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This PhD thesis is the result of the three-year research I have conducted at 
the Tobacco Control Research Group, Catalan Institute of Oncology - Bellvitge 
Biomedical Research Institute (ICO-IDIBELL), Barcelona, Spain. The studies 
presented here have been conducted within the TackSHS project, a Horizon 
2020 research project on secondhand tobacco smoke and electronic cigarettes, 
including assessing exposure to their secondhand aerosols. The TackSHS project 
has been coordinated by the ICO-IDIBELL research group. 

This thesis consists of five manuscripts, four of which have been published in 
high-impact journals, and the fifth is under preparation for submission. All these 
manuscripts report studies that investigated exposure to secondhand aerosol 
from electronic cigarettes in the European population by means of personal, 
environmental, and population exposure assessment, as well as the policy-level 
analysis. 

This thesis is structured into the following sections: introduction, hypotheses, 
aim, results, discussion, conclusions, and references. The annexes include the 
studies’ questionnaires, ethical approval documents, curriculum vitae, and the list 
of publications by this thesis author during the development of this PhD thesis 
along with the list of scientific presentations which this thesis author has made in 
national and international conferences.
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ABSTRACT

Introduction: In the past few years, electronic cigarettes (e-cigarettes) have 
increased their popularity among youth and adults in many parts of the world, 
including Europe. The emerging body of evidence has shown that e-cigarettes’ 
aerosols contain hazardous compounds, including fine particulate matter (PM2.5), 
nicotine, and tobacco-specific nitrosamines (TSNAs), which threaten the health 
of users and bystanders. However, there was still limited research on secondhand 
exposure to e-cigarette aerosol (SHA) among bystanders, which was particularly 
important to justify whether e-cigarette use will result in net health benefits in the 
population.

Objectives: The overall objective of this thesis is to evaluate the exposure to 
SHA in the European population from a policy perspective, population level, and 
individual level. The thesis has the following specific objectives: 1) to examine the 
national and subnational legislations regulating the use of e-cigarettes in public 
and private places across the World Health Organization (WHO) European Region 
countries; 2) to assess the extent of the population’s exposure to SHA in different 
public and private settings in European countries; 3) to characterise personal and 
environmental exposure to SHA in controlled confined settings that emulate real-
life conditions; and lastly, 4) to characterise personal and environmental exposure 
to SHA in real-life conditions.

Methods: Five studies were performed to meet the objectives of this thesis. To 
achieve the first specific objective, a survey study among in-country health policy 
experts of multiple countries within the WHO European Region was conducted 
to collect data on national and subnational regulations surrounding e-cigarette 
use in public and private places. The second objective was accomplished by 
conducting two surveys in European countries to collect data on e-cigarette use in 
outdoor settings and the self-reported population’s exposure to SHA. For the third 
objective, an experimental study was conducted in an enclosed controlled room 
and car to assess the airborne and biological markers of short-term SHA exposure 
in the indoor environment. Lastly, the fourth objective entailed an observational 
study in e-cigarette users’ homes in multiple European countries to investigate 
the airborne markers of SHA exposure in indoor environments and biomarkers in 
non-users living in the homes.
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ABSTRACT

Results: Twenty-eight out of 48 (58.3%) countries within the WHO European 
Region regulated e-cigarette use at national level, with European Union (EU) 
Member States (MS) having a significantly higher proportion (73.1%) of countries 
adopting e-cigarette use legislation at national level compared to their non-EU 
counterparts (40.9%). The number of places regulated by country’s e-cigarette use 
legislation was associated with country’s smoking prevalence and income level. Our 
survey in 11 European countries suggests that the outdoor setting with the highest 
visibility of e-cigarette use was the outdoor areas of hospitality venues (21.3% of 
venues). Although limited, e-cigarette use was observed in places frequented by 
children, such as school entrances (11.0% of entrances) and children’s playgrounds 
(4.0% of playgrounds). Additionally, our population study shows that 16.0% of 
e-cigarette non-users in 12 European countries were exposed to SHA in any indoor 
setting at least weekly, with a median duration of exposure of 43 minutes/day. The 
prevalence of SHA exposure differed by country’s e-cigarette use prevalence and 
geographic region in Europe. SHA exposure among non-users was more likely to 
occur in men, younger age groups, highly educated groups, e-cigarette past users, 
current smokers, those perceiving SHA as harmless, and living in countries with 
higher e-cigarette use prevalence. From our experiment study, we found that PM2.5 
concentration increased about two-fold during short-term (30 minutes) e-cigarette 
use compared to baseline in a controlled room and car, but the airborne nicotine 
remained low throughout the experiment. Although the levels of biomarkers of 
SHA exposure (i.e., nicotine, cotinine, 3’-OH-cotinine, nornicotine, TSNAs, PG, and 
glycerol) measured in saliva samples of bystanders were mostly below their limits 
of quantification after e-cigarette use in those settings, bystanders experienced 
acute irritation symptoms, including dry eyes, throat, and nose, after short-term 
SHA exposure. In contrast, our observational study shows that airborne nicotine 
concentration in e-cigarette users’ homes was significantly higher than that was 
found in non-users’ homes, while PM2.5 concentration in e-cigarette users’ homes 
was similar to non-users’ homes. The concentrations of some biomarkers of SHA 
exposure, such as nicotine, cotinine, 3’-OH-cotinine, 1,2-PG in saliva, and cobalt in 
the urine sample of e-cigarette non-users living with the users were found to be 
higher than those living with non-users.

Conclusions: This thesis shows that personal and environmental exposure to 
SHA occurred, and it may risk the health of bystanders in the long run. Since SHA 
exposure at the population level in Europe was not negligible, and e-cigarette use 
legislation was not widely adopted in European countries, governments should 
make more efforts to protect bystanders, particularly vulnerable groups such as 
young people, by including e-cigarettes in the smoke-free policies.
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Introducción: En los últimos años, los cigarrillos electrónicos han aumentado su 
popularidad entre los jóvenes y adultos en muchas partes del mundo, incluida 
Europa. La cada vez más creciente evidencia indica que los aerosoles de los 
cigarrillos electrónicos contienen compuestos peligrosos, que incluyen partículas 
finas (PM2.5), nicotina y nitrosaminas específicas del tabaco (TSNAs), que amenazan 
la salud de los usuarios y de las personas expuestas pasivamente. Sin embargo, la 
investigación sobre la exposición pasiva al aerosol del cigarrillo electrónico (ACE) 
todavía es limitada, lo que es particularmente importante para justificar si el uso 
del cigarrillo electrónico genera beneficios netos para la salud de la población.

Objetivos: El objetivo general de esta tesis es evaluar la exposición al ACE en 
la población europea desde una perspectiva política, a nivel poblacional y a 
nivel individual. La tesis tiene los siguientes objetivos específicos: 1) examinar 
las legislaciones nacionales y subnacionales que regulan el uso de cigarrillos 
electrónicos en lugares públicos y privados en los países de la Región Europea 
de la Organización Mundial de la Salud (OMS); 2) evaluar el alcance de la 
exposición de la población al ACE en diferentes lugares públicos y privados en 
países europeos; 3) caracterizar la exposición personal y ambiental al ACE en 
entornos cerrados en condiciones controladas que simulan las condiciones de la 
vida real; y por último, 4) caracterizar la exposición personal y ambiental al ACE en 
condiciones de la vida real.

Métodos: Se realizaron cinco estudios para cumplir con los objetivos de esta tesis. 
Para lograr el primer objetivo específico, se realizó una encuesta entre expertos en 
políticas de salud de varios países de la Región de Europa de la OMS para recopilar 
datos sobre las regulaciones nacionales y subnacionales relacionadas con el uso 
de cigarrillos electrónicos en lugares públicos y privados. El segundo objetivo se 
logró mediante la realización de dos encuestas en países europeos para recopilar 
datos sobre el uso de cigarrillos electrónicos en lugares al aire libre y la exposición 
autoinformada de la población al ACE. Para el tercer objetivo, se llevó a cabo un 
estudio experimental controlado en una habitación y un automóvil cerrados para 
evaluar marcadores aéreos y biológicos de la exposición breve al ACE en ambientes 
interiores. Por último, el cuarto objetivo consistió en un estudio observacional en 
hogares de usuarios de cigarrillos electrónicos en varios países europeos para 
investigar los marcadores aéreos de exposición al ACE en ambientes interiores y 
biomarcadores en personas no usuarias que viven en estos hogares.
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Resultados: Veintiocho de los 48 (58,3%) países de la Región de Europa de la OMS 
regulaban el uso de cigarrillos electrónicos a nivel nacional, y los Estados Miembros 
(EM) de la Unión Europea (UE) tenían una proporción significativamente mayor 
(73,1%) de países que habían adoptado una legislación sobre el uso de cigarrillos 
electrónicos a nivel nacional en comparación con otros Estados de fuera de la UE 
(40,9%). El número de lugares regulados por la legislación del país sobre el uso 
de cigarrillos electrónicos se asoció con la prevalencia de tabaquismo y el nivel de 
ingresos del país. Nuestra encuesta en 11 países europeos sugiere que el lugar al 
aire libre con mayor visibilidad de uso de cigarrillos electrónicos fueron las áreas al 
aire libre de los locales de restauración (21,3% de los locales). Aunque de manera 
limitada, se observaron personas usando cigarrillos electrónicos en lugares 
frecuentados por niños, como en entradas a escuelas (11,0% de las entradas) 
y en parques infantiles (4,0% de parques infantiles). Además, nuestro estudio 
poblacional muestra que el 16,0% de personas no usuarias de cigarrillos electrónicos 
en 12 países europeos estuvieron expuestas al ACE en cualquier espacio interior al 
menos una vez por semana, con una duración media de exposición de 43 minutos/
día. La prevalencia de la exposición al ACE variaba según la prevalencia de uso de 
cigarrillos electrónicos en el país y según la región geográfica. La exposición al 
ACE entre las personas no usuarias de cigarrillos electrónicos ocurría con mayor 
probabilidad en hombres, en grupos de edad jóvenes, en grupos con mayor nivel 
educativo, exusuarios de cigarrillos electrónicos, fumadores actuales, aquellos 
que percibían el ACE como inofensivo y entre aquellos que vivían en países con 
una mayor prevalencia de uso de cigarrillos electrónicos. A partir de nuestro 
estudio experimental, encontramos que la concentración de PM2.5 se multiplicó 
aproximadamente por dos durante el uso de cigarrillos electrónicos durante un 
período breve (30 minutos) en comparación con el nivel basal en una habitación y 
en un automóvil en condiciones controladas, pero la concentración de nicotina en 
el aire permaneció baja durante todo el experimento. Aunque las concentraciones 
de biomarcadores de exposición al ACE (es decir, nicotina, cotinina, 3’-OH-cotinina, 
nornicotina, TSNAs, PG y glicerol) medidos en muestras de saliva de personas 
no usuarias de cigarrillos electrónicos estuvieron en su mayoría por debajo de 
sus límites de cuantificación después del uso de cigarrillos electrónicos en esos 
lugares, estas personas refirieron experimentar síntomas de irritación aguda, como 
sequedad de ojos, garganta y nariz, luego de la exposición breve al ACE. Por otra 
parte, nuestro estudio observacional muestra que la concentración de nicotina en 
el aire de los hogares de usuarios de cigarrillos electrónicos fue significativamente 
más alta que la encontrada en hogares donde no se usaban cigarrillos electrónicos, 
mientras que la concentración de PM2.5 fue similar en ambos tipos de hogares. 
Asimismo, se encontró que las concentraciones de algunos biomarcadores de 
exposición al ACE, como nicotina, cotinina, 3’-OH-cotinina, 1,2-PG en saliva y 
cobalto en muestras de orina de personas no usuarias de cigarrillos electrónicos 
que vivían con los usuarios era superior a las concentraciones observadas en los 
participantes que vivían en hogares donde no se usaban cigarrillos electrónicos.
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Conclusiones: Esta tesis muestra que el uso de cigarrillos electrónicos conlleva 
cierta exposición ambiental y personal al ACE, y puede poner en riesgo la salud de 
los expuestos a largo plazo. Dado que la exposición al ACE a nivel poblacional en 
Europa no fue insignificante, y que no se ha adoptado una legislación amplia sobre 
el uso de cigarrillos electrónicos en los países europeos, los gobiernos deberían 
hacer más esfuerzos para proteger a las personas expuestas involuntariamente, 
en particular a grupos vulnerables como los jóvenes, mediante la inclusión de los 
cigarrillos electrónicos en las políticas libres de humo.
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Definition of Electronic Cigarettes

