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Abstract
Background Electronic cigarettes (e-cigarettes) have gained popularity in recent years. While initially
introduced as a safe alternative for tobacco and a bridge for smoking cessation, subsequent studies found
that they contain toxic substances. We aimed to assess the acute effect of a single session of e-cigarette
smoking on cardiorespiratory parameters, exhaled volatile organic compounds (VOCs) and markers of
inflammation.
Methods A prospective single-centre study was carried out. Participants (healthy volunteers, former
e-cigarette users) were assessed before and after a 30-min session of e-cigarette smoking. Evaluations
included vital signs, pulmonary functions – spirometry and fractional exhaled nitric oxide (FeNO) – blood
and exhaled breath condensate (EBC) cytokines and electronic nose (e-nose) for analysis of exhaled VOCs
profile.
Results 30 participants aged 27.9±4.4 years were enrolled in the study. Post-smoking observations
revealed a significant increase in heart rate (77.5±10.9 to 85.5±12.1 beats·min−1, p=0.002), respiratory rate
(15.4±2.2 to 17.1±1.8 breaths·min−1, p=0.002) and blood pressure (systolic 118±8.1 to 123.5±11.9,
p=0.017; diastolic 73.9±8.4 to 78.5±6.3 mmHg, p=0.011). FeNO decreased significantly (median of
11 (7.5–15.5) to 9.7 (7.3–17.3) ppb, p=0.024). Analysis of e-nose found a significant change of exhaled
VOC pattern after e-cigarette smoking. No significant changes were found in spirometry and cytokine
levels in blood or EBC.
Conclusions A single session of 30 min of e-cigarette smoking caused significant cardiorespiratory effects,
decreased FeNO and altered exhaled VOC pattern, similar to the effect seen with cigarette and water-pipe
smoking. The observed acute effects, together with the well-known chronic risks, highlight the importance
of effective regulation of e-cigarettes.

Introduction
Electronic cigarettes (e-cigarettes) were first introduced to the market in 2004. They were presented by the
tobacco industry as a “harm reduction” tool for smokers [1, 2], and quickly gained popularity among both
current smokers and nonsmokers [3, 4].

E-cigarettes represent a modern, technological alternative to traditional tobacco cigarettes. They contain
e-liquids, primarily nicotine dissolved in propylene glycol (PG) or vegetable glycerin (VG). When heated,
these e-liquids produce a vapour that is inhaled into the lungs [5, 6].
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Recent evidence suggests that e-cigarettes may not be as safe as initially suggested [7]. An updated
European Respiratory Society (ERS) position statement on novel nicotine and tobacco products states that
much of the evidence around “harm reduction” comes from the tobacco industry; thus, it cannot approve
the use of these products as safe alternatives in a population-based strategy [2].

The heating of additives and solvents (PG or VG) can generate carcinogenic compounds [8–10]. Moreover,
some flavourings (such as coffee) have been found to produce higher levels of toxic chemicals compared
to others [11–13]. Additionally, e-cigarette vapour has been shown to contain cytotoxic metal and silicate
particles at levels comparable to, or exceeding, those in traditional cigarette smoke [14, 15]. Since 2019, a
growing number of severe and potentially life-threatening cases of EVALI (e-cigarette or vaping product
use associated lung injury) have been described [16].

In response to these concerns, the World Health Organization (WHO) and the US Food and Drug
Administration (FDA) have prioritised efforts to prevent the uptake of e-cigarettes, particularly among
youth, due to what has been described as an “epidemic” of youth use [17, 18].

Beyond the effect on the respiratory system, e-cigarettes have been found to have additional effects,
leading to sympathetic nervous system predominance, endothelial cells dysfunction, elevated markers of
oxidative stress and suppressed levels of the antioxidant vitamin E [19, 20].

A study by RUBINSTEIN et al. [21] reported the presence of volatile organic compound (VOC) toxicants in
adolescent e-cigarette smokers. VOCs are compounds with high vapour pressure at ambient conditions; they
show distinct and immediate changes in pathological conditions that alter biochemical processes in the body,
such as oxidative stress, cytochrome p450, liver enzymes, carbohydrate and lipid metabolism [22, 23].
Gas chromatography–mass spectrometry (GC–MS) is the gold standard for measuring exhaled breath VOCs
[24–26]. However, it is a cumbersome and expensive instrument that requires well-trained personnel; thus, its
application in breath analysis is limited [27]. Our study employed an electronic nose (e-nose), a quick and
noninvasive tool, to detect VOC profiles [28].

The objective of our study was to evaluate the short-term effects of a single, 30-min session of e-cigarette
smoking on cardiorespiratory parameters, VOCs and airway inflammation in healthy volunteers. Our
hypothesis was that similarly to cigarette and water-pipe smoking, even a single session of e-cigarette
smoking might adversely affect these parameters.

