (2021) used focus groups to evaluate reactions to electronic cigarettes and 
snus messages about quantitative risk reduction for these products. The authors conclude that these kinds 
of messages, particularly if they come from credible sources, might gain public’s attention and therefore be 
persuasive for some populations. Morgan & Capella (2021) or Jankowski et al. (2021) have addressed as well 
how the consumers perceive claims about health effects of ECRTP and potentially how it could affect 
willingness to try for users. The first one concludes that beliefs about modified risk tobacco products (e.g., 
HTPs, snus and electronic cigarette) influence intention to try. The second study reported high proportions 
of population in Poland that perceive ECRTP as less harmful than traditional cigarettes. The review performed 
by Ranjit et al. (2021) provides a meta-ethnography of young adults’ perceptions and experiences of vaping. 
Similarly, the researchers conclude that young people perceive these products as a safer alternative than 
cigarettes and view them as an effective cessation tool. 

On the contrary, uncertainty regarding the long-term health effects for these ECRTP or other events such as 
the EVALI crisis, that peaked during the summer of 2019 in the USA, can affect the public opinion about their 
safety and consequently induce changes on their attractiveness. For instance, the brief report published by 
Wackowski et al. (2022) or the study by Kreslake et al. (2022) can be cited. Both describe in detail how the 
EVALI crisis affected the perceived harm of electronic cigarettes among the public. The first study underlines 
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a considerable and persistent lack of knowledge along with misperceptions about EVALI. In any case, the 
health conditions reported by the news are described as a way of preventing use and encourage cessation of 
the products. This aspect about news coverage will be further developed with the next parameter. 

 

 

Public information (media articles; government communication) 
News coverage of ECRTP 

Still about the EVALI crisis, the study by East et al. (2022) and the brief report by Jeong et al. (2022) both 
evaluated how these events affected the perception of vaping products in the USA and worldwide. The 
authors analyzed exposure and content of news articles covering this topic. They concluded that EVALI had 
a tremendous impact negatively affecting public perceptions that were maintained over time, especially for 
young people and in the USA. According to them, this illustrates quite well how the news coverage shape 
public opinions and even influence policy. 

Kim et al. (2021a) investigated as well in South Korea the presentations of HTPs in news media such as 
newspaper or television. The researchers conclude that the coverage for these products was highest when 
new regulations were introduced. They also found that the products were often qualified as “socially 
acceptable” by the media as it was the second most cited benefit after harm reduction compared with 
smoking. For snus products, the study by Gunnar et al. (2022) describes and analyses how the subjects related 
to these products were covered by the Norwegian newspapers between 2002 and 2011. The results indicate 
a slight majority of negative or mixed/neutral articles so that the authors consider that the products are not 
glamorized. However, they highlight that the amount and growing number of articles over time may increase 
exposure for the population and modify public perception, thus raising awareness and contributing to the 
normalization of this tobacco product. 

The study by Sidani et al. (2022) describes as well how social media, specifically Twitter in this case, can 
convey misinformation. The researchers applied a methodology to systematically analyze the tweets related 
to vaping products. They concluded that many tweets distorted or embellished claims and provided 
inaccurate interpretations of scientific publications. 

 

Government communication 

Reports from public health Agencies around the world along with associated recommendations necessarily 
affect attractiveness. For instance, a publication such as Signes-Costa et al. (2019) that presents the official 
statement of the Spanish society of pulmonology and thoracic surgery on e-cigarettes and HTPs might be the 
subject of different news articles and therefore influence public’s perception of these products and 
associated use. This parameter about publications from national bodies and scientific organizations will be 
further detailed in a dedicated section, regarding other sources of information, more specifically Data from 
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grey literature. Direct communications or regulations adopted by governments have an impact as well on 
attractiveness. In an exploratory research study, performed by Jun & Kim (2021), the researchers confirmed 
that state laws influence e-cigarette use, demonstrating for various regulations associations with lower odds 
of initiation or use. The subject of public’s receptivity to smoke-free policies and associated behaviors 
changes has been discussed by other studies as well, such as Topuridze et al. (2020) or Yang et al. (2022). The 
first concludes that favorable attitudes towards tobacco control policies are more likely to induce behavior 
changes. The second confirms that regulations influence consumer use but the authors underline efforts to 
be made to enhance effectiveness and awareness around these policies. 

 

Social network (use and reputation among peers; social media) 
Attitudes and perceptions may be evaluated by focus groups, an example has already been given with 
Wackowski et al. (2021). The assessment of perception and sentiments is addressed as well in a systematic 
review conducted by Kwon & Park (2020). The researchers gathered studies about electronic cigarettes 
perception, beliefs and knowledge on social media platforms and online forums. They provide conclusions 
about the content evaluations performed that demonstrated mixed sentiments about these products.  

As mentioned earlier in the section about marketing and advertising, it is possible to perform social network 
analysis. For instance, Vassey et al. (2022) examined the brands and social media influencers for vaping 
products on the Instagram platform. The researchers describe a highly interconnected network with many 
teenagers following the accounts that poorly or simply do not apply age restrictions. A brief report elaborated 
by Sun et al. (2021) also presents a systematic thematic analysis of Tiktok posts with electronic cigarette use. 
Struik & Yang (2021) provides a good example of content analysis, this time with a community on the Reddit 
network to evaluate how users experience and approach vaping cessation. The development of a method 
based on machine learning to analyze e-cigarette video content on the platform YouTube has been described 
by Kong et al. (2022). Videos were categorized by themes. This kind of evaluation has been performed as well 
with the social media Twitter, for JUUL users by Kim et al. (2021b) or Tran et al. (2021). It even suggests the 
possibility to set up an automated surveillance of product use based on social media contents. For HTPs, 
Barker et al. (2021) and Zou et al. (2021) both assessed the perception of IQOS product also on Twitter. The 
first one concluded that these emerging products may be seen as a less harmful alternative to combustible 
cigarettes and vaping. The second asserts that FDA’s actions against flavored vaping products impacted the 
public perception of HTPs which became more positive. In that case, what is interesting to underline is that 
taking actions for one nicotine-based product may impact and influence factors for other products since the 
consumers will adapt their uses. 

Reputation of a product, if not evaluated on social media, can be assessed as well with the use of 
questionnaires about awareness, which is defined for one person as knowing about the product, ever seen, 
or heard about it. This parameter can be useful to monitor the spread of a novel product within a specific 
population or territory. For instance, the brief report by Hrywna et al. (2022) document awareness of nicotine 
pouches products among US adult smokers. Similar data can be obtained for HTPs in the US for example, 
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Karim et al. (2022) for adults or Puvanesarajah et al. (2022) for middle and high school students, or in Japan 
with the study by Otsuka et al. (2022). Data for the Netherlands about perceptions, use and awareness of 
HTPs, cigarillos and nicotine pouches among adolescents and adults have been obtained by Havermans et al. 
(2021), with specific recommendations for regulators. 

The reputation of a product can also be characterized by its presence in other types of media or cultural 
content. For example, the experimental study by Donaldson et al. (2022b) evaluated the effects of vaping 
product placement in music videos as influencing the susceptibility for young adults (18-24 years old) to use 
these products. The authors conclude that young never-users may be vulnerable to this kind of promotional 
strategies. Albert et al. (2022) performed similar assessment for cigarettes, hookah, vaping products, alcohol 
and marijuana. The researchers compared the prevalence in popular music videos between 2014 and 2020. 
They observed high levels of presence, with at least one of the studied parameters in almost 60% of the 
content. The authors also worry about the popularity of the artists among youth and how it could affect 
attractiveness. The Ad watch by Wipfli et al. (2022) expresses concerns about the recent visibility of vaping 
in Japanese animation, which can be popular among youth. The researchers also signal that there are many 
devices and e-liquids that are designed or named after manga characters or labels that remind these 
universes. 

 

Other parameters contributing to attractiveness 
Another situational factor that could strongly influence the perception and associated attractiveness for 
ECRTP is the Covid-19 pandemic. Such major events, especially when discussions occurred about the role of 
nicotine as a potential protective or severity factor, may have impacted perception and use of ECRTP. This 
has been discussed for instance by Silver et al. (2022) which concluded that misinformation about nicotine 
as therapeutic for Covid-19 could have led past users to relapse and use again e-cigarettes. Similar studies 
have been conducted to document uses or behavioral changes for e-cigarettes, heated tobacco products or 
other novel tobacco products, for example the study by Gallus et al. (2022) in Italy. 
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Parameters contributing to addictiveness 
There is some kind of duality with this factor since addictiveness of a nicotine product may increase the 
efficiency as a smoking cessation device (e.g. for smokers who already tried other alternatives to quit without 
success) but might also create new addicted consumer groups (e.g. nicotine naïve people that would start 
vaping or use other nicotine-based products). In other words, addictiveness may allow addicted users to 
switch to less harmful products, however it may be of concern if an addicted user continues using one or 
more harmful tobacco products and can be a serious concern when the product is used by nicotine-naïve 
people. This relates as well to the abuse potential addressed in the review by Gades et al. (2022), already 
pointed out multiple times above. Another previously cited study by Felicione et al. (2022) also demonstrated 
the addictiveness potential of e-cigarettes. Their experiment of e-cigarette uses indeed showed that 
participants that usually consume these products and remained abstinent experienced withdrawal 
symptoms. 

In the following paragraphs, the parameters that strongly influence the addictiveness of tobacco and related 
products are described. 

 

Presence of nicotine in the contents and/or emissions 
Nicotine is the main substance present in tobacco and related products that cause addiction. Its addictive 
potential and the mechanisms at stake (e.g. rewarding action) have been recognized and well documented, 
for example by Sharp & Chen (2019), Picciotto & Kenny (2021), Wills et al. (2022) or Le Foll et al. (2022). 
Furthermore, the previously cited review from Carstens & Carstens (2022) that describes the sensory and 
biological effects of nicotine and tobacco describe these aspects as well. The researchers detail the 
neurobiological processes involved with nicotine, notably its reinforcing property and capacity to activate the 
brain's reward system. They also underline that some effects are more pronounced depending on 
developmental phase, specifically during adolescence. 