Electronic cigarette, also known as e-cigarette or vape, is a type of battery-
powered electronic nicotine delivery systems (ENDS) or electronic non-nicotine 
delivery systems (ENNDS) that vaporise a liquid (also called e-liquid) into an 
aerosol (1). Unlike conventional cigarettes, e-cigarettes use does not generate 
any combustion process. Instead, it heats the e-liquid containing nicotine and 
flavours to create an aerosol inhaled by the user (1). E-cigarettes also differ from 
heated tobacco products (HTPs) as the former do not heat tobacco as HTPs do 
(2), although most e-cigarettes also emit tobacco-related components, such as 
nicotine and tobacco-specific nitrosamines (TSNAs).

The invention of modern e-cigarette has been often credited to Chinese 
pharmacist Hon Lik in 2003, but the development of e-cigarette systems has 
been carried out by tobacco companies since at least 1963 (3). Generally, an 
e-cigarette device consists of a battery and a cartridge containing an atomizer 
to heat the e-liquid (Figure 1). Since entering the market, e-cigarettes have 
been evolving into different types. Figure 2 shows the development of the first 
three e-cigarette types. The earliest type, called the first generation, resembles 
a combustible cigarette and is not rechargeable or refillable, while the newer 
versions (the second and third generations) have rechargeable batteries and 
refillable reservoirs (tanks) that allow users to purchase and mix different 
e-liquids, even with illicit drugs, including cannabis, ecstasy, and cocaine (1,4). 
The last type of e-cigarettes entering the market (the fourth generation, Figure 
3), which resembles USB sticks, is called “pod”. The surge of these pod-based 
e-cigarettes (e.g., JUUL), especially the disposable devices (e.g., Puff Bar, Figure 
4), has been concerning given their attractiveness to youth (5–8).   
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Figure 1. Parts of an electronic cigarette. Image source: Daily Mail Online (9)

Figure 2. The first, second, and third generations of electronic cigarettes.  
Image source: BMJ (10)
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Figure 3. JUUL, the most popular brand of electronic cigarette fourth generation. 
Image source: NEJM (7)

Figure 4. Puff Bars with their attractive flavours and appearances.  
Image source: Tobacco Control (8)
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E-liquids contain a wide variety of chemicals already identified in combustible 
cigarette smoke and are considered harmful constituents. A review study identified 
60 compounds present in e-liquids, including benzene, diacetyl, formaldehyde, 
metal elements, propylene glycol (PG), glycerine, nicotine, N-nitrosonornicotine 
(NNN), nicotine-derived nitrosamine ketone (NNK) and  flavouring agents (11). 
Although e-liquids without nicotine are available, most of the products in the market 
contain nicotine (12,13). The nicotine content of commercially available e-liquids 
varies from low to high, commonly ranged from 12 to 18 mg/ml, but may reach as 
high as 60 mg/ml, depending on the locations of purchase made (14–16). However, 
the inaccuracy in nicotine labelling has been widely found. A systematic review of 
20 studies on nicotine concentration analysis in e-liquid samples worldwide has 
shown that 48.3% of samples were deviated more than 10% above or below the 
labelled nicotine. Even among those labelled as nicotine-free (0 mg/ml), 50.9% 
actually contained detectable nicotine up to 23.9 mg/ml (17). Some concerns over 
inadvertent nicotine exposure among youth have risen as more than a third of 
adolescents were unaware of the nicotine concentration in their e-liquid, as shown 
by a study in the United States (US) (18). However, it is important to note that low 
nicotine concentrations in e-liquid may not be translated into less harm for users 
and bystanders. The users of lower nicotine content engaged in compensatory 
behaviour, such as a higher number and duration of puff, thus, consumed more 
e-liquid, and consequently, users had a stronger urge to use the e-cigarette than 
those using higher nicotine levels (19,20). The use of salt-based nicotine (benzoic 
acid added) in the e-liquid of many pod-based e-cigarettes, including JUUL, can 
boost the addictiveness of the e-cigarettes with low concentration given the 
ability of nicotine salt formulations to deliver nicotine dose without aversive 
user experiences, such as harshness and bitterness (7). Consumption of lower 
nicotine concentration also exposes users to carcinogenic compounds, such as 
formaldehyde and acetaldehyde (19,21).

High variability of e-liquid contents, product characteristics, and functioning are 
available as e-cigarette types and systems are rapidly evolving (22,23). By 2014, 
466 brands of e-cigarettes and 7764 unique flavours in e-liquids were identified 
in online retailers worldwide, which expanded to over 15,000 flavours by 2017, 
according to a website survey (24,25). Flavours in e-liquids, which predominantly 
are tobacco, menthol/mint, fruit, dessert/candy flavours, are an important 
factor in e-cigarette use as they are associated with topography patterns, widely 
appealing to consumers, especially to young people, and being the reasons for 
using e-cigarettes (26,27). This rapid evolution of e-cigarette and e-liquid products 
may affect the actual chemical and particle emission in the aerosols and add the 
complexities of the product regulation.
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Electronic cigarette use

The global market of e-cigarettes has grown massively in the past few years and 
is estimated to worth 37.4 billion USD by 2025 (28). The immense growth of the 
e-cigarette market is mainly due to the rising popularity of e-cigarettes around the 
world with the increasing use both in youth and adults. In the US, an epidemic of 
e-cigarette use in youth has occurred as the prevalence substantially increased by 
78% from 2017 to 2018 (29,30). Even from 2017 to 2019, the prevalence of 30-day 
nicotine e-cigarette use among youth in the country was doubled (31). An upward 
trend was also observed among youth in Canada, where more than 70% increase 
occurred within a year from 2017 to 2018 (32). A recent Eurobarometer report 
shows that the prevalence of people aged ≥ 15 years who have at least tried these 
products in 27 European Union (EU) Member States (MS) and the United Kingdom 
(UK) increased from 12% in 2014 to 14% in 2020, and more than half of e-cigarette 
users used the products, with or without nicotine, every day (33). The report also 
reveals a higher proportion of younger people who have at least tried e-cigarettes 
than the older counterparts. Indeed, e-cigarette use among youth aged 13-15 
years in some European countries was shown to increase markedly over the years, 
according to the latest report from Global Youth Tobacco Survey (30). The report 
reveals that in Italy, the prevalence of current e-cigarette use increased from 8.4% 
in 2014 to 17.5% in 2018, and in Georgia from 5.7% in 2014 to 13.2% in 2017, while 
in Latvia, it was 9.1% in 2011 and 18% in 2019. Another data from the UK shows that 
the current e-cigarette use among adolescents has more than doubled from 2014 
to 2018 (34). 

In Europe, e-cigarette use has been frequently observed in indoor places where 
smoking is typically banned, such as workplaces, bars, restaurants, and train and 
metro stations (35–37). Even in workplaces with smoke-free policies but permitted 
e-cigarette use, the rate of cigarette smoking was higher than that was found in 
workplaces with comprehensive policies that included e-cigarette use ban, as has 
been shown by a study in Japan (38). Evading smoke-free regulation has been 
reported by e-cigarette users as one of the main reasons for the use of e-cigarettes 
(39–41). Indeed, the levels of support for the ban of e-cigarette use in public places 
in the EU were lower among those who used e-cigarettes to circumvent smoke-
free regulations (42).
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Consequences of electronic 
cigarette use on users and the 
exposed population

Similar to e-liquids, e-cigarette aerosol consists of a vast array of constituents, 
such as particulate matter (PM), toxic chemicals, including nicotine, volatile organic 
compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), tobacco-specific 
nitrosamines (NNN, NNK), and metals, which are associated with harmful effects 
in humans (11,21,43). The number of chemicals identified in e-cigarette aerosol 
reaches up to 47 compounds, 22 of which are also present in e-liquids (11). Some 
of them, such as nicotine and metals, have been even identified at comparable 
or higher levels than those found in combustible cigarettes (44–46). The smaller 
particle size of e-cigarette aerosol may penetrate deeper into the lungs and 
generate more severe disease (47,48). Thus, e-cigarettes are not harmless and not 
necessarily safer than combustible cigarettes. Nevertheless, e-cigarette aerosol 
has been often claimed as “water vapour” making it perceived as benign (49). 

Many studies have documented the adverse health effects of e-cigarette use 
among users. The use of e-cigarettes, with or without nicotine, may impair the 
primary human airway epithelial cells of young, healthy non-smokers that made 
them prone to respiratory virus infection (50). The findings are in line with 
subsequent studies on respiratory effects of e-cigarettes, which suggest that there 
are measurable adverse biologic effects on organ and cellular health in vitro, in 
animals, and humans (51–53).

A recent review and cohort studies showed that health effects related to 
e-cigarette use include respiratory conditions such as acute lung injury syndrome, 
chronic obstructive pulmonary disease (COPD), emphysema, chronic bronchitis, 
and asthma, as well as non-respiratory diseases such as acute intoxication, 
traumatic and thermal injuries (53–56). In users who also smoked combustible 
cigarettes (dual users), e-cigarette use has been found to cause immediate 
respiratory mechanical, and inflammatory consequences, with more severe effects 
in asthmatic smokers (57). Even after controlling for cigarette smoking, marijuana 
use, and other confounding factors, ever and current e-cigarette use was still 
significantly associated with asthma in US adolescents (58). Given the presence 
of nicotine in most e-liquids, even in some e-liquids labelled without nicotine 
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ingredient, e-cigarette use results in symptoms of dependence that may be more 
addictive than combustible cigarettes (23,59) and may impair brain function in 
young users (60). 