Methods
This was a single-centre prospective study, performed in indoor setting, at our paediatric pulmonology
institute. The study was approved by the Institutional Review Board (0556–19), and participants signed an
informed consent prior to enrolment.

Participants and setting
Eligible volunteers were older than 18 years and had previously smoked e-cigarettes. Exclusion criteria
included any chronic lung disease, pregnancy or lactation in women, acute illness during the previous
2 weeks, corticosteroid treatment, smoking cigarettes or e-cigarettes in the previous 6 h or water-pipe
smoking in the previous 24 h. The e-cigarettes used in the study contained 7 mL (1200 puffs). The e-liquid
contained PG and VG with 2% nicotine and mango ice flavouring.

The participants were asked to smoke an e-cigarette for 30 min and to report any side-effects. Evaluations
were performed before and after smoking, and included the following:

- Vital signs: Temperature, heart rate (HR), respiratory rate (RR), oxygen saturation (SpO2
), blood pressure

(BP). Vital signs were measured using a Datascope Duo Patient Monitor (Mindray, USA).
- Spirometry: Spirometry was performed in accordance with the American Thoracic Society (ATS)/ERS
Task Force using a KoKo spirometer (nSpire Health, Inc, Louisville, CO, USA) [29]. Results are
expressed as absolute values and % predicted (mean±SD).

- Fractional exhaled nitric oxide (FeNO): FeNO was measured using an ECO-medics AG device (Eco
Medics, Switzerland) according to ATS recommendations. The measurement procedure included a deep
inhalation to total lung capacity followed by an exhalation for 10 s, at a mouth flow rate of 50 mL·s−1

and a pressure of 10 cmH2O [30]. Results are expressed in parts per billion (ppb) and presented as
median (IQR).
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- Electronic nose (e-nose) for the measurement of exhaled VOCs: In this study, we used a previously
developed e-nose (sniffphone); details can be found in the paper by SHAN et al. [28]. Briefly, following
baseline measurement of the ambient air, breath samples were collected by breathing directly into the
aperture of the instrument for 10 s. The device consists of an array of eight gold nanoparticles, which are
attached to chemical ligands sensitive to diverse VOCs. The sensors operate in a cross-reactive concept,
by providing a cumulative response to whole breath composition rather than binding selectively to the
VOCs. The change in electrical resistance of the sensors to the breath sample is recorded. Then, after
using statistical methods and/or machine learning algorithm, the sensor array can be trained to identify
the specific “fingerprint” response.

- Serum and exhaled breath condensate (EBC) cytokines: EBC (a noninvasive sampling of the lower
airways) was collected in dedicated test tubes (Respiratory Research, Charlottesville, VA, USA)
according to the manufacturer’s instructions and ERS recommendations [31, 32]. Blood was also drawn
for cytokine analysis; the collected EBC and serum samples were stored at −80°C until analysis. The
levels of human interleukin (IL)-10, IL-1β, IL-4, IL-6 and tumour necrosis factor-α (TNF-α) were
measured with the ProcartaPlex™ Multiplex Immunoassay (PPX-05, Invitrogen), using the Bio-Plex200
(Bio-Rad Laboratories, Hercules, CA, USA) according to the manufacturer’s instructions.

Statistical methods
The statistical analysis was performed using SPSS version 28.

Descriptive statistics in terms of mean, standard deviation, median, percentages and ranges are presented
for all the variables in the study. Normal distribution of continuous parameters was tested by Kolmogorov–
Smirnov test. As a result, Wilcoxon signed rank test or paired t-test were used for the changes between
before and after e-cigarette smoking.

For the e-nose, all raw data were evaluated; samples that were technically faulty (electronic noise, no
response) were excluded. The area under the curve of the change in electrical resistance before and after
smoking was calculated. The first and second samplings from the same volunteer (i.e., correlated variables,
paired data) were compared with a one-way platform using matching model analysis (paired analysis). The
grouping effect (before and after smoking) was calculated using F tests.

p<0.05 was considered as significant.

Results
30 volunteers (21 females) participated in the study. Their baseline characteristics are presented in table 1.
Participants had high-level education and most of them were dual users (cigarettes and e-cigarettes).
During smoking, three participants had mild symptoms, which did not necessitate cessation of the smoking
session; two patients complained of dizziness and one of palpitations.

Table 2 presents the vital signs and pulmonary functions before and after e-cigarette smoking. After
smoking, there was a significant increase in mean±SD HR and RR (77.5±10.9 to 85.5±12.1 beats·min−1,
p=0.002; and 15.4±2.2 to 17.1±1.8 breaths·min−1, p=0.002, respectively); BP also increased significantly
(systolic 118±8.1 to 123.5±11.9 mmHg, p=0.017; diastolic 73.9±8.4 to 78.5±6.3 mmHg, p=0.011). FeNO
decreased significantly, from a median of 11 (7.5–15.5) to 9.7 (7.3–17.3) ppb (p=0.024). There were no
significant changes in fever, SpO2

and spirometry values.