Specific consumer groups may indeed be more sensitive to addiction. A recurrent example are adolescents, 
as their brains are still developing. This has been partly addressed by different papers not so recent, for 
instance the topical review by Yuan et al. (2015) or the review by Tobore (2019). They both conclude that 
exposure during this period may cause many deleterious effects such as: future substance abuse, 
socialization capacities, aggressive/impulsive behavior, impaired sleep quality, poor learning/academic 
performances, and even depression symptoms or suicidal thoughts. 

As an illustrative example about use and dependence, the study by Do et al. (2022) collected data during fall 
2020 about electronic cigarette use among young people aged 15 to 24 years. The study focused specifically 
on the influence of nicotine concentration (and flavors) on nicotine dependence. The authors found higher 
frequencies of vaping within 30 minutes for users, which was the measured parameter, as nicotine 
concentration increased. Even more specifically for a vulnerable population that is youth with cognitive 
disability, Casseus et al. (2022) explored use of different tobacco products, respectively cigarettes, cigars, 
hookahs, roll-your-own cigarettes, e-cigarettes and heated tobacco products, their associated dependence 
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(and age of initiation). The investigated population presented higher odds of dependence compared to the 
youth population in general (and younger age of initiation). 

The specific impact of nicotine on brain development for children and adolescents has been explored by 
different publications. For example, the reviews by Yuan et al. (2015), McGrath-Morrow et al. (2020), or 
Laviolette (2021), along with the technical report by Siqueira et al. (2017), all describe the effects of nicotine 
on development especially the unique sensitivity for this population and the distinct neurobiological 
mechanisms. The authors explain how nicotine can generate neurochemical alterations that may persist 
during adulthood. Effects are documented for both acute and chronic exposure and ECRTP such as e-
cigarettes are mentioned, in particular because of its capacity to deliver high levels of nicotine in a short 
period of time. Laviolette (2021) reported in a review that nicotine exposure during adolescence may 
increase vulnerability to developing anxiety and mood disorders.  

For inhalation based ECRTP, the levels of nicotine in emissions should be considered as well since it 
represents at which concentrations the consumers will be directly exposed. Higher exposure to nicotine in 
emissions will probably induce higher addictiveness. However, the assessors must remain cautious with the 
experimental conditions employed for evaluating the emissions. They should be as realistic as possible to 
reflect actual exposure to nicotine (and other substances). The study by Hourani et al. (2022) developed a 
notion of nicotine flux that corresponds to a rate of nicotine emission per unit of time. Coupled with the total 
amount of nicotine delivered, it allows direct comparisons between different ECRTP such as electronic 
cigarettes or heated tobacco products. 

Regarding other product types, for example oral nicotine products, the nicotine concentrations should also 
be evaluated depending on how the product is consumed. Menshov et al. (2022) investigated the different 
effects on the autonomic nervous and hormonal systems depending on various nicotine and nicotine-free 
delivery systems: regular cigarettes, vaping products, HTPs, nicotine gums and oral nicotine products. The 
researchers found that the variability of the heart rate was a promising parameter to evaluate the risks 
associated with product use and describe other biological mechanisms observed depending on the products. 

Please refer to “Route and rate of delivery” section for further details about how the way a product is 
consumed can affect biological effects. 

 

Nicotine concentration (only indicative) and its form (salt or free base) 
For e-liquids, the TPD sets a threshold concentration of 20 mg of nicotine per milliliter. However, every 
nicotine product is not necessarily subject to a concentration threshold. When evaluating a product, the 
range of nicotine content potentially available for consumers should be assessed as it highly influences the 
corresponding addictiveness. The highest nicotine contents are likely to cause the highest addictiveness 
when consumed under similar conditions. In a clinical study performed by researchers from Juul Labs 
Goldenson et al. (2021), the nicotine pharmacokinetics were tested and compared for three concentration 
levels (respectively 9, 18 and 59 mg/mL) and against cigarette smoking. All pharmacokinetic parameters, 
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namely the maximum plasma nicotine concentration, total nicotine exposure and rate of plasma nicotine, 
were found to be significantly lower for all products from Juul brands compared with cigarettes, but the 
pharmacokinetics for 59 mg/mL concentration revealed to be significantly higher than the other two tested. 
In a brief report published by Talih et al. (2020), the relationship between device power, nicotine 
concentration and nicotine yield desired by the consumer has been explored. The researchers found that if 
a user seeks similar nicotine yields to cigarettes while decreasing the nicotine concentrations, it implied 
devices with higher power, associated with greater consumptions of e-liquids and resulting emissions. The 
authors warn about possible unintended consequences for users depending on nicotine levels in the 
products. 

The form of nicotine in products may be an important parameter to consider as well. As an example, a recent 
study by Pennings et al. (2022) demonstrated that e-liquids with nicotine salts presented higher nicotine and 
flavour concentrations when compared with free-base nicotine ones. This could have a direct influence on 
the resulting addictiveness potential for a product. Moreover, Duell et al. (2019) depicts how the different 
forms of nicotine in the aerosol affect inhalability. The history of tobacco products is reminded to 
demonstrate how cigarettes in the past have been engineered and formulated to typically control the ratios 
between nicotine as a free base and as a salt. Comparisons are made with products from the manufacturer 
JUUL. Still for electronic cigarettes, Gholap et al. (2020) performed a review documenting the mechanisms 
and absorption profiles depending on the form of nicotine, taking into account the size of particles in the 
aerosol and the physical states (e.g. droplets or vapor). The salts are described as providing higher absorption 
of nicotine and less harshness for users when compared to free base nicotine, and may therefore imply higher 
addictiveness. Nicotine exists as two enantiomers, the (S-) and (R+) forms. In traditional tobacco products 
with nicotine from the tobacco leaves, the S-form dominates. In a short communication by Hellinghausen et 
al. (2017), the investigations found the R+ form in higher quantities in some e-liquids where the reported 
nicotine was synthetic compared with e-liquids containing nicotine extracted from tobacco. A thorough 
knowledge on how this could potentially affect the effects of nicotine is lacking. However, some 
manufactureres claims to use pure synthetic S- nicotine in their tobacco free products, as described in the 
special communication published by Sven-Eric Jordt (2021). 

Globally, different articles describe the characterization methods to quantify nicotine in e-liquids or aerosols 
and eventually find its form distribution, such as the papers by Barhdadi et al. (2019) or Lu et al. (2021). 

 

Route and rate of delivery 
Route of exposure is important as well. It highly depends on product type. For inhalation based ECRTP such 
as ENDS or HTP, consumers are exposed via the pulmonary route. For other products such as nicotine 
pouches or smokeless tobacco, nicotine is absorbed through the oral mucosa to the systemic circulation. In 
addition, compounds are released to saliva and may be swallowed and absorbed through the esophagus or 
stomach via the digestive route. These differences in delivery of nicotine depending on product types must 
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be taken into account since it can induce a lower uptake to the systemic circulation compared to cigarettes, 
but a longer elevated nicotine concentration after use. 

In a recent publication, Scherer et al. (2022) compare nicotine delivery and uptake in users for different 
tobacco/nicotine products. The authors describe the different amounts and uptake routes, for example 
inhalation through the lung or absorption through the oral mucosa. They collected biological data from 
habitual users of nicotine in a controlled clinical study. The use patterns were documented as well because 
they highly influence the pharmacokinetics parameters and subsequent internal dose levels. Other 
parameters are reported as important determinants such as puffing topography or the usage time/duration. 
The obtained biomarker data result in a model that uses the daily amounts of nicotine intake to 
compute/evaluate the nicotine doses. It allows building a comparison scale between products. In that case, 
the researchers concluded that combustible cigarettes and oral tobacco products presents the highest 
nicotine uptakes doses. However, these types of publications along with data on consumer satisfaction 
depending on delivery mechanisms must be further investigated when evaluating ECRTP. 

Nicotine delivery highly depends on device characteristics (e.g. device power), consumed products (e.g., 
nicotine content cited previously, PG/VG ratio for e-liquids) and consumer behavior (e.g., puff duration, 
duration of use for oral products). This has been illustrated for example by Karam et al. (2021) who 
documented how the technology in JUUL devices allows to exhibit greater electrical power and nicotine 
output. Furthermore, the review by Spahn et al. (2021) explored the available research on how e-liquids and 
devices affect the pharmacokinetics of nicotine. 

 

Presence of other addictiveness enhancing compounds (Minor tobacco alkaloids; pH modifiers; 
Substances that lead to the formation of MAO (Monoamine oxidase) inhibitors; Substances that 
facilitate inhalation (for inhalation-based ECRTP)) 
For nicotine and other substances potentially inducing addictiveness, animal models or clinical studies can 
help better understand the mechanisms and effects at stake. 

The report D9.33 about priority additives in tobacco products published for the first edition of JATC, which 
has already been cited earlier in this document, has mentioned the potentiate addictive effects of nicotine 
through the mechanism of Monoamine Oxidase Inhibition (MAOI). The authors suggested considering sugars 
and humectants as priority additives, for example guar gum or sorbitol, as they may affect addictiveness (and 
attractiveness). The report also states that menthol analogs (e.g. geraniol) may have mechanisms similar to 
menthol that facilitate inhalation and can work synergistically. 

The publication Toorn et al. (2019) from the manufacturer PMI did not find MAOI for tested heated tobacco 
products and electronic cigarettes. 

 
3 Available at the following adress: https://jaotc.eu/wp-content/uploads/2021/04/D9.3-Report-on-the-peer-review-
of-the-enhanced-reporting-information-on-priority-additives.pdf (discussed in pages 8, 9 and 133 to 135). 
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In its established list of harmful and potentially harmful constituents (HPHCs) of 2012, the US FDA4 identifies 
the 3 following constituents (besides nicotine) for their addictive property: acetaldehyde, anabasine, 
nornicotine. In that sense, their addictive potential should be further explored, along with whether these 
substances are present or not in ECRTP. For instance, the study by Van den Nobelen et al. (2016) document 
methods to assess addictiveness of tobacco products and identifies acetaldehyde, nornicotine and anabasine 
as having reinforcing effects on nicotine. 

As part of a report5 to help the French Ministry of Health implement surveillance and control of tobacco and 
vaping products in accordance with the TPD, Anses suggested a definition and criteria for what constitutes 
an inhalation facilitator. 