Apart from the health risks for individual users, e-cigarettes may also have some 
impact on tobacco use. E-cigarette use has been associated with an increased risk 
of cigarette smoking relapse among recent and long-term former smokers in the 
US (61), leading to dual-using with combustible cigarettes, with  more detrimental 
effects to health (53), and renormalisation of tobacco smoking (62). Evidence 
shows that e-cigarette use might undermine the long-term efforts to denormalise 
smoking as a gateway to tobacco smoking and lead to other substance use among 
youth by leading them to initiate alcohol and marijuana use (63–65).

The phenomenon highlights the potential threat that e-cigarettes pose to 
vulnerable population groups such as young users. Youth have been rapidly 
adopting e-cigarettes because of the devices’ novelty and thousands of flavours 
(27). The compact design of the latest model of e-cigarettes (e.g., pod-based 
e-cigarettes) enables stealth use of the devices, even in prohibited areas such 
as school classrooms (66). The popularity of e-cigarettes among young people, 
despite evidence showing they are addictive and harmful to developing brains 
and contain toxic chemicals, was related to the controversial e-cigarette industry 
marketing tactics that appeal to young audience (67,68) and have led to many 
e-cigarette lawsuits filed by mostly parents of underage consumers who were 
unaware of the side effects of e-cigarette use (69).

E-cigarette use has been deemed to be closely related to the recent health 
crisis. In 2019, there was an outbreak of e-cigarette, or vaping, product use-
associated lung injury (EVALI) in the US. As of 18th February 2020, a total of 2,807 
were hospitalised for EVALI cases across the US, 68 of which died. More than 
half (52%) of the EVALI hospitalised patients were under 25 years old, according 
to a report per 14th January 2020 (70). Vitamin E acetate used as a diluent in 
tetrahydrocannabinol e-liquid has been found to be the primary aetiology of EVALI 
(70). Yet, a subsequent study in an animal model suggests that EVALI-like condition 
occurred after the use of e-cigarettes at high power, without tetrahydrocannabinol, 
vitamin E, or nicotine (71). In the context of the current coronavirus disease 2019 
(COVID-19) pandemic, a study conducted among adolescents and young adults in 
the US has found that e-cigarette use was a significant risk factor for the disease 
(72). Another data from the country shows that a higher state-wide e-cigarette 
use prevalence was significantly associated with higher COVID-19 cases and death 
on a state level (73). The evidence was in accordance with prior preclinical data, 
which suggests that e-cigarette aerosol, independent of nicotine, disrupts alveolar 
surfactant homeostasis and provokes lung inflammation, which may predispose 
e-cigarette users to poor COVID-19 outcomes (74). 
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The widespread use of e-cigarettes may be partly explained by the strong claims 
embraced by proponents of e-cigarettes, who suggested the devices as a safer 
alternative to conventional cigarettes and, hence, as a tobacco harm reduction 
strategy (34). The harm reduction approach to curb tobacco smoking has been 
widely discussed, especially since a report commissioned by Public Health England 
in 2015 asserted that e-cigarettes are 95% less harmful than combustible cigarettes 
(34). However, the estimate, which has been cited very often by e-cigarette 
advocates and media, was mainly based on a hard evidence-lacking study in 2013 
where a group of experts assigned the relative harms of nicotine-containing 
products and concluded that e-cigarettes were substantially less harmful than 
combustible cigarettes (75). At that time, there was limited evidence for the harms 
of e-cigarettes, which the authors of the article acknowledged as a limitation of the 
study (75). The problematic oft-cited evidence of the relative harms of e-cigarettes 
has been refuted by other researchers, given the accumulating evidence of the 
increased prevalence of e-cigarette use and potential harms of e-cigarettes (76).

There has also been a claim suggesting that e-cigarettes can help smokers quit 
smoking. However, recent evidence do not support the claim had e-cigarettes 
were used as consumer products, which is currently the actual pattern of use in the 
real world (77). Under medical supervision, as shown in a randomised clinical trial 
study, e-cigarettes were slightly more effective than nicotine replacement therapy 
for smoking cessation, but a majority (80%) of e-cigarette users remained using 
e-cigarette for a year, which raises concern over the long-term addiction and safety 
of the devices (78). Furthermore, some studies assert that adults were trying and 
using e-cigarettes not only because they deemed the devices a safer alternative 
to combustible cigarettes, but also to evade the smoke-free laws conveniently 
(37,38). 
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Secondhand exposure to aerosol 
from e-cigarettes

Secondhand exposure to aerosol from e-cigarettes (SHA) originates from the 
exhaled aerosol emitted by e-cigarette use. Unlike secondhand smoke (SHS), 
which is also generated from the side-stream of tobacco smoking, SHA only comes 
from the exhaled aerosol since activated e-cigarette produces little to no side-
stream emissions (79). However, SHA is known to contain toxicants that were also 
present in e-cigarette aerosol inhaled by the users, such as nicotine, PM (ultrafine 
particles, particles with diameter size of 2.5 μm or less [PM2.5], and 10 μm or less 
[PM10]), VOCs, PG, vegetable glycerine or glycerol, metals, TSNAs, and flavourings 
(23,80–83).

There is solid evidence showing that e-cigarette use deteriorates indoor air 
quality by emitting some pollutants. Airborne nicotine concentration, for instance, 
was found to increase after e-cigarette use sessions during an experimental study 
in a room (80,84) and in some observational studies inside homes of e-cigarette 
users (85), e-cigarette convention events (86,87), vape shops (88,89), and even 
their neighbouring businesses (89). The concentration of PM2.5 also markedly 
increased during e-cigarette use in settings such as office rooms (83,84,90), 
homes (81,91), cars (91), e-cigarette events (86,92), and vape shops (88,89,93) 
and may travel to their neighbouring spaces (89). The chemicals present in SHA in 
the indoor environment, such as formaldehyde, could be taken up by bystanders 
through inhalation and dermal exposure with the worst estimation of 5.7% 
and 6.4% of exhaled formaldehyde, respectively (94). It has been shown that 
bystanders absorbed nicotine from the e-cigarette’s aerosol at the same level 
as those absorbed from SHS (85). While particles’ diameters inhaled by active 
e-cigarette users were commonly reported to be larger than 150 nm, the diameters 
of aerosols in SHA were mainly ultrafine particles (smaller than 100 nm), with a 
unimodal peak around 30-40 nm. Most of them will deposit in the lower airways 
(alveolar), causing potential health effects on bystanders passively exposed (95). 

Therefore, e-cigarette use may have harmful effects not only on users but also 
on bystanders. Some studies found that short-term exposure to SHA may cause 
headache, dry mouth, ocular, nasal, and airway irritation symptoms, a reduced 
respiratory function, induce nicotine’s systemic effects, such as increased heart 
rate and systolic blood pressure, and increase risk of tumours in upper respiratory 
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tract of e-cigarette non-users (80,96,97). Exposure to SHA may worsen the 
asthma symptoms in youth with asthma and even was associated with higher odds 
of asthma symptoms among adolescents who were not using e-cigarette and not 
smoking tobacco products (98,99). Although there is still a lack of evidence on 
the long-term health effects of SHA, the constituents of e-cigarettes have been 
known to cause adverse health effects. For instance, PM can induce cardiovascular, 
respiratory diseases (100), diabetes, and cancers (101), and exposure to nicotine 
may cause nicotine-related diseases, like cardiovascular diseases and impaired 
brain function (60,85,102,103). Moreover, TSNAs, such as NNN and NNK, and 
carbonyl compounds, such as formaldehyde and acetaldehyde, which were 
identified in e-cigarette aerosol (21,104), are carcinogenic (105–108). The solvents 
in e-liquids, PG and glycerol, were found to form formaldehyde and aldehyde by 
heating process regardless of the e-cigarette device attributes, which, thus, may 
also contribute to the adverse health effects of those carbonyl compounds (109–
112).

Unfortunately, the latest evidence shows that the extent of the population’s 
exposure to the SHA is not negligible. In the US, for example, exposure to SHA in 
indoor or outdoor public places was reported by nearly one in three (33.2%) middle 
and high-school students in 2018, rising by 7.5% in just one year (113). Thirty-seven 
percent of smokers, who were e-cigarette non-users, were exposed to SHA in six 
European countries in 2016, ranging from 18% in Spain to 63% in Greece (35). 

Similar to e-cigarette use, exposure to SHA might influence social perception 
towards nicotine product use, which may hamper the progress in tobacco control. 
Seeing e-cigarette use or being exposed to SHA in public places has been found 
to renormalise smoking among youth (113,114). Even among adolescents not 
susceptible to future cigarette smoking, exposure to SHA in indoor or outdoor 
public places was associated with susceptibility to using e-cigarettes (115). The 
public misperception about the harms of e-cigarette use and SHA may encourage 
the uptake of e-cigarettes and their use in places where children are likely to be 
present (114,116,117).
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Regulation of electronic cigarette 
use

While regulation of e-cigarettes is complex because it depends on its definition as 
a product, the above evidence suggests that regulatory approaches are needed 
to prevent involuntary exposure to SHA. Studies in the US demonstrate that 
e-cigarette use restrictions, either at states (118,119) or at the household level 
(120), may effectively reduce e-cigarette use prevalence among adults and youth. 
Workplaces that exempted e-cigarettes in their smoke-free indoor environment 
policies were not only associated with higher rates of e-cigarette use but also 
tobacco smoking and HTPs use (38). A complete e-cigarette use ban at workplaces 
has been found to lower the risk of exposure to SHA among non-users in such 
locations (120).

Unlike tobacco smoking, e-cigarette use in the presence of bystanders is still 
deemed socially acceptable. The majority of e-cigarette users surveyed by an 
online questionnaire reported unrestricted use of their e-cigarettes in places 
where smoking was typically banned (121), and most of the e-cigarette users 
surveyed among smokers in six European countries felt comfortable or neutral 
to use their devices around others (35). However, e-cigarette use prohibition, 
especially in smoke-free places, was highly supported by the general public, with 
around 70-85% support from US adults and EU non-smokers (42,122,123). Even 
among current and former smokers in the EU, e-cigarette use ban in public places 
was supported by 45.7% and 63.1% of each group, respectively (42).