TABLE 1 Characteristics of participants (n=30)

Age years 27.9±4.4
Female 21 (70)
BMI kg·m−2 24.6±4.6
Education years 16.2±2.2
Alcohol consumption 25 (83)
Cigarette smoking 22 (73)
Use of drugs 9 (30)
Medical cannabis (out of 9 using drugs) 5 (56)
Comorbidities 5 (17)

Values are presented as n (%) or mean±SD. BMI: body mass index.
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In the cytokine analysis, no significant differences were found in EBC before and after smoking (table 3).
Blood levels of the cytokines were below the threshold of detection; therefore, changes after smoking
could not be detected.

Figure 1 presents the breath VOC analysis by e-nose, which was available for 20 participants (10 samples
were technically unacceptable and were excluded). Four sensors were analysed; in three of them,
significant differences in the VOC patterns were found before and after smoking (p<0.0003, p<0.0008 and
p<0.0008), implying an increase in the sensor resistance after smoking.

Supplementary figure 1S presents a representative example of the raw data of the four sensors analysed.
The response of the sensors to the breath samples of the same volunteer at two time points (before and
after smoking) is presented.

Discussion
In this single-centre study, we evaluated the short-term effects of a 30-min ad libitum e-cigarette smoking
session on cardiorespiratory parameters, exhaled VOCs and markers of inflammation. Our findings indicate
that a single session led to significant changes in vital signs, including increased HR, RR and BP; a
decrease in FeNO; and notable alterations in the VOC pattern. However, no significant changes were
observed in spirometry values or cytokine levels in blood and EBC.

Evidence has been rising regarding the effects of long-term use of e-cigarettes. A population-based study
found significant health hazards associated with e-cigarette smoking; the effect was more pronounced in
dual users [7]. Knowledge on the initial response to e-cigarette smoking might further enhance the
understanding of changes due to chronic use [33].

TABLE 2 Vital signs and pulmonary functions: before and after e-cigarette smoking

Before After p-value

Temperature °C 36.7±0.10 36.7±0.23 0.49
Heart rate beats·min−1 77.5±10.9 85.5±12.1 0.002
Oxygen saturation % 98.8±1.2 99.1±1.06 0.35
Systolic blood pressure mmHg 118±8.1 123.5±11.9 0.017
Diastolic blood pressure mmHg 73.9±8.4 78.5±6.3 0.011
Respiratory rate breaths·min−1 15.4±2.2 17.1±1.8 0.002
FeNO ppb 11 (7.5–15.5) 9.7 (7.3–17.3) 0.024
FVC L 3.97±0.97 3.87±0.96 0.052
FVC % 94.6±10.9 94.8±10.4 0.68
FEV1 L 3.4±0.72 3.4±0.69 0.087
FEV1 % 96.6±10.4 96.3±9.7 0.34
FEF25–75% L 4.06±0.89 4.11±0.91 0.55
FEF25–75% % 94.3±18.4 95.1±18.7 0.65

Values are presented as mean±SD or median (IQR). e-cigarette: electronic cigarette; FeNO: fractional exhaled
nitric oxide; ppb: parts per billion; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; FEF25–75%:
forced expiratory flow at 25–75% of FVC.

TABLE 3 EBC cytokine levels : before and after e-cigarette smoking

Before (pg · mL−1) After (pg · mL−1) p-value

IL-1 2.43 (2.33–2.58) 2.43 (2.18–2.82) 0.48
IL-4 12.0 (11.5–17.4) 12.0 (11.5–17.4) 0.73
IL-5 10.4 (5.6–17.9) 10.4 (9.2–15.6) 0.47
IL-10 1.09 (0.89–2.6) 1.3 (0.89–2.71) 0.18
TNF-α 13.7 (13.5–15.7) 13.7 (13.04–17.7) 0.44

Values are presented as median (IQR). EBC: exhaled breath condensate; e-cigarette: electronic cigarette; IL:
interleukin; TNF-α: tumour necrosis factor-α.
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In recent years, there had been increased awareness of the risks of e-cigarettes. In vitro and in vivo animal
studies have shown that the aerosols produced by e-cigarettes, especially those containing nicotine and
flavourings, can induce detrimental cellular changes [6, 34, 35]. Several pathophysiological mechanisms have
been suggested, including oxidative stress [36, 37], disruption in metabolic pathways [38], exposure to toxic
compounds formed during heating of e-liquids [39], decreased NO production [40, 41], and increased
pro-inflammatory markers – lactate dehydrogenase (LDH), IL-6 and IL-8, and cytoplasmic Ca2+ [42–44]. Lung
inflammation is central in the pathogenesis of most chronic lung diseases. In a prospective study of individuals
requiring surgery to repair a primary spontaneous pneumothorax, e-cigarette smoking was associated with a
significant reduction in mRNA related to the extracellular matrix, and increased genes related to ciliary function
[45]. Thus, cellular processes caused by e-cigarette smoking have the potential to exacerbate associated clinical
conditions, including COPD, asthma, interstitial lung disease and neoplasms [46].