Substances identified as inhalation facilitators are those that: 

 increase the bioavailability of nicotine; 
 decrease nicotine-related irritation or aversion; 
 increase the concentration of nicotine in the aerosol. 

The main mechanisms of action identified which make it possible to achieve one or more of the three effects 
mentioned above are the ones activating TRPM8 receptors and bronchodilation. 

Other mechanisms such as increasing transbuccal permeation, pH alteration and the use of nicotine salts 
were also identified, but the existing literature does not allow to establish a list of substances that could be 
for example prohibited. 

Since the mechanisms of action that make the aerosol more attractive are not specific to nicotine, they were 
not qualified as “facilitators of inhalation or nicotine absorption”. Nonetheless, they globally enhance 
attractiveness. Mechanisms of action that increase nicotine self-administration have been ruled out as 
inhalation facilitators, however they globally increase addictiveness as well. 

In that sense, even though these mechanisms do not facilitate inhalation, they must be taken into account 
for the evaluation as they affect addictiveness of the products. 

 

Flavors or other substances 

It is also suggested that flavors may affect addictiveness of ECRTP. The study by Do et al. (2022) about vaping 
among young people (15-24 years old) documented the influence of flavors concentration on nicotine 
dependence. The authors found equivalent dose-response relationship for user groups that consume fruit, 

 
4 Available at the following address: https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/harmful-
and-potentially-harmful-constituents-tobacco-products-and-tobacco-smoke-established-list 
And registered in Law: https://www.federalregister.gov/documents/2012/04/03/2012-7727/harmful-and-potentially-
harmful-constituents-in-tobacco-products-and-tobacco-smoke-established-list 
5 Available at the following address: https://www.anses.fr/fr/system/files/TABAC2020SA0015Ra.pdf (in French only). 
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mint, or menthol flavors. The effects of e-liquid flavoring on cigarette craving were also examined by Dyer et 
al. (2021). During a week, adult daily smokers were asked to use either flavored or unflavored nicotine-
containing e-liquids and evaluate different parameters such as cravings for cigarettes, enjoyment of the e-
cigarette or willingness to quit smoking. The researchers did not find any evidence of effects depending on 
the flavor. 

Furthermore, Sargent et al. (2022) investigated how first e-cigarette flavor could influence the vaping 
persistence, frequency, and dependence in young adults. The web-based survey was administered to a 
population living in Los Angeles, California. Device types were also included in the analysis. The authors 
concluded that specific first flavors (mint/menthol) and devices were associated with nicotine dependence, 
and in some cases (e.g. Juul and other devices such as mod, box) with more dependence symptoms. Still in 
the US, Douglas et al. (2022) used data from Population Assessment of Tobacco and Health (PATH) study to 
evaluate predictors of dependence among never-smoking electronic cigarette users. Some device features 
such as the refillable properties, or parameters related to the type of e-liquid used for example tobacco 
compared with sweet/fruit flavors, with or without nicotine, were associated with different declared 
dependence. Study by Leventhal et al. (2022b), mentioned previously for attractiveness factor, also observed 
that disposable vaping devices were associated with using ice flavors and higher perceived dependence to 
these products. 

The effects of flavourants and humectants have been documented as well for waterpipe tobacco products 
for example with Keller-Hamilton et al. (2021). The authors observed differences in puffing behaviors 
depending on waterpipe dependence and compositions in flavourants and humectants. 

 

Other parameters potentially contributing to addictiveness 
There may be other factors that influence uses and addictiveness of ECRTP. For instance, inhalation based 
ECRTP such as ENDS or HTP partly reproduce consumption conditions and effects comparable to those 
conferred by conventional cigarettes. In that sense, similar physical or behavioral addiction might be 
expected. Furthermore, other factors not evidently linked to tobacco products may somehow play a role in 
addictiveness. For instance, Emre et al. (2021) found a correlation among adolescents between excessive use 
of the Internet, depression, and increased risk of waterpipe tobacco consumption. 

Finally, in a recent study in California by Chaffee et al. (2022), reported dependence symptoms declared 
among adolescents and found a correlation with biomarkers levels. This provide evidence that specific scales 
or methods other than chemical or biological measurements may be implemented to evaluate factors such 
as addictiveness. Pienkowski et al. (2022) has assessed different criteria to measure dependence among 
young adults (16-24 years old), concluding that the Penn State Electronic Cigarette Dependence Index (PS-
ECDI) along with the self-perceived measure were superior and therefore effective predictors of dependence. 
Similarly, the previously cited work by Douglas et al. (2022) exploits data about device features and user 
behaviors as predictors of dependence.  
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Parameters contributing to toxicity  
For this factor, previous knowledge from combustible tobacco products can be applied. However, emerging 
nicotine products can also strongly distinguish themselves from historic tobacco products, with completely 
different formulations and engineering methods. In that sense, the hazardous compounds that are 
potentially present in ECRTP might be unique to one specific product type. This should therefore be 
considered as well when performing evaluation of health impact. 

As an example, for heated tobacco products, substances of potential concerns have been found uniquely in 
these products. First, in its 2020 decision about the modified risk tobacco products (MRTPs) application for 
the IQOS product manufactured by PMI, the US FDA approved marketing of this product with a “Reduced 
Exposure” claim. In this context, the assessors noted in the report6 detailing its decision that non-targeted 
analysis provided pointed 80 unique compounds (between 53 to 61 constituents depending on the tested 
products) that are “either present exclusively or are found in higher quantities in the aerosol of the IQOS 
system” compared with the mainstream smoke of a 3R4F reference cigarette. Four substances were 
identified with the greatest increases: 2‐ ethyl‐5‐methyl-1,4‐dioxane, propylene glycol, glycidol, and acetol. 
Similar conclusions were found in a study conducted by BAT for its heated tobacco product. Forster et al. 
(2018) indeed found 7 constituents with greater levels in emissions than a 3R4F reference cigarette: 
chromium, propylene glycol, glycidol, glycerol, N-nitrosodiethanolamine, acetoin and methylglyoxal. 

 

Presence of compounds with CMR properties (compound identity) 
Several national and international agencies have made classifications of chemicals according to their 
carcinogenic potential. However, they have sometimes used different criteria and definitions which do not 
allow for these classifications to be systematically compared with each other. As an example, in the scope of 
a prioritization report7 of substances in the emissions of vaping products that will be further developed at 
the end of this section, Anses decided to consider only the following classifications because of the possibility 
of making equivalences between them: 

 Classification Labelling Packaging (CLP) by the European Chemicals Agency (ECHA)8; 
 International Agency for Research on Cancer (IARC)9; 
 US Environmental Protection Agency (US EPA)10; 
 American Conference of Governmental Industrial Hygienists (ACGIH).11 

 
6 Available at this address: https://www.fda.gov/media/139796/download (Section “Other Constituents in IQOS” at 
pages 24 & 25). 
7 Available at the following address: https://www.anses.fr/fr/system/files/TABAC2020SA0016Ra.pdf (only in French). 
8 Available at the following address: https://echa.europa.eu/fr/information-on-chemicals/annex-vi-to-clp. 
9 Available at the following address: https://monographs.iarc.who.int/agents-classified-by-the-iarc/. 
10 Available at the following address: https://iris.epa.gov/AtoZ/. 
11 Available at the following address: https://www.acgih.org/data-hub-2022/. 
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For ECHA, a table of harmonized entries is available online with the Annex VI to the CLP regulation. This 
classification is updated yearly through an Adaptation to Technical Progress (ATP). The self‐classification by 
chemical companies can be a complementary source of information as well. Classifications from other 
countries or institute can be exploited as well. For example, the National Institute of Technology and 
Evaluation (NITE) operated by the Japanese government compile data from CLP regulation into a format 
simpler to analyze, entitled NITE‐Gmiccs12. Moreover, it is possible to use classification from different fields. 
The MAK‐Collection (2002) in Germany, elaborated in the occupational health domain, provides useful 
information to investigate the potential hazard for substances. However, caution is required as these 
classifications are not always readily available and their utility could be questioned in some cases. 

CMR compounds have been found in several tobacco products as described in literature. For instance, 
smokeless tobacco products have been reported to contain several carcinogenic substances, with 
publications such as Song et al. (2016). Also, the study by Hecht & Hatsukami (2022) published in Nature 
Reviews Cancer asserts that use of smokeless tobacco products causes exposure to several carcinogenic 
substances and toxicants. The authors describe the chemical mechanisms at stake. The presence of 
potentially carcinogenic substances (e.g. metals) have been reported as well in certain e‐liquids with for 
instance the study by Hess et al. (2017) that analyzed 10 commercial refills by mass spectrometry. For oral 
nicotine pouches, Mallock et al. (2022) detected and quantified tobacco‐specific nitrosamines, which 
constitute an important group of carcinogens, in products from different manufacturers. 

However, only few chemicals have a reproduction toxicity classification due to lack of data. An option to 
counter that issue could be to include results from in vitro genotoxicity test from literature or mutagenicity 
data from other sources, reviewed for instance by the European Food Safety Authority (EFSA). The study by 
Al‐Saleh et al. (2020) provide examples of cytotoxic and genotoxic evaluations for specific ingredients in e‐
liquids with in vitro assays. Morover, Stefaniak et al. (2021) investigated the toxicology of flavoring‐ and 
cannabis‐ containing e‐liquids. The authors reviewed 67 articles, mainly in vitro assays, to identify ingredients 
of potential concern due to their potential effects on the respiratory tract, cardiovascular and circulatory 
systems, skeletal system, or skin. 

Another option when facing high numbers of compounds to investigate could be to use screening methods 
such as in silico tools. It could be particularly interesting to accelerate the process and provide an indication 
when no data is available. For example, Barhdadi et al. (2021) analyzed 129 e‐liquids present on the Belgian 
markets and applied in silico predictions to identify 60 flavorings of potential concern. Data from literature 
were then retrieved and in vitro assays conducted to further detail these identifications. 