The World Health Organization (WHO) recommends to Parties of the Framework 
Convention on Tobacco Control (FCTC) to regulate e-cigarettes, including banning 
the use of e-cigarettes in places where combustible cigarettes use is prohibited as 
an effort to protect bystanders from exposure to SHA (124). In Europe, Article 20 
in the EU Tobacco Products Directive (EU TPD) 2014/40/EU stipulates provisions 
on the safety and quality specifications for e-cigarettes, which address the 
concern over the diversity of the product characteristics sold in the EU market 
(125). Nevertheless, the EU TPD did not include any e-cigarette use measures; the 
power to regulate e-cigarette use was given to the EU MS. However, the European 
Commission has recently considered updating the EU recommendations on smoke-
free environments by 2023 to extend the coverage of smoke-free environments 
policy to novel tobacco products, including e-cigarettes, as part of a strategy to 
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reduce smoking prevalence across the region to 5% by 2040 (126). It means the 
recommendations will call on EU MS to forbid e-cigarette use in public places and 
workplaces. The latest available study shows that there had been 25 countries 
globally enacting e-cigarette use legislation at the national level in 2014-2016 
(127). In England, e-cigarette use indoors was prohibited in all acute non-specialist 
public-funded health centres (i.e., NHS Trusts), and all except one higher education 
institution, but permitted its use in outdoor areas of the health centres and 75% of 
higher education institutions (128).
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Justification of the investigation

Bystanders, especially the vulnerable groups such as children and people with 
comorbidities, are important consideration factors while making a policy for 
e-cigarette use (129). That is because the short- and long-term effects that 
e-cigarette use has on bystanders may implicate in overall population’s health. 
Using a simulation of population model, a study predicted that even with very 
optimistic assumptions about the effects of e-cigarettes on smoking cessation 
and a 95% reduction in risk associated with e-cigarette use compared to smoking 
conventional cigarettes, the availability of e-cigarettes is still associated with net 
population harm in the US: 1.5 million years of life lost based on e-cigarette use 
patterns in 2014 (130). However, the study did not take into account the effects of 
exposure to SHA among bystanders, given the limited evidence available at that 
time. That further justifies the need to investigate the effects of SHA on bystanders 
to answer the big question of whether e-cigarette use will result in net health 
benefit or harm in the population. 

Despite the growing body of evidence showing that SHA chemicals are not 
harmless and, hence, pose a new challenge to public health, research on SHA is a 
considerably emerging study area. At the time of completing this doctoral thesis, 
there was limited evidence on personal and environmental exposure to SHA. As 
noted in the previous section, past studies on SHA exposure were vastly based 
on the measurement of indoor air quality and biomarkers that were conducted 
by using either machine-generated aerosol, in highly controlled conditions at a 
laboratory, in a real-world setting but poorly controlled, or in an extreme scenario 
such as e-cigarette events and vape shops that did not represent common use in 
real life. A study to better characterise the bystander’s exposure to SHA in confined 
settings was needed. On the other hand, a further study on exposure to SHA under 
real-life conditions was also warranted. There was also a need to quantify such 
exposure in the population. However, there was no study on exposure to SHA 
among the general population in Europe. Data from European countries on this 
issue will allow a better understanding of the problem’s magnitude in the European 
population.

It is also important to assess the regulation surrounding e-cigarette use in public 
and private places in Europe because it will enable us to analyse the extent of the 
harm from SHA perceived by the government of the respective countries. Moreover, 
since there was no common regulation on e-cigarette use in Europe, a comparison 
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across countries about restrictions in e-cigarette use in public and private places 
was needed by which we might understand the similarities and differences of the 
regulations and factors driving such phenomenon. However, only a few studies 
have examined specific national regulations dedicated to protecting bystanders 
from exposure to SHA. 

This thesis may contribute to the adoption and implementation of tobacco control 
and overall public health strategy in Europe, as countries in the WHO European 
region, including EU MS, are committed to achieving the targets in Sustainable 
Development Goal 3.4 by reducing one-third of premature mortality from non-
communicable diseases, and promoting mental health and well-being by 2030 
(131,132). To provide evidence-based recommendations for e-cigarette products 
in Europe, this thesis produced several studies that assessed the SHA exposure in 
bystanders in the region from a policy perspective to the ground reality as they are 
keys to see the holistic picture of the problem. This thesis linked the findings from 
the different studies altogether with a focus on bystanders’ end.
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The hypotheses of this PhD thesis are:

1.	 �There is a significant difference in the adoption status of e-cigarette use 
legislations among countries within the WHO European Region according to 
country-specific factors.

2.	 �Country-specific factors, such as country’s EU membership status, income 
level, smoking prevalence, and tobacco control performance, are all associated 
with the number of places regulated by country’s e-cigarette use legislation.

3.	 �E-cigarette use in locations frequented by minors (i.e., children) is less visible 
than in other public places.

4.	 �Population groups with a lower socioeconomic status in European countries 
have a higher prevalence of exposure to SHA.

5.	 �SHA in controlled confined settings significantly increases the concentrations 
of PM2.5 and airborne nicotine.

6.	 �SHA in controlled confined settings significantly increases the concentrations 
of biomarkers of SHA exposure among bystanders.

7.	 �SHA in a real-life condition significantly increases the concentrations of PM2.5 
and airborne nicotine.

8.	 �SHA in a real-life condition significantly increases the concentrations of 
biomarkers of SHA exposure among bystanders.
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This thesis aims to evaluate the exposure to SHA in the European population 
from a policy perspective, population level, and individual level. To meet the aim, 
this doctoral thesis had four main objectives with their corresponding specific 
objectives:

1.	� To examine the national and subnational legislations regulating the use of 
e-cigarettes in public and private places across the WHO European Region 
countries.

	 a.	� To describe and compare the legislations regarding e-cigarette use 
restrictions in public and private places.

	 b.	� To identify country-specific factors that correlate to the adoption of the 
legislations.

	 c.	� To evaluate the alignment of the legislations with the recommendations by 
the WHO FCTC on the regulation of e-cigarette use in enclosed settings.

2.	� To assess the extent of the population’s exposure to SHA in different public and 
private settings in European countries.

	 a.	� To identify the prevalence of exposure to SHA among e-cigarette non-users 
in different indoor settings across European countries.

	 b.	� To assess the relationship between sociodemographic factors at individual 
and country-level and exposure to SHA in different indoor settings across 
European countries.

	 c.	� To identify the spread of e-cigarette use in different outdoor settings in 
European countries.

3.	� To characterise personal and environmental exposure to SHA in controlled 
confined settings that emulate real-life conditions.

	 a.	� To assess the environmental exposure to SHA, by measuring the PM2.5 and 
airborne nicotine concentrations before, during, and after short-term use of 
an e-cigarette in a room and car.

	 b.	� To assess the personal exposure to SHA, by measuring the concentrations 
of various biomarkers of SHA exposure among bystanders before and after 
short-term use of an e-cigarette in a room and car.

	 c.	� To investigate the health symptoms that occurred in bystanders before and 
after short-term exposure to SHA.
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4.	� To characterise personal and environmental exposure to SHA in real-life 
conditions.

	 a.	� To measure the concentrations of PM2.5 and airborne nicotine in e-cigarette 
users’ homes in four European countries.

	 b.	� To analyse the differences in the concentrations of PM2.5 and airborne 
nicotine in e-cigarette users’ homes according to the pattern of e-cigarette 
use at homes in four European countries.

	 c.	� To measure the biomarkers of SHA exposure concentrations among 
bystanders living with e-cigarette users in four European countries.
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Study designs

Five studies were performed to achieve the aim of this thesis. Four of them were 
observational studies conducted in multiple European countries from 2017 to 2019, 
while another one was an experimental study performed in Barcelona (Catalonia, 
Spain) in 2019. All of the studies were developed in the context of the TackSHS 
Project (“Tackling secondhand tobacco smoke and e-cigarette emissions: exposure 
assessment, novel interventions, impact on lung diseases and economic burden 
in diverse European populations”; www.tackshs.eu), which comprehensively 
assessed the impact of SHS and SHA on European population (133).
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Data sources

This thesis mainly used primary data collected from the TackSHS project, 
including survey studies among tobacco-related product users, e-cigarette users, 
and non-users, and field studies collecting data of environmental and biological 
markers of SHS and SHA in room, car, and home settings. Data from an ad hoc 
survey among in-country health policy experts of multiple European countries was 
also collected to complete this thesis. Additionally, this thesis utilised secondary 
data from reports, such as the 2016 Tobacco Control Scale (134), 2017 WHO Report 
on the Global Tobacco Epidemic (135), and 2015 Global Burden of Disease Study 
(136), and publicly accessible countries’ national laws.

Regulatory approaches to protect bystanders from 
exposure to SHA in European countries (RASHA-E):  
a survey to in-country informants

RASHA-E was a cross-sectional study with the general aim to assess regulations 
surrounding e-cigarette use in countries belonging to the WHO European Region. 
To meet the objective, a survey was performed to in-country health policy experts 
from 53 countries of the WHO European Region, comprising 28 EU MS and 25 
non-EU countries. Data was collected from May to July 2018, using an online 
self-administered questionnaire (Annex 1) developed ad-hoc by a research team 
at the Catalan Institute of Oncology (Spain) and WHO European Region Office 
(Denmark). The questionnaire, which was available in English and Russian, collected 
information on the classification of e-cigarettes in the national regulation, national 
and subnational legislation of e-cigarette use in indoor and outdoor places, 
transposition status of Article 20 of TPD 2014/40/EU, challenges in adopting the 
regulation and the level of compliance.

This thesis used the data from the RASHA-E study that focused on e-cigarette 
use legislation at the national and sub-national level, applied to 27 public and 
private places, both indoors and outdoors, such as educational facilities, hospital 
or healthcare facilities, workplaces, private vehicles, and homes. Information on 
levels of difficulties in adopting the legislation, public support and compliance to 
the legislation was also analysed in this thesis.
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TackSHS Project

The overall aim of the TackSHS project was to comprehensively investigate 
the impact that SHS and SHA have on the respiratory health of the European 
population and how the impact varies according to socioeconomic and other 
characteristics (133). The 4-year project was coordinated by a research team 
from the Catalan Institute of Oncology - Bellvitge Biomedical Research Institute 
(ICO-IDIBELL) in Spain and involved 11 work-packages (WPs). Each WP had specific 
objectives and approaches. This thesis used data from three WPs of the TackSHS 
project: an environmental assessment of SHS exposure in private and outdoor 
settings in Europe (WP2), a pan-European population survey on SHS and SHA 
exposure (WP3), and an assessment of environmental and bystanders’ exposure 
to SHA in controlled settings and in real-life conditions (WP8).

Environmental assessment of SHS exposure in private and outdoor settings 
in Europe (WP2)

WP2 was a cross-sectional study led by the Public Health Agency of Barcelona 
(ASPB, Spain), in which the overall objective was to evaluate SHS exposure in 
private and outdoor settings in Europe (133). WP2 was performed from March 
2017 to October 2018 in major cities of 11 European countries (Bulgaria, England, 
France, Germany, Greece, Ireland, Italy, Poland, Portugal, Romania, and Spain), 
representing geographical, legislative, and cultural variations across the EU. 
Around 1,000 environmental measurements were collected, including 180 
measurements from homes in 9 countries and 660 measurements in outdoor 
settings in the 11 countries involved; and 120 environmental measurements 
were collected in cars in two countries. The assessment under this WP involved 
airborne nicotine measurement and direct observation of tobacco-related or 
nicotine product use, including e-cigarette use, in the included settings. 