In a study in mice, even a short-term exposure to e-cigarette vapour, particularly the combination of PG/VG
and nicotine, promoted tumour cell migration and more aggressive metastases [34]. In human buccal
epithelial cells, hypermethylation of cytosine-phosphate-guanine sites was found in cigarette and e-cigarette
smokers; these changes were predictive of lung cancer development [47]. Review of the literature found
strong scientific evidence for the oncogenesis of e-cigarettes [48, 49]. Recently, a case–control study found
that dual users had a four-fold higher risk of lung cancer compared to cigarette smoking only [50]. In another
study, switching to e-cigarettes after cigarette smoking cessation was associated with a higher risk of lung
cancer [51]. These studies (in vitro, ex-cigarette smokers and dual smokers) suggest that e-cigarettes may
increase the risk of lung cancer. However, it would likely take years of longitudinal epidemiological studies
to reliably assess the risk of isolated e-cigarette smoking [46].

Each of the parameters evaluated is discussed in the following sections.
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Symptoms
Out of 30 participants in the study, three experienced mild, transient symptoms – two reported dizziness
and one reported palpitations. A previous study with 64 subjects found that symptoms such as cough, sore
throat and palpitations were more common after smoking e-cigarettes containing 11 mg of nicotine,
whereas dizziness was more frequent in nonsmokers using nicotine-free e-cigarettes [52]. The relatively
low nicotine intake in our study might explain the fewer reported symptoms, although inter-subject
variability could also play a role.

Vital signs
We found significant cardiorespiratory changes after smoking. Similarly, in a previous study from our group,
a single session of water-pipe smoking led to increases in systolic BP, diastolic BP and in HR, albeit in a
larger magnitude (a mean rise of 12.5 mmHg, 8.1 mmHg and 15 beats·min−1 with water-pipe versus
5.5 mmHg, 4.5 mmHg and 8 beats·min−1 with e-cigarettes, respectively) [53]. In the study mentioned earlier,
HR increased only with e-cigarettes containing nicotine [52]. In a systematic review of 13 trials, BP
increased consistently immediately to several hours after smoking e-cigarettes containing nicotine; variable
changes were found with nicotine-free e-cigarettes, and no changes with placebo [54]. The increased HR
observed herein was more pronounced than reported with cigarette smoking. In a meta-analysis, cigarette
smoking was associated with mildly increased HR (1.93 beats·min−1, 95% CI: 0.97–2.89) [55].

These haemodynamic changes were attributed to nicotine, which activates the sympathetic nervous system,
increasing HR, BP and myocardial contractility [53, 54]. Other suggested non-nicotine-mediated
mechanisms include direct endothelial dysfunction and oxidative stress caused by ultrafine and fine
particles in e-cigarette aerosol [54].

Pulmonary function tests
We did not observe significant changes in spirometry values after 30 min of ad libitum e-cigarette smoking.
MEO et al. [40] found that chronic (>6 months) daily e-cigarette smokers had lower spirometry values
compared to matched controls. POLOSA et al. [56] followed past smokers, who switched to e-cigarettes
3 months after quitting smoking, and found decreased forced expiratory flow at 25–75% of FVC, indicating
peripheral airway obstruction. Impulse spirometry system (IOS) is considered as a more sensitive measure to
evaluate peripheral small airway obstruction. Several studies found increased airway resistance after e-cigarette
smoking [57, 58]. In the short-term, VARDAVAS et al. [41] found that a short session (only 5 min) of e-cigarette
smoking led to an increase in peripheral airway resistance and impedance, with no change in spirometry
values. LAPPAS et al. [57] also assessed the acute effect of a 5-min session of e-cigarette smoking, and similar
changes were found. As most e-cigarette smokers use it for a longer duration, we chose to assess spirometry
parameters after 30 min. The lack of change in our study may reflect the single session, short duration of
smoking, low intake of nicotine or the small sample size. Other measurements of peripheral airway resistance
and impedance with IOS, different contents of nicotine and longer duration of smoking should be carried out.

FeNO
We found a decrease of 1.3 ppb in FeNO after e-cigarette smoking. Our results are in concordance with
several previous studies. Water-pipe smoking led to a smaller decrease in FeNO (0.44 ppb) [53]. MARINI

et al. [59] found a decrease of 3.2, 2.7 and 2.8 ppb for e-cigarettes without nicotine, with nicotine and for
conventional cigarettes, respectively. Even 5 min of e-cigarette smoking was sufficient to decrease FeNO
[41]. In a group of 54 participants (27 healthy and 27 asthmatic participants) 5 min of e-cigarette smoking
led to a significant decrease in FeNO; in healthy smokers, values returned to baseline within 15 min, while
in mildly asthmatic participants only 30 min after smoking [57]. Similarly to cigarettes and water-pipe
smoking, possible mechanisms for FeNO reduction include downregulation of endothelial and inducible
nitric oxide (NO) synthase, as well as increased consumption of NO in the airways [53, 59].