 

 

 
12 Available at the following address: https://www.ghs.nite.go.jp/link/en/gmiccs_Registered.html. 
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Presence and quantities of other hazardous compounds (compound identity; above levels that could 
cause adverse effects) 
Besides the potency for carcinogenesis, mutagenesis or toxic to reproduction, other toxicological endpoints 
should be considered when evaluating health impact. Some examples classified by endpoints are provided in 
the following sections. The substances that should be considered in priority would be the ones for which the 
consumers are directly exposed to. In the case of inhalation-based products, it represents the constituents 
in the generated aerosols whereas for oral products it would be the ingredients. In case of missing 
information about the chemical composition of aerosols, data about ingredients can be used with 
assumptions about the partial or complete transfer of substances from the products to the generated 
aerosols and, if available, completed with information on combustion products or reaction products when 
heated or aerosolized 

To identify the complete set of substances to which the individuals could be exposed, methods such as non-
targeted analysis are truly useful techniques. Results from these evaluations are of particular interest when 
searching for potential hazardous compounds as this type of chemical analysis provides a comprehensive 
identification of all substances present. After the identification phase, the non-targeted analysis has to be 
completed with quantification methods that allow an estimation of levels at which the consumers are 
exposed. Results for e-liquids can for example be provided by publications from Kosarac et al. (2021) and 
Shah et al. (2021) that respectively investigated e-liquid compositions from the Canadian and US markets. It 
is important to mention that the latter publication has been funded by Altria which is a tobacco 
manufacturer. Similar studies from another manufacturer, namely BAT, are available that characterize the 
vapour and particulate phase of the aerosol generated by HTPs: Poynton et al. (2017) and Savareear et al. 
(2019). Again, assessors must remain cautious that the parameters and test conditions must reflect how the 
products are actually used in order to be as representative as possible. 

 

Respiratory and cardiovascular toxicants after acute and chronic exposure 

The starting point to identify other hazardous compounds potentially present in ECRTP could be to consider 
the list of HPHCs established by the US FDA13. The 93 substances may be harmful to health with identified 
properties such as carcinogen, reproductive or developmental toxicant, respiratory toxicant, cardiovascular 
toxicant or addictive. In the event where the consumers of ECRTP are exposed to fewer substances from the 
HPHC list or reduced levels, it may constitute a first step to decreased health effects for a specific population 
sub-group: smokers switching completely to ECRTP. 

 
13 Available at the following address: https://www.fda.gov/tobacco-products/rules-regulations-and-guidance/harmful-
and-potentially-harmful-constituents-tobacco-products-and-tobacco-smoke-established-list 
And registered in Law: https://www.federalregister.gov/documents/2012/04/03/2012-7727/harmful-and-potentially-
harmful-constituents-in-tobacco-products-and-tobacco-smoke-established-list 



40

  

This activity has received funding from the European Union’s Health Program (2014-
2020) under grant agreement N°101035968. 
The content of this document represents the views of the author only and is his/her sole responsibility; it cannot be 
considered to reflect the views of the European Commission and/or the European Health and Digital Executive Agency 
(HaDEA) or any other body of the European Union. The European Commission and the Agency do not accept any 

responsibility for use that may be made of the information it contains. 

 
 

Other criteria that may be used as well for rapid hazard assessment of a substance are some included in the 
CLP classification. For instance, an expertise work14 conducted by Anses has led to the establishment and 
prioritization of a list of chemicals to be searched for in the emissions of electronic cigarettes because of their 
hazard properties, considering the acute toxicity, chronic toxicity and respiratory sensitization criteria built 
into the CLP. On the basis of data from manufacturers' declarations, completed by an extensive literature 
review, a core list of 1775 substances likely to be present in aerosols emitted by electronic cigarettes was 
constituted. Using different hazard classifications, these substances were categorized into 3 distinct groups. 
The first group consists of 106 substances that present the most significant hazards to human health and are 
therefore considered of top-priority. 

To assess other potential deleterious health effects in relation to ECRTP, clinical studies may be performed 
as well (e.g. biomarkers of effects). For instance, the mini and systematic reviews performed respectively by 
Fried & Gardner (2020) and Kopa & Pawliczak (2020) both documented potential health effects for 
consumers of HTPs, regarding cardiovascular health and oxidative stress and inflammatory response 
respectively. For e-cigarettes, the study by Bonner et al. (2022) detailed the chemistry and toxicology for 
these products. The authors performed a review of the health effects from epidemiological and laboratory 
studies and conclude to a lack of sufficient evidence for many research areas. 

Reviews on similar subjects can be found for other products with Bravo-Gutiérrez et al. (2021) about lung 
damaged associated to HTPs and e-cigarettes, or with Alarabi et al. (2022) about thrombosis as a potential 
effect of emerging tobacco related products (e.g., e-cigarettes, HTPs, waterpipe tobacco, cigars/cigarillo, 
smokeless tobacco). 

This is documented for other endpoints as well, typically for biomarkers with Akiyama & Sherwood (2021) 
and Bjurlin et al. (2021) that both performed systematic reviews for e-cigarettes and HTPs. Akiyama & 
Sherwood listed clinical findings for e-cigarettes and HTPs and concluded that use of these products could 
lead to a significant reduction in exposure to harmful substances compared to combusted cigarettes. Bjurlin 
also found significant reduction in exposure however, compared to a control group, concentrations of urinary 
biomarkers of several carcinogenic compounds linked to bladder cancer were still observed. 

 

Endocrine disruptors 

Another type of hazard that can be deemed is about endocrine disrupting properties. However, a distinction 
must be made between the numerous existing classifications. Not all are based on the same definitions, some 
are too old in this regard, and not all take the same approach when it comes to the weight of evidence. 

 
14 Available at the following address: https://www.anses.fr/fr/system/files/TABAC2020SA0016Ra.pdf (only in French). 
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Classifications such as those carried out by BKH and DHI15 or the “SIN List!”16 may be of particular interest 
when identifying substances that may be endocrine disruptors. 

 

Respiratory sensitization 

Besides local lung inflammation, respiratory sensitization is yet another toxicological endpoint that should 
be considered when evaluating the health impact. There are reported cases of allergic reactions occurring in 
the lungs after e-cigarette use, for instance the contact point published by Azevedo et al. (2019). Another 
example is the study by Girvalaki et al. (2018) which documented the presence in e-liquids of substances such 
as methyl cyclopentenolone and a–ionone have a GHS classification as inhalation allergens and may cause 
allergy or asthma symptoms or breathing difficulties if inhaled. 

 

Other parameters potentially contributing to toxicity 
For e-cigarettes or heated tobacco products, in parallel to the substances contained in the products 
themselves, the devices used for the heating must be considered as well. For HTPs, the subject is partly 
addressed with the previously cited study by Davis et al. (2019). For vaping products, Soulet et al. (2021) 
elaborated a classification of devices based on various technical characteristics. The authors identified 
different levers that could be controlled to reduce chemical and thermal risks such as the electrical resistance 
or a recommended power range. Moreover, still for HTPs and e-cigarettes, even though the temperatures 
are much lower than for a combustion, different researchers warned about chemical reactions that could 
occur. Again, Davis et al. (2019) and also the letter to the editor published by El-Hellani et al. (2020) both 
describe for respectively HTPs and e-cigarettes pyrolysis or pyrosynthesis phenomena with reactions such as 
oxidation, dehydration, or thermal degradation that could lead to the generation of toxicants. This has been 
further detailed with Jaegers et al. (2021) especially for glycerol and propylene glycol which are the basic 
solvents of an e-liquid. 

Furthermore, the DIY practice by consumers, which is the fact that consumers choose to formulate/elaborate 
their own products partly or completely, could be further explored as it may lead to situations of concerns. 
This applies a priori exclusively to vaping products and the formulation of e-liquids. In fact, consumers may 
be exposed to specific substances due to wrong manipulations of raw material or the use of products not 
appropriate for electronic cigarettes. It is important to note that e-liquids without nicotine are not necessarily 
regulated by the TPD as different national regulations apply in MSs, which may cause differences for toxicity 
evaluation as well. The deliverable from task 7.1b has been cited previously in this document and should 
again be used to identify these situations. This can indeed impact population behaviors and its practice or 

 
15 Available at the following address: 
https://ec.europa.eu/environment/chemicals/endocrine/strategy/substances_en.htm. 
16 Available at the following address: https://sinlist.chemsec.org/. 
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not of DIY. These aspects appear to be poorly documented in literature and may require exploratory 
investigations. This will be further discussed in the Discussion and methodological considerations section. 

 

Furthermore, ideally toxicity must be evaluated directly for the users but also for by-standers. Priority can be 
given to primary exposure as a first step, however secondary and eventually tertiary exposure may be 
ultimately evaluated. In Table 1, several studies have been identified that characterize and/or estimate 
exposure to secondhand aerosol from ECRTP. 

Table 1: references identified about secondhand exposure to ECRTP and associated product type 

Reference identified 
Type of product studied 

E-cigarette Hookah Heated tobacco 

Amalia et al. (2021) x   
Cammalleri et al. (2020)  x x 

El-Kaassamani et al. (2022)   x 
Hirano et al. (2020)   x 

Imura & Tabuchi (2021)   x 
Islam et al. (2022) x   

Protano et al. (2020) x  x 
Savdie et al. (2020) x  x 

Shearston et al. (2021) x x  
Świsłowski et al. (2022) x  x 

Tamada et al. (2022)   x 
Yu et al. (2022)   x 

Zaritskaya et al. (2021) x  x 
 

Finally, other criteria which are essential to investigate are the effects due to mixture of substances. These 
aspects are of particular concern especially when several compounds could affect similar organs or have 
comparable toxicological endpoints. 
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Other sources of information 
Patterns of use / Trajectories 
Different researchers tried to adapt the concept of “cigarette smoking susceptibility” for adolescents and 
apply it to ECRTP. For instance, Vigorita et al. (2022) validated a susceptibility scale to predict future initiation 
of smokeless tobacco based on several items (e.g., ever use, intention to try, curiosity). This had been 
investigated previously by Carey et al. (2018) for e-cigarettes, cigars, and hookah products. 