From this WP, we used data to describe e-cigarette use outdoors, such as in 
children’s playgrounds, schools’ entrances, and terraces of hospitality venues, 
in the 11 European countries. The three settings were chosen as they represent 
outdoor locations where children are likely to present or occupied by large 
numbers of people. The data collection form used is presented in Annex 2.

Pan-European survey on SHS and SHA exposure (WP3)

This WP was a cross-sectional study, led by Mario Negri Institute for 
Pharmacological Research - IRCCS (Italy), with the primary objective of assessing 
the prevalence and determinants of smoking, e-cigarette use, and exposure to SHS 
and SHA across Europe (133). WP3 fieldwork was started in November 2016 with 
the pilot study in Italy, and the main fieldwork took place between June 2017 and 
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October 2018 using a face-to-face survey method among approximately 12,000 
individuals aged 15 years and older from 12 European countries (Bulgaria, England, 
France, Germany, Greece, Ireland, Italy, Latvia, Poland, Portugal, Romania, and 
Spain), representing the general adult population in the countries. An ad-hoc 
questionnaire was developed from existing validated questionnaires to collect 
information on cigarette smoking, use of e-cigarettes and HTPs, exposure to SHS 
and SHA in different indoor and outdoor settings, and attitudes and perceptions 
towards various tobacco control policies. The questionnaire is provided in Annex 3.

From this WP, we obtained data to investigate the prevalence of bystanders’ 
exposure to SHA in public and private indoor settings, including home, workplace, 
public transportation, private transportation, and other indoor places (e.g., 
cafeterias, bars, restaurants, leisure facilities) across the 12 European countries, 
and its relationship with sociodemographic characteristics at individual and 
national level.

Assessment of environmental and bystanders’ exposure to SHA in 
controlled and real-life conditions (WP8)

WP8 aimed to comprehensively examine the bystanders’ and environmental 
exposure to SHA through three sub-studies: 1) a systematic review of publications 
on exposure to SHA; 2) an experimental study that assessed environmental and 
personal exposure to SHA in controlled conditions in a car and a room; 3) an 
observational study to assess the environmental and personal exposure to SHA 
in real-life conditions at homes in four European countries (Greece, Italy, Spain, 
and the UK) (133). WP8 was led by the Catalan Institute of Oncology (Spain) and 
conducted between June to September 2019. We present data from the 2nd and 
3rd sub-studies from this WP, in which environmental exposure was assessed by 
measuring the airborne nicotine and PM2.5, while a wide range of biomarkers, such 
as nicotine, cotinine, TSNAs, PG, and glycerol, in biological samples of e-cigarette 
non-users and users were measured as a proxy of personal exposure assessment. 
WP8 also collected data on e-cigarette use and SHA patterns at homes using an 
ad-hoc questionnaire and personal diary card (see Annexes 4 and 5). 
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Ethical aspects

The thesis project has received ethical approval from the Bioethical Committee 
of the University of Barcelona (Institutional Review Board: IRB 00003099; 
Annex 6). The overall TackSHS project has been approved by the Research Ethics 
Committee of the Hospital Universitari de Bellvitge (PR341/15; Annex 6). All of 
the study protocols under the project were approved by the Ethics Committee 
of the WP2, WP3, and WP8 coordinating centres (Annex 6) and by the national 
Ethics Committees in each of the participating countries. The RASHA-E study 
was approved by the Research Ethics Committee of the Hospital Universitari de 
Bellvitge (PR200/18; Annex 6). Moreover, all the studies were registered at www.
ClinicalTrials.gov (NCT03150186 for WP2; NCT02928536 for WP3; NCT04140617 
for WP8 experimental study; and NCT04140630 for WP8 observational study) 
according to the Horizon 2020 ethics guidelines (http://tackshs.eu/ethics/).

http://tackshs.eu/ethics/
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Table 1 shows the summary of the five scientific publications included in this PhD 
thesis, four of which have been published in high-impact international journals.

Table 1 Summary of publications.

No. Authors and title Journal and 
reference

Journal 
IFa (2019)

Category, 
Journal rank

Cita-
tionsb

1 Amalia B, Fu M, Feliu A, Tigova 
O, Fayokun R, Mauer-Stender 
K, Fernández E. Regulation of 
electronic cigarette use in public 
and private areas in 48 countries 
within the WHO European Region: 
a survey to in-country informants

J Epidemiol. 
2020; 
JE20200332. 
doi: 10.2188/jea.
JE20200332

3.691 Public, 
environmental, 
and 
occupational 
health, Q1

1

2 Amalia B, Rodríguez A, Henderson 
E, Fu M, Continente X, Tigova 
O, Semple S, Clancy L, Gallus S, 
Fernández E. How widespread is 
electronic cigarette use in outdoor 
settings? A field check from the 
TackSHS project in 11 European 
countries

Environ Res. 
2021;193:110571

5.715 Public, 
environmental, 
and 
occupational 
health, Q1 (D1)

0

3 Amalia B, Liu X, Lugo A, Fu M, 
Odone A, van den Brandt PA, 
Semple S, Clancy L, Soriano JB, 
Fernández E, Gallus S. Exposure to 
secondhand aerosol of electronic 
cigarettes in indoor settings in 12 
European countries: data from the 
TackSHS survey

Tob Control. 
2021;30:49-56

6.726 Public, 
environmental, 
and 
occupational 
health, Q1 (D1)

8

4 Amalia B, Fu M, Tigova O, Ballbé 
M, Castellano Y, Semple S, Clancy 
L, Vardavas C, López MJ, Cortés 
N, Pérez-Ortuño R, Pascual JA, 
Fernández E. Environmental and 
individual exposure to secondhand 
aerosol of electronic cigarettes in 
confined spaces: Results from the 
TackSHS Project

Indoor Air. 2021; 
ina.12841. doi: 
10.1111/ina.12841

4.739 Public, 
environmental, 
and 
occupational 
health, Q1 (D1)

0
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5 Amalia B, Fu M, Tigova O, Ballbé 
M, Castillo BP, Pérez-Ortuño 
R, Pascual JA, Vardavas C, 
Vyzikidou VK, Gil F, Olmedo P, 
Soriano JB, López MJ, Cortés 
N, Boffi R, Veronese C, Gallus S, 
Lugo A, O’Donnell R, Dobson R, 
Semple S, Fernández E. Exposure 
to secondhand aerosol from 
electronic cigarettes at home: a 
real-life study in four European 
countries

In preparation - - -

a InCites Journal Citation Reports 2019 by Web of Science 
b Number of articles citing the corresponding publications, up to 27 April 2021
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Regulation of electronic cigarette use in public and 
private areas in 48 countries within the WHO European 
Region: a survey to in-country informants

Beladenta Amalia, Marcela Fu, Ariadna Feliu, Olena Tigova, Ranti Fayokun, Kristina 
Mauer-Stender, Esteve Fernández.

J Epidemiol. 2020; JE20200332. doi: 10.2188/jea.JE20200332
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How widespread is electronic cigarette use in outdoor 
settings? A field check from the TackSHS project in  
11 European countries

Beladenta Amalia, Alejandro Rodríguez, Elisabet Henderson, Marcela Fu, Olena 
Tigova, Sean Semple, Luke Clancy, Silvano Gallus, Esteve Fernández, the TackSHS 
Project Investigators.

Environ. Res. 2021;193:110571
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Exposure to secondhand aerosol of electronic cigarettes 
in indoor settings in 12 European countries: data from 
the TackSHS survey

Beladenta Amalia, Xiaoqiu Liu, Alessandra Lugo, Marcela Fu, Anna Odone, Piet A 
van den Brandt, Sean Semple, Luke Clancy, Joan B. Soriano, Esteve Fernández, 
Silvano Gallus, the TackSHS Project Investigators.

Tob. Control 2021;30:49-56
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PAPER 4

Environmental and individual exposure to secondhand 
aerosol of electronic cigarettes in confined spaces: 
Results from the TackSHS Project

Beladenta Amalia, Marcela Fu, Olena Tigova, Montse Ballbé, Sean Semple, Luke 
Clancy, Constantine Vardavas, Maria Jose López, Nuria Cortés, Raul Pérez-Ortuño, 
José A. Pascual, Esteve Fernández, the TackSHS Project Investigators.

Indoor Air. 2021; ina.12841. doi: 10.1111/ina.12841
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PAPER 5

Exposure to secondhand aerosol from electronic 
cigarettes at home: a real-life study in four European 
countries

Beladenta Amalia, Marcela Fu, Olena Tigova, Montse Ballbé, Blanca P. Castillo, 
Raul Pérez-Ortuño, José A. Pascual,  Constantine Vardavas, Vergina K. Vyzikidou, 
Fernando Gil, Pablo Olmedo, Joan B. Soriano, Maria Jose López, Nuria Cortés, 
Roberto Boffi, Chiara Veronese, Silvano Gallus, Alessandra Lugo, Rachel O’Donnell, 
Ruaraidh Dobson, Sean Semple, Esteve Fernández, the TackSHS Project 
Investigators.

(In preparation)
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Although e-cigarette consumption has been widespread (29–34), the evidence 
on its impact on bystanders has only recently emerged. This PhD thesis has 
comprehensively elucidated the issue on the exposure to SHA among bystanders 
in Europe by means of different studies with different methodologies that 
covered different aspects: 1) policy approaches taken by European countries in 
regulating the use of e-cigarettes in different settings by a survey to in-country 
informants, 2) population’s exposure to SHA by a cross-sectional survey in the 
European population, 3) personal exposure to SHA by an experimental and an 
observational study, and 4) environmental exposure to SHA by an experimental 
and an observational study.
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Regulations of e-cigarette use in 
European countries

We have investigated e-cigarette use regulation in public and private settings, 
as it is considered a measure closely related to SHA exposure. Our study has 
shown that within the WHO European Region, e-cigarette use restriction was still 
less commonly adopted than the smoke-free policies, given the limited number 
of countries across the region that had enacted any national legislation on 
e-cigarette use by 2018; that was around 60% of the studied countries compared 
to 87% of countries with the smoke-free legislation at national level (137). 
E-cigarette use legislation was also less adopted compared to other regulatory 
domains related to e-cigarettes, such as pricing, product standard, marketing, and 
retail, among countries globally, suggesting that countries still focused solely on 
those domains (127).

Our results, however, have provided evidence on the urge to mainstream the 
e-cigarette use restriction, at least in indoor spaces. We have learned from our 
studies that e-cigarette use in enclosed settings may expose bystanders to the 
chemical and physical constituents of SHA, which may result in some adverse 
health effects. Bystanders were extensively exposed to SHA in indoor settings 
and potentially in outdoor settings, too, as shown in our multi-country study 
across Europe. Additionally, countries with more prevalent e-cigarette use in the 
population also had a higher occurrence of SHA exposure among bystanders in 
indoor settings and higher visibility in outdoor areas, including those frequented 
by children. Thus, strategies to limit e-cigarette use consumption are needed to 
reduce the population’s exposure to SHA. 