VOCs
To the best of our knowledge, this is the first study evaluating the effect of e-cigarettes on VOCs using
e-nose. We found a significant difference in the breath print of VOCs, with increased resistance after
smoking (implying increased inflammation). An increasing number of studies have shown the potential of
e-nose in various respiratory diseases, such as asthma, COPD, pneumonia, interstitial lung disease and
lung cancer, as well as several non-respiratory conditions, such as breast and colon cancer, liver failure and
diabetes [27, 60]. In a study evaluating 24 healthy smokers, VOC profile changed significantly after
cigarette smoking and was more prominent at 30 and 60 min than 5 min after smoking. The change was
attributed to post-cigarette inflammation [27].
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Inflammatory cytokines
We did not find significant changes in EBC cytokines after e-cigarette smoking; blood levels of the
cytokines analysed were below the detection level. As mentioned earlier, several in vitro and in vivo
studies found that e-cigarette exposure led to increased inflammatory markers, including cytokines. In
humans, the results are variable. KOTOULAS et al. [61] found that a short session (5 min) of e-cigarette
smoking led to a significant increase in IL-10 and TNF-α in asthmatic smokers, with no changes in
healthy smokers. CHAUMONT et al. [62] found that 5 days after cessation of vaping, increased levels of club
cell protein-16 in bronchoalveolar lavage (BAL) were indicative of decreased lung inflammation. SINGH
et al. [63] found elevated oxidative stress and inflammatory biomarkers in urine samples, and elevated
inflammatory biomarker in saliva samples of e-cigarette smokers compared to controls. In contrast, SONG
et al. [64] did not find significant differences between vaping for 4 weeks and controls in terms of BAL
inflammatory cells or cytokines. In our study, cytokines in blood and EBC were evaluated shortly after
smoking; a longer time may be needed for notable changes. We assessed a set of five cytokines; a set with
different cytokines may have resulted in appreciable changes after smoking.

Limitations
The main limitation of our study is the small sample size. The absence of significant changes in some
parameters may be due to Type II errors. We did not have a control group (non-users) to compare baseline
values of the parameters evaluated (BP, RR, cytokines, FeNO and VOC signature). The participants were
instructed to use the e-cigarette for 30 min, but we did not control for the number of puffs or the volume of
smoking, and we did not measure nicotine levels. Owing to technical problems, VOCs were evaluated only for
20 participants. Blood cytokine levels were below the detection level, thus changes after smoking could not be
evaluated. Other more sensitive parameters, such as airway resistance or impedance, were not measured.

Conclusion
In conclusion, our study found significant short-term effects of a single e-cigarette smoking session. The
changes are in concordance with previous findings following cigarette and water-pipe smoking. The
observed acute effects, together with the well-known chronic risks, highlight the importance of effective
regulation of e-cigarettes Public health measures should focus on reducing e-cigarette smoking, particularly
among adolescents.

Acknowledgements: The authors acknowledge Ronit Leiba from the Medical Statistics Unit, Rambam Health Care
Campus for the statistical help, and Hilla Azulay-Debby from the Technion Rappaport’s Faculty of Medicine, for the
help with cytokine analysis.

Provenance: Submitted article, peer reviewed.

This study is registered at Digitrials@moh.gov.il as MOH_2024-09-19_013654

Ethics statement: The study was approved by the Institutional Review Board (RMB-0556-19).

Author contributions: S. Rizik and R. Bar-Yoseph: equal contribution; literature search, data collection and analysis, and
manuscript preparation. M. Hanna: respiratory technician; responsible for study evaluations. F. Hakim: study design and
data analysis. Y. Broza: analysis of electronic nose (e-nose) data and manuscript draft preparation. A. Sader: data
collection and manuscript preparation. Y. Toukan: study design and data collection. H. Haick: analysis of e-nose data
and review of manuscript. L. Bentur: data analysis and review of manuscript. M. Gur: responsible for study design,
analysis of data, manuscript preparation and review.

Conflict of interest: The authors declare no conflicts of interests.

Support statement: The study was supported by the Israel Cancer Association. Funding information for this article
has been deposited with the Crossref Funder Registry. This research received partial funding from the European
Union’s Horizon Europe research and innovation programme under grant agreement no. 101096473.