It is related to a certain extent to what is called by some the “gateway” effect. For instance, the short report 
published by Sun et al. (2022b) explored how susceptibility measures from the PATH study among youth (12 
to 17 years old) could be used as predictors of later e-cigarette and cigarette use. The researchers found that 
susceptibility for each product predicted future use but not of the other product, suggesting the existence of 
a product-specific susceptibility. The association between e-cigarette use and future cigarette smoking has 
also been investigated by Epstein et al. (2021) or Hair et al. (2021). The first one considered cohort data from 
young adults that did not smoke and monitored the evolution (at 23 years old) depending on the parameters 
about e-cigarette use (at 21 years old). The second one gathered evidence between 2017 and 2019 from a 
prospective cohort of youth and young adults (15-27 years old). In this case, the type of devices and the age 
were included as well as potential factors influencing smoking uptake. For both studies, participants that 
consumed vaping products were more likely to smoke. When considered, the devices were not found as 
influencing differently the risk of transition to smoking. However, the age was associated with higher 
probabilities of transition to combustible cigarettes for younger participants and with the pursuit of vaping 
as well. Loukas et al. (2022) found as well higher risks of cigarette uptake for young adults (18-29 years old) 
using e-cigarettes. Nonetheless, the authors reported that stable never use remained most prevalent over 
the studied period (4/5 years).  

Another example of statistical associations, Copp et al. (2022) examined the smoking susceptibility in 
Canadian adolescents that vape. The authors conclude that e-cigarette use was associated with a higher risk 
of smoking initiation independently of smoking susceptibility. They support the idea of a common risk-factor 
model and not necessarily vaping alone. This illustrates the description of a concept of “common liability” 
that opposes the “gateway” effect. Different studies described this notion, notably the study by Etter (2018), 
further elaborated with the systematic review and meta-analysis by Chan et al. (2021). The researchers 
develop the idea that the longitudinal association found between smoking and vaping is not causal. They 
argue that these uses both share common risk factors that are not systematically assessed in the studies, 
such as the propensity to substance use for one individual, genetic factors, or even delinquent behavior. 
Presenting different adjustment of the results depending on possible confounding factors, the authors assert 
that there is not a sufficient level of evidence to conclude about causality or common liability. 

More recently, Siegel & Katchmar (2022) documented the effects in the US of e-cigarette flavor bans on 
smoking among youth. The researchers develop an evidence-based model, which includes longitudinal and 
econometric data, and conclude that vaping act as a replacement of a culture of youth smoking. They oppose 
the idea that vaping re-normalize smoking, that on the contrary it helps decrease smoking rates, particularly 
among youth. 
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In that sense, the gateway effect has been highly deliberated, but no consensus was reached at this point. 
Furthermore, available data is mainly from the US or Canada, which may represent a situation different from 
the European Union, typically because of the TPD that regulates the market differently. 

 

Another question is about vaping as predictor of substance use disorder. This has been discussed especially 
for cannabis experimentation and among young people, mainly in the US. First, cannabis vaping has been 
observed more frequently over time, as described for example with the research report by Keyes et al. (2022). 
Using data from 2017 to 2019 for the US among adolescents, researchers found a decline for cannabis 
smoking and on the contrary they qualify cannabis vaping as accelerating. Second, the studies by Nicksic & 
Barnes (2019), Seidel et al. (2022), Staff et al. (2022), Wang et al. (2022) or Westling et al. (2022) all found a 
statistical association between e-cigarette use and subsequent initiation of cannabis use. This statistical 
association has been documented as well among adolescents suffering from mental health problems with 
the publication of Duan et al. (2022a). Patterns and correlates also for co-using cannabis and cannabidiol 
products have been described by Dunbar et al. (2022) for young adults in the US. Furthermore, Watson et al. 
(2022) documented for US adults the proportion of people that vaped nicotine or cannabis and also declared 
smoking cannabis or tobacco. Authors found high levels of co-using different smoking and vaping products. 
On the subject of cannabis vaping specifically, Meehan-Atrash & Rahman (2021) documented the existing 
and emerging modalities, along with few elements about the chemistry and pulmonary toxicology related to 
these products. Again, assessors must bear in mind that the legal status of cannabis differ between countries, 
and it may influence user behaviors and emerging observed practices. This question regarding the cannabis 
regulatory landscape in the US and how it can affect other use such as tobacco or e-cigarette consumption 
has been discussed by Nicksic et al. (2020) and Duan et al. (2022b). The context explains why there are much 
data mainly from this country. 

 

These sources of information are relevant to consider and might be useful to enlarge the assessment to 
general population for the entire spectrum of tobacco and related products. Globally, there is a significant 
need for sound evidence about user trajectories for ECRTP. At present, many publications on the subject 
(especially vaping products) are published each year but the methods vary from one another and there are 
several limitations in any case. 

First, two scientific publications used the same methodology to describe possible patterns of use for e-
cigarettes, novel tobacco products and related products among the general population and their impact on 
public health. Levy et al. (2017) performed this for e-cigarettes and other vaporized nicotine products 
whereas Lund & Vedøy (2021) made this assessment for snus and novel non-combustible nicotine products. 
The researchers consider every possible pattern of use for different types of consumers (baseline is non-
smokers or smokers or former smokers) and whether the person would have started smoking or not in the 
absence of the studied ECRTP. With that approach, they evaluate what outcomes would make a beneficial 
contribution to health, a negative contribution or a mixed one. 
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There are other examples of studies about trajectories of use, for the general population or more specifically 
for specific ones such as youth. For vaping products, the study by Tokle et al. (2022) presents longitudinal 
data about adolescent uses in Norway and the distinction of e-liquid with or without nicotine. However, to 
note, in Norway, the TPD is not implemented yet, and currently, e-cigarettes with nicotine are not allowed 
for sale on the Norwegian market. Consumption of other tobacco products such as cigarettes and snus were 
investigated as well. The researchers concluded that most adolescents vape without nicotine, that the 
majority do not pursue further use over time whereas a few transitions to e-liquid with nicotine. They also 
observed more susceptibility to use other tobacco products for users that vape nicotine-based e-liquids. 

Another study by Simon et al. (2022) used PATH data from 2013 to 2018 to document trajectories of multiple 
nicotine product use among youths: cigarettes, e-cigarettes, cigars, and smokeless tobacco. The authors 
describe a strong heterogeneity of observed pathways and suggest general guidance for prevention and 
future regulation. Factors such as age, gender or others related to relatives or friends, were identified as 
influencing nicotine products use. Using PATH data from 2015 to 2019, Jackson et al. (2021) examined for 
adult cigarette smokers the transitions to smokeless tobacco. The researchers observed few transitions to 
smokeless products and mostly dual use, the consumption of both products at the same time, rather than 
exclusive use. 

Still in the US with PATH data, this time from 2014 to 2018, Harlow et al. (2021) evaluated for adult vapers if 
device type, flavors and vaping behavior could influence the use of tobacco products. The researchers 
conclude that flavors that are different from tobacco, daily e-cigarette consumption and modifiable vaping 
devices may help some smokers abstain from smoking by transitioning to exclusive vaping. 

 

Data from grey literature 
On an international level, different scientific organizations and public health agencies have investigated the 
health risks related to ECRTP over the years. The available resources for the different countries and products 
are summarized in Table 2. Regarding methodologies, it is interesting to underline that different strategies 
have been adopted by the public health agencies for data consideration. For instance, both HCSP and NCEPH 
performed umbrella reviews which provide synthesis of existing reviews and only took into account 
documents published after the NASEM review. The strategy in that case was to update the evidence 
considering that the extensive review performed by NASEM was sufficient at that time. The SCHEER used an 
umbrella review approach as well to deal with the tremendous amounts of scientific publications, only 
considering reviews published between January 2015 and April 2019. NIPH also published in 2022 an 
umbrella review on possible adverse health effects of using electronic-cigarettes. 
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Table 2: studies and recommendations from public health authorities / scientific organizations  

Country / 
Geographic 

area 

Public health authority 
/ Scientific 

organization 
Short description of the work performed (year, outcomes) 

Europe 

SCHEER (Scientific 
Committee on Health, 

Environmental and 
Emerging Risks) 

2021. The European committee provided an opinion on 
electronic cigarettes. Using a weight of evidence approach, the 

SCHEER concluded that there were health effects for e-
cigarette users and second-hand exposed persons. Flavors are 

identified as relevant for attractiveness and nicotine for 
addictiveness.17 

United 
Kingdom 

PHE (Public Health 
England) 

2014. Preliminary data bout e-cigarette hazard, prevalence 
and marketing. The authors concluded that the products are 

less harmful than tobacco.18 

United 
Kingdom 

PHE (Public Health 
England) 

2015. Review which concluded about the relative risks and 
benefits of e-cigarettes that are estimated to be around 95% 

safer compared with cigarettes.19 

United 
Kingdom 

PHE (Public Health 
England) 

2018. Evidence review performed for e-cigarettes and heated 
tobacco products. For the latter, the authors conclude to 

reduced exposure to harmful and potentially harmful 
compounds.20 

United 
Kingdom 

PHE (Public Health 
England) 

2019. Evidence update performed for e-cigarettes and other 
novel nicotine delivery systems, with a focus on vaping 

prevalence and characteristics of e-cigarette use in adults and 
young people.21 

United 
Kingdom 

PHE (Public Health 
England) 

2020. Evidence update performed for e-cigarettes and other 
novel nicotine delivery systems, updating e-cigarette 

prevalence among young people and adults and investigating 
vaping among pregnant women and people with mental 

health conditions.22 
United 

Kingdom 
PHE (Public Health 

England) 
2021. Evidence update performed for e-cigarettes and other 

novel nicotine delivery systems, updating e-cigarette 

 
17 https://health.ec.europa.eu/system/files/2021-04/scheer_o_017_0.pdf 
18 https://www.gov.uk/government/publications/electronic-cigarettes-reports-commissioned-by-phe 
19 https://www.gov.uk/government/publications/e-cigarettes-an-evidence-update 
20 https://www.gov.uk/government/publications/e-cigarettes-and-heated-tobacco-products-evidence-review 
21 https://www.gov.uk/government/publications/vaping-in-england-an-evidence-update-february-2019 
22 https://www.gov.uk/government/publications/vaping-in-england-evidence-update-march-2020 
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Country / 
Geographic 

area 

Public health authority 
/ Scientific 

organization 
Short description of the work performed (year, outcomes) 

prevalence among young people and adults and investigating 
the effect of vaping on smoking cessation and reduction.23 

United 
Kingdom 

RCP (Royal College of 
Physicians) 