Although legislation on e-cigarette use, especially in private areas, has not been 
widely adopted by countries, as shown in this thesis, existing evidence suggests 
that e-cigarette use restrictions in public and private areas might be effective in 
tackling SHA exposure. In the US, for example, the state-wide ban for e-cigarette 
use indoors (i.e., workplaces, restaurants, or bars) was associated with reduced 
e-cigarette use in adults and youth (118,119). Additionally, voluntary partial or 
full e-cigarette use restrictions at home were found to lower the likelihood of 
e-cigarette use among the residents, and full prohibition of e-cigarette use at 
workplaces was associated with significantly reduced SHA exposure among 
workers (120).
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This thesis also demonstrated that the adoption and enforcement of the law on 
e-cigarette use are equally important. This is because our studies revealed that 
e-cigarette use was still observed in some school entrances where e-cigarette 
use was already prohibited, and some countries’ representatives expressed 
challenges for enacting and enforcing the e-cigarette use legislation. Most 
difficulties came from e-cigarette industry front-groups and lobbies, and the 
government’s poor political will. Activities of tobacco and e-cigarette industry 
interference in e-cigarette-related policies have been well documented from many 
parts of the world. In Europe, the tobacco industry and pro-e-cigarette groups 
have been actively promoting e-cigarettes as a better alternative to combustible 
cigarettes, and, thus, they lobbied European Commission and some European 
countries to tax and regulate the products less restrictively than combustible 
cigarettes (138). Finland has seen obstacles in enforcing its characterising 
flavours ban in e-liquids since e-cigarette businesses were non-compliant with 
the regulation and filed a court case to overturn the rules (139). In India, strong 
resistance to e-cigarette ban has been received from the e-cigarette industry as 
the country faced legal challenge shortly after the issuance of the country’s law 
on the e-cigarette ban (140).

Another challenge in regulating e-cigarette use that worth noting from this 
thesis is the discrepancy in the regulation between countries. The diverse 
e-cigarette use regulation among countries might be due to the divergent 
regulatory stances towards e-cigarettes, as shown in comparative studies among 
high-income countries (127,141). Some contextual factors that we identified 
affecting variation in e-cigarette use legislation among countries were country’s 
EU membership status, income level, and population smoking prevalence. EU MS 
had a higher proportion of countries with national legislation for e-cigarette use 
in any place, and they encountered less difficulty in adopting the legislation than 
non-EU countries. Although the existing EU-wide policy on e-cigarettes, which is 
stipulated in Article 20 of EU TPD 2014/40/EU, does not include e-cigarette use 
regulatory domain (125), the EU TPD might have served as a motivator for EU MS 
to advance their e-cigarette-related regulations, including introducing e-cigarette 
use legislation. However, this thesis showed that non-EU countries had higher 
public support than EU MS for implementing the e-cigarette use regulations. 
Countries with lower income status also had more difficulty passing the e-cigarette 
use legislation, but for those that had adopted the law, they had more places with 
some forms of e-cigarette use restriction than countries with higher income status. 
Although our study was not designed to explain the reason behind this distinct 
public support and expansion of the regulated places, some determinant factors 
in the population that are beyond EU membership and country’s income status, 
such as e-cigarette use status and risk perception towards e-cigarette use, may 
play a role in affecting those differences, as shown in previous studies (42,123). 
This thesis also noted that higher country’s smoking prevalence was associated 
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with more places regulated by e-cigarette use legislation in that corresponding 
country, which might be related to countries’ ability to bring e-cigarette use under 
the definition of “smoking” in their policy documents (142).

The above evidence has unravelled the complicated yet important work 
policymakers have to manage and consider while regulating e-cigarette use. 
Despite the challenges, this thesis shows that countries may be encouraged by 
a considerably high public support for the implementation of e-cigarette use 
regulation, as has been also observed in other studies (42,122,123), which may 
serve as an opportunity for strong enforcement of the regulation.



117

DISCUSSION

Population’s exposure to SHA in 
Europe

This thesis has shown that the extent of SHA exposure in the European population 
is not negligible; 16.0% of e-cigarette non-users aged ≥ 15 years were exposed 
in any indoor setting in 12 European countries in 2017-2018, with a median 
duration of exposure of 43 minutes per day. It disproportionally affected men and 
vulnerable groups in the population, like young people and former e-cigarette 
users. This thesis, however, did not find that those in lower socioeconomic status, 
which was determined by the level of education in this thesis, were at a higher risk 
of being exposed to SHA. Instead, our findings demonstrate that highly educated 
bystanders were more likely to be exposed to SHA, suggesting determinant factors 
of SHA exposure are similar to e-cigarette use (143–145). E-cigarette users, who 
are likely peers and socialise with SHA bystanders, were also mostly from higher 
educational groups than non-users, indicating they were early adopters for new 
technologies according to the theory of innovation diffusion (146).  

SHA exposure among e-cigarette non-users in Europe was more common in 
certain places where people usually socialise together, like bars and workplaces 
or education facilities, although at least half of the European countries we studied 
had restricted the use of e-cigarettes in those places. Even in places frequented by 
minors, such as children’s playgrounds and school gates, e-cigarette use activity 
was visible in some European countries, although it was less apparent than in 
outdoor hospitality venues. Similarly, SHS in outdoor settings of designated areas 
for children was less commonly found than in those for the general public (147). 
The common negative perceptions of e-cigarette risks for minors might play a 
role in discouraging e-cigarette users from using their products in places where 
children are likely around (148,149).

Homes, where e-cigarette non-users are likely to spend more time together with 
the users, were the place where the longest median duration of SHA exposure 
occurred (43 minutes per day) compared to other indoor settings we studied, 
including public places. In Barcelona, the use of e-cigarettes in 2015 was higher in 
private venues, particularly homes, than indoor public places, such as workplaces 
and restaurants (37). Indeed, private areas, including homes, were the least 
regulated place by countries within WHO European Region, with only 39.6% of 
them having national legislation on e-cigarette use at homes, according to our 
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study. Home-use of e-cigarettes were perceived safer than tobacco smoking 
and, thus, often occurred inside the home while tobacco smoking was prohibited 
(117). Among residents who banned e-cigarette use within the home environment, 
protecting young people was cited as the main reason (117). Although 6 out of 10 
US adults reported prohibiting e-cigarette use inside their home, the voluntary 
restrictions were less commonly enforced than the smoke-free policy at that 
setting (149,150). Additionally, two-fifth of adults in the US were still unsure about 
how to rule e-cigarette use inside their homes (151).

Exposure to SHA was also identified in some smoke-free areas, such as inside 
restaurants, educational venues, and public transport. In children’s playgrounds 
and school entrances, where some European countries have banned smoking, 
e-cigarette use was also observed. Indeed, e-cigarette use in places where smoking 
was prohibited has been commonly found in indoor places in Europe, suggesting 
that e-cigarettes were used to evade the smoke-free regulations by users who were 
mostly dual-users (35,40,152). This is despite the fact that WHO FCTC has advised 
Parties to ban e-cigarette use in smoke-free places (124). Including e-cigarettes in 
smoke-free rules can simplify the communication and implementation of the rules. 
Furthermore, a great proportion (84%) of US adults believed that e-cigarette use 
should not be allowed in places that prohibit smoking (149).

The variation in SHA exposure across European countries found in our study was 
true not only at the individual level but also at the country level. The variation 
created a wide gap in the prevalence of SHA exposure in any indoor place between 
the highest (Greece: 29.6%) with the lowest one (Spain: 4.3%). We found that 
Greece and Spain also had the highest and lowest visibility of e-cigarette use 
in outdoor settings, respectively. The important driver behind the variations in 
SHA exposure and e-cigarette use outdoors that we found in our studies was the 
country’s e-cigarette use prevalence. Countries with more prevalent e-cigarette 
use in the general population had higher prevalence of SHA exposure in indoor 
settings and more widespread e-cigarette use in outdoor settings. Unlike SHS, SHA 
exposure indoors and e-cigarette use outdoors in European countries did not differ 
by country’s tobacco control performance. This might be because the country’s 
existing tobacco control strategies have not covered e-cigarette use restrictions 
that they did not affect SHA exposure indoors nor e-cigarette use outdoors. The 
findings highlight the importance of introducing e-cigarette use regulation as part 
of the country’s tobacco control framework. 
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Environmental exposure to SHA in 
indoor settings

This thesis determined the environmental exposure to SHA by assessing PM2.5 
and airborne nicotine concentrations in indoor settings. PM2.5 levels were found 
to be elevated due to the use of an e-cigarette in controlled confined settings 
(i.e., a room and a car), but not in real-life conditions (i.e., homes of e-cigarette 
users). However, PM2.5 concentrations followed the variation of puff numbers 
made by the e-cigarette user in the experiment room and car, meaning the indoor 
PM2.5 pollutant we detected was originated from e-cigarette use. The discrepancy 
between our two studies might be partly explained by the small sample size in our 
observational study (29 e-cigarette homes and 21 control homes) that we were not 
able to detect the differences of PM2.5 level between e-cigarette homes and control 
homes, or due to the different physical conditions between the spaces (houses and 
other confined spaces) where we collected the samples. 

Conversely, the increased level of airborne nicotine was only observed in real-life 
conditions, where the seven-day concentration of airborne nicotine in e-cigarette 
users’ homes was higher than that was found in non-users’ homes. We were not able 
to see the increased level of airborne nicotine in the controlled confined settings, 
presumably due to the short duration of e-cigarette use in such settings; only 30 
minutes of ad libitum use, while users in our observational study were allowed to 
use their e-cigarettes as long and as many times as they wanted in their homes 
during the seven-day period of fieldwork. The discrepancy, therefore, highlights the 
importance of having a long-term assessment of environmental exposure to SHA 
in order to avoid underestimating the level of airborne markers from e-cigarette 
use. Nevertheless, our findings in both studies have confirmed that SHA impairs 
indoor air quality by increasing both PM2.5 and airborne nicotine concentrations.

We employed different airborne nicotine sampling methods in our studies, 
applying the best fit for the collection duration of each study (153). In our 
experimental study, we used active sampling method because the method was 
more appropriate to collect the airborne nicotine for a short-term assessment 
(40 minutes per day in our study), while in our observational study, we used 
passive sampling methods because the method was better fit for a longer period 
of nicotine collection (a continuous seven-day measurement in our study). Both 
sampling methods have been proven equally effective in measuring SHS exposure 
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in many environments (153). Therefore, we may assume that the discrepancy in 
the airborne nicotine concentrations in our studies was not due to the different 
sampling techniques employed.

Although the scope of this thesis was limited to indoor spaces where the 
e-cigarette use was taking place, we cannot rule out the possibility of the SHA 
pollutants contaminating the nearby indoor and outdoor environments. A previous 
study has revealed that airborne nicotine and PM2.5 originated from e-cigarette 
use in e-cigarette shops can travel to the adjacent smoke-and aerosol-free indoor 
spaces in multiunit buildings (89). According to the study, PM2.5 also transferred 
from inside the e-cigarette shops to outdoor areas when the shops’ doors were 
open. The study suggests that involuntary exposure to SHA may also occur in 
neighbouring residents or by-passers of the e-cigarette user’s home.