References
1 Jackler RK, Halpern-Felsher B. Suggestions to avoid perpetuating tobacco industry reduced-harm marketing

tropes. Pediatrics 2024; 153: e2023064501.
2 Chen DTH, Grigg J, Filippidis FT. European Respiratory Society statement on novel nicotine and tobacco

products, their role in tobacco control and “harm reduction”. Eur Respir J 2024; 63: 2301808.

https://doi.org/10.1183/23120541.01096-2024 7

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | S. RIZIK ET AL.

https://www.crossref.org/services/funder-registry/


3 Tsai J, Walton K, Coleman BN, et al. Reasons for electronic cigarette use among middle and high school
students: National Youth Tobacco Survey, United States, 2016. MMWR Morb Mortal Wkly Rep 2018; 67: 196–200.

4 Lam DCL, Nana A, Eastwood PR, Asian-Pacific Society of Respirology (APSR). Electronic cigarettes: ‘vaping’
has unproven benefits and potential harm. Respirology 2014; 19: 945–947.

5 Hwang JH, Lyes M, Sladewski K, et al. Electronic cigarette inhalation alters innate immunity and airway
cytokines while increasing the virulence of colonizing bacteria. J Mol Med (Berl) 2016; 94: 667–679.

6 Garcia-Arcos I, Geraghty P, Baumlin N, et al. Chronic electronic cigarette exposure in mice induces features of
COPD in a nicotine-dependent manner. Thorax 2016; 71: 1119–1129.

7 Glantz SA, Nguyen N, Oliveira da Silva AL. Population-based disease odds for e-cigarettes and dual use versus
cigarettes. NEJM Evid 2024; 3: EVIDoa2300229.

8 Kosmider L, Sobczak A, Fik M, et al. Carbonyl compounds in electronic cigarette vapors: effects of nicotine
solvent and battery output voltage. Nicotine Tob Res 2014; 16: 1319–1326.

9 Feng Z, Hu W, Hu Y, et al. Acrolein is a major cigarette-related lung cancer agent: preferential binding at p53
mutational hotspots and inhibition of DNA repair. Proc Natl Acad Sci USA 2006; 103: 15404–15409.

10 Peruga A, Fleck F. Countries vindicate cautious stance on e-cigarettes. Bull World Health Organ 2014; 92:
856–857.

11 Benowitz NL, Fraiman JB. Cardiovascular Effects of Electronic Cigarettes. Nature Reviews Cardiology, Vol. 14.
London, Nature Publishing Group, 2017; pp. 447–456.

12 Romagna G, Allifranchini E, Bocchietto E, et al. Cytotoxicity evaluation of electronic cigarette vapor extract on
cultured mammalian fibroblasts (ClearStream-LIFE): comparison with tobacco cigarette smoke extract. Inhal
Toxicol 2013; 25: 354–361.

13 Allen JG, Flanigan SS, LeBlanc M, et al. Flavoring chemicals in e-cigarettes: diacetyl, 2,3–pentanedione, and
acetoin in a sample of 51 products, including fruit-, candy-, and cocktail-flavored e-cigarettes. Environ Health
Perspect 2016; 124: 733–739.

14 Mikheev VB, Brinkman MC, Granville CA, et al. Real-time measurement of electronic cigarette aerosol size
distribution and metals content analysis. Nicotine Tob Res 2016; 18: 1895–1902.

15 Laino T, Tuma C, Moor P, et al. Mechanisms of propylene glycol and triacetin pyrolysis. J Phys Chem A 2012;
116: 4602–4609.

16 Mado H, Reichman-Warmusz E, Wojnicz R. The vaping product use associated lung injury: is this a new
pulmonary disease entity? Rev Environ Health 2020; 36: 145–157.

17 U.S. Food and Drug Administration (FDA). E-Cigarettes, Vapes, and other Electronic Nicotine Delivery Systems
(ENDS). Date last accessed: 10 February 2025. www.fda.gov/tobacco-products/products-ingredients-
components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth

18 World Health Organization (WHO). Urgent action needed to protect children and prevent the uptake of
e-cigarettes. Date last accessed: 10 February 2025. www.who.int/news/item/14-12-2023-urgent-action-needed-to-
protect-children-and-prevent-the-uptake-of-e-cigarettes

19 Carnevale R, Sciarretta S, Violi F, et al. Acute impact of tobacco vs electronic cigarette smoking on oxidative
stress and vascular function. Chest 2016; 150: 606–612.

20 Antoniewicz L, Bosson JA, Kuhl J, et al. Electronic cigarettes increase endothelial progenitor cells in the
blood of healthy volunteers. Atherosclerosis 2016; 255: 179–185.

21 Rubinstein ML, Delucchi K, Benowitz NL, et al. Adolescent exposure to toxic volatile organic chemicals from
e-cigarettes. Pediatrics 2018; 141: e20173557.

22 Broza YY, Vishinkin R, Barash O, et al. Synergy Between Nanomaterials and Volatile Organic Compounds for
Non-invasive Medical Evaluation. Chemical Society Reviews, Vol. 47. London, Royal Society of Chemistry,
2018; pp. 4781–4859.