2016. The harm reduction of e-cigarettes compared with 
tobacco is asserted (“unlikely to exceed 5% of the harm from 
smoking tobacco”) and the authors conclude that e-cigarettes 

could be an aid to quitting smoking.24 

United 
Kingdom 

COT (Committee on 
toxicity of chemicals in 

food, consumer 
products and the 

environment) 

2020. Extensive review performed about the potential 
toxicological risks from electronic nicotine (and non-nicotine) 
delivery systems. The authors concluded that the relative risk 
for these products would be lower compared with tobacco. 
However, dual use is expected to lead to increased risk and 

uptake of e-cigarette use among non-tobacco users is likely to 
be associated with adverse health effects.25 

Belgium Conseil Supérieur de la 
Santé 

2022. The authors conclude that vaping can be used as a 
smoking cessation tool but the use in non-smoking population 
is discouraged. The e-cigarettes are less toxic compared with 

tobacco but are not without risk.26 

France HCSP (High Council of 
Public Health) 

2021. Report on the benefits-risks of e-cigarettes which 
concludes that evidence-based knowledge is insufficient to 
propose e-cigarettes as smoking cessation aids and that the 

relationship between the initiation of ENDS and smoking 
initiation has been documented by studies.27 

Germany 
BfR (Bundesinstitut Für 

Risikobewertung) 

2021. Health risk assessment for oral nicotine pouches that 
concluded to potential acute toxicity when nicotine 

concentrations are above 16.7 mg/g. The authors underline a 
lack of data to evaluate long-term health risks.28 

Norway 
NIPH (Norwegian 
Institute of Public 

Health) 

2015. A risk assessment report which concluded that e-
cigarettes are not without health risks for users or for 

bystanders.29 

 
23 https://www.gov.uk/government/publications/vaping-in-england-evidence-update-february-2021 
24 https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction 
25 https://cot.food.gov.uk/sites/default/files/2020-09/COT%20E%28N%29NDS%20statement%202020-04.pdf 
26 https://www.health.belgium.be/fr/node/41400 
27 https://www.hcsp.fr/Explore.cgi/AvisRapportsDomaine?clefr=1163 
28 https://doi.org/10.17590/20220204-105615 
29 https://www.fhi.no/en/publ/2015/e-cigarette-use-is-not-risk-free/ 
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Country / 
Geographic 

area 

Public health authority 
/ Scientific 

organization 
Short description of the work performed (year, outcomes) 

Norway 
NIPH (Norwegian 
Institute of Public 

Health) 

2021. An interactive research map of existing literature on 
health risks associated with use of e-cigarettes has been 
elaborated. It provides a visual presentation of the broad 
variety of health consequences related to e-cigarettes.30 

Norway 
NIPH (Norwegian 
Institute of Public 

Health) 

2022. An umbrella review has been performed about the 
toxicological evaluation and adverse health effects of e-

cigarette use. The report details the potential production of 
harmful constituents in the aerosol and variations depending 
on e-liquids or device characteristics. The authors conclude 

that use of e-cigarettes leads to an increased risk for adverse 
health effects.31 

Ireland  HRB (Health Research 
Board) 

2020. A literature map about the harms and benefits of e-
cigarettes and heat-not-burn tobacco products has been 

elaborated.32 

United States 

NASEM (National 
Academies of Sciences 

Engineering and 
Medicine) 

2018. Report which investigated the public health 
consequences of e-cigarettes and concluded to reduced risks 

for e-cigarettes compared with tobacco.33 

Australia 

NCEPH (National 
Centre for 

Epidemiology and 
Population Health) 

2022. Report which investigated the health impacts of e-
cigarettes and concluded that it is not harmless, that the use 

for smoking cessation is unclear and that it can cause addiction 
and injury.34 

/ WHO (World Health 
Organization) 

2020. A brief about electronic nicotine and non-nicotine 
delivery systems which conclude that these products are not 
harmless. Still, these products might provide reduced health 

risks compared with tobacco cigarettes.35 

/ WHO (World Health 
Organization) 

2020. A brief about heated tobacco products which asserts 
that there is insufficient evidence to conclude that HTPs are 

 
30 https://www.fhi.no/en/publ/2021/helserisiko-ved-bruk-av-elektroniske-sigaretter-et-interaktivt-forskningska/ 
31 https://www.fhi.no/publ/2022/adverse-health-effects-of-electronic-cigarette-use-an-umbrella-review-and-t/  
32 https://www.hrb.ie/publications/publication/harms-and-benefits-of-e-cigarettes-and-heat-not-burn-tobacco-
products-a-literature-map/ 
33 https://doi.org/10.17226/24952 
34 https://nceph.anu.edu.au/research/projects/health-impacts-electronic-cigarettes 
35 https://www.euro.who.int/__data/assets/pdf_file/0009/443673/Electronic-nicotine-and-non-nicotine-delivery-
systems-brief-eng.pdf 
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Country / 
Geographic 

area 

Public health authority 
/ Scientific 

organization 
Short description of the work performed (year, outcomes) 

less harmful than conventional cigarettes and may even 
expose to higher levels for specific toxicants.36 

/ WHO (World Health 
Organization) 

2015. An advisory note which describes the health effects 
related to waterpipe tobacco smoking.37 

 

Other frameworks, health impact models or risk assessment studies 
Many questions have been raised regarding relative harm of ECRTP compared to combustible cigarettes with 
the idea that its possible minimization could globally improve public health. This has been discussed and 
evaluated by many publications using different computational or modelling techniques based on estimates 
of relative harm. For instance, the study by Abrams et al. (2018) built a harm minimization continuum where 
different tobacco are placed on a scale depending on their weighted harm. The authors even developed a 
three-dimensional framework taking into account similar factors than the ones developed in the present 
report, namely “Appeal”, “Dependence” and “Toxicity/harmfulness”. They also describe the possible use 
patterns for consumers. Furthermore, the publication by Banks et al. (2022) provides guiding principles to 
assess the public health impact of e-cigarettes. The developed framework includes an evidence assessment 
part where patterns of use are analyzed along with the toxicology, the long-term effects and the impact of 
e-cigarettes on tobacco smoking to globally evaluate the risks and benefits for these products. 

 

Harm reduction/minimization or risk/benefit approach 

Similar approaches using harm estimates and drawing comparisons between tobacco products have been 
explored by different research teams. For instance, the narrative review by Górski (2019) took into account 
biological and clinical evidence for both e-cigarettes and heated tobacco products. The author discusses their 
potential to limit smoking as a first stage in the process of eliminating nicotine dependence. The harm 
minimization is recognized however caution is raised regarding their effectiveness and the possible exposure 
to other toxicants. These discussions about considering e-cigarettes as a harm reduction tool are further 
discussed by Feeney et al. (2022) which performs a review of the evidence. While the authors recognize that 
e-cigarettes could be included in a harm minimization approach, they recommend the development of 
strategies to prevent use of these products by non-smokers and to limit the influence of the tobacco industry. 
Dual use is also identified as a public health concern. About nicotine pouches, similar studies can be found 
with for example Murkett et al. (2020) that adresses their relative risk compared with tobacco. The authors 
even developed a relative risk hierarchy for 13 nicotine-based products after performing a systematic review 

 
36 https://www.euro.who.int/__data/assets/pdf_file/0008/443663/Heated-tobacco-products-brief-eng.pdf 
37 https://apps.who.int/iris/bitstream/handle/10665/161991/9789241508469_eng.pdf 
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and meta-analysis and attributing risk scores to each product type. However, this work was funded by the 
Foundation for a Smoke-Free World which is affiliated to tobacco manufacturers. Still about oral nicotine 
pouches, the tobacco manufacturer BAT, with studies by Bishop et al. (2020) and Azzopardi et al. (2021), 
developed a comparable approach based on toxicological assessment where they found lower levels of 
toxicants comparable with traditional tobacco. They suggest a positioning of their products on a risk 
continuum that includes cigarettes as a comparator. 

Moreover, the study by Balfour et al. (2021), with some authors that have declared receiving fees from 
pharmaceutical companies, develops an approach based on balancing the risks and benefits related to e-
cigarettes, comprising the benefits for adult smokers and possible uptake by young non-smokers. The 
researchers conclude that the situation is globally beneficial for public health. 

 

Adverse health effects assessment 

 Several studies have reported adverse health effects related to ECRTP use compared with no use. In that 
case, the risk assessment can be performed either for each substance individually, for specific population 
subgroups, or for the whole product (e.g. documenting potential health effects that may occur). In Table 3, 
examples for different studies are presented with each time a few elements on the context, associated 
methodology and outcomes (e.g., considered substance, population group and/or product type). 

Table 3: examples of studies assessing health risks for different population subgroups and/or various tobacco products 

Study Tobacco product 
considered 

Population 
considered 

Outcome and general comments 

Al Ali et al.  
(2020) 

Waterpipe 
tobacco / 

Systematic review and meta-analysis 
suggesting that waterpipe smoking is 

associated with substantial adverse effects on 
cardiovascular system. 

Buchanan et 
al. (2020) E-cigarettes / 

A review of preclinical and clinical studies 
suggesting that exposure to e-cigarettes could 
be a potential cardiovascular health concern.  

Chung et al. 
(2020) 

E-cigarettes and 
heated tobacco 

products 
Adolescents 

The researchers conclude that e-cigarettes 
and heated tobacco products increase risks of 

allergic rhinitis and asthma in adolescents. 

Ferrara et al. 
(2020) E-cigarettes Adolescents 

The researchers conclude that e-cigarettes are 
not a safe alternative to smoking tobacco. 

Münzel et al. 
(2020) 

E-cigarettes, 
waterpipe 

/ The authors performed individual risk 
assessments for each product type and detail 
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Study Tobacco product 
considered 

Population 
considered 

Outcome and general comments 

tobacco (and 
cigarettes) 

deleterious health effects for each (e.g., 
cardiovascular, cancer). 

Overbeek et 
al. (2020) E-cigarettes Adolescents and 

young adults 

The researchers describe pulmonary, 
cardiovascular, immunologic and neuro-

developmental effects which are likely to be 
dose-dependent. 

Xie et al. 
(2020) E-cigarettes / 

Using PATH data, the authors found e-
cigarette use was associated with an 

increased risk of developing respiratory 
disease independent of cigarette smoking. 