The measurement of some determinant factors of environmental exposure to 
SHA in our two studies may help us better understand what might or might not 
cause the variation in SHA marker levels. Firstly, the number of puffs made by 
the e-cigarette user can influence the concentrations of exhaled PM2.5 in indoor 
settings; the more puffs generated, the higher the PM2.5 concentration detected. 
Secondly, in condition without any ventilation system used in an enclosed setting, 
the distance from the e-cigarette user did affect the indoor PM2.5 level. However, 
from our observational study, we found that PM2.5 and airborne nicotine levels 
inside e-cigarette users’ homes did not vary by the frequency of ventilation use 
during e-cigarette use. Lastly, the nicotine concentration in e-liquid, type of 
e-cigarette, and place of e-cigarette use at home seemed to be playing no role in 
mitigating the indoor SHA pollutants because there was no significant difference 
in PM2.5 and airborne nicotine levels in e-cigarette users’ homes according to those 
conditions.
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Personal exposure to SHA in indoor 
settings

Through the personal SHA exposure assessment conducted in our two 
complementing studies, the experiment and observational studies, we found 
that the concentrations of the studied biomarkers of SHA exposure in samples 
taken from bystanders who were e-cigarette non-users were generally low. 
Nevertheless, when we compared them with the control subjects who lived in non-
users’ homes, the levels of some biomarkers (i.e., nicotine, cotinine, 3’-OH-cotinine, 
1,2-PG) in saliva sample and cobalt in the urine sample of e-cigarette non-users 
living with the users were found to be higher. In contrast, the elevated levels of 
the studied biomarkers in the saliva sample during and after e-cigarette use were 
not observed in our experimental study, although we used the same analytical 
method (liquid chromatography-tandem mass spectrometry). The inconsistent 
results in the two studies might be partly explained by the different duration of 
e-cigarette use performed in the two studies. In the experiment study, e-cigarette 
user was conditioned to puff only within the 30-minute session per day for five 
consecutive days, while in the observational study, users might have used their 
e-cigarettes in home for a longer time by the time of the study conducted. The 
biomarkers were likely accumulated in the body of e-cigarette non-users who 
resided together with the users due to the long-term exposure to SHA at home, 
making them easier to be detected and quantified in the biological samples (154). 
As was the case in our environmental SHA assessment, our findings in the studies 
of personal SHA assessment further suggest the importance of performing a 
long-term observation to see the impact of e-cigarette use on bystanders in real-
life conditions. 

Whether the increased biomarkers in bystanders can be translated into adverse 
health outcomes is still questionable but concerning. Our experimental study 
mimicking real conditions found that SHA exposure from short-term (30 minutes) 
e-cigarette use in enclosed settings, such as room and car, triggered several 
irritation symptoms in eyes and airway of bystanders, which also have been 
observed in volunteers of an experimental study in a laboratory (97). Although 
the symptoms were perceived as mild, they remained up to three hours after the 
e-cigarette use ended. Furthermore, although we did not control other potential 
sources of cobalt exposure in our study (e.g., occupational and dietary intake) 
because of the low levels found, exposure to excessive cobalt has been found 
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to cause respiratory reactions, neurological impairment, and cardiovascular 
diseases (155). This is worth noting as in the long run, and under repeated SHA 
exposure, like the typical pattern at home, the health effects on bystanders might 
be worse. This thesis, however, confirmed that the toxic chemicals present in SHA 
might be systematically absorbed by e-cigarette non-users and created some 
acute health effects in bystanders.
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SHA is incomparable with SHS

The narrative of exposure to e-cigarettes is often presented in comparison with 
tobacco smoke exposure. Many studies have compared the chemical compounds 
of e-cigarette aerosol, including in SHA, with tobacco smoke in an attempt to 
understand the relative harm of e-cigarette use compared to tobacco smoking 
(156). Thus, discussing the findings of this thesis in the context of existing knowledge 
of SHS is also warranted, although the comparison is outside of the scope of this 
thesis. Our results suggests that SHA exposure has different characteristics from 
SHS for some reasons.

Firstly, SHA contains fewer hazardous compounds present in SHS, such as PM2.5, 
nicotine, and TSNAs, but consists of constituents that are absent or present in small 
amount in SHS or tobacco mainstream smoke, such as metals, PG, and glycerol. 
Our experimental and observational studies showed that TSNAs, which were 
abundantly found in biosamples of tobacco smokers (106), were not quantifiable 
in the saliva and urine of bystanders exposed to SHA. Similarly, our studies 
indicate that the levels of indoor PM2.5 and airborne nicotine were low (median 
concentrations of PM2.5 were 21 µg/m3 in the room and 8 µg/m3 in homes, and 
median concentrations of airborne nicotine were not quantified in the room and 
0.01 µg/m3 in homes), compared to previously found in SHS (median concentration 
of homes’ PM2.5 was 31 µg/m3 and airborne nicotine was 0.18  µg/m3) (157,158). 
However, smaller particles (ultrafine particulate matter; PM0.1 or PM1), which may 
penetrate deeper into the lungs, in e-cigarette aerosol has been measured at a 
greater level than in tobacco smoke (47,48).

Furthermore, our study identified cobalt in the urine of e-cigarette non-users 
that were exposed to SHA at a significantly higher level than those non-exposed, 
while in previous studies, cobalt was detected in the urine sample of e-cigarette 
users at a similar level to tobacco smokers (159). Cobalt was not even found in 
tobacco smoke, while it was present in e-cigarette aerosol (46). Many other metal 
elements, such as copper, selenium, silver, strontium, and vanadium, have been 
found in biological samples (i.e., urine, serum) of e-cigarette users at higher levels 
than in tobacco smokers (159). We did not detect the higher levels of other metals 
in urine samples of e-cigarette non-users living with e-cigarette users compared to 
those living in control homes probably due to the small urine sample size included 
in our observational study. The levels of 9 out of 11 metal elements measured in 
e-cigarette aerosol, including chromium, copper, and nickel, were also reported to 
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be higher than or similar to the levels in combustible cigarette smoke (45,160). 
When SHA was compared to SHS in a study using human volunteers in a room 
that simulated real-life conditions, nickel and silver in SHA were found in higher 
emission rates than their presence in SHS (161). The concentrations of metal 
elements in e-cigarette aerosol were strongly associated with their levels found in 
biomarkers of e-cigarette users, which provided support that aerosol metals were 
inhaled and absorbed by e-cigarette users (43).

Regarding the PG and glycerol, our study found them in biosamples of non-users 
living in e-cigarette users’ homes at higher levels than in those of non-users in 
control homes, while these compounds, to our knowledge, have never been 
reported in biosamples of tobacco smokers as well as their bystanders. This is 
because PG and glycerol are the most dominant constituents in e-liquid (> 80% of 
e-liquid mass), while they are often absent or present as additives of combustible 
cigarettes’ ingredients in a  tiny amount (< 5% weight) (162,163). PG and glycerol 
have been found in increased concentrations in indoor air during e-cigarette use 
(80,84,86) and can transform into toxic degradation by-products, such as acrolein, 
formaldehyde, acetaldehyde, upon heating process (164).

The highly diverse e-liquid flavours and e-cigarette models, which also allow 
e-cigarette users to modify the functioning of the products, compared to the more 
homogenous characteristics of combustible tobacco products, might contribute 
to the distinct emission of SHA from SHS. This is unsurprising because product 
standard regulations for e-cigarettes are still less common than those for tobacco 
products or are usually less stringent than those applied to tobacco products, if at 
all (127). However, in some countries, e-cigarettes are put within the framework 
of tobacco products regulation, such as in the EU TPD, so that it is expected to 
minimise the variability of e-cigarettes and e-liquids (125).

Secondly, SHA exposure identified in our study was found to be less prevalent 
in Southern, and Eastern Europe (e.g., Italy, Spain, Romania, Bulgaria) compared 
to other European regions, while countries in these regions were known to have 
higher SHS exposure prevalence. According to the Eurobarometer 2021 Report, 
seeing people smoking inside restaurants and bars was dominantly reported by 
people in Bulgaria, Italy, and Spain than other countries (33). Previous studies 
also highlighted the prominent SHS in outdoor settings of eastern and southern 
countries of Europe, such as Romania, Bulgaria, Greece, and Italy (147,165). The 
contradiction between SHA and SHS might be partly due to the still limited or 
weak enforcement of smoke-free rules, and less prevalent e-cigarette use in those 
countries compared to countries in other European regions, as suggested by our 
population study.

Thirdly, unlike SHS, SHA exposure in Europe was more frequent in people with 
higher SES, according to our population study. Adults in 27 EU MS with lower SES 
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were more likely to report being exposed to SHS in indoor areas, such as bars, 
restaurants, and workplaces (166). The reason behind this unique phenomenon 
warrants further study. Yet, evidence shows that e-cigarette users, who socialise 
with their non-user peers, were also from affluent groups who tend to early adopt 
innovative technologies, including e-cigarettes (146). E-cigarettes were still 
considerably less affordable than combustible cigarettes in some countries (167). 
This might also reflect the result of e-cigarette and tobacco industry strategy in 
targeting more advantaged communities, like educated and young people, for 
taking up their novel products (67,68).

Fourthly, SHA is perceived differently by society; most people think it is harmless, 
while SHS has been perceived as an established threat to bystanders. This is 
supported by the higher likelihood of SHA exposure among non-users who 
perceived SHA as harmless, as shown in our population study. Public perceptions 
of harms associated with SHA were generally lower than SHS (168,169). This might 
be influenced by limited public knowledge about SHA, with a great proportion of 
adults in the US reported not knowing whether SHA contained only water vapour 
(169) and failed to identify potential harms of SHA for children (148). Therefore, 
only 1 in 5 adults would ask others not to use e-cigarettes in public places (e.g., 
restaurants, bars, parks) compared with 1 in 2 adults who would ask others not to 
smoke in those places (170). Additionally, fewer adults enforced aerosol-free policy 
in cars and homes than smoke-free policy, and many of them were still reluctant in 
prohibiting e-cigarette use inside their house (150,151,171).

Some explanations for this less harmful perception towards SHA might stem from 
the perceived harm on the product itself. Generally, people thought e-cigarettes 
were less harmful than combustible cigarettes (172,173), which could be attributed 
to e-cigarette advertising by e-cigarette manufacturers presenting the benefits 
of e-cigarettes for harm-reduction strategy (174). They also tried to build a 
different image of e-cigarettes from combustible cigarette with different shape of 
e-cigarette products and the pleasant smell of their aerosol (174). Furthermore, 
the discriminative regulatory treatment that applied to e-cigarette use (e.g., many 
smoke-free rules do not apply to e-cigarettes, e-cigarette use was regulated less 
stringent than smoking) might cause society perceived e-cigarette use, and hence, 
SHA exposure as harmless. 