23 Haick H, Broza YY, Mochalski P, et al. Assessment, Origin, and Implementation of Breath Volatile Cancer
Markers. Chemical Society Reviews, Vol. 43. London, Royal Society of Chemistry, 2014; pp. 1423–1449.

24 Alkhouri N, Cikach F, Eng K, et al. Analysis of breath volatile organic compounds as a noninvasive tool to
diagnose nonalcoholic fatty liver disease in children. Eur J Gastroenterol Hepatol 2014; 26: 82–87.

25 Barker M, Hengst M, Schmid J, et al. Volatile organic compounds in the exhaled breath of young patients
with cystic fibrosis. Eur Respir J 2006; 27: 929–936.

26 Paredi P, Kharitonov SA, Barnes PJ. Elevation of exhaled ethane concentration in asthma. Am J Respir Crit
Care Med 2000; 162: 1450–1454.

27 Dragonieri S, Quaranta VN, Buonamico E, et al. Short-term effect of cigarette smoke on exhaled volatile
organic compounds profile analyzed by an electronic nose. Biosensors 2022; 12: 520.

28 Shan B, Broza YY, Li W, et al. Multiplexed nanomaterial-based sensor array for detection of COVID-19 in
exhaled breath. ACS Nano 2020; 14: 12125–12132.

29 Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur Respir J 2005; 26: 319–338.
30 American Thoracic Society, European Respiratory Society. ATS/ERS Recommendations for Standardized

Procedures for the Online and Offline Measurement of Exhaled Lower Respiratory Nitric Oxide and Nasal
Nitric Oxide, 2005. Am J Respir Crit Care Med 2005; 171: 912–930.

https://doi.org/10.1183/23120541.01096-2024 8

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | S. RIZIK ET AL.

https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.fda.gov/tobacco-products/products-ingredients-components/e-cigarettes-vapes-and-other-electronic-nicotine-delivery-systems-ends#Youth
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes
https://www.who.int/news/item/14-12-2023-urgent-action-needed-to-protect-children-and-prevent-the-uptake-of-e-cigarettes


31 Rosias PP, Robroeks CM, Kester A, et al. Biomarker reproducibility in exhaled breath condensate collected
with different condensers. Eur Respir J 2008; 31: 934–942.

32 Horváth I, Hunt J, Barnes PJ, et al. Exhaled breath condensate: methodological recommendations and
unresolved questions. Eur Respir J 2005; 26: 523–548.

33 van der Vaart H, Postma DS, Timens W, et al. Acute effects of cigarette smoking on inflammation in healthy
intermittent smokers. Respir Res 2005; 6: 1–11.

34 Arias-Badia M, Steven Pai C-C, Chen P, et al. E-cigarette exposure disrupts antitumor immunity and promotes
metastasis. Front Immunol 2024; 15: 1444020.

35 Szumilas P, Szumilas K, Wilk A, et al. The effects of e-cigarette aerosol components on the morphology and
function of the conducting portion of the respiratory system: a narrative literature review. Pomeranian J Life
Sci 2024; 70: 80–86.

36 Lerner CA, Sundar IK, Yao H, et al. Vapors produced by electronic cigarettes and e-juices with flavorings
induce toxicity, oxidative stress, and inflammatory response in lung epithelial cells and in mouse lung. PLoS
ONE 2015; 10: e0116732.

37 Scheffler S, Dieken H, Krischenowski O, et al. Evaluation of e-cigarette liquid vapor and mainstream cigarette
smoke after direct exposure of primary human bronchial epithelial cells. Int J Environ Res Public Health 2015;
12: 3915–3925.

38 Aug A, Altraja S, Kilk K, et al. E-cigarette affects the metabolome of primary normal human bronchial epithelial
cells. PLoS ONE 2015; 10: e0142053.

39 Marques P, Piqueras L, Sanz MJ. An updated overview of e-cigarette impact on human health. Respir Res
2021; 22: 151.

40 Meo SA, Ansary MA, Barayan FR, et al. Electronic cigarettes: impact on lung function and fractional exhaled
nitric oxide among healthy adults. Am J Mens Health 2019; 13: 1557988318806073.

41 Vardavas CI, Anagnostopoulos N, Kougias M, et al. Short-term pulmonary effects of using an electronic
cigarette: impact on respiratory flow resistance, impedance, and exhaled nitric oxide. Chest 2012; 141:
1400–1406.

42 Rowell TR, Rowell TR, Keating JE, et al. Flavored e-liquids increase cytoplasmic Ca2+ levels in airway epithelia.
Am J Physiol Lung Cell Mol Physiol 2020; 318: L226–L241.

43 Higham A, Bostock D, Booth G, et al. The effect of electronic cigarette and tobacco smoke exposure on COPD
bronchial epithelial cell inflammatory responses. Int J Chron Obstruct Pulmon Dis 2018; 13: 989–1000.

44 Shipman JG, Onyenwoke RU, Sivaraman V. Vaping-dependent pulmonary inflammation is Ca2+ mediated and
potentially sex specific. Int J Mol Sci 2024; 25: 1785.