Becker & Rice 
(2021) E-cigarettes Adolescents 

The researchers detail physical and behavioral 
health risks related to nicotine and other 
substances (e.g., marijuana, metals, etc.). 

Bjurlin et al. 
(2021) 

E-cigarettes and 
heated tobacco 

products 
/ 

The authors indicate that preliminary data 
show potential impact on urologic health, 
namely endothelial damage, lower sperm 

counts or exposure to carcinogens that could 
lead to bladder cancer. 

Bravo-
Gutiérrez et al. 

(2021) 

E-cigarettes and 
heated tobacco 

products 
/ 

Systematic review that describes adverse 
effects on the respiratory system and 

identifies new pathways specific to these 
products. 

Chaieb & Ben 
Saad (2021) 

Waterpipe 
tobacco Males 

The authors assessed chronic risks on the 
cardiovascular system during exercise and 

observed deleterious effects. 

Regan et al. 
(2021) E-cigarettes Adults before and 

during pregnancy 

The researchers mention that e-cigarette use 
during pregnancy, particularly when used 

daily by individuals who do not also smoke 
combustible cigarettes, is associated with 

adverse birth outcomes.  

Wang et al. 
(2021) 

Heated tobacco 
products (and 

cigarettes) 
Adolescents 

Using a questionnaire-based approach, the 
researchers found an association between 

heated tobacco use and persistent respiratory 
symptoms among students. 
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Study Tobacco product 
considered 

Population 
considered 

Outcome and general comments 

White et al. 
(2021) E-cigarettes Adolescents and 

adults 

Risk assessment was performed for diacetyl 
specifically. Using a hazard quotient approach, 

the authors found higher non-carcinogenic 
risk for e-cigarette users. 

Asfar et al. 
(2022) E-cigarettes / 

An umbrella review that summarizes the 
evidence about e-cigarettes related health 
effects. The researchers describe different 

levels of evidence associated to adverse 
health effects, for instance increased risk of 
respiratory disease or nicotine dependence. 

Laldinsangi 
(2022) 

Smokeless 
Tobacco Females 

A review performed about the impact of these 
products on female reproductive health. 

Deleterious effects are described for both 
before and during pregnancy, for the mother 

and the fetus. In utero exposure can have 
long-term health consequences for the fetus. 

Jabba et al. 
(2022) E-cigarettes / 

Risk assessment was performed for synthetic 
cooling agents. Using a margin of exposure 

approach, the researchers found levels 
exceeding the safety thresholds. 

Rezk-Hanna et 
al. (2022) 

Smokeless 
Tobacco / 

Using PATH data, the researchers did not find 
an association between smokeless tobacco 

use and cardiovascular disease. 

 

Health economic evaluations 

Another field that is being investigated is health economic evaluations. As an example, the review performed 
by Wilson et al. (2021) calculates a numerical estimate of relative harm of vaping products compared to 
smoking using biomarker data comparisons coupled with a population health measure entitled HALYs 
(Health-adjusted life years). These methods, whether there are using other health economic indicators such 
as QALYs (quality-adjusted life-years) or LYS (life-years saved), try modelling public health impacts of e-
cigarettes, novel tobacco products or related products compared to smoking. For e-cigarettes, these types 
of evaluation are becoming more frequent, with for instance studies by Mendez & Warner (2021), Pound & 
Coyle (2022) or Summers et al. (2022). For HTPs, the tobacco manufacturer BAT has performed a study, 
Camacho et al. (2021), that estimates the impact on population health in Japan. Each time, assumptions are 
made about the relative harm or risk of the considered product compared with combustible cigarettes. 
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Abuse liability evaluation 

An additional field is about abuse liability assessment for ECRTP which means the capacity of a product to 
result in addiction for the consumers associated with recurrent use potentially leading to deleterious effects. 
A first step could be to gather insights from another domain, specifically the pharmaceutical field. In fact, the 
US FDA elaborated in 2017 a guidance document38 destined to industrials that provides recommendations 
for the assessment of prescription drug products that may have abuse potential. Furthermore, the study by 
Goldenson et al. (2020) presents an abuse liability assessment among adults for e-cigarette products with 
the case study of the JUUL system compared to combustible cigarette, another e-cigarette system and 
nicotine gum. The researchers concluded that nicotine delivery and satisfying effects for JUUL were lower 
than cigarettes but higher than nicotine gums, leading to an abuse liability probably lower than cigarettes 
but higher than nicotine gums. Attention must be given to the fact that some of the authors are full-time 
employees of Juul Labs and others work at consulting firms that has worked in the past with tobacco 
manufacturers such as BAT or Reynolds American. Another work by Vansickel et al. (2022) describe the 
recommendations established for the assessment of abuse liability for tobacco and nicotine products. The 
researchers detail specific study designs or methods that can be used in practice. Again, some of the authors 
are affiliated to tobacco manufacturers. 

 

  

 
38 Available at the following address: https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/assessment-abuse-potential-drugs. 
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Discussion and methodological considerations 
In this section, practical implications regarding the described framework are discussed. In the scope of JATC2 
and WP7 particularly, specific attention will be given on how the parameters can be evaluated. The objective 
is to define what can be done for data collection and data analysis depending on the available resources to 
perform the evaluation of health impact and abuse liability (e.g., time, persons, existing methods, etc.). In 
fact, considering the number of references and fields to investigate, several strategies have to be 
implemented to adapt, rationalize, and prioritize the work to be done. First, for each parameter and each 
product type, participants must define associated research questions and prioritize them. Afterwards, for 
each defined research question, it is suggested that the procedure described in Figure 1 could apply, using 
declared information from the European Union Common Entry Gate (EU-CEG) or other EU-representative 
data (e.g. Eurobarometer39) in priority and then data from literature. Each decision about data strategies, 
inclusion / exclusion of specific product types or populations, must be explicitly explained and justified. It is 
also recommended to identify knowledge gaps and limitations at each step so that areas for improvement 
are properly defined, especially for the European regulators. 

 
Figure 1: Flowchart about data search and analysis associated with each defined research question 

Further elements about the global strategy defined by the flowchart are briefly described in the following 
paragraphs. 

 

 
39 The ”Tobacco and Electronic Cigarettes” series is for example available at the following address: 
https://europa.eu/eurobarometer/surveys/browse/all/series/29712. 
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Strategy about data collection 
Source of information 

Performing systematic and comprehensive literature searches for each parameter and factors, for each user 
groups and each products, is hardly feasible, even with unlimited resources. To better rationalize resources, 
specific methodologies can be considered, such as performing rapid review approaches or umbrella reviews, 
which provide synthesis of existing reviews on different topics. As an example, some studies such as 
Aromatiris et al. (2015) or Fusar-Poli & Radua (2018) describe these types of review, along with practical rules 
about how to implement it. Other example of good practices, the article published by Campbell et al. (2020) 
provides guidelines to perform data synthesis in systematic reviews without performing meta-analysis. 

Before investigating the literature, the first step and major strength within JATC2 is exploiting EU-CEG data 
from multiple EU countries. These databases contain a wide variety of information regarding ECRTP and can 
be analyzed to describe and detail possible differences between tobacco and nicotine markets at the 
European level. This has already been investigated during JATC1 with for instance the publication of Carnicer-
Pont et al. (2022). It is pursued as well with task 7.1a of the current WP. It is recommended for the health 
evaluation to use first comparisons from this task and attempt going further with the available data, for 
example on the toxicological assessment of ingredients or substances present in the emissions (in the case 
of inhalation-based products). Then, after priority is given to EU-CEG data, the parameters or questions that 
could not be evaluated may be searched in literature, with a primary focus on independent systematic 
reviews and meta-analysis. Another focus, when judged relevant for specific research question, could be to 
consider only representative data from Europe. That is justified for instance to describe products’ uses. In 
that case, the word “representative” could be added in the literature string search. 

 

Availability of data 

In some cases, assessors may face lack of data to properly perform the health impact evaluation of ECRTP 
even after using EU-CEG data or searching the literature. An example can be illustrated with herbal products 
for smoking that appear to be poorly documented. Furthermore, the available data may not be that 
representative of actual products on the market due to the publication years that are not recent. In fact, 
ECRTP markets are indeed evolving quite fast, with new products frequently developed and placed on the 
national or European markets. Moreover, still about herbal products for smoking, some studies exist but are 
focused on very specific topics, such as the presence of synthetic cannabinoids with studies by Moosmann 
et al. (2015), Langer et al. (2016), Dunne & Rosengren‐Holmberg (2017) or Raso & Bell (2017). Limited 
information about hazard assessment can be obtained and pointed out. For example, Bak et al. (2015) 
performed a safety assessment of mainstream smoke of herbal cigarettes with the identification of toxic 
compounds related to combustion and with a mutagenic potential. Hammal et al. (2015) conducted analysis 
on both constituents and emissions of tobacco-free (herbal-based) waterpipe products, along with air quality 
measurements in places of consumption. The researchers found heavy metals and polycyclic aromatic 
hydrocarbons at levels comparable, or even higher, than in cigarettes. Similarly, the smoke contained 
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substances of concerns such as carcinogens. Poor air quality was observed as well. This example with herbal 
products for smoking illustrates quite well the situation where there is no sufficient data. 

To face the issues raised by lack of data or insufficient information, one solution that could be explored would 
be the use of modeling. Models exist for toxicological, exposure or risk evaluation such as the quantitative 
structure–activity relationship (QSAR) toolbox40 developed by the Organisation for Economic Co‐operation 
and Development (OECD) and ECHA. This tool aims to make QSAR technologies accessible and transparent 
so that a greater number of persons could use these. Training courses are regularly put in place for users to 
discover novelties and their possible applications (e.g. ECHA’s April 2022 webinar). Even though existing 
models are being improved and new models are being developed, doubts persist about their role and utility 
because of the greater uncertainties associated with them. This should be beared in mind by the assessors 
when conclusions are made using modeling approaches. Globally, limitations related to these models and 
general uncertainties must always be evaluated and discussed at each step. 