Given the complexity and many distinct characteristics of SHA compared with SHS 
in many aspects as described above, this thesis asserts that it is inappropriate 
to compare SHA with SHS at any level. Instead, the justified comparison of SHA 
should be with “pure air” as all humans have the right to breathe clean air. Thus, 
SHA cannot be considered as safer or more harmful than SHS.
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Limitations and strengths

This thesis has some limitations that are worth noting. First, most of the studies 
of this thesis had a cross-sectional design, while e-cigarette products and their 
use pattern were rapidly evolving, which might affect SHA exposure at individual 
and population levels. Thus, causal relationship cannot be inferred from those 
studies. Even our experimental study in the room and the car used only one type 
of e-cigarette while there were a wide range of e-cigarette models, systems, and 
e-liquid flavours and ingredients available in the market. With those varied product 
features, in real life, e-cigarette users can mix the e-liquids and set their devices 
according to their need, which makes a standardised SHA assessment even more 
challenging, not exclusively in our study, but also in other studies that attempt to 
assess SHA exposure. The variations in e-cigarette and e-liquid products might be 
exaggerated by inadequate product regulations in many European countries. Even 
if they had transposed Article 20 in EU TPD 2014/40/EU concerning e-cigarette 
product regulations, there was still room for product modifications. For example, 
nicotine concentrations in e-liquids were still widely ranged below 20 mg/ml (175), 
the maximum concentration allowed by the provision (125). Given this limitation, 
our findings should be interpreted with caution; they captured only the situation 
when the studies were conducted and relevant to the product used. Our experiment 
study, however, has tried to mitigate the limitation by utilising the most widely 
used e-cigarette type at that time; that was the tank type (3rd generation), and by 
not fully controlling the parameters of e-cigarette use (e.g., number and duration 
of puffs, flavour of e-liquid, and ventilations of the room) to mimic the real-life 
conditions.

Second, we did not investigate all chemical constituents that may be present in 
SHA, which may underestimate the SHA exposure. Instead, our environmental 
and personal exposure assessments only covered the important airborne and 
biological markers commonly present in SHA based on the existing evidence. 
Given our knowledge in this area was still in infancy, there had not been such 
standard markers to be assessed in SHA exposure. At that stage, we were rather 
exploring the possible markers of SHA exposure, and adopting what we had known 
in SHS exposure. The need to further identify more useful markers to assess SHA 
exposure is justified given the unique characteristics of SHA for the reasons that 
have been explained in the previous section (see “SHA is incomparable with 
SHS”).



127

DISCUSSION

Third, we used specific analytical methods for the samples collected in our 
studies, amid plenty of options available for the analytical methods, which 
might have affected the outcome of our analysis on SHA exposure’s markers. To 
measure the concentrations of SHA constituents, we used gas chromatography-
mass spectrometry (GC-MS) for airborne nicotine and liquid chromatography-
tandem mass spectrometry (LC-MS-MS), and inductively coupled plasma 
mass spectrometry (ICP-MS) for the biomarkers in saliva and urine. Apart from 
the three techniques, there were at least 19 other analytical techniques, such 
as gas chromatography with tandem mass spectroscopy, high performance 
liquid chromatography, and ultraperformance liquid chromatography-mass 
spectrometry, for the determination of compounds in e-cigarette aerosol that 
have been utilised in past studies (11). However, GC-MS and LC-MS-MS were the 
most common techniques and proven to be effective in quantifying airborne and 
biological markers of exposure to e-cigarette aerosol  (11,176).

Lastly, our studies were performed in European countries, with their legal, 
socio-economic, and demographic characteristics. Therefore, the findings in this 
thesis should be understood in light of the region-specific context, and external 
generalisation to other regions should be made with caution. Nonetheless, the 
European region was an important environment to assess SHA exposure given 
the growing e-cigarette market and a unique jurisdiction system with a common 
regulation of several aspects of e-cigarettes (the EU TPD) in the region.

Despite the limitations, this thesis has some strengths that can be highlighted. 
Firstly, the novelty of the studies included in this thesis. We conducted a series 
of studies that first assessed SHA exposure comprehensively in Europe. Built on 
previous knowledge, our studies complement each other by using different study 
designs, allowing us to assess different aspects of SHA exposure. Our experimental 
study was performed under controlled conditions and resembled real-life use 
of e-cigarettes in two confined spaces (a room and a car). Secondly, this thesis 
comprises multi-country studies, using standardised protocols which enabled us 
to understand the variation of SHA exposure in different contextual factors. Our 
population study was the first that assessed SHA exposure in a representative 
sample of the European population, including smokers and non-smokers. Despite 
the small sample size, our observational study in e-cigarette users’ homes was 
conducted in four different European countries; that was beyond what had been 
done before. As our studies were conducted in the context of the European 
population, our results can be useful for research and policymaking in the region.
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Implications

For public health and policymakers

This thesis may inform public health policy and practice in the area of tobacco 
control. With the widespread e-cigarette use and aggressive marketing of 
e-cigarettes targeting youth and non-smokers (67,68), the health and safety of 
e-cigarette non-users or bystanders should be in the mind of policymakers while 
they make any e-cigarette-related policy. They even should be at the center of 
discussion and be prioritised given that these groups constitute the majority of 
the population. While estimating the net population health benefit associated with 
e-cigarettes, public health experts and policymakers shall consider the impact of 
e-cigarette use on e-cigarette non-users against the rationale of harm-reduction 
strategy for smokers, which is still highly debatable.

Policymakers might want to extend the existing smoke-free laws to cover 
e-cigarettes or introduce an aerosol-free policy if no smoke-free rule is present, 
especially in public enclosed settings and places frequented by children. The 
forthcoming revision of EU TPD, which is legally binding on its MS, may improve 
the provision on safety and quality requirements for e-cigarettes to support MS in 
protecting their citizens from SHA exposure. Regardless of the EU TPD, European 
countries shall put e-cigarette use restrictions in their policymaking agenda.

In addition to the top-down strategy, public health discourse may start tapping on 
the issue of SHA exposure as part of the bottom-up approach. Voluntary aerosol-
free homes should be normalised and encouraged in public health campaigns. As 
this thesis shows that places frequented by children (i.e., school gates and children’s 
playgrounds) had relatively low visibility of e-cigarette use, suggesting common 
risk perception of e-cigarette use for minors, a children-safety theme might be 
introduced in the public awareness campaign to reinforce the policy adoption and 
to shape a social norm towards e-cigarette use.

To ensure the effectiveness of policies related to e-cigarette use, an awareness 
campaign of the policies should be implemented among the general public. The 
policies should remain informed and responsive to the development of evidence 
given the rapidly evolving research in the e-cigarette landscape. Furthermore, 
policymakers and enforcing authorities should be prepared for the challenges they 
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may face while regulating and implementing e-cigarette use regulations. They 
must be well equipped with adequate capabilities to tackle all possible challenges, 
especially those posed by e-cigarette or tobacco industry interference, as 
expressed in our RASHA-E study. Countries may adopt their existing strategies for 
tobacco control in dealing with the industry interference. Furthermore, technical 
assistance for capacity building might be needed for some countries with low 
resources. 

This thesis acknowledges that research in the area of SHA exposure is still in its 
early stage, but prompt action for a precautionary approach is warranted. It may 
take decades to see the real impact of SHA exposure in the population, but society 
cannot afford another late action, as has been shown in the SHS case (177).

For research

This thesis has contributed to the recent highly contested scientific discussion on 
e-cigarettes by building on previous evidence about SHA exposure assessment. 
Future research might want to monitor SHA exposure in the population and 
evaluate SHA-related policies, particularly on how they might affect vulnerable 
populations and tobacco control strategies. Investigating SHA exposure in other 
environments and countries or regions for comparison is also warranted.

The studies included in this thesis have given light on the complexity of SHA 
exposure assessment. Some aspects should be considered when planning 
SHA studies, such as selecting the most appropriate study design, participant 
recruitment methods, markers of SHA exposure, and sample collection methods. 
To better understand e-cigarette use legislation in particular countries, qualitative 
studies might be more instrumental, and longitudinal studies would be beneficial 
to evaluate the effects of SHA exposure on bystanders at the individual, 
environmental, and population levels. This thesis admits the difficulty in recruiting 
exclusive e-cigarette users, particularly the long-term users, since they accounted 
for a smaller proportion (8% of non-smokers) compared to dual users (36% of 
smokers) in the European population (33). Thus, future studies might need to take 
this challenge into consideration. Researchers might also want to explore other 
markers of SHA exposure to allow the identification of more possible constituents 
present in the SHA that potentially affect the health of bystanders.

Ultimately, SHA exposure assessment is a promising and growing research area in 
public health. This thesis, thus, calls for more quality evidence aiming at improving 
the knowledge in SHA exposure. This goal, furthermore, leads to a demand for 
investing more resources, like time and money, in this research area.
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The conclusions below are presented in response to each of the hypotheses 
mentioned earlier in this PhD thesis.

1.	 �The adoption status of e-cigarette use legislation at the national level differed 
by country’s EU membership status, with EU MS having a significantly higher 
proportion of countries adopting e-cigarette use legislation at the national 
level compared to their non-EU counterparts within the WHO European Region.

2.	 �The country’s smoking prevalence and income level were associated with the 
number of places regulated by country’s e-cigarette use legislation. However, 
country’s tobacco control performance and EU membership status were 
not linked to the number of places regulated by country’s e-cigarette use 
legislation.

3.	 �There were smaller proportions of school entrances and children’s playgrounds 
with e-cigarette use presence than outdoor hospitality venues with e-cigarette 
use in 11 European countries.

4.	 �The prevalence of SHA exposure in European countries was higher among 
e-cigarette non-users with higher level of education, but not differed by 
country’s socioeconomic status. Also, country’s e-cigarette use prevalence was 
positively associated with the prevalence of SHA exposure. 

5.	 �The PM2.5 concentrations increased about two-fold during short-term 
e-cigarette use in a controlled room and car compared to those before 
e-cigarette use in the settings. However, airborne nicotine concentrations in 
a controlled room and car remained very low during and after the short-term 
e-cigarette use.

6.	 �The concentrations of biomarkers of SHA exposure (i.e., nicotine, cotinine, 
3’-OH-cotinine, nornicotine, TSNAs, PG, and glycerol) measured in bystanders 
remained very low after short-term e-cigarette use in a controlled room and 
car.

7.	 �The concentration of PM2.5 in e-cigarette users’ homes was not significantly 
different from non-users’ homes, whilst the concentration of airborne nicotine 
in e-cigarette users’ homes was significantly higher than that was found in non-
users’ homes.
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8.	 �Some biomarkers of SHA exposure, such as nicotine, cotinine, 3’-OH-cotinine, 
1,2-PG in saliva, and cobalt in the urine sample of e-cigarette non-users living 
with the users, were found to be at levels higher than those living in homes with 
non-users.
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