45 Kidane B, Kahnamoui S, Srinathan S, et al. Lung transcriptome of e-cigarette users reveals changes related to
chronic lung disease. Eur Respir J 2024; 63: 2301623.

46 Allbright K, Villandre J, Crotty Alexander LE, et al. The paradox of the safer cigarette: understanding the
pulmonary effects of electronic cigarettes. Eur Respir J 2024; 63: 2301494.

47 Herzog C, Jones A, Evans I, et al. Cigarette smoking and e-cigarette use induce shared DNA methylation
changes linked to carcinogenesis. Cancer Res 2024; 84: 1898–1914.

48 Bracken-Clarke D, Kapoor D, Baird AM, et al. Vaping and lung cancer: a review of current data and
recommendations. Lung Cancer 2021; 153: 11–20.

49 Sahu R, Shah K, Malviya R, et al. E-cigarettes and associated health risks: an update on cancer potential. Adv
Respir Med 2023; 91: 516–531.

50 Bittoni MA, Carbone DP, Harris RE. Vaping, smoking and lung cancer risk. J Oncol Res Ther 2024; 9: 10229.
51 Kim YW, Park EJ, Kwak KI, et al. Association of Electronic Cigarette Use After Conventional Smoking Cessation With

Lung Cancer Risk: a nationwide cohort study (Abstract). Am J Respir Crit Care Med 2024; 209: A3051.
52 Vakali S, Tsikrika S, Gennimata SA, et al. E-Cigarette acute effect on symptoms and airway inflammation:

comparison of nicotine with a non-nicotine cigarette. Tob Induc Dis 2014; 12: Suppl. 1, A35.
53 Hakim F, Hellou E, Goldbart A, et al. The acute effects of water-pipe smoking on the cardiorespiratory

system. Chest 2011; 139: 775–781.
54 Martinez-Morata I, Sanchez TR, Shimbo D, et al. Electronic cigarette use and blood pressure endpoints:

a systematic review. Curr Hypertens Rep 2021; 23: 2.
55 Linneberg A, Jacobsen RK, Skaaby T, et al. Effect of smoking on blood pressure and resting heart rate:

a Mendelian randomization meta-analysis in the CARTA Consortium. Circ Cardiovasc Genet 2015; 8: 832–841.
56 Polosa R. Electronic cigarette use and harm reversal: emerging evidence in the lung. BMC Med 2015; 13: 54.
57 Lappas AS, Tzortzi AS, Konstantinidi EM, et al. Short-term respiratory effects of e-cigarettes in healthy

individuals and smokers with asthma. Respirology 2018; 23: 291–297.
58 Palamidas A, Tsikrika S, Katsaounou PA, et al. Acute effects of short term use of ecigarettes on airways

physiology and respiratory symptoms in smokers with and without airway obstructive diseases and in
healthy non smokers. Tob Prev Cessat 2017; 3: 5.

59 Marini S, Buonanno G, Stabile L, et al. Short-term effects of electronic and tobacco cigarettes on exhaled
nitric oxide. Toxicol Appl Pharmacol 2014; 278: 9–15.

https://doi.org/10.1183/23120541.01096-2024 9

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | S. RIZIK ET AL.



60 Nakhleh MK, Amal H, Jeries R, et al. Diagnosis and classification of 17 diseases from 1404 subjects via
pattern analysis of exhaled molecules. ACS Nano 2017; 11: 112–125.

61 Kotoulas S, Pataka A, Domvri K, et al. Acute effects of e-cigarette vaping on pulmonary function and airway
inflammation in healthy individuals and in patients with asthma. Respirology 2020; 25: 1037–1045.

62 Chaumont M, Tagliatti V, Channan EM, et al. Short halt in vaping modifies cardiorespiratory parameters and
urine metabolome: a randomized trial. Am J Physiol Lung Cell Mol Physiol 2020; 318: L331–L344.

63 Singh KP, Lawyer G, Muthumalage T, et al. Systemic biomarkers in electronic cigarette users: implications for
noninvasive assessment of vaping-associated pulmonary injuries. ERJ Open Res 2019; 5: 00182-2019.

64 Song MA, Reisinger SA, Freudenheim JL, et al. Effects of electronic cigarette constituents on the human lung:
a pilot clinical trial. Cancer Prev Res (Phila) 2020; 13: 145–151.

https://doi.org/10.1183/23120541.01096-2024 10

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | S. RIZIK ET AL.


	Short-term effects of electronic cigarette smoking on cardiorespiratory parameters, volatile organic compounds and inflammatory markers
	Abstract
	Introduction
	Methods
	Participants and setting
	Statistical methods

	Results
	Discussion
	Symptoms
	Vital signs
	Pulmonary function tests
	FeNO
	VOCs
	Inflammatory cytokines
	Limitations
	Conclusion

	References