Another solution is, for specific information and product types, to use the JATC2 network and obtain 
exploratory data with the dissemination of a questionnaire. This approach is already foreseen for task 7.2c 
which investigates product awareness, use, and perceptions of e‐cigarettes, novel tobacco products and 
related products. A questionnaire for users will be elaborated and disseminated in different MSs to fill 
knowledge gaps or explore and provide data for poorly documented tobacco products or practice. Again, the 
product types to be considered need to be prioritize based on interest and available resources. A point that 
was already identified is for instance the practice of DIY by European consumers. It could be the opportunity 
to learn more about the number of persons concerned and the products that are being used when 
formulating their own products. 

 

Strategy about data analysis 
Throughout the document, it appears clear that there are already many studies regarding the described 
parameters. When possible, approaches for data analysis using weights of evidence should be prioritized as 
they allow describing the levels of certainty associated with each outcome. If not possible, there are other 
methods to assess the quality of the data. 

 

Quality assessment 

When data are available, studies could be possibly biased (e.g. methodological flaws). To face this issue, tools 
have been developed to evaluate quality. For instance, the quality of toxicological data can be judged using 
the Klimisch score, first described by Klimisch et al. (1997). Several other tools or checklists with items to 
verify have been developed and differ depending on the considered studies (e.g., systematic reviews, 
randomised controlled trials, cohort studies, case control studies, economic evaluations, qualitative studies, 

 
40 Available at the following address: https://www.oecd.org/chemicalsafety/risk‐assessment/oecd‐qsar‐toolbox.htm  
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etc.). To only cite the most relevant ones: the critical appraisal tools using the Johanna Briggs Institute (JBI)41 
or the Critical Appraisals Skills Programme (CASP)42 checklists, or the Office of Health Assessment and 
Translation (OHAT) risk of bias rating tool43. Specifically for assessing the quality of systematic reviews, the 
previously cited study Aromatiris et al. (2015) provides a checklist of criteria and questions. Similar tools have 
been developed such as the Risk of Bias in Systematic Reviews (ROBIS) tool44 or the AMSTAR 2 instrument (A 
MeaSurement Tool to Assess systematic Reviews)45, further described by Shea et al. (2017). 

A practical example for the application of this type of quality assessment can be cited with the study by Hajat 
et al. (2022). The researchers have evaluated the methodological flaws of published literature regarding e-
cigarettes. They identify common errors in study design or methodologies and provide recommendations to 
improve future research. However, caution is required as this work has been funded by the Foundation for a 
Smoke-Free World which is affiliated to tobacco manufacturers. 

 

Quantitative assessment of specific parameters 

Another important aspect of data analysis is about the possibility to perform quantitative assessment for 
some of the parameters. Quantitative risk assessment has been used in several fields to obtain and identify, 
depending on specific substances or scenarios, levels above which the risk can be qualified of “acceptable” 
or “unacceptable”. This type of assessment allows policy makers to make informed decisions and prioritize 
actions that will protect the consumers. Another type of risk assessment is qualitative, usually when one or 
multiple parameters are not quantifiable. In that case, the conclusions about risks refer to more uncertain 
terms such as “high/low likelihood” and cannot be numerically estimated. 

Even though the quantitative assessments cannot be systematically performed, Table 4 presents the factors 
and their associated parameters with an estimation of whether a quantitative evaluation could be feasible. 
If a box contains a “Yes”, in that case assessors must at least investigate the possibility to perform such an 
assessment: e.g., sufficient data, existing methods, associated uncertainties, etc. If a box contains 
“Eventually”, it is estimated that quantification may be possible but there are too many doubts and not 
sufficient resources in the scope of JATC2 to explore the feasibility of such methods. If a box contains “No”, 
it is estimated that a quantification approach does not appear possible at the moment. 

 
41 Available at the following address: https://jbi.global/critical-appraisal-tools  
42 Available at the following address: https://casp-uk.net/casp-tools-checklists/  
43 Available at the following address: https://ntp.niehs.nih.gov/ntp/ohat/pubs/riskofbiastool_508.pdf  
44 Available at the following address: http://www.bristol.ac.uk/population-health-sciences/projects/robis/  
45 Available at the following address: https://amstar.ca/Amstar-2.php 
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Table 4: identification of which parameters could be quantitatively evaluated 

Factors and associated parameters 
Feasibility of 
quantitative 
assessment 

Possibility to 
use EU-CEG 

data 

Pa
ra

m
et

er
s c

on
tr

ib
ut

in
g 

to
 a

ttr
ac

tiv
en

es
s 

Sensory properties/palatability Eventually / 
Availability and variety of flavors Eventually / 

Nicotine content No / 

Design of product Eventually / 

Design of package Eventually / 

Price/Affordability Eventually / 

Health effects No / 

Accessibility No / 

Marketing and advertising No / 

Public information No / 
Social network No / 

Other parameters contributing to attractiveness No / 

Pa
ra

m
et

er
s c

on
tr

ib
ut

in
g 

to
 

ad
di

ct
iv

en
es

s 

Presence of nicotine in the contents and/or 
emissions Eventually Yes 

Nicotine concentration and its form Eventually Yes 

Route and rate of delivery Eventually / 

Presence of other addictiveness enhancing 
compounds Eventually Yes 

Other parameters potentially contributing to 
addictiveness No / 

Pa
ra

m
et

er
s 

co
nt

rib
ut

in
g 

to
 

to
xi

cit
y 

Presence of compounds with CMR properties Yes Yes 

Presence and quantities of other hazardous 
compounds Yes Yes 

Other parameters potentially contributing to 
toxicity No Yes 
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Regarding the parameters contributing to attractiveness, they are all in interaction with the consumers 
themselves. It is highly personal and therefore difficult to perform an objective assessment. For instance, 
with several parameters (e.g., sensory properties, design of product or packages), it could be possible to 
implement scoring techniques to evaluate attractiveness for the consumers. About price more specifically, 
there are existing economic models which predict how price modifications can affect attractiveness and that 
are used in tobacco control strategies. If coupled with sales volumes obtained with EU-CEG data, it may 
enable a quantitative evaluation. One major difficulty is that the prices cannot be obtained with EU-CEG data 
and differ significantly from one MS to another. In both cases, scoring and economic methods, these aspects 
are truly interesting. However, because of the complexity and available resources (time/persons), it appears 
not feasible to develop such approaches in the scope of JATC2. That is why, in the tasks of WP7 that will 
follow, only a qualitative assessment of attractiveness will be performed. In any case, the assessors will 
explore the possibilities to translate these qualitative assessments into practical considerations, taking into 
account for instance the products categorization which is already planned within task 7.2b. 

Regarding the parameters contributing to addictiveness and considering the complexity of performing a 
quantitative evaluation, one of the aims for the assessment is preferably to investigate and describe how the 
nicotine forms, different types of salts or other substances such as alkaloids, MAO inhibitors or pH modifiers 
may affect this factor. The objective is to identify potential techniques used by manufacturers to circumvent 
the existing maximum for nicotine level (e.g. 20 mg/ml for e-liquids) in the EU or other loopholes potentially 
affecting the addictiveness of products on the market. 

Regarding the parameters contributing to toxicity, the quantitative assessment is expected to be more 
feasible. If compounds have CMR properties, this is sufficient to qualify the product as hazardous. For other 
substances and properties, it implies that there are sufficient toxicological data to perform the hazard 
assessment, which is often challenging. For these parameters, it is highly recommended to use in priority the 
classifications cited in the corresponding section that list the substances and allow their proper identification. 
Coupled with EU-CEG data about ingredients in products and eventually substances in the emissions (in the 
case of inhalation-based products), quantification along with compounds prioritization appear practicable. 
Using additional results from task 7.1a which performs preliminary EU-CEG data analysis in different MSs, 
substances most concentrated and most frequent in occurrence could for instance be investigated in priority. 
Other relevant information may be identified as well.  Another point that could be investigated and that was 
previously cited is the effects due to mixture of substances. That could be prioritized in the task 7.2b to come. 
An additional recommendation is to explore QSAR tools or other modeling techniques when there is a lack 
of sufficient toxicological information. 

 

Assessment of possible funding impact 

Regarding competing interests and their potential impact on the results for a study, it is recommended to 
systematically retrieve funding information. These are generally filled in the sections “Acknowledgements”, 
“Conflict of interest”, “Fundings” or “Competing interests”. It would be interesting to include in the 
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methodology separate analysis for research whether it is independent or not. In fact, assessing the impact of 
funding could constitute one of the key outcomes. To do so, it is recommended to systematically register this 
information when considering data from literature. 

 

Strategy about product type 
Finally, the different points raised above may be influenced by the different product types. For instance, 
specific products may face lack of data and therefore require specific adaptations for the strategies. 
Preliminary data seem to indicate that there is lots of data regarding ENDS and HTPs or sufficient data for 
snus. On the contrary, oral nicotine pouches or herbal products for smoking appear to be widely 
undocumented for many health impact aspects. The assessors must bear that in mind when performing the 
data search or analysis and consider specific options as described above. 
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Conclusion and prospect 
This report describes parameters contributing to three main factors related respectively to attractiveness, 
addictiveness and toxicity. It constitutes a theoretical framework that could be used to evaluate the health 
impact and abuse liability of e-cigarettes, novel tobacco products and related products. When possible, 
characterization of the parameters was illustrated with recent scientific studies for the different product 
types and information from other sources (e.g. grey literature). 

However, considering the amount of data to collect and analyze, different strategies have been described 
and should be taken into account to rationalize the work to be done given the available resources (e.g. 
persons/time). To do so and within the context of JATC2, declared information from manufacturers through 
the EU-CEG should be prioritized. Assessors must use insights and results from other tasks (7.1a & 7.1b) and 
other work package (WP5) to optimize the analysis. When EU-CEG data do not allow comprehensive 
characterization for the parameters, then it should be completed with data from literature. The literature 
searches must be adapted for each defined research questions and according to the available resources. 
Different strategies and adaptations are described in this report, especially approaches considering rapid or 
umbrella reviews and also depending on the different product types or populations. The possible impact of 
research coming from independent sources or not has been discussed as well, along with how it could be 
considered during the evaluation procedure. 

Finally, assessors must bear in mind that the domain of e-cigarettes, novel tobacco products and related 
products is evolving quite fast and that some of the subjects covered by this guidance document may require 
refinements or adaptations over time. 
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